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PREFACE 


Prolegomenon 

"In  science",  wrote  Lord  Rayleigh  in  1884,  "by  a  fiction  as  remarkable  as  any  in 
law,  what  has  once  been  published  is  spoken  of  as  known,  and  it  is  often  forgotten  that  the 
rediscovery  in  the  library  may  be  a  more  difficult  and  uncertain  process  than  the  first 
discovery  in  the  laboratory.  "* 


A  proper  library,  in  those  halcyon  days,  consisted  of  books  and  journals  (preferably 
bound  in  calf),  with  a  small  clutch  of  pamphlets,  feuilletons  and  the  like  relegated  to  the  decent 
obscurity  of  some  dark  comer.  What  would  Rayleigh  have  said,  some  sixty  years  later,  of  the 
invasion  of  such  serene  domains  by  a  disorderly  raggle-taggle  of  "documentary  reports",  push¬ 
ing  and  crowding  their  elders  from  the  shelves,  defying  regimentation,  wearing  neither  uni¬ 
forms  nor  badges  of  tank  and,  unfortunately,  carrying  too  many  messages  from  the  front  lines  to 
be  overlooked. 


This  book  represents,  in  microcosm,  such  a  library  of  the  twentieth  century— that 
curious  melange  of  marks  on  variegated  pieces  of  paper  by  which  one  of  the  basic  drives  of 
science,  the  urge  and  need  to  communicate,  wells  past  and  through  the  lags  and  lacunae  of 
classic  publication  methods. 


There  are  (at  least)  two  sorts  of  library  users:  those  who  prefer  to  rummage  through 
the  stacks,  and  those  who  prefer  first  to  paw  through  the  card  catalog.  Many  approaches  to 
the  problem  of  handling  documentary  reports  have  stopped,  at  least  figuratively,  with  the  card 
catalog,  not  even,  in  many  cases,  letting  the  customer  use  it  but  keeping  it  behind  the  refer¬ 
ence  desk.  This  bibliography  attempts  to  provide  the  interested  user  access  to  the  complete 
products  of  one  agency  over  a  six  year  period,  appropriately  indexed,  to  search  as  he  will. 
This,  in  the  Shavian  dichotomy,  is  not  a  researching  library,  but  a  re  searchable  library. 
Bonne  chancel 

Scope 


This  bibliography  includes,  within  the  limitations  of  the  law  of  diminishing  returns, 
abstracts  of  all  technical  notes,  technical  reports,  journal  articles,  books,  symposium 
proceedings,  and  monographs  produced  and  published  by  scientists  supported  in  whole  or  In 
part  by  the  Air  Force  Office  of  Scientific  Research  during  the  period  1854  through  1958.  It 
also  includes  all  earlier  reports  supported  by  AF06R  or  its  anlage  found  during  this  search 
back  through  1950. 


The  Air  Force  Office  of  Scientific  Research  supports  fundamental  research  in  the 
five  major  scientific  disciplines:  physics,  chemistry,  engineering  sciences  (subsuming 
mechanics  and  propulsion),  life  sciences  (both  biological  and  behavioral,  but  not  medical), 
and  mathematics.  Thun,  these  abstracts  are  multi-disciplinary,  their  common  link  being 
their  support  by  AFOSR. 

Sources  Searched 

References,  reports,  >nd  clues  to  the  existence  of  reports  were  found  by  search¬ 
ing  the  indexes  and  report  collection  of  the  Air  Force  Office  of  Scientific  Research  Technical 
Library,  and  the  collection  of  the  AST1A  Document  Center.  Detailed  searches  were  made  of 
each  contract  file  in  the  several  AFOSR  Directorates  and  Divisions. 


*  The  quotation  is  borrowed  from  B.  C.  Vickery's  "Classification  and  indexiig  in  Science”, 
knded.,  Buttcrwortha,  London,  1959. 


v 


In  addition,  cover-to-cover  searches  were  made  of  the  following  scientific  journals 
for  the  specified  time  periods: 


Acta  Crystallographies 
Acta  Metallurgies 

Aeronautical  Engineering  Review  (Aero/Space  Engineering) 

American  Journal  of  Mathematics 
American  Journal  of  Physics 
Analytical  Chemistry 
Annals  of  Mathematical  Statistics 
Annals  of  Mathematics 
Annals  ol  Phys'cs 

Bulletin  of  the  American  Physical  Society 

Canadian  Journal  of  Chemistry 

Canadian  Journal  of  Mathematics 

Canadian  Journal  of  Physics 

Communications  on  Pure  and  Applied  Mathematics 

Duke  Mathematical  Journal 

Faraday  Society  Discussions 

L  R.  E.  Transactions  of  Professional  Group 

on  Aeronautical  and  Navigational  Electronics 

on  Antennas  and  Propagation 

on  Circuit  Theory 

on  Electron  Devices 

on  Information  Theory 

on  Instrumentation 

on  Medical  Electronics 

LB.E.  Transactions  on  Microwave  Theory  and  Techniques 
Jet  Propulsion 

Journal  ,,(  the  Acoustical  Society  of  America 

Journal  of  the  Aeronautical  Sciences  (Journal  of  the  Aero/Space  Sciences) 

Journal  of  the  American  Chemical  Society 

Journal  of  Applied  Physics 

Journal  of  Chemical  Physics 

Journal  of  Metals 

Journal  of  the  Optical  Society  of  America 
Journal  of  Organic  Chemistry 


1953-1957 

1953- 1957 

1952- 1958 

1954- 1957 

1955- 1957 

1953- 1957 
1953-1958 

1953- 1958 
1957-1958 

1954- 1958 
1953-1957 
1953-1957 
1953-1957 
1953-1958 

1953- 1958 

1955 

1951- 1958 
1950-1955 

1954- 1957 

1955- 1956 
1954-1956 

1956 
1956 

1953-1956 

1953-1957 

1953-1957 

1953-1958 

1953-1958 

1953-1958 

1952- 1958 

1953- 1957 
1953-1958 

1956- 1957 
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Journal  of  Physical  Chemistry 

Journal  of  Research  of  the  National  Bureau  of  Standards 

Pacific  Journal  of  Mathematics 

Physica 

Physical  Review 

Physl  ce  and  Chemistry  of  Solids 

« 

Proceedings  of  the  American  Mathematical  Society 

Proceedings  of  the  Conference  on  Differential  Equations,  Maryland  U. , 
College  Park,  Mar,  17-19,  1955;  APOSR-TR-56-51 

Proceedings  of  the  Institute  of  Radio  Engineers 

Proceedings  of  the  (2nd,  3rd,  4th,  and  5th)  Midwestern 
Conference  on  Fluid  Mechanics 

Proceedings  of  the  National  Academy  of  Sciences 

Proceedings  of  the  Ninth  International  Congress  of  Applied  Mechanics, 
Brussels  (Belgium)  (Sept.  5-13,  1956) 

Review  of  Scientific  Instruments 

(4th,  5th,  and  6th)  Symposium  (International)  on  Combustion 

Symposium  on  Molecular  Structure  aitl  Spectroscopy,  Ohio  State  U. , 
Columbus,  June  11-15,  1956 

Transactions  of  the  American  Mathematical  Society 

Transactions  of  the  American  Society  of  Mechanical  Engineers 

Zeitschrlft  fOr  Angewandte  Mat  he  mat  lk  und  Fhysik  (Journal  of  Applied 
Math,  and  Physics)  (ZAMP) 


1953-1958 

1953- 1958 
1952-1957 

1954- 1956 

1952- 1957 

1953- 1958 
1953-1957 

1952- 1956 

1952,  1953 
1956,  1957 

1953- 1956 

1953- 1958 
1952,  1954,  1956 

1954- 1957 
1954-1956 
1953-1958 


form  of  Entry  and  Arra 


Inherent  in  the  organisation  of  this  book  is  he  concept  of  the  reports  within  a  con¬ 
tract  aa  an  unanalysed  monographic  series.  Report  a  are  posted  chronologically  and/or 
alphabetically  under  contracts,  these  in  turn  under  laboratories,  and  these  under  contrac¬ 
tors.  This  does,  In  fact,  provide  a  rough  subject  grouping,  with  the  detailed  subject  index 
leading  into  clusters  of  like  reports. 


The  abstracts  are  coded  for  possible  future  machine  searching.  A  three  letter 
mnemonic  code  designates  the  contractor;  two  digits  are  reserved  for  the  contract;  and 
three  for  the  report  within  the  contract.  The  lexicographer’s  trick  of  running  page  head¬ 
ings  la  used  to  Indicate  the  scope  of  each  page  so  that  the  searcher  may  home  in  on  the 
proper  area. 


The  fo.rn  of  entry  la,  In  general,  that  being  used  for  AOT1A  catalog  cards,  he.: 
source  of  the  document;  title;  personal  author,  If  any;  date;  pagination;  report  number;  con¬ 
tract  number;  and  accession  number. 
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Caveat  Lector 


The  principal  accession  or  control  numbers,  which  indicate  the  location  of  the 
report  in  collections,  are: 

AD  ASTIA  Document:  available  at  ASTTA  (Armed  Services  Technical 

Information  Agency),  Arlington  Hall  Station,  Arlington  12,  Virginia. 

TIP  Technical  Information  Pilot:  available  at  above  address. 

ATI  Air  Technical  Index:  available  at  above  address. 

PB  Publication  Board:  for  sale  by  the  Office  of  Technical  Services, 
Department  of  Commerce,  Washington  25,  D.  C. 


The  fact  that  a  report  is  abstracted  in  this  book  means  that  a  copy  of  this  report 
existed  at  the  time  the  abstract  was  written;  it  should  not  be  construed  to  imply  that  AFOSR 
necessarily  has  a  copy  available  for  distribution.  Those  seeking  reports  should  do  bo  from 
the  cited  agencies,  not  from  AFOSR. 

Indices 


A  detailed  subject  index,  arranged  alphabetically,  has  been  provided.  Because  of 
he  high  percentage  of  mathematical  papers  included  in  this  volume,  a  separate  mathematical 
classification,  made  possible  through  the  close  cooperation  of  members  of  the  Directorate  of 
Matitemallcal  Sciences,  AFOSR,  has  beer  included.  In  addition  to  the  subject  indices,  a  con¬ 
tract  index,  an  AFOSR  control  number  index,  and  a  personal  author  index  are  provided.  A 
Code  Guide,  for  identifying  individual  corporate  entries,  is  included  in  three  places. 
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AER.01:00t 

Aerojet-Generat  Corp. ,  Azusa,  Calif. 

THE  ABSOLUTE  THERMAL  DECOMPOSITION  RATES 
OF  SOLIDS.  PART  I.  THE  HOT-PLATE  PYROLYSIS 
OF  AMMONIUM  CHIORIDE  AND  TI1E  HOT-WIRE 
PYROLYSIS  OF  POLYMETHYLMETHACRYLATE 
(PLEXIGLAS  1A),  by  R  D.  Schuttz  and  A.  O.  Dekker. 
Nov.  1 054  L  1 5 1  p.  lncl.  Ulus,  dlagrs.  (Rept.  no.  TN- 
2)  ([  AF]OSl(-TN-54-t27)  (AF  1 8(600)t026)  AD  48403 

Unclassified 

Also  published  In  Fifth  Symposium  (International)  on 
CombusUon,  Pittsburgh  U. ,  Pa.  (Aug.  30-Sept.  3, 
1954),  N.  Y.  Retnhotd,  1955,  p.  260-267. 

Two  new  techniques  are  described  for  the  direct 
measurement  of  linear  decomposition  rates  of  soUds 
by  pressing  spectmens  of  the  soUd  against  a  hot  sur¬ 
face  maintained  at  constant  temperature.  Preliminary 
results  on  the  thermal  decomposition  of  pressed  tahlets 
of  ammonium  chloride  at  300°  -  600°C  ai>d  the  pyrolysis 
of  potymethylmethacrylate  (Plexiglas  1A)  at  450°  - 
500°C  are  Interpreted  tn  terms  of  absolute  reaction  rate 
theory.  These  new  methods  may  yield  Information  use- 
fut  In  Interpreting  burning  rates  of  solid  propeUants. 
(Contractor's  abstract) 


AEU.0t-.002 

Aerojet  General  Corp. ,  Azusa,  CaUf. 

THE  ABSOLUTE  THERMAL  DECOMPOSITION  RATES 
OF  SOLIDS.  PART  II.  THE  VACUUM  SUniJMATION 
RATE  OF  MOLECULAR  CHYSTA1.S,  by  H.  D.  Schultz 
and  A.  O.  Dekker.  Nov.  1954  (  1 7  )  p.  (kept.  no.  TN- 
3)  ((  AF  ] OSR-TN-54- 367)  (AF  t8(600)1026)  AI)  53166 

Unclassified 

The  linear  rates  of  suhUmatlon  ol  rhombic  benzene  and 
rhonihtr  sulfur  have  bean  calculated  by  use  of  absolute 
reaction  rate  theory  In  reasonable  agreement  with  rates 
derived  from  published  experimental  data.  Required 
mean  torsional  oscillation  and  translational  osctltutlon 
frequencies  for  Die  molecules  In  Die  crystal  lattice 
were  obtained  by  an  analysis  of  the  available  heat 
capacity  and  Raman  spectral  data.  (Contractor's 
abstract) 
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Aerojet  General  Corp. ,  Azusa,  Calif. 

THE  ABSOLUTE  THERMAL  DECOMPOSITION  RATES 
OK  SOLIDS.  PA!  7  11.  T11K  VACUUM  Sl'ISI .1MATION 
II AT E  OF  MOLECULAR  CltYSI  AI  F,  DDIilONAI 


AER.  01:001  -  AER.  01:005 


DISCUSSION,  by  R.  D.  Schultz  and  A.  O.  Dekker. 

[  1 954  ]  7p.  (Rept.  no.  TN-6)  ([  AF  ]OSR-TN-54- 
367a)  (AF  18(600)1026)  AD  62537  Unclassified 

A  comparison  ts  made  of  the  authors’  theory  of  the 
subUmation  process  (see  ttem  no.  AER.  01:002)  wtth 
that  developed  by  S.  S.  Penner  (Jour.  Phys.  Chem. , 
v.  52,  t948:  950  and  1262;  and  v.  56,  1952:  475). 


AElt.  01:004 

Aerojet-General  Corp. ,  Azusa,  CaUf. 

THE  LINEAR  VAPORIZATION  RATE  OF  SOLID 
AMMONIUM  CHLORIDE,  by  K.  Bills,  M.  Tht-rneau 
and  others.  July  1955  [  8  ] p.  lncl.  dlagrs.  (Rept.  no. 
TN- 10)  ([  AF]OSR-TN-55-117)  (AF  1 8(600 )t 026 ) 

AD  67747  Unclasslfted 

The  Unear  vaporization  rate  of  compressed  strands  of 
ammonium  chlortde  has  been  measured  by  an  Improved 
version  of  the  hot-ptate  pyrolysis  technique  of  Schultz 
and  Dekker.  ("The  Absolute  Thermat  Decomposition 
Rates  of  SoUds,  Pari  1,  ”  tn  Fifth  International  Com¬ 
bustion  Symposium.  Pittsburgh,  t954,  ltetnhold,  1955). 
Between  393°K  and  807°K  tn  vacuum  the  rate  data 
correspond  to  the  Arrhenius  equation  B  =  1.  2  x  t0^ 
exp(-t3,  50iyRT)  cmsec-’.  At  atmospheric  ambient 
pressure,  rates  corresponding  to  th.s  equation  are 
obtained  only  above  the  629°K  temperature  at  whicn  the 
equlUbrlum  decomposition  pressure  ol  Nll^Ct  ts 
exactly  1  atmosphere.  Below  629°K  at  atmospheric 
ambient  pressure,  the  vaporization  rate  ts  Umlted  by 
diffusion  of  NII3  and  11C1  vapor  away  from  the  decom¬ 
position  tntarface.  (Contractor's  abstract) 

AER.  01:005 

Aerojet-General  Corp. ,  Azusa,  CaUf. 

THE  ABSOLUTE  Til ERMAL  DECOMPOSITION  RATES 
OF  SOLIDS.  PART  III.  THE  VACUUM  SUBUMATION 
RATES  OF  lONtC  CRYSTALS,  by  R.  D.  Schultz  and 
A.  O.  Dekker.  July  t955  [  33  !p.  lnct.  lllus.  tables, 
refs.  (Rept.  no.  TN-7)  (1  AF  )OSR-TN-55-t38) 

(AF  1 8(600 )t 02G )  AD  67864  Unclasslfted 

The  linear  vacuum  rales  of  sublimation  of  Nat",  Nallr, 
Nal,  KC1,  KDr,  Kl,  RbCl,  RbDr,  CsCl,  Csllr,  Csl, 
UeO,  MgO,  CaO,  CdO,  NiO,  SrO,  BaO,  Zr<>2,  and 
TIiOt  have  been  estimated  by  use  of  absolute  reaction 
rate  theory.  For  those  compounds  which  do  1-wt  de¬ 
compose  during  vaporization,  reaseeahle  agreement 
ts  oh!  lined  wltli  rates  measured  directly,  as  in  tlie 
case  ol  KCI,  or  with  rates  derived  from  vapor  pres¬ 
sure  data  by  me  ins  of  Knndsea's  equaUon  witli  the 
accommodation  coefficient  1  -a  '  assunud  to  be  tudlj. 
The  calculnUon  from  first  principles  of  the  activation 
enthalpy  of  suoli mation  is  jxn  sible,  at  present,  only 
for  the  alkali  metal  halides.  An  absolute  rate  treat¬ 
ment,  very  similar  to  that  used  for  sublimation,  ts 
given  for  ttie  linear  rati*  ol  advance  ot  tile  CaO:CaCO^ 
interface  during  'lie  dec  imposition  of  C.1CO3  crystal.’ 
"Contractor's  ah  si -act) 
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AER.  01:006 

Aerojet-General  Corp. ,  Azusa,  Calif. 

THE  ABSOLUTE  THERMAL  DECOMPOSITION  RATES 
OF  SOLIDS.  PART  IV.  TRANSITION-STATE  THEORY 
OF  THE  LINEAR  RATES  OF  EXCHANGE  AND  DECOM¬ 
POSITION  OF  CRYSTALLINE  AMMONIUM  CHLORIDE, 
by  R.  D.  Scliuttz  and  A.  O.  Dekker.  July  t955,  t3p. 
(Rept.  no.  TN-8)  ( [  AF  ]OSR-TN-55- t4t )  (AF  1 8 (600 ) 
1026)  AD  67749  Unctasslfted 

The  equilibrium  rate  of  exchange  of  crystalline  NH^Ct 
with  gaseous  NHj  and  HCt  Is  formutated  according  to 
the  Laldler-Glasstone-Eyrlng  treatment  of  the  absolute 
rates  of  surface  reactions  ("The  Absotute  Rates  of 
Surface  Reactions”,  in  Catalysis.  P.  H.  Emmet,  ed. , 

V.  t,  pt.  t:  195-243,  Relnhold  Publishing  Co. ,  N.  Y. , 
1954).  This  formutatlon  Is  shown  to  be  essentialty 
equivalent  to  that  previously  given  for  the  maximum 
absotute  rate  of  decomposition  of  crystalline  NH4CI. 

The  equivalence  resutts  from  the  use  of  the  same  modet 
for  the  activated  comptex  for  each  reaction,  and  pro¬ 
vides  support  for  the  concept  that  the  rate-controtling 
step  tn  the  thermal  dissociates  of  crystalline  NH^Ct  Is 
the  desorption  of  gas  motecules  from  a  physically  ab¬ 
sorbed  NIlj-HCt  comptex.  (Contractor’s  abstract) 


AEU.0t:007 

Aerojet-General  Corp. ,  Azusa,  Calif. 

TRANSITION- ST  ATE  THEORY  OF  THE  UNEAR  RATE 
OF  DECOMPOSITION  OF  AMMONIUM  PERCHLORATE, 
by  R.  D.  Schultz  a»<d  A.  O.  Dekker.  July  1955,  3tp. 
dlagrs.  refs.  (Rept.  no.  TN-9)  ((  AF ]OSR-TN-55-t42) 
(AF  1 8(600)1026)  AD  67748  Unctasslfled 

Also  published  In  the  Sixth  Symposium  (International) 
on  Combustion,  Yate  U. ,  New  Haven,  Conn.  (Aug.  t9- 
24,  1 956),  N.  Y.  Relnhold,  t957,  p.  6t8-626. 

The  experimental  data  of  Blrcumshaw  and  Newman 
(Proc.  Hoy.  Soc.  (London),  V.  227A:  tt5-t32,  228-241, 
1954)  are  anatyzed  In  terms  of  a  linear  rate  of  progres¬ 
sion  of  the  Interface  between  residue  and  undecomposed 
crystal.  Uuear  decomposition  rates  corresponding  to 
given  temperatures  are  derived  directly  from  the  maxi 
mum  rale  portions  of  the  slgmotd  curves  of  product 
pressure  vs  time.  A  proposat  Is  made  that  tn  the  tem¬ 
perature  range  of  220°  to  280°C,  the  decomposition 
Interface  travels  exclusively  through  the  disordered 
muterlat  between  tne  mosaic  blocks  of  the  cryslat  and 
do-s  not  penetrate  the  Interior  of  the  blocks.  Absolute 
rate  treatments  tn  Die  manner  of  Laldler,  Giasstone, 
and  Eyrtng  ("The  Absolute  Rates  of  Surface  Reactions” 
In  Catalysis.  P.  II.  Emmet,  ed. ,  V.  1,  pt.  1:  195-243. 
Relnhold  Publishing  Co. ,  N.  Y.,  1954)  are  presented 
for  each  ol  the  2  crystal  forms  (orthorhombic  and  cubic). 
These  treatments  are  similar  to  those  proposed  for  the 
sublimation  of  tome  solids  and  the  vaporization  of  solid 
Nll^Ci,  respectively.  (Contractor’s  abstract) 


AER.  0t:008 

Aero  jet -General  Corp. ,  Azusa,  Calif. 

ADVANCES  IN  THE  KINETICS  OF  DECOMPOSITION, 
FUSION,  AND  SUBLIMATION  OF  SOLIDS,  by  R.  D. 
Schuttz  and  A.  O.  Dekker.  Ftnal  rept.  Apr.  30,  1955 
[35]p.  lnct.  tabte,  refs.  (Rept.  no.  961)  ([AF]OSR- 
TR-55-t2)  (AF  1 8(600)t 026 )  AD  67865  Unclassified 

The  kinetics  of  solid  decomposition,  fusion,  and  sub¬ 
limation  are  correlated  by  means  of  transition-state 
theory.  The  fottowlng  aspects  are  discussed:  (t)the 
solid  decomposition  Interface;  (2)  lattice  vibration 
theory  for  the  vetoetty  of  a  decomposition  or  sublima¬ 
tion  Interface;  (3)  the  relationship  between  decompo¬ 
sition  pressure  and  the  velocity  of  a  decomposition 
interface;  (4)  the  rote  of  crystal  Imperfections  In  solid 
decomposition;  and  (5)  transition- state  theory  for  the 
linear  burning  vetocity  of  a  monopropellant,  the  linear 
velocity  of  fusion,  the  linear  velocity  of  sublimation  In 
vacuo,  the  veloctty  of  a  solid  decomposition  tnterface, 
and  the  linear  decomposition  rate  of  HN^Cl.  (ASTIA 
ah  stract) 


AER.  02:001 

Aerojet-General  Corp. ,  Azusa,  Calif. 

AN  ANALYTICAL  APPROACH  TO  THE  PROBLEM  OF 
CONVECTIVE  HEAT  TRANSFER  TO  A  BURNING 
SOLID  PROPELLANT,  by  T.  P.  Torda.  Nov.  1954, 

8p.  (Rept.  no.  TN-t)  ([  AFjOSR-TN-54-327)  (AF  18 
(600)t048)  AD  48558  Unctasslfled 

A  method  is  proposed  for  the  analysis  of  the  inftuence 
of  tntenslve  vetocity  variations  upon  the  rate  of  heat 
transfer  from  the  hot  burning  gases  to  the  surface  of 
the  propettant  In  the  rocket  chamber  during  periods 
of  osclttatory  combustion.  The  heat  transfer  probtem 
Is  Idealized  as  a  nonsteady,  3-dlmensiona]  boundary- 
tayer  probtem  with  ftuld  Injection  at  the  boundary.  The 
first  phase  of  the  Investigation  comprises  treatment 
of  the  probtem  assuming  IncompresstbtP,  laminar  flow. 
The  second  phase  treats  comprcsslbte  flow.  (ASTtA 
ah  sir  act) 


AER.  02:002 

Aerojet-General  Corp. ,  Azusa,  Calif. 

UNCTADLE  BUItNtNG  tN  SOlJD-I  ItOt’Et.LANT 
ROCKET  MOTORS.  A  COMPARISON  OF  EXPERIENCE 
AND  THEORY  (Unclassified  title),  by  1..  Green,  Jr. 
Mar.  1 955  [32]p.  inci.  iitus.  refs.  (Repi.  no.  TN  5) 
(I  AF’OSR-TN-SS-OO)  (AF  t8(600)t048)  Al)  65520 

Confidential 

Presented  at  tlth  meeting  of  the  JANAF  Solid 
Propellanl  Group,  Redstone  Arsenal,  May  t8  20, 

1955. 
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AER.  02:003 


Aerojet- General  Corp. ,  Azusa,  Calif. 

BALLISTIC  PROPERTIES  OF  FOUR  EXPERIMENTAL 
SOLID  PROPELLANTS  FOR  COMBUSTION  STABILITY 
STUDIES,  by  C.  O.  Brown,  L.  Green,  Jr. ,  and  D.  M. 
Meehan.  Mar.  23,  1955  [  13  ]p.  lncl.  diagrs.  iable. 
(Repl.  no.  TN-4)  ([  AF]OSR-TN- 55- 90(a))  (AF  18 
(600)1048)  AD  72530  Unclassified 

The  severity  of  the  Irregularities  in  chamber  pressure 
attending  unstable  burning  in  solid-propellani  rocket 
motors  is  known  to  be  dependent  In  some  fashion  on 
the  propellant  composition  and  the  configuration  of  grain 
and  chamber.  The  objective  of  the  present  research 
is  to  investigate  the  effect  of  these  variables.  In  the 
present  study  the  specific  impulse  of  the  propellant  is 
varied  bui  noi  the  general  type  of  propellant  system. 

For  this  purpose  ii  was  considered  best  to  employ  a 
propellant  system  using  ammonium  perchlorate  as  an 
oxidizer,  and  an  organic  resin  as  fuel.  Then  by  vary¬ 
ing  the  weight  fraction  of  oxidizer  in  the  mixture,  the 
specific  impulse  of  the  propellant  can  be  varied  over  a 
considerable  range  without  changing  the  nature  of  the 
oxidizer.  The  experimental  propellants  are  described 
and  the  calculated  propellant  properties  are  compared. 
(ASTIA  abstract) 

AER.  02:004 

Aerojet-General  Corp. ,  Azusa,  Calif. 

AN  EXPERIMENTAL  STUDY  OF  COMBUSTION  IN¬ 
STABILITY  IN  SOLID-  PROPELLANT  ROCKET  MOTORS, 
by  L.  Green,  Jr. ,  M.  Llpow,  and  K.  L.  Nall.  July 
1955,  Iv.  lncl.  lllus.  diagrs.  tables,  refs.  (Repi.  no. 
TN-11)  ([  AF]OSR-TN-55-233)  (AF  18(600)1048) 

AD  68446  Unclassified 

The  results  obtained  during  the  flrsl  12-month  period 
of  an  experimental  investigation  of  unstable  burning  of 
solid- propellant  charges  are  presented  and  briefly 
discussed.  A  comparison  of  four  experimental,  com- 
poslle  propellant  formulations  tested  In  lnlernal-burning, 
tubular  charges  Indicates  thal  Ihe  lendency  toward  Irreg¬ 
ular  reaction  Increases  as  the  energy  contenl  of  the  pro¬ 
pellant  Is  raised,  as  long  as  the  propellant  burning  rate 
Is  held  constant.  However,  the  hlghest-energy  formu 
lntlon  showed  a  smooth  reaction,  owing  to  a  lower  burn¬ 
ing  rate  than  was  desired,  or,  ultimately,  to  the  coarse 
oxidizer  grind  employed  In  that  formulation.  The  re 
suits  suggest  thal  a  nominal  rate  of  energy  release  (the 
product  of  burning  rale,  density,  and  heal  of  explosion) 
may  [Hisslbly  afford  a  measure  by  which  the  relative 
stability  of  various  formulations  may  he  estimated. 
(Contractor's  ahstract  ,  modified) 


Ah  It.  02  005 


L.  Green,  Jr.  Sepi.  1955  [  18 ]p.  lncl.  diagrs. 

(Rept.  no.  TN-12)  (L  AF]OSR-TN-55-334)  (AF  18 
(600)1548)  AD  77424;  PB  140356  Unclassified 

A  model  of  solid-propellant  burning  is  postulated,  in 
which  the  complex  chemical- reaction  and  heat- con¬ 
duction  problem  in  the  gas  phase  is  replaced  by  a 
simplified  boundary  condition  which  assumes  convective 
heal  transfer  to  the  surface  from  a  parallel  flow  of  gas 
at  flame  temperature.  The  effective  heat-iransfer  co¬ 
efficient  is  assumed  to  be  an  inverse  function  of  pro¬ 
pellant  burning  rate,  which  in  turn  is  assumed  lo  be 
an  Arrhenius  function  of  the  surface  temperature.  The 
model  permits  calculation  of  steady- state  surface  tem¬ 
peratures,  burning  rates,  and  temperature  gradients 
which  show  the  proper  qualitative  dependence  upon  the 
propellant  and  gas-flow  parameters,  and  which,  for 
ihe  assumed  values  of  these  parameters,  appear  to  be 
of  the  proper  order  of  magnitude.  (Contractor  s 
abstract) 


AER.  02: 006 

Aerojet-General  Corp. ,  Azusa,  Calif. 

PRESSURE- MEASURING  INSTRUMENTATION  FOR 
COMBUSTION  STABILITY  STUDIES,  by  L.  Green,  Jr. 
Dec.  1955  [  42  ]  p.  lncl.  lllus.  diagrs.  refs.  (Repi. 
no.  TN-14)  ((  AF]OSR-TN-55-474)  AD  81081 

Unclassified 

A  description  Is  given  of  the  operation  of  the  2  pres¬ 
sure-measuring  instrumentation  systems  employed  In 
investigating  solid  propellant  combustion  stability. 

One  of  the  systems  utilizes  a  low-frequency  response 
to  record  the  mean  chamber  pressure,  while  the  other 
uses  a  high-frequency  response  to  detect  fluctuations 
around  tills  mean  value.  The  limitations  of  the  low- 
frequency- response  system  are  fairly  well  defined, 
but  the  limitations  ot  the  hlgh-irequency-response 
system  have  nol  been  determined  accurately.  This 
dual  system  Is  considered  to  be  advancement  over  con¬ 
ventional  pressure-measuring  Instruments;  recom¬ 
mendations  are  made,  however,  for  the  use  ol  further 
Improved  pressure- sensing  elements  and  a  tape  record¬ 
ing  system,  as  well  as  retim'd  melhods  of  determining 
the  dynamic  response  of  the  pickups. 


A  Kit.  02:007 

Aerojet -General  Corp. ,  Azusa,  Calif. 

NONSTKADY  BEHAVIOR  OF  A  SIMPLIFIED  MODEL 
OF  SOLID- Pltor  ELl-ANT  BURNING,  by  L.  Green.  Jr. 
Nov.  1955  ;  21  !>.  inrl.  diagrs.  (Kept.  no.  T.N-  15) 

(1  AF.OSK  TN  55  47:)  F  !  8(600)1 0411)  ADH11I82 

t  nc la  sifted 


Aerojet  General  Corp. ,  Azusa,  Calif. 

An  analysis  Is  presented  of  the  nimstea  ly  behavior  of 

ST F.  \1>1  STATE  PROPERTIES  C'E  A  S1M1T  JFIED  a  previously  pre  posed  thermal  model  ot  solid -propellant 
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problem  of  pertodlc  deflagration.  The  assumption  Is 
made  that  a  small  time  Interval  Is  required  for  comple¬ 
tion  of  the  phase  change  of  the  propellant  malter  from 
the  solid  to  the  gaseous  stale  tn  a  thin  zone  (burning 
surface).  The  results  tndlcate  thal  when  the  simplified 
transfer  coefftctent,  assumed  to  govern  heat  flow  to 
lhe  surface,  fluctuates  al  high  frequencies,  conditions 
can  exist  under  which  a  coupling  between  the  heat-trans¬ 
fer  fluctuation  and  the  decomposition  reaction  can  cause 
large  amplitude  osctllatlons  of  the  surface  lemperalure; 
consequently,  significant  deviations  appear  tn  the  mean 
effective  burning  rate  from  tts  nominal  steady- stale 
value.  The  predicted  dependence  of  the  model  behavior 
upon  the  propellant  and  the  operating  condition  para¬ 
meters  appears  to  be  tn  qualitative  agreemenl  with  the 
known  behavior  of  actual  propellants. 


AER.  02:008 

Aerojet-General  Corp. ,  Azusa,  Calif. 

STUDIES  ON  THE  REACTION  STT  ABILITY  OF  SOLID 
PROPELLANT  CHARGES,  by  L.  Green,  Jr.  Final 
repl.  Apr.  1,  1954-Jan.  31,  1956.  Mar.  9,  1956,  lv. 
incl.  tllus.  dlagrs.  tables,  refs.  (Rept.  no.  1077) 
(AFOSR-TU-56- 10)  (AF  13(600)1048)  AD  86012 

Unclassified 

Research  was  conducted  to  acquire  a  clearer  under¬ 
standing  of  the  phenomenon  of  resonant  burning  tn  solid- 
propellant  rocket  motors.  An  analysts  nf  the  effecl  of 
transverse  velocity  fluctuations  upon  the  rale  of  heat 
transfer  from  a  gas  to  a  solid,  with  fluid  Injection  at 
lhe  wall,  Indicated  that  the  effect  Is  small  when  the 
flow  conditions  are  laminar;  the  effect  may  be  signifi¬ 
cant  when  turbulent  conditions  prevail.  An  analysis  of 
a  simplified  thermal  model  of  soUd- propellant  burning 
Indicated  that  small  fluctuations  In  heat-transfer  rate 
can  cause  significant  variations  tn  propellant  burning 
rate.  Tests  of  one  propellant  at  170°F  In  A  different 
charges  showed  that  charge  configuration  Influences 
reaction  stability.  A  comparison  of  A  experimental 
composite  propellant  formulations  with  nominally 
constant  burning  rates  tested  at  HO^F  In  Internal- 
burning  tubular  charges  Indicated  that  the  tendency 
toward  Irregular  reaction  Increases  as  the  energy  con¬ 
tent  of  the  propellant  ts  Increased,  as  long  as  the  pro 
priian:  burning  rate  is  constant.  Tests  of  the  rod-in- 
sliell  charge  were  made  with  the  aid  of  2  high- frequency  - 
response  pickups  In  order  to  detect  phase  or  amplitude 
differences  tn  the  pressure- time  traces;  results  Indi¬ 
cated  that  the  ob  -c.-ved  oscillations  corresponded  to 
stationary  wave  patterns. 


AER.  02:009 

Aerojet  General  Corp.  ,  Azusa,  CaUf. 

<  HAliGK  CONFIGURATION  EFFECTS  IN  SOUD 
PROPELLANT  COMBUSTION,  by  1„  Green,  Jr. 

|  Apr,  1956  1  lv.  Incl.  illus.  dlagrs.  tables,  refs. 
1  AF  18(600)1048  1  Unclassified 


Static  tests  of  a  high-energy,  composite  solid  propel¬ 
lant  al  170°F  tn  four  different  types  of  charge  Indicated 
a  strong  Influence  of  charge  configuration  upon  the 
stability  of  the  propollanl  reaction,  as  manifested  by 
the  regularity  of  the  mean  chamber  pressure  vs  time 
history.  The  relative  tendency  of  short,  Internal¬ 
burning  charges  with  annular  and  cylindrical  cavities 
to  exhlbtt  "  resonant'-  burning  was  found  to  be  In  dis¬ 
agreement  with  the  behavior  predicted  by  Cheng's 
analysis  of  the  "sonant"  burning  phenomenon.  The 
several  types  of  charge  also  exhibited  different  average 
burning  rale  vs  average  chamber  pressure  character¬ 
istics.  Qualitative  observations  suggest  that  the  rela¬ 
tive  reaction  stabtUty  of  different  soUd  propellant 
charge  configurations  may  be  determined  by  viscosity 
effects,  rather  than  tn  the  mechanisms  postulated  In 
Cheng’s  Ideal-fluid  analysis.  Tests  of  rod-ln-shell 
charges,  using  two  pressure  ptekups  In  an  effort  to 
observe  phase  differences  tn  the  pressure-time  traces 
obtained,  tndicaled  that  the  observed  osctUations  prob¬ 
ably  corresponded  to  stationary  wave  patterns.  (Con¬ 
tractor's  abstract,  modified) 
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Aerojel-General  Corp. ,  Azusa,  Calif. 

OBSERVATIONS  ON  THE  IRREGULAR  REACTION  OF 
SOUD  PROPELLANT  CHARGES,  by  L.  Green,  Jr. 

[  1956]  [  5]p.  tncl.  illus.  dlagrs.  refs.  L  AF  18(300) 
1048]  Unclassified 

Presented  at  annual  meeting  of  the  Araer.  Rockel 
Soc.,  Chicago,  ni. ,  Nov.  14-18,  1955. 

Published  In  Jet  Propulsion,  v.  26:  655-659,  Aug.  1956. 

A  review  of  development  experience  and  research 
studies  concerning  reaction  Irregularities  tn  solid 
propellant  rocket  motors  emphasizes  a  difference  in 
usage  of  the  equivocal  lerm  "unstable  burning”  by  the 
rocket  designer  on  the  one  hand  and  the  theoretical 
tnvcstlgator  on  the  other.  Evtdence  ts  presented  Indi¬ 
cating  that  high  frequency  pressure  osctllatlons  of 
ftnlte  amplitude  can  prevail  tn  the  charge  cavity  during 
outwardly  "  stable"  operation.  A  possible  coupling 
mechanism  by  which  gas  phase  osctllatlons  may  effect 
exaggerated  raleB  of  solid  phase  decomposition  Is 
suggested  In  qualitative  terms.  (Contractor's  abstract) 
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Aerojet -General  Corp. ,  Azusa,  CaUf. 

SOME  PROPERTIES  OF  A  SIMPlJFlEt)  MODEL  OF 
SOUD- PROPELLANT  BURNING,  by  1„  Green,  Jr. 

1  1956]  [46]p.  Incl.  Illus.  dlagrs.  refs.  [  AF  18 
(600)1048  ]  Unclassified 

Published  ajj  Amer.  Rocket  Soc.  preprint  no.  339-56, 
Nov.  1956. 
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A  thermal  model  of  solid-propellanl  burning  Is  postu¬ 
lated,  In  which  the  complex  chemical -reaction  and 
heal-conductlon  problem  In  the  gas  phase  Is  replaced 
by  a  simplified  boundary  condition  which  assumes  con¬ 
vective  heal  lransfer  to  the  surface  from  a  parallel 
flow  of  gas  al  flame  temperalure.  The  effective  heal- 
transfer  coefficient  Is  assumed  lo  be  an  Inverse 
function  of  propellanl  burning  rate,  which  In  turn  Is 
assumed  to  be  an  Arrhenius  function  of  the  surface  tem¬ 
perature.  This  model  permits  calculation  of  steady- 
slale  propellant  temperatures,  burning  rales,  and 
temperature  gradients  which  show  the  proper  qualitative 
dependence  upon  the  propellanl  and  gas-flow  parameters 
and  which,  for  the  assumed  values  of  these  parameters, 
appear  to  be  of  the  proper  order  of  magnitude.  The 
non- steady  behavior  of  the  model  Is  analyzed.  It  is 
Indicated  that,  when  the  simplified  transfer  coefficient 
assumed  to  govern  heat  flow  lo  the  surface  fluctuates 
at  high  frequencies,  conditions  can  exist  under  which  a 
coupling  between  the  heal-lransfer  fluctuation  and  the 
decomposition  reaction  can  cause  large-amplitude  os¬ 
cillations  of  the  surface  temperalure,  and,  consequenlly 
slgniflcanl  deviations  In  the  burning  rate  from  Its 
nominal  steady- state  value.  The  predlcled  dependence 
of  the  model  behavior  upon  the  propellant  and  operating- 
condition  parameters  appears  to  be  In  qualitative  agree¬ 
ment  with  the  known  behavior  of  actual  propellanl;:. 
(Contractor’s  abstract) 
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Aerojet-General  Corp. ,  Azusa,  Calif. 

ASPECTS  OF  HIGH  FREQUENCY  COMBUSTION 
INSTABILITY  (Unclassified  Utle).  by  II.  B.  ElUs. 

I  1955]  I  23  ]  p.  lncl.  lllus.  dlagrs.  1  AF  18(000)1155] 

Confidential 
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Aerojet-General  Corp. ,  Azusa,  Calif. 

111GU- FREQUENCY  COMBUSTION  INSTABILITY  (Un¬ 
classified  title),  by  11.  B.  Ellis  and  It.  S.  Bickford, 
Sept.  1950]  49  ]p.  lncl.  lllus.  dlagrs.  (Itept.  no.  TN- 
17)  (AFOSlt-TN-aO-  547)  (AF  18(000)1 1 55)  AD  110306 

Confidential 
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Aerojet-General  Corp. ,  Azusa,  Calif. 

BASIC  RESEARCH  ON  COMBUSTION  IN  1JQU1D 
ROC X FT  TllllUST  CHAMBERS  (Unclassified  Utle),  by 
R.  S.  Bickford,  li.  C.  Krelg,  Jr.  and  11.  B.  Ellis. 
Final  technical  rept.  Jan.  1957,  lv.  lncl.  lllus.  tables, 
refs.  (Rept.  no.  1193)  (!  AF  lOSR-TR- 50-61) 

(AF  18(000)1 155)  AD  115015  Confidential 
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Aero  jet -General  Corp. ,  Azusa,  Calif. 

THERMAL  DECOMPOSITION  OF  SOLID  NITRO 
COMPOUNDS  (Unclassified  title),  by  A.  J.  Bauman 
and  K.  H.  Sweeney.  Oct.  3,  1955  l39]p.  lncl.  lUus. 
tables.  (Repl.  no.  TN-13)  ([  AF]OSR-TN-55-441) 
(AF  18(600)1215)  ConftdenUal 
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Aerojet-General  Corp. ,  Azusa,  Calif. 

AN  IMPROVED  AUTOMATIC  RECORDING  TALIANI 
APPARATUS,  by  J.  M.  Flournoy  and  A.  J.  Bauman. 
Sept.  5,  1956  [  10]p.  lncl.  lllus.  dlagrs.  (Repl.  no. 
TN- 18)  (AFOSR-TN-56  -  4  30)  (AF  18(600)1215) 

AD  96512  Unclassified 

In  lhe  Tallanl  test  for  determining  the  thermal  stability 
of  explosives  and  propellants  under  storage  condlUons, 
a  sample  ts  healed  under  Nj  or  air  In  a  closed  system 
of  conslant  volume  and  Its  stablUty  Is  evaluated  In 
terms  of  the  rale  of  pressure  Increase  In  the  system. 
The  standard  apparatus  used  In  this  test  has  been  Im¬ 
proved  by  (1)  preventing  condensaUon  of  decomposition 
products  are  conlamed  entirely  within  the  heated  zone 
at  the  temperalure  of  the  tesl.  The  decomposition 
zone  Is  Isolated  from  the  measuring  portion  of  the 
apparatus  by  means  of  a  llg  column  which  Is  confined 
between  2  porous  glass  discs.  These  discs  permll 
the  passage  of  gases,  but  do  nol  allow  the  passage  of 
llg.  Pressure  in  the  decomposition  zone  Is  trans¬ 
muted  by  the  llg  column  to  a  sensitive  pressure  trans¬ 
ducer  through  an  Intervening  column  containing  air  and 
a  fluorocarbon  oil.  (Contractor's  abstract) 


AER.  04:003 

Aerojet -General  Corp. ,  Azusa,  Calif. 

THERMAL  DECOMPOSITION  OF  SOIJD  NITRO  COM 
POUNDS  (Unclassified  title),  by  J.  M.  Flournoy.  K.  11. 
Sween,  and  A  J.  Bauman.  Sept.  1950  ]58]p.  lncl. 
lllus.  dlagrs.  tables,  refs.  (Rept.  no.  1170)  (AFOSlt- 
TR-50-57)  (AF  18(000)1215)  AD  110392  Confidential 

AER.  05:001 

Aerojet -General  Corp. ,  Azusa,  Calif. 

A  VERSATILE,  1000-CU1UE,  COBALT  00  GAMMA 
RAY  SOURCE,  by  E.  Hormats  and  G.  Moe.  July  1950 
]35]p.  lncl.  dlagrs.  tables.  (Rept.  no.  TN-10) 
(AFOSR-TN-  50-339)  (AF  18(600)1210)  AD  95215 

Unclassified 

A  description  Is  presented  of  the  design  and  Installation 
of  a  1000-c  Co®®  source  for  conducting  y  radiation 
studies.  The  Installation  consists  of  a  movable  source 
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shielded  by  earth,  concrete,  and  otl.  The  Co  ts 
divided  Into  5  capsules  ol  200  c  each,  which  may  be 
moved  Individually  or  In  selected  groupings  from 
storage  at  the  bottom  ol  a  2t-fl  concrele-llned  shaft. 
This  Is  accomplished  by  making  the  capsule  a  part  of  a 
sprocket-and- chain  assembly  which  ts  driven  by  an 
electric  motor.  When  the  capsule  reaches  the  operating 
position,  8  ft  below  the  ground  level,  tt  actuates  a 
switch  which  stops  the  motor  drive.  The  calculaled  dose 
rate  of  this  source  ts  approximately  14,000  r/hr  at  1  ft, 
300  r/hr  on  the  roof  Inside  the  fence.  Personnel  safety 
ts  provided  by  Interlocks,  alarms,  a  remole  area 
monitoring  system,  safety  steps  In  operating  procedure 
and  the  weartng  of  pocket  dosimeters.  The  tnitial  load- 
tng  and  the  routine  starting,  trradlatlon  and  shutting- 
down  procedures  are  detailed  for  the  Co®0  source. 

Brief  descriptive  data  are  furnished  In  table  form  for 
15  other  Co00  Irradiation  sources  as  reported  In  the 
literature.  The  y  ray  source  described  here  was  con¬ 
structed  for  a  study  of  the  possibility  of  producing 
higher-energy  propellanls  based  on  recombination  of 
free  radicals.  Published  observations  had  lead  to  calcu¬ 
lations  which  Indicated  that  If  a  slurry  of  90  wt-%  NH3 
In  liquid  H  were  Irradiated  until  50%  decomposed  to  N  t 
3H,  the  resultant  system  would  have  a  specific  Impulse 
of  600  lb- sec/lb.  (AST1A  abstract  In  part) 


AER.  05:002 

Aerojel- General  Corp. ,  Azusa,  Calif. 

RESEARCH  ON  ULTRA- ENERGY  FUELS  FOR 
ROCKET  PROPULSION,  by  L.  Baum,  11.  Graff  and 
others.  Final  rept.  July  t,  1954-June  30,  1956.  July 
31,  1956  [  47]p.  lncl.  dlagrs.  tables,  refs.  (Rept.  no. 
1149)  ( AFOSR-T N  - 56 -  346)  (AF  18(600)1216)  AD  95432 

Unclassified 

Research  was  undertaken  lo  determine  the  applicability 
of  free  radicals  and  atoms  as  htgh- energy  substances. 

A  theoretical  consideration  of  tne  relation  of  energy  to 
thrust  Indicated  that  high  specific  Impulse  In  rockets 
can  best  be  achieved  by  using  low-molecular-wetght 
gases,  e.g. ,  11  or  He,  as  working  fluids.  A  method 
was  conceived  for  using  free  radicals  as  a  means  of 
heating  liquid  H  to  the  operating  temperature.  Methods 
of  preparing  and  stabilizing  free  radicals  are  discussed, 
and  the  results  of  some  experimental  studies  are  given. 
A  study  of  the  stabilization  of  the  tmlne  radical  Indicated 
that  the  blue  material  reported  to  be  Nil  ts  probably 
electronically  excited  UN3,  and  that  the  association  of 
the  blue  materl.il  with  Nil  Is  unltkely.  Measurement 
by  means  of  a  new  described  mlcrocalorlmeter.  Indi¬ 
cated  that  lrradtatlon  of  azoinethane  at  -t96“C  resulted 
In  about  t%  decomposition,  giving  methyl  radicals  which 
may  be  stable  at  thal  temperature.  Several  other 
systems  were  explored  using  photolysis  at  liquid- N 
temperature.  No  decomposition  products  were  ob¬ 
served  for  samples  of  acetone,  nitrogen  dioxide,  cyanic 
acid,  and  chlortne.  For  dlazomethane,  a  strongly 
exothermic  reaction  was  noted.  For  ketene,  little 
noncondensable  material  was  observed,  and  kelene  and 
dlketene  were  found  tn  the  product.  Proposed  work 
Includes  use  of  a  1000-c  Co®°  y-ray  source,  described 
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elsewhere,  for  trradlatlon  ai  low  temperatures.  In 
this  connection,  it  was  estimaied  that  by  trradlatlon 
at  400-c  of  solid  NH,  about  t0°  radical  pairs/ y-ray 
are  produced.  (ASTIA  abstract  tn  part) 


ANS.  Ot :  00 1 

Aeronutronic  Systems,  Inc. ,  Glendale,  Calif. 

PRELIMINARY  REPORT  ON  PROJECT  FAR  SIDE 
PHASE  I.  (Unclassified  title)  Dec.  15,  1956,  tv.  lncl. 
Ulus,  dlagrs.  tables.  (Rept  no.  C-009)  (AFOSR- 
TN-56-580)  (AF  49(638)55)  AD  tt 5003  Confidential 


ANS.  0t:002 

[  Aeronutronic  Systems,  Inc.,  Glendale,  Calif.  ] 

THE  DESIGN  OF  A  MULTICHANNEL  TRANSISTORIZED 
FM/FM  TELEMETERING  SYSTEM  WITH  A  COSMIC 
RAY  DIRECTION  CHANNEL,  by  R.  C.  Elton  (Maryland 
U.  Dept,  of  Physics).  May  t956  (  62]p.  lncl.  Ulus, 
dlagrs.  refs.  (Md.  U.  Physics  Dept,  technical  rept. 
no.  38)  [  AF  49(638)55]  Unclassified 

The  design  of  a  multichannel  transistorized  FM/FM 
teiemelering  syslem  suitable  for  use  In  upper  atmos¬ 
phere  experiments  Is  described.  The  system  consists 
of  four  subcarrier  adulo  osctllalors  whose  signals  are 
combined  to  form  the  composite  signal  used  to  frequency 
modulate  the  radio  frequency  transmitter;  plus  a  gelger 
tube  and  its  associated  clrcullry  consisting  of  a  t  900 
vdc  supply,  a  scale-of-t6  stage,  and  a  preamplifier. 

A  transistorized  version  of  the  famlUar  Colpttis  os¬ 
cillator  is  used  to  generate  the  subcarrier  audio  signals, 
which  are  frequency  modulated  by  the  Information 
delected.  A  discussion  of  the  extensive  temperature 
tests  on  the  audio  oscillators  and  the  resulting  stabili¬ 
zation  ts  Included.  Also  two  basic  methods  of  fre¬ 
quency  modulating  the  subcarrier  audio  oscillators 
have  been  analyzed.  A  transistorized  Inductive  kick 
method  of  generating  the  +  900  vdc,  necessary  for  the 
gelger  tube  from  15  vdc.  Is  discussed  Including  regu¬ 
lation  characteristics;  the  scale  of- 16  stage  used  Is 
composed  of  cascaded  scale-of-two  stages  and  Is  also 
transistorized.  Due  lo  the  relatively  low  Input  Impe¬ 
dance  of  tlie  gelger  tube,  It  was  necessary  to  Incorpor¬ 
ate  a  preamplifier  between  these  two  stages.  This  am¬ 
plifier  consists  of  a  buffer  stage  followed  by  an  emitter 
follower  stage.  A  hrief  outline  of  transistor  ctrcult 
principles  has  been  Included  to  assist  the  reader  In 
understanding  the  discussion  of  the  transistor  circuits 
Involved  tn  the  system.  (Author's  abstract) 


AGARD,  Paris  (France).  (Advisory  Group  for  Aero¬ 
nautical  Research  and  Development)  North 
Atlantic  Treaty  Organization.  Advisory  Group  for 
Aeronautical  Research  and  Development,  Paris 
(France). 
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ALF.  01:001 

Alfred  U.  New  York  State  Coll,  of  Ceramics,  N.  Y. 

STUDY  OF  DASIC  MECHANISM  OF  DIFFUSION  OF 
METALS  INTO  CERAMIC  MATERIALS,  by  R.  C. 
Turnbull.  Technical  rept.  no.  1  for  period  Jan.  10, 
1953  -  Jan.  11,  1954.  7p.  dlagrs.  (Rept.  AU  no.  1) 

([  AF]OSR-TR-54-9)  (AF  18(600)591)  AD  29788 

Unclassified 

Three  techniques  are  discussed  for  evaluating  the 
concentration  changes  of  radioactive  tracers  in  a 
diffusion  experiment:  (1)  assays  of  slices  removed 
from  the  specimen;  (2)  measurement  of  the  change  of 
radioactivity  at  the  surface;  and  (3)  photographic  means. 
In  this  experimental  study,  samples  of  optically  clear 
perlclase  were  prepared  by  splitting  large  single 
crystals  along  crystal  planes  into  specimens  1  cm  on 
a  side  and  .5  cm  high.  The  sides  of  the  specimens 
were  covered  with  a  strippable  organic  coating.  The 
radioactive  metal  was  condensed  on  the  crystal  face. 

The  diffusion  coefficients  were  determined  for  Fe,  Co, 
and  Ni  in  MgO  at  different  temperatures.  The  activa¬ 
tion  energy  was  obtained  by  plotting  the  log  of  the 
diffusion  coefficient  against  the  reciprocal  of  the  abso¬ 
lute  temperature. 


AIA.  01:001 

American  Inst,  of  Aerologlcal  Research,  Pasadena,  Calif. 

ON  SEVERAL  EXTENSIONS  OF  THE  TAYLOR- 
GOLDSTEIN  THEORY  OF  DIFFUSION  BY  DISCONTIN¬ 
UOUS  MOVEMENT,  byl.  Mlchelson.  [  1953]  [50]p. 
(AF  18(600)476)  Unclassified 

This  contribution  is  a  development  of  the  work  of  Taylor 
and  Goldstein  in  which  mathematical  models  were  con¬ 
sidered  representing  diffusion  by  discontinuous  move¬ 
ments.  The  meritorious  features  employed  oy  them 
and  those  used  by  the  author  are  discussed.  Appro¬ 
priate  mathematical  techniques  for  the  analysis  of  each 
type  of  problem  considered  are  Indicated.  The  structure 
of  solutions  of  the  several  equations  derived  is  dis¬ 
cussed  in  terms  of  "dispersion"  of  progressive  waves 
wlilch  are  regarded  as  fundamental  elements  of  all 
propagation  processes.  (Extracted  from  rept. ) 


AIA.  01:002 

American  Inst,  of  Aerologlcal  Research,  Pasadena,  Calif. 

THE  ENERGY  SPECTRUM  OF  TURBULENCE  FOR  THE 
ENTIRE  RANGE,  by  R.  W.  Davies.  Feb.  26,  1954, 

1 3p.  lncl.  refs.  (Rept.  no.  AR-2)  ([  AFjOSil-TN- 
[54  .  49)  (AF  18(600)476)  AD  30152  Unclassified 

Alfitl  K'lfeUlilied  In  Fnys.  Rev.,  v.  95:  912-913,  Aug.  15, 
1954. 
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is  derived  by  curve  fitting  from  two  limiting  laws. 
The  technique  is  very  similar  to  that  employed  in 
black  body  radiation.  (Contractor's  abstract) 


AIA.  01:003 

American  Inst,  of  Aerologlcal  Research,  Pasadena,  Calif. 

DISCUSSION  AND  EXTENSION  OF  GOLDSTEIN'S 
MATHEMATICAL  MODEL  REPRESENTING  DIFFUSION 
WITH  HYPERBOLIC  PARTIAL  DIFFERENTIAL  EQUA¬ 
TION  [  PART  I],  byl.  Mlchelson.  Technical  rept. 

Jan.  11,  1954  ,  58p.  (Rept.  no.  AR-1;  rept.  no.  193) 

([  AF]OSR-TN-54-53)  (AF  18(600)476)  AD  27865 

Unclassified 

The  random  walk  problem  examined  by  S.  Goldstein 
is  given  an  orientation  convenient  for  comparison  with 
weU  understood  problems,  and  also  for  extension  to 
the  case  in  which  diffusion  is  not  assumed  isotopic. 

The  relationship  of  the  several  processes  so  considered, 
with  the  corresponding  cases  of  continuous  movements, 
is  explored  to  determine  the  necessary  modifications 
required  in  Fick's  Law.  The  proper  formulation  of  a 
complete  mathematical  problem  is  next  considered, 
and  further  consequences  of  the  use  of  hyperbolic 
equations  are  pointed  out.  General  properties  of 
solutions  are  discussed  and  the  detailed  analytic  pro¬ 
cedure  given  for  giving  representations  of  solutions 
in  one  case  of  interest.  (Contractor's  abstract) 


AIA.  0)1 004 

American  Inst,  of  Aerologlcal  Research,  Pasadena,  Calif. 

A  MATHEMATICAL  TREATMENT  OF  TURBULENT 
DIFFUSION,  by  R.  W.  Davies,  R.  J.  Diamond,  and 
T.  D.  Smith.  Mar.  15,  1954  ,  68p.  lncl.  dlagrs.  refs. 
(Rept.  no.  AH-3;  rept.  no.  201)  ([  AF]OSR-TN- 54  -  62) 
(AF  18(600)476)  AD  32814  Unclassified 

Theoretical  analyses  of  turbulent  diffusion  are  pre¬ 
sented  to  emphasize  the  following  points:  (1)  diffusion 
phenomena  are  more  accurately  described  by  hyper¬ 
bolic  than  by  parabolic  partial  differential  equations; 

(2)  the  modified  telegraph  equation  has  a  natural  con¬ 
nection  with  the  statistical  characteristics  of  homo¬ 
geneous  isotropic  turbulence  of  very  high  Reynolds 
number;  and  (3)  the  solution  of  the  diffusion  equation 
is  a  genuine  probability  density.  (AST1A  abstract) 


The  wave  number  spectrum 
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AIA.  01:005 

American  Inst.  o(  Aerologlcal  Research,  Pasadena,  Calif. 

THE  CONNECTION  DETWEEN  THE  SMOLUCHOWSKI 
EQUATION  AND  THE  KRAMERS- CHANDRASEKHAR 
EQUATION,  by  R.  W.  Davies.  [1954  ]  [2]p. 

[AF  18(600)476]  Unclassified 

Published  In  Phys.  Rev.,  v.  93:  1169-1170,  Mar.  15, 
1954. 

It  Is  known  that  the  probability  density  W(x,  v;t).  In 
phase  space,  of  a  particle  describing  llrowni an  motion 
Is  governed  by  the  differential  equatlot 

W,  *  vWx  =  (I  p  v  -  K  (x)  1W)  t  ♦  (kTp/  mJWyv, 

where  K  (x)  ts  an  external  force,  T  is  the  temperature, 
m  Is  the  mass  and  k  le  Boltzmann’s  constant.  From 
this  equation  one  readily  obtains  by  Integration  p  * 
(Pv)„  =  0,  and  (pv),  *  (p(v2,)  ),  *  =  K  (x)f> , 

where  p(x,  t)  =  W  (x,  v;t)dv  and  p  ],v2,)  =  ]^iv2Wdv. 
Eliminating  pV  from  the  foregoing  two  equations  we 


On  the  other  hand,  It  has  been  stated  In  the  literature 
that  for  times  t»|l",  the  probability  density  p  Is 
governed  by  the  Smoluchowskl  equation 


The  author  discusses  the  sense  tn  which  solutions  of 
equation  (4)  may  be  considered  as  the  limiting  forms  of 
the  solutions  cf  (3);  and  shows.  In  particular,  that  In 
order  to  obtain  equation  (4)  tn  the  limit  |  — we  must 
let  <v2)  and  K  (x)  also  approach  Infinity  In  such  a  way 
that  Urn  (<v2)/(l)  kT/Gsaq,  Urn  K  (x)/[!  =  U  (x). 

I  —  >»  | 

where  U  (x)  ts  the  "drift”  velocity,  q  Is  the  absolute 
viscosity  of  the  liquid  surrounding  the  particles  and  a 
ts  the  particle  radius.  (Math.  Rev.  abstract) 


AIA.  0t:006 

American  Inst,  of  Aerolu^cal  Research,  l'asadena,  Calif. 

TURBULENT  DIFFUSION,  PART  I,  by  R.  W.  Davies. 

1  1954  J  [  25  ]p.  Incl.  diagr.  (lknmd  with  Its  Kept.  no. 
201,  AJ>  328t4  as  Part  1  of  AFOoU-TN-54 -62)  (AF  tH 
(600)476)  AD  32814(a)  Unclassined 

Various  methods  of  obtaining  :*  <llff»*^on  equation  are 
discussed,  and  an  attempt  ts  made  j  crtent  the 
simplest  model  of  tu:  hulence  and  turbulent  diffusion 
to  new  types  of  diffusion  equations  which  are  the  result 
of  refinements  of  the  physical  approach,  continuous 
stochastic  processes,  and  random  walks.  Discussions 
are  appended  on  ’t)  the  Ornstein  t’htenlierk  process 
and  the  Fokker  I'lauck  equation,  (2)  the  extension  of 
the  Fokker  Planck  equation  to  phase  space,  and  (3)  the 
density  In  a  smoke  plume. 


AIA.  01:007 

American  Inst,  of  Aerclogical  Research,  Pasadena,  Calif. 

ON  DIFFUSION  MODELS  LEADING  TO  HYPERBOLIC 
PARTIAL  DIFFERENTIAL  EQUATIONS,  PART  Q,  by 
R.  W.  Davies  anil  T.  D.  Smith.  [  1954]  [17]p. 

(Pound  with  its  Rept.  no.  201;  AD  32814  as  Part  n  of 
AFOSR-TN-54-62)  (AF  18(600)476)  AD  32814(b) 

Unclassified 

Refined  diffusion  equations  are  derived  from  various 
1-dlmenslonal  random-walk  models.  Consideration 
Is  given  to  the  random-walk  models  of  R.  Furth 
(Z.  Physlk. ,  v.  R:  244-256,  1920)  and  G.  1.  Taylor 
(Proc.  London  Math.  Soc. ,  v.  20:  196-212,  1921-22). 
Goldstein’s  model  (Quart.  J.  Mech.  Appl.  Math. , 
v.  4:  129-156,  1951)  Is  extended  so  that  the  preslstence 
probability  Is  not  Isotropic,  and  several  diffusion 
equations  are  derived  from  this  model.  A  more  com¬ 
plicated  model  ts  treated  by  using  essentially  the  same 
probabilistic  technique  as  Goldstein,  Furth,  and 
Taylor.  In  the  first  model  particle  velocities  may 
exist,  but  particle  accelerations  do  not  exist.  In  the 
second  model  the  particle  accelerations  may  exist, 
but  the  rate  of  change  ol  acceleration  does  not  exist. 
(ASTtA  abstract) 


AIA.  01:008 

American  Inst,  ol  Aerologlcal  Research,  Pasadena,  Calif. 

A  SOLUTION  OF  A  HYPERBOLIC  DIFFUSON 
EQUATION  FOR  WHICH  PROBABILITY  IS  CON¬ 
SERVED,  PART  Ill,  by  1L  J.  Diamond  and  It  W. 
Davies.  [  1954  ]  [  20  J p.  (Bound  with  Its  Repl.  no. 

20t.  AD  328 14  as  Part  IB  ol  AFOSR  TN-54-62) 

(AF  t8(600)476)  AD  32814(c)  Unclassified 

Two  derivations  are  presented  ol  the  diffusion  equation 

P  tt  ♦  f  P  t  3  •  Px  ♦  c*<Pxx  *  Pyy  *  P zi)  *hcre  1  u 

time,  and  x,  y,  and  x  are  the  3  rectangular  coordinates 
ol  physical  space.  Oi  e  derivation  ts  based  on  physical 
reasoning,  and  the  other  Is  based  on  probability  con¬ 
siderations.  An  Initial- value  solution  for  the  equation 
Is  obtained  in  the  3  sets  r'  ct,  r>ct,  and  along  the 
characteristic  cone  r2  =  c2t*.  The  solution  lor  r>ct 
Is  zero  so  that  any  modification  of  It  alters  the  Initial 
values.  The  solution  lor  r<ct  can  be  multiplied  by 
any  constant  N  without  changing  Its  value  at  t  0,  so 
that  the  Initial  conditions  are  found  on  the  character¬ 
istic  sui ce. 


AIA.  0t:l)09 

American  Inst,  of  Aerologlcal  Research,  Pasadena,  Calif. 

ON  THE  CONNECTION  BETWEEN  SMOLUCHOWSKI’  S 
EQUATION  AND  THE  KRAMERS  CHANDRASEKHAR 
EQUATION.  PART  IV.  by  It.  W.  Davtes.  [1954] 

4  ip.  (Pound  Rept.  no.  20t;  AD  328 1 4  as 

Part  IV  ol  AFOSR  TN  54  62)  (AF  t8(600)476) 

AD  32814(d)  Unclassified 
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Also  published  In  Phys.  Rev.,  v.  93:  1 1 69- It  71 ,  Mar. 
t5,  1954. 

Consideration  Is  given  to  the  equations 

W,  +  vWx  -  [  ([)v-k(x))W  ]  v  +  )  Wn  and 

^t+|K(*)  J°/P  ]  x  (kT/mf)^.  The  ftrst  equa¬ 
tion  Is  satt sited  by  W(x,  v;t),  the  nrobablllty  density 
for  a  Ilrownlan  particle  In  the  phase  space  x,  v  where 
It  Is  assumed  that  the  Brownian  motion  Is  a  simple 
Markov  process  In  phase  space.  The  second  equation 
ts  satisfied  by  the  probability  density  P{x,  t) 

W(x,  v;t)dv,  where  it  Is  assumed  that  the  Brownian 

_oo 

motion  Is  a  simple  Markov  process  tn  the  configuration 
space  x.  The  first  equation  when  transformed  Into  a 
diffusion  equation  In  configuration  space  Is  shown  to 
differ  from  the  second  equation  by  the  term  (VPXtt- 
Solutions  of  these  2  equations  are  discussed.  (AffTtA 
abstract) 


AIA.  01:010 

Arm  rU  ;m  Inst.  'jf  A<- rulc-gif  ul  'Irwjurh,  Pasadena,  Calif 

A  MATHEMATICAL  TREATMENT  OF  TURBULENT 
DIFFUSION.  II-  DIFFUSION  OF  PARTICLE  PAIRS, 
by  It.  W.  rcixtru  md  R.  J.  Utanvund.  Final  technical 
rept.  Jan.  2,  t953-Dec.  31,  t954.  49p.  tncl.  dlagrs. 
(Kept.  no.  235)  ((  AF  [OSR-TN-55- 15)  (AF  18(600)476) 
AD  59040  Unclassified 

A  theory  of  the  diffusion  of  particle  pairs  Is  developed 
and  applied  to  turbulent  diffusion  In  homogeneous 
Isotropic  turbulence.  The  theory  makes  tl  possible  to 
describe  the  shape  of  smoke  plumes  In  terms  of  the 
von  Kirmin-llowarth  velocity  correlation  tensor.  The 
random  walk  of  particle  pairs  Is  treated  le  considerable 
detail.  Models  are  developed  for  diffusion  In  1  dimen¬ 
sion  and  In  3  dimensions  and,  lr.  bath  cases,  telegraph- 
type  equations  are  obtained  In  the  continuous  Undt. 

(Set  Item  no.  AIA.  01:003  far  Part  1. )  (Contractor's 
abstract) 


AMF.  01.001 

American  Machine  and  Foundry  Co.  Turbo  Dlv. ,  Pacolma, 
Calif. 

FUNDAMENTAL  ROCKET  RESEARCH,  by  E.  1).  Zvlck, 
G.  R.  Morgan,  and  11.  H.  Cover.  Summary  rept.  for 
period  July  l,  1954-Julyl,  1956.  Aug.  10,  1956,  Iv. 
loci,  lllus.  dlagrs,  tables.  (Rept.  no.  AMF/TD  QA 
1W)  (  AFOSR-TK-56  55  ]  (AF  18(600)1192,'  AD  110375 

Declassified 

The  results  of  a  combined  analytical  and  experimental 
Investigation  Into  combustion  phenomena  In  liquid  pro¬ 
pellant  rocket  motors  are  presented  The  first  of  two 
analyses  presented  treats  Jie  rocket  motor  as  a  homo¬ 
geneous  reactor  In  which  maintenance  of  combustion 
Is  provided  by  violent  nuxlng  and  heating  of  the  Incom¬ 


ing  propellants  wtth  the  combustion  products  within 
the  motor;  the  second  deals  with  a  recirculating  reactor 
tn  which  heating  of  the  tncomlng  propellants  ts  obtained 
by  a  large-scale  rectrculation  of  exhaust  products 
within  the  combustion  chamber.  Reaction  times  pre¬ 
dicted  from  the  analysis  of  the  recirculating  reactor 
were  verlfted  experimentally  In  a  reaction  chamber 
wtth  simulated  recirculation.  The  analysis  of  homo¬ 
geneous  reactor  Indicates  that  a  rocket  motor,  with 
violent  mixing  In  which  chemical  processes  are  rate- 
controlling,  has  a  minimum  characteristic  length  which 
vartes  Inversely  with  pn"*,  where  p  Is  the  chamber 
pressure  and  n  Is  the  order  of  reaction.  The  analysis 
Is  shown  to  agree  generally  with  experimental  data 
from  ethylene  oxide  gas  generators.  The  analysis  of 
the  rectrculating  reactor  indicates  that  a  rocket  motor 
in  which  stable  combustion  Is  maintained  by  mixing 
and  heating  of  the  Injected  propellants  with  rectrculated 
exhaust  products  has  a  minimum  chamber  stay  time 
for  steady  operation.  This  ndnimum  stay  time  depends 
on  the  fraction  rectrculaicd  and  for  a  given  fraction 
i  eclrculated  varies  Inversely  with  pn  .  Reaction 
times  determined  experimentally  from  a  reaction 
chamber  with  simulated  recirculation  are  tn  good  agree¬ 
ment  with  reaction  times  predicted  from  chemical 
kinetic  U ie<.ry  IXItlcultles  tn  procedure  United  the 
range  of  experimental  data.  The  applicability  of 
chemical  kinetic  theory  to  the  investigation  of  com¬ 
bustion  processes  in  liquid  propellant  rocket  motors 
Is  deeuned  Ju**UUd  (C«uiU  actor's  abt,P  act) 


AMF.  02:00t 

American  Machine  and  Foundry  Co.  [Turbo  Dlv.  ], 
Pacolma,  Calif. 

ON  TtlE  DEVELOPMENT  OF  RATIONAL  SCALING 
PROCEDURES  FOR  LIQUID-  FUEL  ROCKET  ENGINES, 
by  S.  S.  Penner.  Sept.  t9,  1956,  27n.  (Rept.  no. 
AMFADTR- 101;  technical  note  no.  t)  (AFOSll-TN  56- 
383)  (AF  18(603)107)  AD  958 1 9  Unclassified 

Also  publishi-d  tn  Jel  Propulsion,  v.27:  156-161,  Feb. 
1957. 

A  crlttcat  summary  Is  presented  of  recent  theoretical 
studies  concerning  similarity  analysis  and  the  scaling 
of  tlquld-fuel  locket  engines.  The  similarity  parame¬ 
ters  for  the  steady  aerothermochemlstry  of  motor 
operation  are  defined.  The  discussion  of  a  general 
formulation  of  scaling  procedures  Is  restricted  to  a 
fixed  bipropellant  mixture  which  Is  Injected  at  the 
same  temperature  In  both  model  and  large- Beale  ex 
periments.  The  special  features  nf  the  hlpropetlant 
operation  are  enqrhislxed.  The  Penrer  Tslen  scaling 
rule  of  fixed  chamber  pressure  Is  developed,  wtth  the 
analysis  Illustrated  by  an  example  of  a  simplified  com 
bustlon  process.  A  discission  of  the  occur*ence  of 
high -frequency  oscillations  follows.  The  method  of 
engine  seating  as  presented  by  Crocro  (ScaUm;  of  the 
Liould  fuel  Rocket  Emrincs.  paper  presented  at  the 
2ix!  AGAttD  Combustion  Colloquium,  December  1955) 

Is  develop'd.  This  method  considers  design  restric¬ 
tions  arising  If  similarity  Is  maintained  with  respect 
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to  the  cooling  system,  low-frequency  oscillations,  and 
nozzle  design.  It  Includes  the  rule  for  a  fixed  Mach 
number  and  the  invariant  Damkohler  ftrst  similarity 
group.  A  rational  experimental  program  for  the  study 
of  scaling  procedures  is  suggested  with  spectal  con¬ 
siderations  to  be  given  to  diagnostic  modeling,  experi¬ 
ments  concerning  effects  of  pressure  on  operation,  and 
effects  of  tnjection  velocity  and  droplet  size  on  motor 
performance. 


AMF.  02:002 

American  Machine  and  Foundry  Co.  Turbo  Div. 

[  Pacotma,  Calif.  ] 

ON  GENERALIZED  SCALING  PROCEDURES  FOR 
LIQUID  ROCKET  ENGINES,  by  S.  S.  Penner  and  A.  E. 
Fuhs.  Oct.  10,  1956  (  23]p.  lncl.  tables.  (Rept.  no. 
AMF/TDTR-104;  technical  note  no.  2)  (AFOSR-TN-56- 
510)  (AF  18(600)107)  AD  110325  Unclassified 

Also  published  In  Combustion  and  Flame,  v.  1:  229-240, 
June  1957. 

The  scaling  procedures  of  Penner  and  Tslen,  of  Crocco 
and  of  Darrere  have  been  generalized  by  using  the 
assumption  that  the  mean  drop  size  Is  proportional  to 
the  product  of  powers  of  the  Weber  number  and  the 
Reynolds  number,  together  with  the  hypothesis  that  the 
total  conversion  time  varies  as  a  power  (usually  the 
second)  of  the  drop  diameter.  The  results  obtained 
for  the  steady  aerothermochemtstry  and  for  unstable 
motor  operation  (low-frequency  and  high-frequency 
osctllatlons)  are  shown  to  reduce  to  previously  pub¬ 
lished  rules  when  suitable  slmpilfyl ng  assumptions  are 
made.  (Contractor's  abstract) 


iS.OLOOt 

American  Mathematical  Soc. ,  Providence.  R.  I. 

MATHEMATICAL  REVIEWS,  ed.  by  J.  V.  Wehausen 
and  S.  tt.  Gould.  1949-1958.  (AF  t8(600)132  and 
AF  49(638)239)  Unclassified 

Unavailability  of  die  German  comprehensive  reviewing 
and  abstracting  service  for  mathematics  during  World 
War  tl  caused  the  American  MalhemaUcal  Society  to 
start  tts  own  abstracting  service.  This  effort  was 
supported  In  part  by  the  Office  of  Naval  Research  (1946- 
1949)  and  then  by  the  Air  Force  Research  and  Develop¬ 
ment  Command  (1949-1958)  under  what  eventually  be¬ 
came  the  Mathematical  Sciences  Directorate  of  the  Air 
Force  Office  of  Scientific  Research.  A  yearly  rate  of 
over  5,  000  abstracts  has  been  maintained,  amounting 
to  It  volumes  each  year.  Mathematical  Reviews  Is  the 
only  comprehensive  English  language  mathematical 
abstracting  service.  It  covers  all  fields  of  malhemaUcs 
frcm  topology  and  advanced  algebra  to  mathematical 
physics  and  mechanics,  tt  obtains  and  abstracts  all  the 
major  and  most  of  the  minor  mathematical  publications 
In  the  wortd,  and  deliberately  stresses  papers  written 
tn  Russian  and  tess  accessible  languages  by  providing 


more  comprehensive  reviews  of  these  papers.  Mathe¬ 
matical  Reviews  at  the  present  time  uses  over  750 
reviewers  who  »re  the  recognized  authorities  In  their 
respective  fields  to  provide  useful,  authorltaUve  and 
complete  reviews.  These  reviewers  and  the  elected 
officers  of  the  Soctety  carry  out  their  duties  as  a 
service  to  sctence  and  for  the  prestige  Involved. 


AMS.  02:001 

American  Mathematical  Soc.  ,  Providence,  R.  1. 

MATHEMATICS  ADVISORY  AND  EVALUATION 
SERVICES.  Oct.  1,  1953-Sept.  30,  1957.  (AF  18(600) 
994;  continued  by  AF  49(638)204)  Unclassified 

In  October  1953  the  Air  Force  negotiated  a  contract 
with  the  Amertcan  Mathematical  Soctety,  by  means  of 
which  that  organization  administers  a  reviewing  panel 
of  mathematicians,  who  evaluate  proposals  and  the 
research  accomplished  under  Air  Force  contracts. 
This  contract  was  recently  enlarged  to  tnclude  a  con¬ 
tinuing  panel  of  6  mathematicians,  which  will  provide 
an  over- all  appraisal  of  the  Air  Force  Office  of  Scien¬ 
tific  Research's  research  program  tn  mathematics. 

The  present  members  (Aug.  1958)  are  Professor  M. 
Morse,  chairman,  and  Professors  S.  Dochner,  S. 
Goldstein,  M.  H.  Stone,  J.  L.  Walsh,  and  tL  L. 
Wilder. 


ASM.  01:001 

Amertcan  Soc.  of  Mechanical  Engineers,  New  York. 

APPUED  MECHANICS  REVIEWS,  ed.  by  M.  Goland. 
1951-1956.  (Sponsored  jointly  by  Air  Force  Office  of 
Scientific  Research  and  Office  of  Naval  Research  under 
AF  33(038)21398,  continued  by  Nonr- 2248(00)) 

Unclassified 

Current  world  ltterature  ts  reviewed  in  theoretical 
and  applied  mechanics  and  related  engineering  science 
to  make  available  monthly  the  results  of  such  review 
in  the  form  of  suitable  edited  abstracts.  Information 
Includes  domestic  and  foretgn  experimental  develop¬ 
ments  tn  mechanics,  acoustics,  geophysics,  metal¬ 
lurgy,  and  related  subjects.  It  is  published  by  the 
American  Soctety  of  Mechanical  Engineers  at  Easton, 
Pa. ,  and  edited  by  the  Southwest  Research  Inst. ,  San 
Antonio,  Tex. ,  with  the  cooperation  of  Linda  ttall 
Library. 


ANT.  0t:00i 

Antioch  Coll.  Dept,  of  Chemistry,  Yetlow  Springs,  Ohio. 

THE  PREPARATION  OF  SUBSTITUTED  HYDRAZINES. 

I.  ALKYLHYIlttAZINES  VIA  ALKYLSYDNONES,  by 

J.  Fugger,  J.  M.  Tien,  and  t.  M.  Hunsberger.  [1955] 

[  6  ]  p.  (AF  33(038)22909)  Unclassified 

PubLlAedlD  Jour.  Amer.  Cheni.  Hoc.,  v.  77:  t843- 
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1848,  Apr.  5,  1955. 

The  conversion  of  an  alkylamine  to  an  alkylhydrazine 
via  the  corresponding  N-alkylglyclne,  N-nitroso-N- 
alkylglycine  and  N-alkylsydnone  ts  shown  to  constitute 
an  acceptable  preparative  method  tn  the  case  of  benzyl- 
bydrazine,  nbutylhydrazine  and  n-hexylhydrazlne. 

The  Infrared  speclra  of  N-benzy’sydnone,  N-(n-butyl) 
sydnone  and  N-(n-bexyl)- sydnone  are  presented. 


ANT.  01:002 

Antioch  Coll.  Dept,  of  Chemistry,  Yellow  Springs,  Ohio. 

THE  PREPARATION  OF  SUBSTITUTED  HYDRAZINES, 
n.  3-PYRIDYLHYDRAZ1NE  VIA  THE  PHOTOTROPIC 
N- (3-PYRIDYL)-SYDNONE,  by  J.  M.  Tten  and  1.  M. 
llunsberger.  June  7,  1955  f  4  ]  p.  lncl.  dlagr.  (AF  33 
(038)22909)  Unclassifted 

Published  in  Jour.  Amer.  Chem.  Soc.,  v.  77:  6604- 
6607,  Dec.  20,  1955. 

The  successful  conversion  of  3-aminopyrtdlna  via  N- 
(3-pyiidyl)-sydnone  to  3-pyrtdylhydrazine  has  further 
demonstrated  the  generality  of  thts  method  of  converting 
a  primary  amine  (RNH2)  to  a  mono  substituted  hydrazine 
(RNHNH2).  Up  to  the  present  this  method  has  been 
applied  successfully  lo  compounds  tn  which  R  ts  allcyl, 
cycloalkyl,  aralkyl,  aryl  and  heteroaryl.  N-(3-pyrtdyl)- 
glyctne  hydrochlortde  has  been  prepared  by  hydrogenation 
of  a  mixture  of  ethyl  glyoxylale  and  3-amlnopyrtdlnc  In 
hydrochlortc  acid,  a  method  presumably  general  for 
other  N- substituted  glycines.  Dehydration  of  N-nltroso- 
N-(3-pyrldyl)-glyctne  afforded  N- (3-pyrtdyl)- sydnone, 
which  was  hydrolyzed  to  3-pyrldylhydrazine.  All 
reactions  proceeded  quickly  and  gave  excellent  yields 
of  pure  products.  N-(3-pyrldyl)- sydnone,  the  first 
uncondensed  heterocyclic  derivative  of  a  sydnone,  un¬ 
expectedly  proved  lo  be  phototroptc.  Infrared  spectra 
of  the  sydnone  and  tts  precursors  are  discussed.  (Con¬ 
tractor’s  abstract) 


ANT.  01:003 

Antioch  Coll.  Dept,  of  Chemistry,  Yellow  Springs,  Ohio. 

THE  PREPARATION  OF  SUBSTITUTED  HYDRAZINES. 
111.  A  GENERAL  METHOD  FOR  PREPARING  N- 
SUllSTITUTED  Gl.YCINES,  by  J.  M.  Tttn  and  I.  M. 
llunsberger.  Aug.  26.  1955  1  2  ]  p.  (AF  33(038)22909) 

Unclassifted 

Published  111  Jour.  Amer.  Chem.  Soc.,  v.  77:  6696- 
GC98,  Dec.  20,  1955. 

Aniline  and  n  hexylamine  were  reduced  tn  either  glacial 
acetic  acid  or  95%  ethyl  alcohol  and  the  glycine  ethyl 
ester  was  produced.  The  ethyl  ester  of  N-(n-hexyl)- 
glyctne  was  saponified  and  N-(n-hexyl)-glyclne  was 
Isolated  as  Its  hydrochloride  salt.  The  ethyl  ester  of 
N  phenylglyctne  was  converted  to  N  phenylglycine  hydro¬ 
chlortde  by  treatment  with  hydrochloric  actd.  The  yields 


ANT. 01:002  -  ANT. 02:001 


of  the  hydrochlorides  of  N-(n-hexyl)-glyctne  and  of 
N-phenylglycine  were  58  and  78%  respectively. 


ANT.  01:004 

Antioch  Coll.  Depl.  of  Chemistry,  Yellow  Springs,  Ohio. 

THE  PREPARATION  OF  SUBSTITUTED  HYDRAZINES. 
IV.  ARYLHYDRAZINES  VIA  CONVENTIONAL 
METHODS,  by  1.  M.  Hunsberger,  E.  R.  Shaw  and 
others.  [  1956]  [6]p.  tncl.  tables,  refs.  (AF  33(038) 
22909)  Unclassified 

Published  in  Jour.  Org.  Chem.,  v.  21:  394-399, 

Apr.  30,  1956. 

The  properties  and  preparation  by  conventional  methods 
of  salts  of  28  substiluted  phenylhydrazines,  3  substituted 
naphthylhydrazincs,  2-hydrazinofluorene,  9  phenanthryl- 
hydrazine,  3-hydrazinopyrene,  and  6-qulnolylhydrazine 
are  described.  Only  low  yields  of  the  polycycUc  aryl- 
hydrazines  were  obtained.  Hydrazines  whose  hydro¬ 
chloride  salts  appeared  unstable  were  converled 
usually  to  the  more  stable  hydrogen  oxalate,  which 
sometimes  changed  to  the  neutral  oxalate  durtng  re- 
crystalllzatlon.  (Contractor’s  abstract) 


ANT.  02:001 

Antioch  Coll.  Fels  Research  Inst. ,  Yellow  Sprtngs,  Ohio. 

COMPARISON  OF  PINC11-C  ALIFER  AND  X  RAY 
MEASUREMENTS  OF  SKIN  PLUS  SUBCUTANEOUS 
FAT,  by  S.  M.  Garn.  July  27,  1956  [  1  ]p.  lncl.  diagr. 
(AFOSll-TN-56- 133)  (AF  18(600)1566)  AD  86009 

Unclassifted 

Also  published  In  Science,  v.  124:  178-179,  July  27, 


The  thickness  of  the  fat-plus- skin  layer,  at  the  level 
of  the  lowest  rtb  at  the  midaxillary  line,  was  determined 
by  both  roentgenograminetrtc-  and  spring- loaded 
ptnch-caiper  measurements.  Ptnch  caUpers,  exerting 
a  force  of  300  g  over  a  30  sq  mm  area,  were  used  to 
measure  a  double  "falfold"  ,  while  measurements  of 
the  single- thickness  shadow  were  made  on  standardized 
teleoroenlgenograms.  For  65  young  men  aged  2t  to  22 
yr,  the  medtan  pinch -caliper  value  and  roentgenogram- 
metric  measurement  were  12.  0  and  9.  3  mm,  respec 
ttvely.  The  actual  plnch-caUper  values  were  65%  of 
the  true  double  thickness  (18.6  mm).  Percentage  com¬ 
pression  appeared  to  be  constant  over  the  full  range  of 
jdnch-callper  values  obtained. 
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Antioch  Coll.  Fel:;  Research  Inst. ,  Yellow  Springs,  Ohio. 

COMPARISON  OF  PINCH-CALIPER  AND  TEI.EO- 
ROENTGENOG  IAVMETRIC  MEASUREMENTS  OF 
SUBCUTANEOUS  FAT,  by  S.  M.  Garn  and  E.  L. 
Gorman.  Dec.  1956  [7]p.  lncl.  diagrs.  tables,  refs. 

[  AFOSR-TN-56-185]  (AF  18(60C)t566)  AD  115069 

Unclassified 

Also  published  ii  Human  Biol. .  v.  28:  407-413,  Dec. 

1 956. 

Roentgenogrammetric  and  pinch-caliper  measurements 
of  the  fat-plus- skin  thickness  at  the  lower  thoracic 
region  at  the  mldaxiliary  line  were  compared.  For  65 
young  adult  males  (age  2t  and  22  yr),  the  correlation 
between  the  2  sets  of  measurements  was  0. 88.  The  2 
distributions  were  of  comparable  form  and  degree  of 
skewness,  but  the  "double  skinfolds"  averaged  70%  of 
their  calculated  true  value,  Indicating  30%  reduction 
due  to  tissue  compression  under  a  total  force  of  300  g. 


ANT.  02:003 

Anttoch  Coll.  Fets  Research  Inst. ,  Yellow  Springs,  Ohio. 

EXPERIMENT Al.  VALIDATION  OF  ROENTGENO 
GRAMM  ETHICALLY- DETERMINED  SOFT  TISSUE 
VOLUMES  (Abstract),  by  S.  M.  Garn  and  E.  L.  Gorman. 
Apr.  1956  [  t  Jp.  (AF  18(600)1566)  Unclassified 

Presented  at  Twenty-fifth  annual  meeting  of  the  Amer. 
Assoc,  of  Physical  Anthropologists,  Chicago,  Ill. , 

Apr.  6-8,  1956. 


ARDE  Associates,  Newark,  N.  J. 

ANALYSIS  OF  COMBUSTOR  PERFORMANCE  BASED 
ON  SIMPLIFIED  CHEMICAL  KINETICS,  by  E.  Mayer. 
Mar,  1956,  lv.  lncl.  diagrs.  table.  (Technical  note 
no.  4555-1)  (AFOSR-TN- 56-40)  (AF  18(600)1560) 

AD  80552  Unclassified 

An  analysis  Is  presented  of  the  performance  of  a 
piloted  can-type  burner  as  a  representative  model  of 
combustors  with  mass  addition  and  heat  evolution  gov¬ 
erned  by  a  reaction- rate  law.  The  analysis  starts  with 
a  statement  of  the  aerothermodynamic  equations  In  a 
f  ,rm  suited  tor  the  treatment  of  ducted  compressible 
flow  with  mass  addition  and  Internal  heat  generation. 
These  equations  possess  simple  solutions  for  a  burner 
model  operating  at  constant  temperature  and  constant 
velocity.  The  model  considered  leads  to  elementary 
expressions  for  burner  performance  tn  terms  of 
through-put  [  mass  flow  rate  at  burner  exit/mass  flow 
rate  at  burner  entrance  ] ,  order  of  the  reaction,  and 
a  suitably  defined  velocity  parameter.  These  simple 
analytical  results  permit  the  treatment  of  certain  com¬ 
posite  combustors,  such  as  a  can- type  burner  and  a 
constant-area  duct  (tailpipe)  tn  series  combination, 
without  excessive  mathematical  complications.  The 
results  also  suggest  an  analytic  approach  to  the  treat¬ 
ment  of  mixing  delay  effects  such  as  the  can-type 
burner  containing  completely  mixed  and  completely 
unmlxed  streams  In  parallel. 
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ARDE  Associates,  Newark,  N.  J. 


Published  In  Amer.  Jour.  Phys.  Anthropology,  (New 
Ser.),  v.  14:  374  375,  dune  1956. 

The  present  study  ts  concerned  with  validation  using  a 
water  displacement  technique.  The  basic  apparatus 
consists  of  a  vertically  mounted  33-lnch  length  of  1.1- 
tnch  air  conditioning  ducting,  fitted  with  a  reinforced 
bottom  and  equipped  with  a  water  Inlet,  drain,  and  a 
glass  water-level  giugc.  Water  at  body  temperature  ts 
pumped  from  a  constant- temperature  reservotr.  In 
practice,  the  actual  displacement  of  a  33-cm  length  of 
thigh  Is  determined  and  tills  measured  volume  compared 
to  the  volume  obtained  by  planimetry  from  a  standardized 
A  P  roentgenogram  of  the  left  thigh  area.  The  relation¬ 
ship  between  the  gross  thigh  volumes  and  the  computed 
volumes  ts  fully  rectilinear,  and  when  fully  corrected, 
devtallons  of  less  than  i  200  cm^  tn  5000  cm"'  may  be 
expected.  Measured  volumes  range  from  2900  to  63t5 
cm3  for  subjects  weighing  6t  to  109  kg  respectively. 

On  Uits  basis,  the  muscle  volumes  bear  a  close  rela 
tton ship  to  the  amounts  of  these  tissues  present.  Further 
validation  of  the  muscle  mass  Is  now  tn  process,  using 
creatine -creatinine  conversion  as  a  biological  Index  of 
the  functioning  muscle  mass.  (Contractor’s  abstract) 


CALCULATION  OF  REACTION  RATE  PARAMETERS 
FROM  FLAME  SPEED  DATA  ON  L  AMIN  Alt  FLAMES, 
1,  by  E.  Mayer  and  H.  Carus.  July  1956  [  22  ]p.  lncl. 
diagrs.  tables,  refs.  (Technical  note  no.  4555-2) 
(AFOSR-TN- 56 -286)  (AF  18(600)1560)  AD  89496 

Unclassified 


In  the  analysis  of  many  technical  combustion  problems 
the  rate  controlling  step  ts  assumed  to  be  given  by  a 
phenomenological  reaction  rate  law  of  the  Arrhenius 
type: 


'  pn  e  '*yUT 

r  u  c0u  c 


The  Arrhenius  parameters  IV,  E,  m,  n  may  be  deter¬ 
mined  by  comparison  of  experimental  flame  speed 
with  calculated  data  based  on  the  assumed  form  of  the 
reaction  rate  law.  A  numerical  procedure  Is  described 
for  the  calculation  of  laminar  flame  speeds  based  on 
the  Arrhenius  law.  Tills  procedure  Is  practicable  for 
temperature- dependent  gas  properties  and  general 
values  of  ni  and  n.  The  procedure  ts  applied  to  the 
determination  of  E  and  IV  for  propane- air  mixtures 
treated  as  a  second  order  reaction  wtth  m  -  n  t. 

This  Is  done  by  matching  2  points  of  the  experimentally 
observed  flame -speed  vs  mixture  ratio  curve  to  corres¬ 
ponding  calculated  flame- speeds,  l’lanslbte  agreement 
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Is  obtained  with  calculated  results  based  on  Semenov's 
approximate  flame- speed  formula  for  m  =  n  =  1.  De- 
detalled  study  shows  that  agreement  between  experi¬ 
mental  and  calculated  flame- speeds  based  on  the 
Arrhenius  law  cannot  be  obtained  for  an  extended 
rang"  of  mixture  ratios  If  the  overall  second-order 
reaction  it,  first  order  with  respect  to  each  reactant 
species.  Further  su^*y  with  nonintegral  m  and  n  ts 
planned  In  an  attempt  to  Improve  the  agreement  between 
observed  and  calculated  dependence  of  fla,..c ■  «oeed  on 
mixture  ratio.  (Contractor’s  abstract) 

ARD.  01:003 

ARDE  Associates,  Newark,  N.  J. 

ANALYSIS  OF  LAMINAR  FLAME  PROPAGATION 
LIMITS  DUE  TO  THERMAL  LOSS,  by  E.  Mayer.  Sept. 
t956  [29]p.  Incl.  dlagrs.  table,  refs.  (Technical 
note  no.  4555-3)  (AFOSR-TN-56-478)  (AF  18(600)1560) 
AD  97362  Unclassified 

The  effect  of  thermal  loss  on  laminar  flame  propagation 
ts  Investigated  on  the  basis  of  simplified  (Semenov)  re¬ 
lations  tn  thermal  flame  theory.  With  heat  loss  from 
the  flame  front  to  the  cold  wall  of  a  cylindrical  burner 
assumed  proportional  to  flame  thickness,  It  is  found 
that  flame  propagation  limits,  governed  by  the  beat 
loss,  occur  at  finite  combustible  mixture  strengths  and 
ftnite  low  pressure.  The  limiting  heat  loss  In  the 
cylindrical  burner  Is  Interpreted  as  representing  con¬ 
ditions  observed  tn  quenching  experiments.  Under 
quenching  conditions,  the  relations  between  actual  and 
adiabatic  flame  parameters  (T«  =  flame  temperature, 

Su  =  flame  velocity,  b  -  flame  thickness)  are  fou;vl  to 
be,  tn  a  high  approximation. 


where  the  superscript  a  refers  to  adiabatic  values.  The 
theory  also  predicts  the  existence  of  a  limiting  Peclet 
number  based  on  flame  speed.  Preliminary  comparison 
of  the  theory  with  experimental  data  tndlcates  the  appli¬ 
cability  of  the  thermat  loss  theory  to  quenching  and  to 
related  limiting  flame  propagation  data.  .(Contractor's 
abstract) 


ARD.  0t:004 

AllDE  Associates,  Newark,  N.  J. 

TttE  CURRENT  STATUS  OF  RESEARCH  ON  TURBU  - 
t.KNT  COMDUSTtON  IN  PREMIXED  GASES,  by  IL  R. 
John.  Nov.  1956,  I5p.  tncl.  refs.  (Technical  rept. 
no.  4555- 1)  (AFOSR-TR- 56-59)  (AK  t8(600)l500) 

AD  tt5004  Unclassified 

A  review  ts  presented  of  the  current  status  of  research 
on  turbulent  combustion  tn  premtxed  gases.  It  ts  tn- 
,  .cated  that  there  ts  a  spectrum  of  different  posstbte 
mechanisms  which  govere.  the  effect  of  turbulence  on 
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the  reaction  zone.  The  different  mechanisms  are 
Identified  with  the  wrinkled  laminar  flame,  the  zone 
of  extended  reaction,  and  the  zone  of  Instantaneous 
mixing.  The  major  emphasis  of  the  review  Is  directed 
towards  a  discussion  of  the  zone  of  extended  reaction. 

It  Is  suggested  that  the  differences  between  the  varlc  ,8 
mechanisms  of  turbulent  combustion  preclude  the 
possibility  of  obtaining  a  simple  quantitative  theory  of 
turbulent  flame  propagation  In  premixed  gases.  (Con¬ 
tractor’s  abstract) 


ARD.  01:005 

ARDE  Associates,  Newark,  N.  J. 

ANALYSIS  OF  A  CAN -TYPE  RAMJET  BURNER,  by 
E.  Mayer.  Jan.  20,  1956,  3p.  [  AF  18(600)1560] 

Unclassified 

The  performance  of  an  Idealized  can-type  ramjet 
burner  Is  Investigated  analytically  under  conditions  of 
rapid  mixing,  when  a  chemical  reaction  rate  law  is  the 
rate  controlling  step  in  the  combustion  process.  The 
analysis  of  the  burner  under  these  conditions  is  greatly 
simplified  by  the  assumption  of  Instantaneous  mixing 
and  heat  exchange  of  the  Injected  pre- mixed  combus¬ 
tible  gas  with  the  main  flow  at  the  zone  of  tnjection. 
(Contractor’s  abstract,  modified) 


ARK.0t:001 

Arkansas  U.  Dept,  of  Chemistry,  Fayetteville. 

ELECTRODE  POTENTIALS  IN  FUSED  SYSTEMS.  I. 
SODIUM  HYDROXIDE,  by  K.  H.  Stem  and  J.  K. 
Carlton.  May  1954,  tip.  tncl.  dlagrs.  (Technical  note 
no.  1)  ([  AFJOSR  TN-54-6)  fAlso  bound  with  Its 
AFOSR-TR-57-5;  AD  115070  an  Appendix  t)  (AF  18 
(600)960)  AD  30800  Unclassified 

Also  published  In  Jour.  Phys.  Chem. ,  v.  58:  965-968, 
Nov.  1954. 

Potentials  of  sliver,  copper,  nlcket,  cobalt,  and  tung¬ 
sten  were  measured  In  fused  sodium  hydroxide  over 
the  temperature  range  340*-  600°C,  using  gold  as 
reference  electrode.  Potential-time  curves  were 
obtained.  Potential  changes  are  related  to  reactions 
occurring  at  the  electrodes.  (Contractor’s  abstract) 


ARK.  0t:002 

Arkansas  U.  [Dept,  of  Chemistry  1  Fayetteville. 

THE  CRYSTAL  STRUCTURE  OF  COPPER  B-QU1NO- 
1JNOLATE  DtttYDRATE,  by  R.  [  F.  J  Kruh,  C.  W. 
Dwiggins  Jr.  ),  and  J.  K.  Carlton  June  1954  ,  5p. 
incl.  dlagr.  (Technical  note  no  2)  AFOSH  TN  54 
224]  (AF  18(600)960)  AD  352B1  Unclassified 

The  crystal  structure  of  copper  8-qulnolinolate  di¬ 
hydrate  was  determined  by  i-ray  diffraction.  Copper 
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(0)  is  shown  to  adopt  its  usual  distorted  octahedral  en¬ 
vironment.  The  stereochemistry  of  copper  (II)  is  dis¬ 
cussed.  (Contractor’s  abstract) 


ARK.  01:003 

Arkansas  U.  [  Depi.  of  Chemistry]  Fayetteville. 

DETECTION  OF  BISMUTH  BY  DITHIZONE  IN  MOLTEN 
NAPHTHALENE,  by  J.  K.  Carlton  and  W.  C.  Bradbury. 
June  1954,  7p.  incl.  tables.  (Technical  note  no.  3) 

[  AFOSR-TN-54-225]  (AF  18(600)960)  AD  32582 

Unclassified 

Also  published  in  Anal.  Chem. ,  v.  26:  1226-1227,  July 


While  investigating  reac  tions  of  dithizone  In  molten 
naphthalene  wllh  melal  sails,  il  was  found  that  bismuth 
reacted  quickly,  developing  a  brillianl  red  color.  As 
a  qualitative  tesl  this  reaction  was  found  lo  be  sensitive 
to  0.004  micrograms  of  bismuth.  An  Interference  sludy 
was  made,  and  the  conditions  for  effective  use  of  this 
tesl  were  established. 


Ion-pair  formation  is  examined  by  means  of  a  model  in 
which  the  solveni  is  treated  as  a  collection  of  particles, 
i.  e. ,  molecular  parameters  such  as  dipole  momenl  and 
polarizibUlty  are  used.  Equations  for  particle  inter¬ 
actions  useful  in  the  interpretation  of  the  thermody¬ 
namics  of  ion-pair  dissociation  are  given.  A  compar¬ 
ison  of  these  with  a  continuum  model  is  used  In  the 
calculation  of  solvation  numbers  for  ions  and  ion  pairs. 
(Contractor’s  abstract,  modified) 


ARK.  01:006 

Arkansas  U.  Depl.  of  Chemistry,  Fayeileville. 

ELECTRODE  POTENTIALS  IN  FUSED  SYSTEMS,  n. 

a  study  of  the  Silver  chloride- potassium 

CHLORIDE]  SYSTEM,  by  K.  H.  Stem.  Dec.  10,  1955 
[3]p.  incl.  dlagrs.  tables.  [ Technical  note  no.  6] 

[  AFOSR-TN-55-188]  (Also  hound  in  its  AFOSR-TR- 
57-5;  AD  115070  as  Appendix  2)  [  AF  18(600)960] 

AD  102455  Unclassified 
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May  1956. 


!  Jour.  Phys.  Chem.,  v.  60:  679-681, 


ARK.  01:004 

Arkansas  U.  Depi.  of  Chemislry,  Fayelteville. 

REACTIONS  OF  METAL  IONS  WITH  DITHIZONE  IN 
MOl.TEN  NAPHTHALENE,  by  J.  K.  Carlton,  W.  C. 
Bradbury,  ar.d  R.  I  F.  ]Kruh.  July  1954  I  14  Ip.  Incl. 
diagrs.  refs.  (Technical  note  no.  4)  1  AFOSR-TN  54 
226  I  (Also  bound inJi&AFOSR  TR  57  5;  AD  115070  as 
Appendix  12)  (AF  18(600)960)  AD  35283 

Unclassified 


Feb.  1955. 


Anal.  Chlm.  Acla,  v.  12:  101-106, 


A  comparative  study  has  been  made  of  the  reactions  of 
melal  Ions  with  dithizone  In  lwo  media,  chloroform  and 
molten  naphthalene.  The  absorption  speclra  of  several 
melal  dlthlzonales,  prepared  In  molten  naphthalene, 
were  recorded  and  were  found  to  be  the  same  as  those 
of  the  dlthlzonales  obtained  by  extraction  of  melal  Ions 
from  aqueous  solution  with  chlorof  orm-dlthizone.  (Con¬ 
tractor's  abstract) 


ARK.  01:005 

Arkai  s.is  U.  Depi.  of  Chemistry,  Fayetteville. 

THERMODYNAMICS  OF  lCR-PAIR  DISSOCIATION,  by 
K.  H.  Stern.  May  t955,  16p.  tncl.  diagrs.  tables,  refs. 
(Technical  note  no.  5)  (AFOSR-TN-55- 149)  (Also  hound 
Lulls  AFOSlt-TK-57-5;  AD  U5070  as  Appendtx  6) 

(AF  18(600)960)  AD  6  3  949  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  80:  1034- 
t038.  Mar.  5.  1958. 


The  cell  Ag  |  AgCl,  KC1 1  CI2  has  been  studied  over  the 
complete  concentration  range  from  pure  AgCl  lo  pure 
KC1  over  the  temperature  range  500°  -  900°  [  C  1 .  From 
mole  fraction  AgCl  =  1  to  0.05  the  cell  behaves  reversi¬ 
bly,  for  lower  concentrations  silver  reads  sponlane- 
ously  with  potassium  chloride.  The  kinetics  of  this 
reaction  have  been  studied. 


ARK- 01:007 

Arkansas  U.  Dept,  of  Chemislry,  Fayetteville. 

COORDINATION  OF  COPPER  (II)  IN  COPPER  8-HY- 
DROXYQUINOIJNOLATE  DIHYDRATE,  by  R.  [  F.  1 
Kruh  and  C.  W.  Dwigglns,  Jr.  [  1955  1  l3lp.  (DaunJ 
with  Its  AFOSR-TR- 57-5;  AD  115070  as  Appendix  9) 
(AF  18(600)960)  Unclassified 


Feb.  5,  1955. 


Jour.  Amer.  Chem.  Soc. ,  v.  77:  806, 


The  crystal  structure  of  copper  8-hydroxyqulnolinolale 
dlhydrale,  Cu(CgllpON)2.  2H2O,  has  been  dcterndned 
as  pari  of  a  sludy  of  the  stereochemistry  of  copper  (II). 
11  has  been  found  that  this  copper  sail  Is  lsomorphous 
with  the  corresponding  zinc  sail  whose  structure  has 
been  determined  by  other  authors.  This  finding  raises 
the  Interesting  question  as  to  whether  the  anhydrous 
copper  and  zinc  sails  are  also  lsomorphous.  !Ju  and 
llallar  have  found  tetrahedral  coordination  of  the  melal 
In  Uie  zinc  sail  of  B-hydroxyqulnoline-5-sulfonlc  acid, 
and  It  Is  reasonable  to  assume  the  same  arrangement 
In  the  8-hydroxyquinollnolate.  Now  since  copper  (11) 
shows  such  a  strong  tendency  to  square  planar  coordt 
nation  It  would  be  extremely  unusual  if  the  Isomorphism 
were  found  to  persist  In  the  anhydrous  salts.  The 
actual  arrangement  tn  the  anhydrous  copper  salt  re¬ 
mains  lo  be  Investigated,  but  the  supposition  ts  strong 
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that  copper's  coordination  Is  not  tetrahedral,  but  rather 
square  planar.  The  ubiquitous  square  planar  coordina¬ 
tion  of  copper  (II)  Is  found  In  the  dlhydrate.  (Con¬ 
tractor’s  abstract) 


ARK.  01.008 

Arkansas  U.  Depl.  of  Chemistry,  Fayetteville. 

THE  CRYSTAL  STRUCTURE  OF  ALKALI  METAL 
Dl  FLUORIDES,  by  R.  F.  Kruh,  K.  Fuwa,  and  T.  E. 
McEver.  [  1956]  [  3 ] p.  lncl,  dlagrs.  tables,  refs. 

[ Technical  nole  no.  9]  (Bound  with  Its  AFOSR-TR-57- 
5;  AD  115070  as  Appendix  8)  (AF  18(600)960) 

Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  78: 
4256-4258,  Sept.  5,  1956. 

The  present  work  was  undertaken  to  find  out  what  part 
lhe  structural  requirements  of  the  blfluorlde  Ion  play 
In  accounting  for  the  Interesting  properties  of  [)  -KHF2 
and  lo  delermlne  whether  the  exislence  of  more  than 
one  crystal  modification  is  a  general  property  of  alkali 
melal  blfluorldes.  Potassium,  rubidium  and  cesium 
blfluorldes  exist  in  cubic  modifications  at  high  tem¬ 
peratures  and  tn  a  tetragonal  modification  at  room  tem¬ 
perature.  Doth  sodium  and  lithium  blfluorlde  decompose 
to  hydrogen  fluoride  and  normal  sail  upon  heating. 
Crystal  structures  are  proposed  for  five  phases  not 
previously  studied.  (Conlractor’s  abstract,  modified) 


ARK.  01:009 

Arkansas  U.  Dept,  of  Chemistry,  Fayetteville. 

ELECTRODE  POTENTIALS  IN  FUSED  SYSTEMS.  HI. 
TtlE  PLATINUM  ELECTRODE  IN  SOME  HALIDE 
MELTS,  by  K.  11.  Stern.  [  1956  ]  l  3  ]  p.  lncl.  tables. 
(Also  bound  In  tls  AFOSR-TR-57-5;  AD  It 5070  as 
Appendix  3)  [  AF  18(600)960]  Unclassified 

PubllsheiLlll  Jour.  Phys.  Chem.,  V.  60:  1443-1445, 

Oil.  1956. 

The  galvanic  cells  Ag/ At’Jl,  KCt;  KCI/Ft,  Ag/  AgDr. 
KBr;  KBr/ l’l,  and  Cu/CuCl,  KCt/  PI  have  been  studied 
In  the  temperature  range  800°-  900° [  C].  It  Is  shown 
that  the  K  -  K(g)  equilibrium  operates  on  the  ptatlnum 
electrode  at  pressures  near  10'“  atmosphere.  (Con¬ 
tractor's  abstract) 


AUK.  02:001 

Arkansas  U.  Dept,  of  Physics,  Fayettevitte. 

tSOTOl’E  SHUTS  IN  TtlE  SPECTRA  OF  STRONTIUM, 
by  It.  11.  Hughes.  [Nov.  8,  t956]  6p.  lncl.  tables. 

(Af  18(600)20)  Unclassified 

Also  published!!]  1  hys.  ttev.  ,  v.  105:  1260-1261,  Feb. 

1 5,  1957. 
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The  Isotope  shifts  In  strontium  have  been  studied  In 
the  hollow-cathode  spectra  from  enriched  even  Isotopes 
with  the  aid  of  a  Fabry- Perot  Interferometer.  The 
mass  effects  show  predominance.  The  field  effects 
are  zero  within  experimental  error,  with  no  differ¬ 
ential  shift  between  88-86  and  86-84.  The  52  3p  terms 
are  apparently  perturbed  to  the  extent  that  they  ex¬ 
hibit  a  relatively  large  specific  mass  effect. 
(Contractor’s  abstract) 


Armour  Research  Foundation,  Chicago,  Ill.  see  Illinois 
Inst,  of  Tech.  Armour  Research  Foundation,  Chicago, 

m. 


ARN.  01:001 

Arnold,  Lee,  Associates,  New  York. 

DYNAMIC  MEASUREMENTS  IN  WIND  TUNNELS,  by 
L.  Arnold.  June  1954,  lilp.  lncl.  dlagrs.  refs. 

[  AFOSR-TN-54-278]  (NATO  AGARDograph  rept. 
no.  11)  (AF  18(600)858)  AD  62072  Unclassified 

The  stale  of  the  art  of  measuring  unsteady  aerodynamic 
forces  and  of  testing  dynamically  similar  models  In  the 
wind  tunnel,  both  from  the  standpoint  of  dynamic  sta¬ 
bility  and  flutter  Is  presented.  Model  construction, 
Instrumentation,  and  scale  effects  are  discussed. 
Accepted  procedures  developed  In  the  various  NATO 
counlrles  are  described  and  possible  alternate  pro¬ 
cedures  suggested. 


ATE.  01:001 

Ateliers  de  Constructions  Electrlques  de  Charleroi 
(France). 

THE  EFFECT  OF  THE  SELF-MAGNETIC  FIELD 
UPON  THE  CHARACTERISTICS  OF  A  POSITIVE 
COLUMN  WITH  AXIAL  SYMMETRY,  by  M.  Hoyaux 
and  P.  Gans.  [1954]  25p.  lncl.  dlagrs.  tables.  (Rept. 
no.  EOARDC-TN-54- 1 )  [  AFOSR-TN- 54  306 ]  (AF  61 
(514)630-C)  AD  66705  Unclassified 

The  motion  of  the  charge  carriers  In  the  positive 
column  of  a  discharge  tn  a  gas  Is  Investigated,  taking 
tnto  account  the  forces  resulting  from  the  self- mag¬ 
netic  field  of  the  arc.  An  Integral  equation  for  the 
radial  distribution  of  tonlzatlon  density  Is  set  up  and 
sotved  numerically.  The  solution  depends  upon  a 
parameter  A  which  Is  Introduced  Into  the  theory,  and 
which  ts  essentially  a  measure  of  the  effect  of  the 
magnetic  field.  The  equation  has  been  solved  for  vari¬ 
ous  values  of  this  parameter,  and  suitable  methods  of 
Interpolation  developed.  An  analysis  of  the  form  of  the 
equations  Involved  has  enabled  a  nomograph  to  be 
ptotted  which  permits  the  determination  of  the  value  A 
and  of  the  electron  temperature  T  for  given  values  of 
the  discharge  parameters:  the  arc  current  1,  the  gas 
pressure  p,  the  radtus  R  of  the  arc,  and  the  effective 
permeabtUty  '  (sigma)  of  the  plasma.  From  this 
nomograph  and  some  auxiliary  curves,  a  family  of 
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curves  has  been  plotted  enabling  the  value  of  the  arc 
drop  In  potential  E  to  be  evaluated  In  practical  cases. 
(Contractor's  abstract) 


ATE.  01:002 

Ateliers  de  Constructions  Electrlques  de  Charlerot 
(France). 

PROBE  MEASUREMENTS  IN  A  MAGNETIC  PROTON 
SOURCE,  by  M.  Hoyaux  and  P.  Cans.  [1955]  lv. 
tncl.  diagrs.  tables.  (Rept.  no.  EOARDC-TN-55-2) 
(AF  61(514)630-C)  AD  66707  Unclassified 

Probe  measurements  have  been  carried  out  on  a  hydro¬ 
gen  discharge  with  the  geometry  of  a  magnetic  proton 
source  In  an  attempt  to  verify  a  theory  established 
previously.  In  the  course  of  these,  tt  has  been  found 
that  the  discharge  current  varies  with  probe  penetra¬ 
tion.  It  decreases  extremely  raptdly  after  a  certain 
degree  of  penetration  has  been  attained.  This  phenom¬ 
enon  appears  to  be  peculiar  to  hydrogen.  It  was  not 
observed  In  our  previous  experiments  with  mercury 
vapor  and  other  gases.  No  explanation  has  yet  been 
found  for  this  effect.  It  occurs  not  only  with  a  probe 
but  also  with  a  glass  rod  In  the  form  of  a  spatula  and 
appears  to  be  Independent  of  the  orientation  <„  ‘he  plane 
of  the  spatula  with  respect  to  the  axis  of  the  discharge. 
The  results  of  the  probe  measurements  show  good 
agreement  with  the  theory  for  the  outer  parts  of  the 
dtscharge.  As  far  as  the  core  ts  concerned,  no  ftrm 
conclusions  can  be  drawn.  If  the  values  of  the  electron 
concentration  are  corrected  for  the  variations  tn  dis¬ 
charge  current,  reasonable  agreement  ts  obtained  for 
tills  region  also,  but  It  ts  not  clear  to  what  extent  the 
correction  Is  justifiable  and  the  agreement  may  be 
fortuitous.  (Contractor's  abstract) 


ATE.  01:003 

Ateliers  de  Constructions  Electrtques  de  Charlerot 
(France). 

EQUATIONS  OF  SIMILITUDE  IN  A  MERCURY- VAPOR 
ARC  AT  VERY  l«W  PRESSURES,  by  M.  Hoyaux  and 
P.  Cans.  [  1955]  [  20 ] p.  tncl.  diagrs.  (Rept.  no. 
EOARDC-TN-55-5)  I  AFOSR-TN- 56-230  j  (AF  61(514) 
630-C)  AD  83091  Unclassified 

Measurements  were  made  with  a  plasmograph  to  check 
the  validity  of  tne  followtng  equations  of  similitude, 
which  hold  for  the  case  of  a  mercury-arc  rectifier  oper¬ 
ating  at  moderate  current  densities,  for  the  case  of 
fluorescent  tubes:  (t)  pit  function  (T),  (2)  R^N/I 
function  (T),  and  (3)  Elt  function  (T),  where  p  ts  the 
gas  pressure.  It  ts  the  wall  radius,  1  ts  the  discharge 
current,  E  Is  the  axial  electrtc  fteld  tn  the  positive 
column,  N  ts  the  axial  electron  density,  and  T  ts  the 
electron  temperature.  The  measurements  showed  a 
radtal  distribution  of  electron  density  similar  to  a 
zero  order  Bessel  function.  The  second  equation 
appeared  to  tie  satisfied,  but  the  scatter  of  measured 
values  was  large.  The  third  equation  was  not  satisfied, 


since  values  of  ER  for  a  given  value  of  T  were  about 
50%  higher  than  for  a  rectifier.  Two  possible  expla¬ 
nations  are  offered  for  this  result:  (1)  In  a  fluorescent 
tube  situated  in  a  relatively  cold  environment,  the 
mercury  vapor  pressure  is  such  that  the  mean  free 
path  of  the  charge  carriers  is  larger  than  the  tube  di¬ 
ameter  and  consequently  the  Schottky  theory  of  ambi- 
polar  diffusion  ts  not  valid;  and  (2)  the  presence  of 
argon  in  the  tube  may  Influence  the  discharge  character 
lstlcs  of  the  gas. 


ATE.  01:004 

Ateliers  de  Constructions  Electrlques  de  Charlerot 
(France). 

EXPERIMENTAL  STUDY  OF  THE  "HASH"  IN  A 
FLUORESCENT  TUBE  1,  by  M.  Hoyaux  and  P.  Cans. 

[  1 956 1  [24]p.  tncl.  diagrs.  (RepL  no.  EOARDC- 
TN-55-7)  (AFOSR-TN- 56- 231)  (AF  61(514)630-C) 

AD  88040  Unclassified 

Experimental  study  was  made  of  the  phenomenon  of 
"hash"  in  fluorescent  tubes,  by  means  of  the  high 
resolution  plasmograph.,  The  phenomena  observed  are 
extremely  complex  and  have  not  as  yet  permitted  very 
definite  conclusions  tobe  drawn.  The  physical  phenom¬ 
ena  associated  with  the  "hash"  are  located  tn  the 
vlctnlty  of  the  anode.  A  more  or  less  periodic  vari¬ 
ation  of  the  anode  fall  tn  potential  ts  observed  which 
comprises  a  relatively  slow  rise  (about  10  In  300psec) 
followed  by  a  very  sharp  fall;  the  rate  of  which  Is  be¬ 
yond  the  limits  of  resolution  of  the  plasmograph  (2p 
sec).  Attempts  to  observe  the  variation  of  the  plasma 
parameters  (electron,  temperature,  charge  density, 
etc. . . )  durtng  the  course  of  a  cycle  of  "hash”  have 
not  led  to  any  definite  conclusions.  One  would  expect 
a  correlation  between  the  duration  of  a  period  of  "hash” 
and  the  electron  temperature,  but  the  experimental 
results  are  not  sufficiently  definite  for  this  to  be  as¬ 
serted  with  certainty.  The  development  of  a  means 
of  synchronising  the  plasmograph  upon  the  hash  itself 
ts  apparently  required  to  obtain  more  satisfactory 
experimental  results.  (Contractor's  abstract) 


ATE.  01:005 

Ateliers  de  Constructions  Electrtques  de  Charlerot 
(France). 

AN  AUTO -SYNCHRONIZATION  SYSTEM  FOR  THE 
PLASMOGRAPH,  by  M.  lloyaux  and  1'.  Cans.  [  1956  1 
i  18  ]p.  tncl.  diagrs.  (Rept.  no.  EOAKDC-TN-55-8) 

!  AFOSR-TN-56-232]  (AF  6t(514)630  C)  AD  88351 

Unclasslfted 

An  autosynchronlxatlon  system  has  been  developed  for 
the  plasmograph  which  enahles  the  Instrument  to  be 
trtggered  by  a  pulse  derived  from  the  osctllatlons  tn 
the  discharge  ttself  rather  than  from  ac  mains 
supply.  The  system  consists  of  a  chatn  of  amplifying 
and  differentiating  ctrcults  which  produces  a  sertes  of 
pulses  corresponding  to  the  beginning  of  a  cycle  of 
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"hash".  These  are  led  to  a  monostable  multivibrator 
whose  time  constant  can  be  varted.  Probe  character¬ 
istics  can  be  obtained  corresponding  to  a  given  detay 
from  the  reference  time  In  the  cycle.  Calibration  ctr- 
cults  have  been  Inctuded  tn  the  system  which  permtt  the 
time  detay  to  be  measured.  Preliminary  tests  have 
been  carrted  out  on  the  "hash"  tn  a  fluorescent  tube 
exctted  by  a  direct  vottage.  The  results  show  that  the 
system  Is  working  satisfactorily  and  that  tt  shoutd  pro- 
vtde  a  very  useful  toot  for  the  study  of  phenomena  of 
this  kind.  (Contractor's  abstract) 


ATE.  0t:006 

Ateliers  de  Constructions  Electrtques  de  Charterot 
(France). 


EQUATIONS  OF  SIMILITUDE  FOR  A  DISCHARGE  IN 
AN  ARC-ON-MERCURY  MIXTURE,  by  M.  Hoyaux  and 
P.  Cans.  [t956]  [28]p.  lnct.  dlagrs.  (Rept.  no. 
EOARDC-TN-55-tO)  [  AFOSR-TN-56-233  ]  (AF  6t 
(514)630  C)  AD  88352  Unctasslfted 

Conditions  are  studied  tn  which  the  equations  of 
stinllltude  tn  the  case  of  Hg-vapor  arcs  at  moderate 
current  Intensities  remain  valid  for  an  arc  strtklng  tn 
an  A-Hg  mixture.  If  the  A  content  ts  not  too  high,  the 
equations  of  similitude  remain  qualitatively  valid;  the 
corresponding  curves  .migrate  as  a  function  of  the  A 
content  tn  Hg.  Expertme..tal  resutts  Indicated  that 
fluorescent  tubes  do  not  quantitatively  obey  the  equa¬ 
tions  of  similitude  of  Hg-vapor  rectifiers;  the  results 
were  In  agreement  with  the  migration  concept  with 
respect  to  ihe  A  content  tn  Hg. 


ATE.  01:007 

Ateliers  de  Constructions  Electrtques  de  Charlerot 
(France). 

A  STUDY  OF  THE  HASH  IN  FLUORESCENT  TUDES 
DY  MEANS  OF  AN  AUTO- SYNCHRONIZED  PLASMO- 
GltAPH,  by  M.  Hoyaux  and  P.  Gans.  [  1 956  ]  tv.  lncl. 
dlagrs.  (Kept.  no.  EOARDC-TN-55-9)  [  AFOSR-TN- 
56-347  ]  (AF  6 1 (5 1 4 )630 - C )  AD  95433 

Unclassified 

The  small  perturbation  theory  previously  developed 
(Rev.  gen.  elec.,  v.  60:  279,  1 95 1 )  described  satis¬ 
factorily  the  vartatlons  tn  the  electron  density  and  the 
electron  temperature  except  for  nonexplanatlon  of  the 
phenomenon  which  triggers  off  the  cycle.  Also,  the 
theory  accounted  for  variation  In  space  potential  only 
durtng  the  first  two- thirds  of  each  osclltatlon.  Further 
analysis  lead  to  the  conclusion  that  the  vartation  tn 
space  potential  during  the  latter  part  of  each  oscillation 
can  be  explained  by  considering  the  anode  to  behave 
essentially  ltke  a  Langmuir  probe  tniniersed  tn  a  plasma. 
Measurements  of  the  distribution  of  potential  along  the 
whole  length  of  the  positive  column  showed  the  possi¬ 
ble  extstence  of  bursts  of  positive  tons  propagated  from 
anode  to  cathode  at  t500m/  sec,  In  agreement  with 
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suggestion:  of  Yosimoto.  A  sertes  of  confirmatory 
experiments  with  an  alternating  discharge  gave  re¬ 
sults  tn  agreement  with  those  from  the  direct  current 
discharge.  (Contractor's  abstract,  modified) 


ATE.  0t;008 

Ateliers  de  Constructions  Etectriques  de  Charterot 
(France). 

INVESTIGATION  OF  THE  CONDITIONS  IN  THE 
PLASMA  IN  MERCURY- VAPOR  ARC  DISCHARGES 
AND  OSCILLATING  ELECTRON  ION  SOURCES,  by 
M.  Hoyaux  and  P.  Gans.  [  1955]  tv.  tnct.  dlagrs. 
refs.  (Rept.  no.  EOARDC-TR-54)  [  AFOSR-TR-56- 
23]  (AF  6t  (514)630-0  AD  88353  Unclassified 

Theoretical  and  experimental  study  of  the  behavior  of 
mercury-vapor  arc  discharges  (a)  at  high  current 
Intensities  and  (b)  at  very  low  pressures,  and  (c)  of 
thetr  dynamic  behavior  tn  fluorescent- type  tubes.  An- 
atyticat  results  for  case  (a)  tndicate  that  the  so-called 
Gvosdover  effect  of  etectron  scattering  by  the  Coulomb 
mtcroftetd  of  the  positive  tons,  acting  tn  conjunction 
with  the  self- magnetic  ftetd,  accounts  more  satisfac¬ 
torily  than  other  proposed  hypotheses  for  experimental¬ 
ly  observed  deviations  from  a  set  of  taws  due  to 
Hoyaux;  for  case  (b),  the  admixture  of  argon  used  In 
fluorescent-type  tubes  to  facltlltate  striking,  slmllarty 
accounts  for  deviations  (observed  tn  such  a  tube)  from 
a  Hoyaux-Gans  law.  Tests  for  case  (c)  are  conducted 
using  an  especially  designed  ptasmograph,  white  an 
especially  constructed  autosynchronlzation  plasmograph 
system  ts  used  to  Investigate  the  hash  occurring  tn 
hot-catnode  tubes.  (Contractor's  abstract) 


ATE. 01:009 

Ateliers  de  Constructions  Etectriques  de  Charleroi 
(France). 

[THEORETICAL  AND  EXPERIMENTAL  CONTRI¬ 
BUTION  TO  THE  STUDY  OF  SPONTANEOUS  OSCIL¬ 
LATIONS  IN  MERCURY  VAPOR  HOT  CATHODE 
TUDES]  Contribution  theorique  et  experlmentale  a 
t 'etude  des  osctltattons  spontanees  dans  tes  tubes  a 
vapeur  de  mercure  a  cathode  chaude,  by  P.  Gans  and 
M.  Hoyaux.  [  1956]  28p.  tnct.  dlagrs.  refs.  (AF  6t 
(5t4)630-C)  Unclassified 

Dy  means  of  a  ptasmograph,  study  was  made  of  spon¬ 
taneous  osctllation  occurrtng  tn  the  anodic  region  of  a 
mercury  vapor  hot  cathode  tube.  The  mechanism  of 
oscillation  occurs  tn  three  phases:  (t)  a  brawkdown  In 
the  anode  sheath:  (2)  a  burst  of  Ionization  (which  later 
falls  off)  In  accord  with  the  laws  of  smalt  variations 
about  a  stable  equilibrium;  (3)  Increase  tn  the  anodic 
drop  In  accord  with  Langmuir’s  theory.  Then  the  de¬ 
crease  of  tension  reaches  a  sufficient  point,  and  a 
breakdown  takes  place  again  and  the  cycle  recom¬ 
mences.  The  experimental  results  were  In  excellent 
accord  with  the  theory.  (In  French) 
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BAN.  01:001 

BaHTos,  A.  Jr. ,  Los  Angetes,  Calif. 

FUNDAMENTAL  WAVE  FUNCTIONS  IN  AN  UN¬ 
BOUNDED  MAGNETOHYDRODYNAMIC  FIELD.  I. 
GENERAL  THEORY,  by  A.  Banos,  Jr.  Oct.  1,  1954, 
rov.  Dec.  10,  1954  [  9  j  p.  refs.  (1  echnlcal  note  no.  1) 

(I  AF]OSR-TN-54-281)  (AF  18(600)1041)  AD  84264 

Urctassifled 

Also  published  In  rhvs.  Rev.,  v.  97:  1435-1443, 

Mar.  15,  1955. 

This  Is  the  first  two  papers  dealing  with  a  systematic 
study  of  the  llneartzed,  unbounded  medium  problems 
in  magnetohydrodynamics  of  incompressible  and  com¬ 
pressible  fluids.  Part  I  deals  with  the  fundamental 
equations  which  are  set  up  quite  generalty  for  an  tde?;, 
homogeneous  and  lsolroplc,  conducting  fluid  devoid  of 
viscosily  and  expansive  friction,  subject  onty  to  the 
tnltlal  assumption  that  the  externally  applied  ftetd  of 
magnetic  tnductlon  be  constant  and  uniform.  The  energy 
and  mon.enlum  balance  In  a  magnetohydrodynamic  fletd 
Is  verified  with  the  aid  of  the  exact  fundamental  equa¬ 
tions  and  the  conservation  laws  of  energy  and  momer- 
lum,  for  a  rigid  votume  fixed  In  the  (stationary)  ob¬ 
server’s  Inertial  frame  of  reference,  are  dlsptayed  In 
differential  and  tn  tnlegral  form.  By  successive  ell  ml  ■ 
n  tlons,  there  Is  obtained  a  slngte  partial  differential 
equat'.on  In  the  particte  vetoctiy  from  which  the  un¬ 
wanted  second-order  terms  are  merely  dropped  In  a 
linearized  smatt  amplitude  theory,  a  process  which  Is 
fully  justified  by  considering  the  special  case  of  infinite 
conductivity,  zero  displacement  current,  and  incompres¬ 
sible  fluids.  Also,  assuming  that  a  particular  solution 
of  the  linearized  magnetohydrodynamic  wave  equation 
has  been  obtained,  tt  Is  shown  how  io  compute  quite 
generatty,  from  the  linearized  Maxwellian  set,  the 
accompanying  electromagnetic  fteld  vectors  expressed 
In  terms  of  the  assumed  velocity  field.  These  compu¬ 
tations  are  carried  out  for  plane  homogeneous  waves 
and  for  time-harmonic  cylindrical  waves.  The  actual 
determination  of  particular  wave  functions  appropriate 
for  Incompressible  and  compressible  fluids,  together 
with  the  computation  of  the  corresponding  wave  numbers, 
Is  reserved  for  the  sequel  to  this  paper,  l’art  II.  (Con¬ 
tractor's  abstract) 


BAN.  01:002 

Hallos,  A.  Jr.  ,  lu>s  Angeles,  Calif. 

MAGNETOllYDitODYNAMlC  WAVES  IN  INCOMPRES¬ 
SIBLE  AND  COMPRESSIBLE  FLUIDS,  by  A.  Hallos,  Jr. 

1955  42  p.  lncl.  dlagrs.  (Technical  note  no.  2) 

(  AE  OSlt-TN-  55  00)  (AF  18(600)1  (Ml)  AD  89540 

Unclassified 

Also  published  In  t'roc.  Royal  Sue.  (lwtndon),  v.  233A: 
350-360,  1955. 

Tne  application  of  the  general  theory  of  magnetohydro¬ 
dynamics  to  the  determination  of  the  modes  of  propa¬ 


gation  and  to  the  compulation  of  the  corresponding 
propagation  constants  ts  considered.  It  is  shown  that 
an  tncompressibte  fluid  sustains  2  types  of  modes: 
one  type  devoid  of  pressure  fluctuations  (vetoetty 
modes),  and  the  other  accompanied  by  pressure  osett- 
latlons  (pressure  modes).  In  the  case  of  cylindrical 
waves  in  an  Incompressible  fluid,  there  are  2  distinct 
pressure  modes,  one  of  which,  however,  Is  highly 
attenualed  and  therefore  of  little  physical  interest. 

It  ts  found  that  a  compressible  fluid  also  sustains  the 
same  class  of  veloctty  modes  (devoid  of  pressure 
fluctuations  and  hence  Independent  of  the  vetoetty  of 
sound  tn  the  medium)  as  an  incompressible  fluid.  In 
addition,  a  compressible  fluid  ts  shown  to  propagate  2 
dtstinct  pressure  modes  which,  under  appropriate 
limiting  conditions  peculiar  to  each  type,  behave,  re¬ 
spectively,  as  a  modified  sound  wave  and  as  a  modified 
magnetohydrodynamic  wave.  For  every  mode  discussed 
here,  there  are  presented  the  limiting  forms  of  the 
propagation  constant  In  3  cases  of  physical  tnteresl: 
lnftnlle  conductivity,  slightly  atienuated  modes,  and 
weak  magnetohydrodynamic  coupling  which  arises  when 
the  externally  apptted  fletd  ts  vanishlngty  small.  (Con- 
lractor's  abstract,  modified) 


BAN.  01:003 

Banos,  A.  Jr. ,  los  Angetes,  Calif. 

NORMAL  MODES  CHARACTERIZING  MAGNETO¬ 
ELASTIC  PLANE  WAVES,  by  A.  Banos,  Jr.  [Dec. 
1955]  f  6 1  p.  lncl.  dlagrs.  (Technical  note  no.  3) 
(AFOSR-TN-56- 16)  (AF  J 8(600)t04 1 )  AD  1 204 80 

Unclassified 

Also  published  In  Phvs.  Rev.,  v.  t04:  300-305,  Oct. 

15,  1956. 

The  general  theory  of  magnetohydrodynamlc  waves  tn 
an  Ideal  conducting  fluid  embedded  In  a  uniform  fteld 
of  magnetic  Induction,  and  the  application  of  the  theory 
to  the  systematic  analysis  of  the  vartous  modes  of 
propagation  In  tncompressibte  and  compressible  fluids 
have  been  presented  by  Banos  tn  2  earlier  papers 
(Phys.  Rev.,  v.  97:  1435.  1955;  Proc.  Royal  Soc. 
(London),  v.  233A:  350-367,  1955).  The  techniques 
developed  there  have  now  been  exiended  to  the  study 
of  homogeneous  ptane  waves  In  an  unbounded  conducting 
solid.  11  ts  found  that.  In  the  presence  of  a  uniform 
static  magnetic  field,  the  elastic  medium  sustains  5 
distinct  modes  of  propagation  as  already  pointed  out  by 
Kno|»ff.  The  first  2  modes  are  pure  shear  waves,  one 
of  which  Is  a  slightly  attenuated  shear  mode  with  phase 
velocity  modified  anlsotropically  by  magnetoelastic 
coupling;  the  companion  shear  mode  Is  highly  attenuated 
and  exhibits  a  propagation  constant  which  Is  essentially 
that  of  an  electromagnetic  wave  of  the  same  frequency. 
The  remaining  3  modes  are  shear-compression  waves 
of  which  one  mode  exhibits  a  phase  velocity  Interme¬ 
diate  hetween  the  phase  velocity  of  shear  and  compres- 
slonal  waves;  the  second  mode  has  a  phase  vetoclty 
exceeding  that  of  compresslonat  waves;  and  the  third 
shear-compression  mode  Is  again  highly  attenuated 
with  the  propagation  characteristics  of  an 
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electromagnetic  wave.  (Contractor's  abstract) 


BAN.  01:004 

Banos,  A. ,  Jr. ,  Los  Angeles,  Calif. 

MAGNETOHYDRODYNAMIC  WAVES  IN  COMPRES¬ 
SIBLE  FLUIDS  WITH  FINITE  VISCOSITY  AND  HEAT 
CONDUCTIVITY,  by  A.  Barbs,  Jr.  June  1956,  28p. 
(Technical  note  no.  4)  (AFOSR-TN  56-320)  (AF  18- 
(600)1041)  AD  94856  Unclassified 

Presented  at  the  Internat’l.  Symposium  on  Electro¬ 
magnetic  Problems  In  Cosmlcal  Physics,  Royal  Inst, 
of  Tech. ,  Stockholm  (Sweden),  Aug.  27-31,  1956,  under 
the  auspices  of  the  Internat’l.  Astronomical  Union. 

Also  published  In  Proc.  I.U.P.A.P.,  Stockholm 
(Sweden),  Aug.  26,  1956. 

The  general  theory  of  magnetohydrodynamlc  waves  In 
an  Ideal  conducting  fluid  embedded  In  a  uniform  field 
of  magnetic  Induction,  and  the  application  of  the  theory 
to  the  systematic  analysis  of  the  various  modes  of 
propagation  In  Incompressible  and  compressible  fluids 
were  treated  In  2  earlier  papers.  In  the  present  paper 
first  the  conservation  laws  are  established  of  momen¬ 
tum  and  energy  for  a  (macroscopic)  compressible  fluid 
with  finite  viscosity  and  finite  thermal  and  electrical 
conductivities,  which  Is  embedded  In  a  uniform  field 
of  magnetic  Induction,  and  then  Is  derived  quite  generally 
the  exact  (nonllnearlzed)  equation  governing  the  distri¬ 
bution  of  temperature  In  such  a  fluid.  Next,  using  the 
linearized  magnetohydrodynamlc  wave  equation  In  the 
fluid  velocity,  combined  with  the  resulting  heat  dif¬ 
fusion  equation  and  with  the  .equation  of  state  of  the  fluid, 
and  applying  the  mathematical  techniques  developed 
earlier,  there  Is  obtained  a  higher  order  partial  dif¬ 
ferential  equation  In  the  fluid  temperature  from  which 
ensue  all  the  temperature  modes.  In  particular,  the 
behavior  of  the  plane  homogeneous  waves  Is  examined 
In  detail,  and  It  Is  shown  that  a  compressible  fluid  with 
the  Indicated  properties  sustain  altogether  6  different 
modes,  2  of  which  are  pure  shear  modes,  devoid  of 
density,  pressure,  and  hence  temperature  fluctuations 
(v-  modes),  while  the  remaining  4  are  shear- 
compression  waves  accompanied  necessarily  by  density, 
pressure,  and  temperature  fluctuations  (p- modes).  The 
2  shear  modes,  which  are  Isothermal,  comprise  a 
slightly  attenuated  Alfvln  wave,  and  a  highly  attenuated 
viscous  mode,  sometimes  referred  to  as  a  vortlctty 
mode.  The  4  shear-compression  modes  have  tn  general 
very  complex  properties,  but  In  the  low  frequency  and 
low  heat  conductivity  case  they  are  easily  Identified  as: 
(t)  a  modified  (adiabatic)  sound  wave  slightly  i':>'nuated; 
(2)  a  slightly  attenuated  modified  Alfvln  p-wave;  (3)  a 
highly  attenuated  viscous  wave;  and  (4)  a  highly  atten¬ 
uated  thermal  wave  governed  In  the  main  by  the  thermal 
properties  of  the  medium.  (Contractor’s  abstract, 
modified) 


Bartol  Research  Foundation,  Swarthmore,  Pa. 
see  Franklin  Inst.  Bartol  Research  Foundation, 
Swarthmore,  Pa. 


BAT.  01:001 

Battelle  Memorial  Inst. ,  Columbus,  Ohio. 

THERMOMAGNETIC  EFFECTS  IN  InSb  (Abstract),  by 
R.  K.  Wlllardson  and  A.  C.  Beer.  Nov.  1955,  lp. 
(AFOSR-TN- 55-425)  (AF  18(600)1547)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  30-Feb.  3,  1956. 

Due  to  the  unusually  high  electron  mobility  In  InSb, 
large  galvanomagnedc  effects  have  been  observed. 

If  temperature  gradients  exist  across  the  specimen, 
one  may  expect  correspondingly  large  thermomagnetlc 
effects.  Investigation  of  these  phenomena  Is  generally 
complicated  by  the  fact  that  ordinary  measurements 
are  done  under  adiabatic  conditions  so  that  careful 
attention  must  be  given  to  transverse  gradients  and  the 
resulting  additional  second-order  effects,  since  the 
region  of  Interest  encompasses  vdues  of  pH»l.  How¬ 
ever,  by  choosing  boundary  conditions  such  that  trans¬ 
verse  electric  fields  and  temperature  gradients  are 
eliminated,  both  measurement  and  calculations  are 
simplified.  Under  these  conditions,  It  has  been  found 
that  the  contribution  of  the  electrons  to  the  thermoelec¬ 
tric  power  of  Intrinsic  InSb  at  room  temperature  de¬ 
creases  significantly  as  the  magnetic  field  Is  Increased. 
Data  were  taken  over  a  range  of  magnetic  field  strengths 
suffictent  to  change  the  thermoelectric  power  from  -240 
to  t75pV/C.  Results  are  analyzed  In  terms  of  the 
electron  and  hole  mobilities  and  the  position  of  the 
Fermi  level.  (Contractor's  abstract) 


BEL.  01:001 

Bell  Aircraft  Corp.  [  Rocket  Engine  Dept.  ]  Buffalo, 

N.  Y. 

APPLIED  RESEARCH  ON  LIQUID  PROPELLANT 
ROCKET  ENGINES  (Unclassified  title),  by  T.  G. 
Rossmann.  Final  rept.  July  15,  1954-July  14,  1955. 
Aug.  31,  1 955,  96?.  lncl.  lllus.  tables,  refs.  (Rept. 
no.  02-982-0t5)  [  AFOSR-TN- 55- 372  ]  (AF  1 8(600)- 
1156)  Confidential 


BEL.  0t:002 

Bell  Aircraft  Corp.  Rocket  Engine  Dept. ,  Buffalo,  N.  Y. 

PROGRAM  OF  EXPLORATORY  RESEARCH  ON 
ROCKET  ENGINE  COMBUSTION  (Unclassified  title), 
by  T.  G.  Rossmann.  Final  rept.  for  period  July  t6, 
1955-Sept  15,  1956.  Oct.  t5,  t956,  114p.  lncl.  tllus. 
dlagrs.  tables,  refs.  (AFOSR-TR-56-60)  (AF  18(600)- 
1 1 56)  AD  115014  Confidential 
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BJO.  01:001 

Bjorksten  Research  Foundation,  Madison,  Wts. 

PROTEIN  STRUCTURE  AND  AGING  CROSSLINKING 
IN  GELATIN.  1.  FORMALDEHYDE-INDUCED,  by 
H.  L.  Gottlieb.  Nov.  1954,  16p.  lnct.  tabtes.  (Tech¬ 
nical  note  no.  1)  (( AF ]OSR-TN-54-304)  (AF  18(600)- 
1010)  AD  5201 5  Unclassified 

Crosslinks  tn  protetnaceous  materials  coutd  be  of 
numerous  chemicat  types.  In  order  to  study  the  chemi¬ 
cal  characteristics  of  crossltnked  native  proteins  some 
chemical  properties  of  experimentally  induced  cross¬ 
links  were  lnvestlg  ted.  Purified  pigskin  getatln  has 
been  treated  with  chemical  reagents  to  Induce  crosslinks 
and  the  treated  getatin  analyzed  to  describe  the  probable 
crosslinking  mechanisms.  Potypeptlde  degradation  by 
enzymilc  and  Ionic  methods  was  done  tn  order  to  obtain 
different  types  of  hydrotytic  liberation  of  Individual 
amino  actds.  The  products  of  degradation  were  sub¬ 
jected  to  paper  strip  chromatographic  anatysis  by  the 
master  overtay  dimensional  technique.  Qualitative  and 
quantitative  differences  in  the  selective  rates  of  libera¬ 
tion  of  certain  Individual  amino  acids  Indicated  the 
tocations  and  types  of  crosslinks  Induced  by  the  reac¬ 
tions  of  chemical  reagents  In  pigskin  getatln.  (Con¬ 
tractor's  abstract) 


BJO.  01:002 

Bjorksten  Research  Foundation,  Madison,  Wts. 

IN  VITRO  CHOLESTEROL  DEPOSITION  ON  HOG 
AORTA  TISSUE,  by  J.  Bjorksten  and  H.  Gottlieb. 

[  1954  1  i  3 Ip.  (AF  18(600)1010)  Unctassifted 

Published  In  Ftnska  Kemlstsamfundets  Medd. ,  v.  63: 
74-77,  1954. 

The  prectpttai  on  of  cholesterot  (1)  from  suspensions 
on  membranes  treated  '■dth  CrSO^  and  Pb(OAc)2  wan 
studied.  1  was  prectpttated  from  carboxymethylcellu- 
lose  (II)  suspension  on  5'*,  CrSOq-treated  fttter  paper, 
cotton  cloth,  glass  cloth,  and  hog  aorta.  U  was  pre¬ 
cipitated  by  all  salts  listed  In  the  previous  work  (t’roc. 
Soc.  Exper.  Blot.  Med.,  v.  81:  350,  1952)  except 
HgCt2-  The  degree  of  t  deposition  ts  Inversely  retatei 
to  the  amount  of  rinsing  after  salt  treatment,  llog 
aorta  tissue  after  24 -hr  treatment  tn  CrSO^  a'  t 
l'b(OAc)2  and  rinsing  showed  1  deposition  from  U  and 
beef  synovt.it  ftuld  suspensions  of  1.  There  was  no 
precipitation  from  the  suspension  media  methycellulosc 
1%,  arrowroot  starch  4%,  chondrottln  sulfate  4%,  human 
saliva,  or  hog  blood  serum.  A  pro|x>sed  mechanism  ts 
taut  whenever  a  material  contains  a  colloid  precipitant 
av.dtahte  at  Its  surface  In  sufficient  concentration  to 
cause  precipitation  of  the  suspending  colloid,  the  cotlold 
wltt  be  precipitated  and  carry  with  it  any  suspended 
material.  (C.A. ,  1955:t2565g) 


BJO.  01:001  -  BJO.  01:004 


BJO.  01:003 

Bjorksten  Research  Foundation,  Madison,  Wts. 

THE  OCCURRENCE  OF  ARTERIOSCLEROSIS  IN  THE 
AORTA  OF  SWINE,  by  H.  Gottlieb  and  J.  J.  Lalich. 

[  1954]  [  3  ]  p.  inct.  tttus.  table.  [  AF  18(600)1010] 

Unclasslfted 

Published  in  Amer.  Jour.  Path.,  v.  30:  851-855, 
July-Aug.  1954. 

Fresh  aortas  were  examined  from  more  than  2000 
swine  which  varied  in  age  from  4  mo  to  more  than  3  yr. 
The  tnctdence  of  arterioscterotlc  ptaques  uas  found  to 
increase  with  age.  Firm  white  or  pale  yellow  intimal 
plaques  of  1  to  10  mm  tn  size  were  encountered  princi¬ 
pally  tn  the  descending  arch  and  the  thoracic  aorta. 

Such  plaques  accounted  for  almost  all  of  the  teslons 
observed,  and  they  were  composed  of  ftbrous  connec¬ 
tive  tissue.  Sclerosis  of  the  abdominal  aorta  is  more 
rare.  In  two  of  these  Instances  when  such  lesions  were 
encountered,  calcium  prectpltate  was  observed  in  the 
media.  (Contractor's  summary) 


BJO.  01:004 

Bjorksten  Research  Foundation,  Madison,  Wts. 

MORPHOGENESIS  OF  ATHEROSCLEROSIS  IN  SWINE 
AORTAS  (Abstract),  by  H.  L.  Gottlieb.  Nov.  1,  1954 
[l]p.  [AF  18(600)1010]  Unclasslfted 

Presented  at  Eight  annual  meeting  of  the  Amer.  Soc. 
for  the  Study  of  Arteriosclerosis,  Chicago,  Ht. ,  Oct. 

31 -Nov.  1,  t954. 

Abstract  published  In  Circulation,  v.  10:  598,  Oct. 

1954. 

Recent  examination  of  several  thousand  random  swine 
aortas  has  revealed  marked  tnctdence  of  tntlmat  teslons 
morphologicatly  simitar  to  minimal  atherosclerotic 
lesions  tn  humans,  tfistotogic  studies  of  the  teslons 
tn  swine  have  been  made  of  serial  sections  of  embedded 
and  frozen  specimens  and  by  means  of  the  endothelial 
surface  staining  technic.  The  tntlmat  structure  of  the 
swtne  aorta  ts  very  similar  te  the  human  aorta.  A  thin 
layer  of  connective  tissues  cells  separates  the  endo¬ 
thelial  lining  from  the  medial.  As  the  chronotoglc  age 
of  the  animal  advances  a  gradual  diffuse  thickening  of 
the  subendothellal  connective  tissue  layer  was  observ¬ 
able.  The  gross  lesions  can  be  classified  Into  two 
classic  types:  ftbrotic  and  catclfted.  The  ftbrotic 
lesions  can  further  be  differentiated  by  the  presence 
and  absence  :<f  stainable  lipid  matertats  A  morpho- 
togic  development  of  gross  ftbrotic  Uptd- containing 
lesions  wtlt  be  presumed  from  the  ftrst  dlscernibte 
stages  of  appearance  In  the  lntima  of  U|iid-like  materi¬ 
als.  (Contractor’s  abstract) 
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DJO.  01:005 

Bjorksten  Research  Foundation,  Madison,  Wls. 

A  POSSIBLE  MOLECULAR  BASIS  FOR  AGING,  by 
J.  Bjorksten  and  H.  Gottlieb.  [Mar.  1,  1956]  [9]p. 
lncl.  tables.  [  Technical  note  no.  2  ]  [  AFOSR-TN-56- 
100]  [  AF  18(600)1010]  Unclassified 

A  laboratory  met  .od  for  proving  the  existence  of  cross- 
linkages  In  pro'  ins  and  lor  measuring  the  extent  of 
cross-llrkln"  with  gelatin,  based  on  the  aniuunt  uf  free 
amino  adds  liberated,  Is  described.  In  this  study  on 
'^nK.  it  Is  pointed  out  that  proteolytic  enzymes  attack 
protein  molecules  at  certain  points.  It  is  assumed  that 
If  enough  molecules  of  cross-linking  agents  block  all 
these  attack  points  on  2  adjacent,  cross-linked  protein 
molecules,  then  the  protein  molecules  are  Immobilized. 
When  this  occurs,  these  nroteln  molecules  are  with¬ 
drawn  from  metabolism.  As  a  result,  with  Increasing 
age,  an  Increasing  amount  of  the  protein  Is  thus  made 
;n’r;  tending  to  clog  the  cells,  Interfering  first 
slightly,  then  considerably  'with  the  normal  function  of 
the  cells. 


BOS.  01:00. 

Boston  U. ,  Mass. 

SEQUENTIAL  TESTS  OF  RANDOMNESS,  by  G.  E. 
Noether,  Dec.  195.1  [28^1.  led.  tables,  refs. 

([  AF]OSlt-TN-54  -  65)  (AF  18(600)778)  AD  49990 

Unclassified 

This  report  describes  and  discusses  sequential  tests 
of  randomness  with  respect  to  alternatives  of  the  fol¬ 
lowing  three  types: 

n 

Linear  trend:  E(xj,...,xn)  n  F(X)  ili)), 

1  1 

n 

Cyclical  change:  (K(xj . xn)  n  E(Xj  t  0  j) 

1  1 

where  tin-  j  fottuws  some  regular  or  Irregular  cyclical 
movement, 

Stochastic  relationship:  X  !>X  t  U  .  (Conlraclo  ■' s 
abstract)  1  *  * 


BOS.  01:002 
Boston  U.  ,  Mass. 

SEQUENTIAL  TESTS  OK  KANDOMN ESS.  Final  re 
search  repl.  1954  ]  3p.  (Ah  18(000)778) 

Unclassified 

A  sequence  of  random  variables  Xj,  Xj .  Is  chn  sen. 

E(Xj,  Xj,  ....  x„)  denotes  the  jilnl  cumulative  dlslr 

button  function  of  Xj,  X? . X„.  The  hvpdhesls  ■  I 

randomness  states  that  K(Xj,  x.,,  . .  .  ,  \n)  K{xj}K:v.,) 


. . .  F(xn)  with  F(x)  tlie  Individual  cumulative  distri¬ 
bution  function.  The  Investigation  Is  made  of  sequen¬ 
tial  tests  of  the  hypothesis  of  randomness  Hq  with  the 
following  alternatives  considered  (a)  linear  trend; 

(b)  cyclical  changes;  (c)  stochastic  relationship;  and 
(d)  changes  in  variance. 


BOS.  02:001 

Boston  U.  Eept.  of  Physics,  Mass. 

NEUTRONS  FROM  THE  PROTON  BOMBARDMENT 
OF  N14,  by  F.  Ajzenbergt -Selove  ]  and  W.  Franzen. 
[Jan.  14,  1954  ]  [  1 0 ] p.  lncl.  dlagrs.  refs.  (Spon¬ 
sored  jointly  by  Air  Force  Office  of  Scientific  Research 
under  [  AF  18(600)9971,  Office  of  Naval  Research,  and 
Atomic  Energy  Commission)  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  94:409-411,  Apr.  15, 
1954. 

The  Nt4(p,  nJO*4  reaction  has  been  Investigated  at  30°, 
60°,  and  150“  by  the  method  of  proton  rerolls  In  thick 
nuclear  emulsions.  The  energy  of  the  Incident  protons 
was  17.3*0. 1  mev,  and  the  thickness  of  the  melamine 
target  was  0.  2  mev.  The  results  Indicate  a  ground- 
-  state  Q  value  of  -6.03t0.  2  mev,  yielding  a  mass  de¬ 
fect  for  0i4  of  12.2  mev,  in  good  agreement  with  p- 
decay  results.  The  data  also  Indicate  levels  In  014  at 
excitation  energies  greater  than  5.  5  mev.  (Con¬ 
tractor's  abstract) 


BOS.  02:002 

i Vision  U.  Dept,  of  Physics,  Mass. 

NEUTRONS  FROM  THE  PROTON  BOMBARDMENT 
OF  B10,  by  E.  Ajzenberg[ -Selove]  and  W.  Franzen. 

1  1954  ]  [  8  ] p.  lnct.  dlagrs.  (Sponsored  jointly  by 
Air  Force  Office  of  Scientific  Research  under  [  AF  18 
(600)997  ]  and  Atomic  Energy  Commission) 

Unclassified 

Also  published  In  t'livs.  Rev.,  v.  95.  1531-1533, 

Sept.  15,  1954. 

The  B*®(pn)C*®  reaction  has  been  investigated  at  30°, 
60°,  90°,  120“  and  150“  by  the  metliod  of  prutun  re¬ 
colts  In  thick  photographic  emulsluns.  The  mean 
energy  of  the  Incident  protons  was  17.2  t  0.  15  mev. 
The  results  Indicate  a  ground- state  Q  value  of  4.35  i 
0.  2  mev,  yielding  a  mass  defect  of  18.  6  mev  'ur  C'l° 
l:i  good  agreement  with  ,-  -decay  results.  The  data 
also  Indicate  a  level  In  C*1*  at  3.34  t  0.  2  mev,  and 
partly  resolved  levels  at  excitation  energles_>  5  mev. 
The  angular  distributions  of  tie*  neutrons  to  the  ground 
state,  and  to  (he  3.  34  mev,  stnte  are  shown.  (Con¬ 
tractor’s  abstract) 
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BOS.  02:003 


Poston  U.  Dept,  of  Physics,  Mass. 

ENERGY  LEVELS  OF  LIGHT  NUCLEI,  V,  by  F. 
Aizenberg[  -Selove]  and  T.  Lauritsen.  [  1955]  [90]p. 
Inct.  dlagrs.  tables,  refs.  (Sponsored  jointly  by  Air 
Force  Office  of  Sctentiftc  Research  under  f  AF  18(600) 
997  ] ,  Offtce  of  Naval  Research,  and  Atomic  Energy 
Commtssion)  Unclassified 

Published  in  Rev.  Modern  Phys. ,  v.  27:  77-166,  Jan. 
1955. 


A  detailed  summary  ts  presented  of  currently  available 
experimental  Information  on  the  location  and  properties 
of  the  energy  levels  of  the  light  nuclet  from  He®  to  Ne^®. 
in  the  arrangement,  each  nucleus  ts  represented  by  a 
diagram,  on  which  the  known  energy  levels  are  plotted, 
together  with  the  nuclear  reactions  tn  which  they  are 
resolved.  The  pertinent  Information  on  each  reaction, 
as  obtained  from  published  papers  Is  Included  Each 
diagram  entry  of  a  level  position  or  quantum -number 
assignment  is  substantiated  by  some  "defense"  in  the 
cited  literature. 


BOS.  02:004 

Boston  U.  [  Dept,  of  Physics]  Mass. 

NEUTRONS  FROM  THE  PROTON  BOMBARDMENT  OF 
S-*’:  AND  S'*4*  (Abstract),  by  F.  Ajzenbergl  -Selove], 

A.  1  G.  Rubin,  and  J.  G.  Likely.  1955  I  I  1  'p. 
(Sponsored  jointly  by  Air  Force  Office  of  Scientific  Re 
search  under  AF  18(000)997  and  Alomic  Energy  Com 
mission)  Unclassified 

Presented  at  meeting  ef  the  Amer.  Phys.  Soc. , 
Washington,  U.  C. ,  Apr.  28  30,  1955. 

Published  In  l'hys.  ttev. ,  v.  99  :  654,  July  15,  1955. 


F.  Ajzenbergl -Selove  ] .  [  1956]  lv.  tnci.  dlagrs. 
refs.  (Sponsored  jointly  by  Air  Force  Offtce  of  Scien¬ 
tific  Research  under  [  AF  18(600)997]  and  [  Atomic 
Energy  Commission])  Unclasslfted 

Also  nuhllshed  in  Nuovo  Ctmento,  Ser.  10,  v.  4:  2-30, 
Supplement  no.  1,  1956. 

A  summary  ts  given  of  Soviet  work  conducted  tn  "clas¬ 
sical"  nuclear  physics  from  about  1953-1955.  Subjects 
considered  include:  (1)  u-,  P-,  y-spectroscopy;  (2) 
induced  nuclear  reactions;  (3)  masses,  btndlng  ener¬ 
gies,  and  abundances;  and  (4)  theories  of  nuclear  struc¬ 
ture.  The  r£sum£s  of  the  Soviet  research  undertaken 
have  been  obtained  *.n  or  prepared  from  Physics  Ab¬ 
stracts.  Brookhaven  Selected  Reading  List,  and  Soviet 
journals  tn  physics.  They  indicate  that  [1-  and  y- 
spectroscopic  studies  appear  to  be  of  greatest  tnlerest 
to  Soviet  phystdsts.  Also,  it  ts  apparent,  that  a  large 
part  of  thetr  research  efforts  have  been  fccussed  on 
the  measurement  of  cross  sections  and  tn  the  deter¬ 
mination  the  l^havlor  at  ^eavy  mirier),  inporHrular 
that  of  Th,  U,  and  the  transuranic  elements.  In  addi¬ 
tion,  much  work  has  been  devoted  to  the  theories  of 
nuclear  structure,  e.g. ,  the  shell  model,  and  on  [)- 
decay  theories.  It  is  pointed  out  that  a  large  number 
of  papers  If.  Sevtel  wUtftrif  literature  detail.  In  pro 
fessionally-competent  reviews.  Western  scientific  and 
technical  progress  tn  basic  nuclear  physics.  A  bibli¬ 
ography  of  the  124  Soviet  references  ts  tncluded  for 
use  with  the  textual  matertal  presented. 

BOS.  02:006 

Boston  U. .  Dept,  of  Physics,  Mass. 

NEUTRONS  FROM  THE  PROTON  BOMBARDMENT  OF 
P11,  by  F.  Ajzenberg-Selove,  G.  D.  Johnson  and 
others.  Apr.  1956  [8]p.  tncl.  dtagrs.  refs.  (Spon¬ 
sored  jointly  by  Air  Force  Offtce  of  Scientific  Re¬ 
search  under  [  AF  18(600)997],  Offtce  of  Naval  Re¬ 
search,  and  Atonitc  Energy  Commission) 

Unclasslfted 


An  Isotopic  S  target,  50-kev  thick,  and  an  enriched 
CdS  target,  tOO-kev  thick,  have  been  bombarded  by 
17.5  protons  from  the  Prtucetoe  University  cyclotron. 
The  S  target  was  prepared  by  the  method  of  Nielsen  and 
Weinstein  (Rev.  Sclent.  Instruments,  v.  24:  tl4G,  1 953) 
while  the  enriched  CdS  was  painted  on  a  |x>lystyrene 
foil.  Preliminary  measurements  of  proton  recoil  tracks 
in  Ilford  C2  emulsions  at  30“  and  t50“  (1500  tracks) 
indicate  4  neutron  gioups  corresponding  to  states  in 
Cl.  and  5  neutron  groups  corresponding  to  states  in 
CP*'.  An  attempt  will  be  made  to  correlate  the  results 
of  these  neutron  spectra  measurements  with  the  picture 
of  the  CP*"*  S-*'*  decay  derived  front  (  decay  measure 
ments  (Reviews  of  Modern  Physics,  v,  26:  95,  1854) 
(Contractor's  abstract) 


Presented  at  meeting  c.f  the  Amer.  Phys.  Soc. , 
Mexico  City  (Mexico).  Aug.  29-31,  1955. 

Also  published  in  l’ltvs.  Rev.,  v.  103:  356  357, 

July  1 5,  1956. 

A  thin  target  of  Isotopic  boron  has  been  bomharded 
with  7.  03-uiev  protons.  The  neutrons  from  the  D" 
(p,n)C**  reaction,  studied  by  means  of  nuclear  emul 
stuns,  indicate  an  excited  state  of  C**  at  2.  Ot  t  0.06 
inev.  (Contractor’s  abstract) 


DOS.  02:007 


1K)S.  07:005 

Boston  t  .  Dept,  of  Physics  Mass. 

"  CLASSICAL"  M  CLEAR  I  MY.SU>'  t\  t  ti  K  t  SSI!,  by 


Boston  t  .  .  Dept,  of  Physics  ,  Mass. 

ENERGY  LEVELS  OK  St  '8,  t,  by  A.  G.  Rubin,  I. 
Aj/enber*».  Sotove,  .iik!  tl.  Mark.  July  30,  t'J50  10. p. 

I uc I.  dlagrs.  table,  refs*.  (Sj*msorc<i  jointly  by  Air 
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OOS.  02:008  -  BOS.  03:003 


Force  Office  of  Scientific  Research  under  AF  18(600)99? 
and  [Atomic  Energy  Commission])  Unctasslfled 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Mexico 
City  (Mexico),  Aug.  29-31,  1955. 

Published  In  Phvs.  Rev.,  v.  104  :  727-730,  Ncv.  J, 

1956. 

The  neutron  spectrum  from  the  Al22(d,  n)Sl28  reaction 
lias  been  investigated  at  S  angtes  by  means  of  nuctear 
emulsions.  The  energy  of  the  lnctdent  deuterons  was 
2. 167  ±  0.  015  mev.  The  data  Indicate  energy  tevels  of 
Si28  at  1.  78  i  0. 10,  4.  54  ±  0. 2,  4.  95  ±  0.  2,  6.  24  i 
0. 06,  6.  88  i  0. 06,  7. 39  ±  0.  06,  7.  89  ±  0. 06,  8. 3t  i 
0.  tO,  8. 57  i  0. 08,  9. 37  t  0. 04,  10  i  0. 10,  and  10.  25 
i  0.06  mev.  (Contractor’s  abstract) 


BOS.  02:008 

Boston  U.  [Dept,  of  Physics]  Mass. 

NEUTRONS  FROM  THE  PROTON  BOMBARDMENT  OF 
P3*,  by  A.  G.  Rubtn,  G.  D.  Johnson,  and  J.  B. 
Reynolds.  Aug.  30,  1956  [7]p.  lnct.  dlagrs.  table. 
(Sponsored  jointly  by  Air  Force  Office  of  Scientific 
Research  under  AF  18(600)997  and  Atomic  Energy 
Commission)  Unctasslfted 

Also  published  In  Phvs.  Rev.,  v.  104:  t444-t445, 

Dec.  t,  1956. 

The  reaction  P3t(p,n)S3t  has  been  studied  at  E.,  =  17.2 
mev.  The  energy  spectrum  of  the  neutrons  wai  deter¬ 
mined  by  means  of  proton  recolt  measurements  in 
nuclear  emutslons.  The  mass  excess,  M  —  A,  of  S31 
was  calculated  to  be  -10.04  *  0.  20  mev.  Exctted  states 
of  S31  have  been  located  at  1.  15  *  0. 15,  2.28  i  0.20, 
3.35  i  0.20,  4. 5t  i  0.15,  5.94  t  0.30,  and  6.41*  0.20 
mev.  (Contractor’s  abstract) 


BOS.  03:001 

Boston  U.  Dept,  of  Physics,  Mass. 

THE  STOCHASTIC  OASIS  OF  ONSAG Ell’S  MINIMUM 
PRINCIPLE  (REVISED),  by  A.  Siegel.  Jan.  20,  t956, 
22p.  (AF  1 8(603)29]  Unctasslfled 

Also  published  In  Phvs.  Rev.,  v.  t02:  953  959, 

May  15,  t956. 

The  phenomenological  equations  ol  motion  of  thermo¬ 
dynamic  quantities,  am1  Onsager’a  minimum  prtnctpte, 
are  correct  onty  to  the  extent  that  fluctuations  are 
neglected.  This  paper  presents  a  statistical  anatysls 
of  the  problem  amt  gives  a  criterion  for  the  validity  of 
the  (ihenomenotoglcat  approximation.  (Contractor’s 
abstract) 


BOS.  03:002 

Boston  U.  Dept,  of  Physics,  Mass. 

APPLICABILITY  OF  THE  LANGEVIN  EQUATION  TO 
IRREVERSIBLE  PROCESSES  (Abstract),  by  A.  Siegel. 
[Feb.  1956]  lp.  (AF  18(603)29)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  26-28,  1956. 

Puhllshed  In  Bult.  Amer.  Phys.  Soc.,  Series  n,  v.  1: 
220-221,  Apr.  26,  1956. 

Onsager  and  Machlup  have  proposed  the  Langevln 
equation,  Ra  +  sa  =  c  (t),  as  a  general  equation  of 
motion  for  a  fluctuating  thermodynamic  variabte.  tn 
an  Idealized  treatment,  the  fluctuating  force  t(t)  ts 
considered  uncorretated  with  ttself  from  one  tnstant 
to  another,  and  Gaussianly  distributed.  a(t)  then  has 
a  determinate  part  a(o).  exp(-t>s/R),  and  a  stochastic 
part  ti8(t).  tn  reality,  of  course,  e  (t)  consists  of  dis¬ 
crete  etementary  processes.  Under  certain  circum¬ 
stances  the  main  detaits  of  the  Idealized  ug(t)  may 
show  up  onty  within  intervals  shorter  than  the  time 
between  etementary  processes.  The  stochastic  des¬ 
cription  is  then  targety  fictitious.  A  limit  to  tts  appli¬ 
cability  may  be  sought  In  the  simple  physical  situation 
of  the  Brownian  motion:  a  -  velocity  of  the  cottotd 
particle.  Using  results  of  elementary  kinetic  theory, 
and  assuming  Stokes  friction,  the  Langevln  description 
is  found  to  be  applicable  tf  mL/Mf<<  -jk/s'a;  m,  M  are 
masses  of  motecule  of  the  medium  and  colloid  partlcte; 
L,  mean  free  path  of  a  molecule  tn  the  medium;  p  , 
radius  of  the  colloid  particle;  k  Is  Bottzmann’s  con- 
constant.  (Contractor's  abstract) 

BOS.  03:003 

Boston  U.  Dept,  of  Physics,  Mass. 

STOCHASTtC  ANALYSIS  OF  A  VARIABLE  SUBJECT  TO 
A  QUANTUM  FORCE  SPECTRUM  (Abstract),  by  H. 
Gotdrtng  and  A.  Siegel.  [  Dec.  1956  ]  tp.  (AF  18(603) 
29)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  25-27,  1957. 

Published  In  Butt.  Amer.  Phys.  Soc. ,  Series  H,  v.  2': 
203,  Apr.  25,  1957. 

The  problem  has  been  sotved  of  the  diffusion  of  a  vari¬ 
able  f  subject  to  the  Langevln-type  equation  f  t  y  f 
a(t),  where  the  random  force  a(t)  has  the  spectrat  den¬ 
sity  ho)/  [  exp(tl(o/lcT)- 1  , ,  t.  e. ,  Nyquist‘s  quantum 
form  of  the  noise  spectrum.  Assuming  Gaussian  dls 
trtbution  for  a(t),  we  get  the  conditional  probability 
t*  [  f(t)  |f(tQ)]  bv  catculating  the  correlation  function  of 
f:  ^  f(t  )f(t,,  *  [)//  /f(t„)2?.  Verification  ef  the  vatld- 
Ity  of  the  assumed  spectrum  coutd  In  princtpte  t>e  ob¬ 
tained  with  these  resutts  through  direct  anatysls  of 
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notse  curves  tn  time.  (Work  Is  nowtn  progress  toward 
a  simitar  analysis  of  diffusion  of  collodial  partictes). 
The  extremely  slow  fall-off  with  frequency  of  die  quan¬ 
tum  notse  spectrum,  even  at  quite  tow  temperatures, 
still  presents  an  obstacle  to  experimental  verification, 
tn  that  extremely  fine  time  resolution  of  the  measured 
curves  would  be  required.  (Contractor's  abstract) 


BRI.  01:001 

Brigham  Young  U.  Dept,  of  Chemistry,  Provo,  Utah. 

RHENIUM  SULFIDES  AS  LIQUID- PHASE  HYDRO¬ 
GENATION  CATALYSTS.  II]  A  COMPARISON  WITH 
MOLYBDENUM  SULFIDE  AND  COBALT  POLYSUL¬ 
FIDE,  by  H.  S.  Broadbent,  L.  H.  Slaugh,  and  N.  L. 
Jarvis.  Mar.  20,  1954  [5]p.  tnct.  tables,  refs. 

[  AF  18(600)1164  ]  Unclassified 

Published  in  Jour.  Amer.  Chem.  Soc. ,  v.  76:  1519- 
1 523,  Mar.  20,  1954. 

Rhenium  heptasulflde  and  rhenium  disulfide  hydrogena¬ 
tion  catalysts  were  prepared  and  examined  for  catalytic 
activity  loward  a  variety  of  substrates  tn  comparison 
with  the  wett-known  molybdenum  sulfide  and  cobalt  poty- 
sultlde  catalysts.  In  these  experiments  rhenium  hepta¬ 
sulflde  was  most  active,  rhenium  disulfide  tess  so,  and 
molybdenum  and  cobatt  sulfides  much  less  so.  Some 
advantages  enjoyed  by  the  rhenium  heptasulflde  hydro¬ 
genation  catalyst  are  as  fottows:  Consistent  and  easy 
reproductbtllty,  activity  maintained  tndeftnltety  by  sim¬ 
ple  storage  In  a  closed  bottle,  stability  to  hydrogenatlve 
decomposition  al  high  temperatures,  extreme  resist¬ 
ance  to  "potsonlng",  Insolubility  tn  strong,  non-oxldlz- 
tng  actds,  and  ability  to  saturate  multlpte  bond  system 
without  accompanying  hydrogenolysls  of  carbon- sulfur 
bonds.  Ils  chief  disadvantages  are  tts  relatively  high 
cost,  due  tn  considerable  part  to  the  lack  established 
demand  for  rhenium  compounds,  and  the  fact  that  tt  ts 
not  as  active  toward  most  non- sulfur  containing  com¬ 
pounds  as  some  nlcket,  platinum  and  paltadlum  cata¬ 
lysts.  (Contractor's  abstract) 


U1U.  01:002 

Brigham  Young  U.  Dept,  of  Chemistry,  t'rmo,  Utah. 

RHENIUM  HEPTASELEN1DE  AS  A  HYDROGENATION 
CATALYST,  by  C.  W.  Whittle.  May  1,  1956  ,  98p.  lncl. 
dlagrs.  tabtes,  refs.  (AFOStt-TN-56-243)  (AF  18(600) 
1164)  AD  88363  Unclassified 

The  catalytic  activity  of  Re  compounds  was  studied, 
especially  the  activity  of  Ue2Sey  which  Is  closely  re¬ 
lated  to  Re2i>7.  The  compound  lte2Se7  was  prepared 
and  Its  catalytic  activity  established;  the  method  yielding 
the  most  active  catalyst  was  determined.  The  catalyst 
was  tried  with  a  variety  of  substrates,  and  the  ease  of 
reducing  different  funcdnnat  groups  and  structural  fea¬ 
tures  was  compared.  In  general,  lte2.Se7  was  slightly 
less  active  than  Re2S7  for  most  reductions,  but  It  was 
superior  to  CoSx  or  M0S3.  A  comparison  was  made  of 


BRI.  01:001  -  BRI.  01 .004 


the  reduction  of  nltro  groups,  and  acetylenic  and  ote- 
ftnlc  linkages  with  Raney  Nl,  Adam's  catalyst,  RegS, 
Re2Se7,  and  Co  and  Mo  sulfides. 

BRI.  01:003 

Brigham  Young  U.  Dept,  ol  Chemistry,  Provo,  Utah. 

RHENIUM  AND  ITS  COMPOUNDS  AS  HYDROGENATION 
CATALYSTS.  HI.  RHENIUM  HEPTOXIDE,  by  H.  S. 
Broadbent,  G.  C.  Shaw  and  others.  Aug.  11,  1958, 

27p.  tnct.  tabtes,  refs.  (AFOSR-TN- 56-602)  (AF  18 
(600)tl64)  AD  115030  Unclassified 

Presented  tn  part  at  131st  meeting  of  Amer.  Chem. 
Soc.,  Miami,  Fla.,  Apr.  11,  1957. 

The  catalysis  of  liquid  phase  hydrogenations  by  rhenium 
"blacks”,  obtained  from  the  reduction  of  rhenium  hep- 
toxlde,  ts  reported.  A  comparison  of  these  calalyBts 
with  commonly  used  laboratory  catalysts  ts  made.  It 
ts  found  that  these  "blacks”  are  the  most  effective 
catalysts  for  the  hydrogenation  of  carboxylic  acids  to 
alcohols.  This  conversion  takes  ptace  with  a  variety 
of  actds  at  150°- 250°  (usually  160°)/ca  200  atm  tn  a 
few  hours.  Good  yields  of  alcohol  are  attained  with 
occasional  ester  by-products.  The  actd  ts  usuaUy  re¬ 
duced.  The  rhenium  "btacks”  effecl  the  hydrogenation 
of  amides  quite  well.  Many  common  organic  functions 
reductble  through  PI  or  Nt  catalysts  are  affected  only 
moderatety  by  these  catalyBtB.  A  comparison  ts  made 
of  the  catalyst's  role  tn  several  reactions. 


BRI.  Ot:  004 

Brigham  Young  U.  Dept,  of  Chemistry,  Provo,  Utah. 

RHENIUM  AND  ITS  COMPOUNDS  *  HYDROGENATION 
CATALYSTS.  H.  RHENIUM  I1EPTASELEN1DE,  by 
tl.  S.  Broadbent  and  C.  W.  Whittle.  [  t956l  t3p.  tncl. 
tables.  (AF  1 8(600)1 1 64 )  Unclassified 

The  first  recorded  application  of  rhenium  heptaselenlde 
as  a  hydrogenation  catalyst  tn  the  reduction  of  a  variety 
of  substrates  Is  described.  It  ts  easily  prepared  and 
tsolated  and  may  be  stored  wet  or  dry  tn  the  presence 
of  oxygen  without  loss  of  activity.  Some  fvrther  ad¬ 
vantages  enjoyed  by  rhenium  heptaselenlde  as  a  cata¬ 
lyst  are  tts  extreme  resistance  to  "poisoning"  lnsolu- 
btUty  In  strong  non-oxldlzlng  actds  and  ability  to  satu¬ 
rate  multiple  bond  syBtems  withoui  accompanying  car¬ 
bon  to  sulfur  bond  hydrogenolysls.  (Contractor's 
abstract) 
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BCU.  01:001  -  BCU.  02:001 


BCU.  01:001 


BCU.  01:003 


British  Columbia  U.  Dept,  of  Mathematics,  Vancouver, 
B.  C.  (Canada). 

SOME  ALGEBRAIC  PROPERTIES  OF  ASYMPTOTIC 
POWER  SERIES,  byT.  E.  Hull.  June  1955,  9p. 
(UBCAR  rept.  no.  1)  ([  AF]OSR-TN-55-264)  (AF  18 
(600)  1517)  AD  75157  Unclassified 


British  Columbia  U.  Dept,  of  Mathematics,  Vancouver, 
B.  C.  (Canada). 

ENCLOSED  QUANTUM  MECHANICAL  SYSTEMS,  by 
T.  E.  Hull  and  R.  S.  Julius.  May  1956,  14p.  lncl. 
diagr.  refs.  (AFOSR-TN-56-209)  (AF  18(600)1517) 
AD  87523  Unclassified 


Also  published  In  Canad.  Jour.  Math.,  v.  8:  220-224, 
1956. 


Also  published  In  Canad.  Jour.  Phys. ,  v.  34.  914-919, 
Sept.  1956. 


A  series  cQ  +  cjx  +  c2x2  +  . . .  +  cnxn  +  . . .  Is  called 
an  S-series  whenever  (1)  cn,  x  are  real;  (11)  co2.0; 
and  (111)  there  exists  a  function  f(x)  such  that 

U(x)  -c0  -clx‘  •••  -cn-l*n  1  lij  <-n*n|.  x>  °» 

n  =  0,  1,  2,  ....  Condition  (ill)  means  that  the  series 
Is  the  asymptotic  expansion  of  the  function  f(x),  and 
that  the  remainder  after  n  terms,  with  respect  to  f(x), 

Is  numerically  less  than  the  (n  +  l)th  term.  It  Is  shown 
that  the  S- series  form  a  semiring,  and  that  the  ring  of 
all  power  series,  or  aU  asymptotic  series,  Is  generated 
from  this  semiring  when  one  adjoins  all  differences  to 
the  semiring.  These  results  enable  one  to  define  a 
partial  ordering  on  the  ring  of  power  series.  (Con¬ 
tractor's  abstract) 


BCU.  01:002 

British  Columbia  U.  Dept,  of  Mathematics,  Vancouver, 

B.  C.  (Canada). 

ON  A  REPRESENTATION  FOR  ASYMPTOTIC  SUMS, 
by  T.  E.  Hull.  July  1955,  14p.  (UBCAR  rept.  no.  2) 

(  AF  |OSR  TN-55-2G5)  (AF  18(600)1517)  AD  75156 

Unclassified 

The  problem  considered  here  Is  that  of  assigning  a 
function  of  the  form 

l"  e"  xt  dc  (t) 
n 

to  each  series 

co  ‘  clx  ‘  c2*2  *  *  cnx"  . 

11  turns  out  thal  the  function  can  be  chosen  In  a  unique 
way  so  that  It  lias  2  Important  properties.  First,  It  Is 
a  natural  sum  of  the  series  In  Uut  the  series  Is  Its 
asymptotic  expansion.  Second,  the  collection  of  all  such 
sums  Is  Isomorphic  to  the  collection  of  all  series  with 
respect  to  addition  while  a  subring  of  the  sums  Is  Iso¬ 
morphic  to  the  correspoteiing  subring  of  the  series  with 
respect  to  both  addition  and  multiplication.  Use  is 
made  of  some  of  what  Is  known  alviul  the  problem  of 
moments.  The  results  are  a  generalization  of  results 
obtained  earlier  by  Stleltjes  and  Bond  and  are,  In  a 
certain  sense,  best.  The  results  enable  one  to  define 
a  norm  over  Uie  space  of  (lower  series  In  a  natural 
way.  (Contractor's  abstract) 


A  brief  description  is  given  of  the  eigenvalue  problems 
associated  with  enclosed  quantum  mechanical  systems 
and  of  some  attempts  to  deal  with  these  problems. 
Another  method  Is  developed  which  leads  to  a  general 
asymptotic  formula  for  the  eigenvalues.  This  formula 
yields  a  simple  asymptotic  approximation  to  the  eigen¬ 
value  In  each  particular  case,  once  the  eigenfunction 
of  the  corresponding  unrestricted  system  Is  known. 
(Contractor’s  abstract) 


BCU.  02:001 


British  Columbia  U.  Dept,  of  Mathematics,  Vancouver, 
D.  C.  (Canada). 

EXTREME  VALUE  PROPERTIES  OF  11ERMITIAN 
MATRICES,  by  M.  Marcus  and  B.  N.  Moyle.  Aug. 
1956,  36p.  refs.  (AFOSR-TN-56-341)  (AF  18(603)83) 
AD  95217  Unclassified 


Extreme  values  are  determined  which  minimize  or 

maximize  f(Xj . xk)  -  FftAx,,!,) . (Axk,xk)), 

where  xj, . . . ,  xk  Is  an  orthonormal  set  In  an  n-dlmen- 
sional  unitary  space  Vn  and  A  Is  a  llermlUan  trans¬ 
formation  on  Vn  to  Itself;  F(aj , . . . ,  ak)  -  F(a)  Is  a  real 
symmetric  function  of  the  Indicated  variables,  1  ?  k 
<  n.  extreme  values  are  obtained  for  the  case  F(aj, 


•  •  •  ■  3k> 


v  :>i,  1  <  k  i  n,  wlthoul  assuming  thal 
i  >  ' 


F(a)  Is  either  monotone  Increasing  or  decreasing  In 
each  Uj  for  values  of  aj  In  the  field  of  A  or  Uiat  A  Is 
nonnegative  llermltion.  The  maximum  value  of 
g(Xj .....  xk)  F((Uj  Aj . . .  ''al An,x [ ,  xj ), .  . . , 

(U  j  A( .  ..UniAmxk,  xk))  Is  determined  as  x  and  U  vary 
over  sets  of  k  ortlionormul  vectors  and  sets  of  m 

unitary  transformations  respectively,  were  A[ . 

A  are  arbitrary  linear  transformations  and  1‘ [ . 

Um  are  unitary  transformations.  All  transformations 
are  on  V„  to  V„.  The  analysis  utilizes  the  properties 
of  tiie  comjiound  of  a  transformation.  The  class!  al 
Mlukowski  determinant  inequality  Is  extended  to  all 
of  the  coefficients  in  the  characteristic  (xilynomlnal. 
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BRO.  01:001 

Brown  U.  [Dept,  ol  Mathematics]  Providence,  R.  I. 

ON  A  PROBLEM  OF  HEINZ  HOPF  [I].  A  THEOREM 
CONCERNING  THE  EXISTENCE  OF  DEFORMABLE 
CONFORMAL  MAPS  f  H] .  ASYMPTOTIC  SPOTS  OF 
ENTIRE  .AND  MEROMORPHIC  FUNCTIONS  [m],  by 
M.  Heins.  Feb.  1957  [35]p.  lncl.  refs.  (AFOSR-TN- 
56-577)  (AF  18(603)70)  AD  110399  Unclassified 

[  Part  R  ]  Also  published  In  Ann.  Math. ,  v.  66:  430- 
439,  Nov.  1957 

[Part  HI]  Also  published  In  Prnc.  Nat’LAcad.  Science, 
v.  42:  883-885,  1956. 

1  -  Establishment  of  a  theorem  concerning  parabolic 
Rlemann  surfaces  which,  tn  the  parabolic  case  and  In 
the  case  of  Rlemann  surfaces  having  finite  topological 
characteristics,  Intrinsically  contains  a  negative  answer 
to  the  [  Hopf  ]  problem  of  whether  a  Rlemann  surface 
with  nonabellan  fundamental  group  possesses  a  non¬ 
trivial  smooth  unbounded  covering  surface  conformally 
equivalent  to  Itself,  n  -  Establishment  of  a  theorem 
stating  that  a  hyperbolic  Rlemann  surface  belongs  to  the 
class  D  If,  and  only  If,  tt  admits  nonconstant  analytic 
functions.  HI  -  Analysis  of  the  concept  of  an  asymptotic 
spot  for  the  special  cases  of  entire  and  meromorphlc 
functions,  with  particular  attention  given  to  manifesta¬ 
tions  of  countabtllty  not  found  tn  the  general  theory  and 
to  the  relation  between  the  harmonic  structure  of  the 
asymptotic  spots  and  the  growth  of  the  mapping  function. 


BRO.  02:001 

Brown  U.  Dept,  of  Physics,  1‘rovldence,  IL  1. 

ACOUSTIC  STREAMING  RESULTING  FROM  LOCAL¬ 
IZED  VIBRATORY  EXCITATION  OF  A  MEMBRANE 
(Abstract),  by  F.  J.  Jackson  and  W.  L.  Nyborg.  [  1S56] 

.  I  ]p.  (Sponsored  Jointly  by  National  Institutes  of  Health 
and  Air  Force  Office  of  Sctentlflc  Research  under 
AF  18(603)54  ])  Unclassified 

Presented  at  Joint  meeting  of  Acoust.  Soc.  of  Amer. 
and  International  Congress  on  Acoustics,  Cambridge, 
Mass.,  June  17-23.  t956. 

Published iil  Jour.  Acoust.  Soc.  Amer.,  v.  28:  796, 

July  1956. 

If  a  n  embrane  bounding  a  liquid  Is  caused  to  vibrate 
In  a  localized  region,  the  fluid  adjacent  to  It  will  be  set 
Into  steady  vortex  nvitlon.  One  simple  way  to  realize 
Oil:,  situation  ts  to  bring  a  vibrating  metal  tip  of  ctrcu- 
lar  cross  section  Into  contact  from  below  with  a  mem¬ 
brane  which  supports  a  small  body  of  tlquld.  A  charac 
terlstlc  (axially  symmetric)  vortex  motion  then  takes 
place  near  the  tip  In  the  liquid  above,  as  may  be  seen 
by  observation  with  a  microscope  and  by  use  of  lndlcat 
lug  particles.  Particularly  high  accelerations  and 


velocities  exist  In  a  ring  near  the  tip  periphery. 
Streaming  phenomena  of  this  kind  have  now  been  ob¬ 
served  under  a  variety  of  situations,  at  frequencies 
varying  from  100  to  40,000  cps.  Because  of  the 
associated  convection  and  viscous  stress  such  stream¬ 
ing  Is  an  Important  secondary  cause  of  sonic  Irradiation 
effects.  (Contractor’s  abstract) 


BRO.  03:001 

Brown  U.  Dtv.  of  Applied  Mathematics,  Providence,  R.  I. 

A  THEORY  OF  DISCONTINUOUS,  ISENTROPIC  ONE¬ 
DIMENSIONAL  FLOW,  by  R.  M.  Gundersen.  June  1954, 
32p.  lncl.  dlagrs.  (Rept.  no.  AF-1021/1)  ([AF]OSR- 
TN-54-147)  (AF  18(600)1021)  AD  51670 

Unclassified 

Using  the  method  of  character! Stic  coordinates,  an 
analytic  solution  Is  obtained  to  the  problem  of  the  Inter¬ 
action,  In  an  tnvlscld  Ideal  gas  with  a  constant  ratio  of 
specific  heats  of  5/  3,  of  a  centered  rarefaction  wave 
and  a  non-uniform  shock  of  constant  Intensity.  That  Is, 
the  entropy  Jump  Is  constant  all  along  the  shock  with  the 
result  that  the  flow  Is  tsentroplc  on  both  sides  of  the 
shock. 

BRO.  03:002 

Brown  U.  Dlv.  of  Applied  Mathematics,  Providence,  R.  1. 

ON  AN  APPROXIMATION  METHOD  FOR  PLANE  GAS 
FLOWS,  by  D.  A.  Beckwith.  Oct.  1954  ,  41p.  (Rept. 
no.  AF-1021/2)  ([  AF]OSR-TN-54-260)  (AF  18(800)- 
1021)  AD  44389  Unclassified 

A  classical  transformation  method  In  the  theory  of 
linear  partial-differential  equations,  the  cascade  method 
of  Laplace,  ts  used  to  construct  families  of  hypothetical 
gas  laws  which  contain  arbitrarily  many  parameters 
and  for  which  general  integrals  of  the  flow  equations 
can  be  given.  For  simplicity  In  the  presentation,  only 
supersonic  flows  are  considered.  The  formulas  have 
exact  counterparts  In  the  case  of  subsonic  flow,  and 
these  can  be  obtained  by  the  Introduction  cf  complex 
characteristic  variables. 


111(0.04:001 

Brown  U.  Dlv.  of  Engineering,  Providence,  It.  1. 

TH EOHET1CAL  INVESTIGATION  OF  SUBSONIC  WALL 
INTERFERENCE  IN  RECTANGULAR  SLOTTED  TEST 
SECTIONS,  by  P.  F.  Maeder.  Sept.  1953,  33p.  dlagrs. 
refs.  (Technical  rept.  no.  WT- II)  (AF  18(600)664: 
continuation  of  N7onr-35805)  AD  23975  Declassified 

A  mean  boundary  condition  for  slotted  walls  ts  derived 
which  should  be  valid  tf  a  large  number  of  slots  ts  em¬ 
ployed.  This  boundary  condition  ts  used  to  find  the 
general  Interference  tcntlal  tn  a  two-dimensional 
tunnel  tn  terms  ot  V.  dace  transforms  of  the  free- flight 
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potential.  The  theory  Is  then  extended  to  coyer  Units 
wings  and  bodies  of  rsvolutlon.  Numerical  work  Is 
carried  out  to  gtys  down  wash  and  blockage  interference 
on  the  finite  wing,  body  of  revolution,  two-dimensional 
source,  vo:tex,  vortex  pair,  so  urea -sink,  etc.  (Con¬ 
tractor's  abstract) 


BRO.  04:002 

Brown  U.  Dlv.  of  Engineering,  Providence,  R  I. 

SIMILARITY  OF  SLENDER  BODIES  AND  SMALL  AS¬ 
PECT  RATIO  WING- BODY  COMBINATIONS  AT  TRAN¬ 
SONIC  SPEEDS  (Unclassified  tltls),  by  P.  F.  Maeder. 
Apr.  1854  ,  21p.  Ulus.  refs.  (Technical  rept.  no.  12) 
(AFOSR-TN-54-104)  (AF  18(600)664)  AD  32704 

Confidential 


BRO.  04:003 

Brown  U.  Dlv.  of  Engineering,  Providence,  R  I. 

ASPECT  RATIO  INFLUENCE  AT  HIGH  SUBSONIC 
SPEEDS,  by  G.  F.  Anderson.  July  1954  [21]p.  tncl. 
dlagrs.  (Technical  note  no.  WT- 13)  ([  AF]OSR-TN- 
54-232)  (AF  18(600)884)  AD  49365  Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  23: 
874-878,  Sept.  1956. 

The  finite  wing  ts  considered  to  be  composed  of  an  In¬ 
finite  wing  less  the  portions  of  the  Infinite  wing  which 
lie  outside  the  span  of  the  finite  wing.  This  permits  a 
comparison  to  be  made  of  the  velocttles  tnduced  by 
thickness  at  corresponding  potnts  on  the  finite  wing  and 
Infinite  wing.  The  difference  In  these  Induced  velocttles 
on  the  finite  wing  Is  averaged  over  the  span  ai/d  applied 
as  a  correction  to  the  free  stream  velocity.  If  the  free 
stream  velocity  of  the  finite  wing  Is  corrected  so  that 
both  the  finite  wing  and  the  Infinite  wing  have  the  same 
static  to  total  pressure  ratio  al  corresponding  points 
In  the  chord-wise  direction,  then  the  force  per  unit  spar, 
can  be  compared.  Ths  results  of  this  theory  are  com¬ 
pared  to  some  available  data. 


BRO.  04:004 

Brown  U.  Dlv.  of  Engineering.  Providence,  R.  I. 

STREAM  FUNCTIONS  AND  TRANSONIC  SIMILARITY 
IN  THREE-DIMENSIONAL  FLOW,  by  I>.  F.  Maeder 
and  A.  D.  Wood.  0:L  1954  [  50 ]p.  lncl.  dlagr. 
(Technical  repl.  no.  WT-14)  ([  AF  lOSR-TN-54-339) 
(AF  18(600)664)  AD  63079  Unclassified 

11  Is  shown  that  the  Introduction  of  stream  functions 
for  a  general  three-dimensional  flow  Is  sufficient  to 
satisfy  the  equation  of  continuity.  The  two-dimensional 
and  axlsymmelrtc  stream  functions  are  shown  to  be 
special  cases  of  tils  more  general  approach.  The  dif¬ 
ferential  equation  which  these  functions  must  satisfy  Is 
then  deduced  for  the  special  case  of  steady,  compres¬ 


sible,  potential  flow  about  slender  bodies  at  small 
angles  of  attack,  assuming  a  perfect  gas,  and  an 
tsentroplc,  lsoenergetlc  process,  and  retaining  certain 
second  order  terms.  This  differential  equation  ts  then 
transformed,  and  an  sxprssslon  which  rslatos  proper¬ 
ties  on  ths  real  and  transformed  surfaces  ts  developed, 
which  ts  then  simplified  for  the  two  spectai  cases  of 
two-dimensional  and  axl symmetric  flows.  If  the  higher 
order  term  In  the  differential  equation  ts  neglected, 
then,  by  proper  choice  of  one  of  the  constants  of  the 
transformation,  the  well-known  similarity  law,  and  a 
new,  more  general  law,  for  linearized  compressible 
subsonic  flows  ars  obtained.  If  the  higher  order  term 
of  the  differential  equation  ts  not  neglected,  similarity 
between  bodies  In  transonic  flows  ts  established  for  the 
special  cases  of  two-dimensional  and  axl  symmetric 
flows.  (Contractor’s  abstract) 


BRO.  04:005 

Brown  U.  [  Dlv.  of  Engineering  ]  Providence,  R  I. 

ON  THE  BOUNDARY  CONDITION  FOR  THE  FLOW 
ALONG  A  PERFORATED  WALL,  by  P.  F.  Maeder 
and  J.  B.  Carroll.  Oct.  13,  1954  ,  3p.  lllus. 

[AF  18(600)664]  Unclassified 

Published  in  Jour.  Aeronaut.  Sciences,  v.  22:  203-205, 
Mar.  1955. 

In  transonic  wind-tunnel  test  sections,  perforated  walls 
have  been  used  to  eliminate  choking.  The  boundary 
condition  at  a  perforated  wall  had  been  investigated 
earlier,  both  theoretically  and  expert  mentally.  This 
rote  presents  another  theoretical  treatment,  plus  some 
experimental  results.  (Extracted  from  rept ) 


BRO.  04:006 

Brown  U.  Dlv.  of  Engineering,  Providence,  R  1. 

EXPERIMENTAL  INVESTIGATION  OF  SUBSONIC 
WALL  INTERFERENCE  IN  RECTANGULAR  SLOTTED 
TEST  SECTIONS,  by  P.  F.  Maeder,  G.  F.  Anderson, 
and  J.  B.  Carroll.  Jan.  1955  [31  ] p.  lncl.  Ulus, 
dlagrs.  (Technical  note  no.  WT- 16)  ([  AF  )OSR-TN- 
55-68)  (AF  18(600)664)  AD  64221  Unclassified 

The  force  coefficients  of  2  wing  models  of  different 
tdze,  but  geometrically  similar,  were  measured  tn  the 
same  slolled-wali  lesl  section.  It  Is  concluded  from 
the  experimental  study  that:  (t)  if  the  drag  coefficients 
at  zero  angle  of  attack  are  the  same  for  the  2  wings  al 
the  same  Mach  number,  no  buoyancy  or  blockage  Inter¬ 
ference  Is  present;  and  (2)  If  the  theoretically  evaluated 
angle  of  attack  and  streamline  curvature  correction  Is 
applied  to  the  angle  of  incidence,  the  2  wings  should 
show  the  same  corrected  angle  of  attack  to  produce  the 
same  Uft  coefficient.  The  data  showed  that  the  block^e 
and  buoyancy  Influence  on  the  model  tn  the  slotted- wall 
test  section  were  negligible.  Tie  theoretical  angle  of 
attack  and  streamline  curvature  correction  were  cor¬ 
rect  tn  every  sense,  but  the  magnitude  of  the  total 
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correction  was  too  small.  Evidence  gathered  through 
examination  of  the  data  Indicated  that  the  error  In 
magnitude  of  the  total  theoretical  correction,  was  most 
likely  contained  In  the  evaluation  of  the  streamline 
curvature  correction.  (Contractor's  abstract) 


BRO.  04:007 

Brown  U.  Dlv.  of  Engineering,  Providence,  R.  I. 

SOME  ASPECTS  OF  THE  BEHAVIOR  OF  PERFORATED 
TRANSONIC  WIND-TUNNEL  WALLS,  by  P.  F.  Maeder. 
Sept.  1954,  20p.  dlagrs.  (Technical  rept.  no.  WT-15) 

([  AF]OSR-TN-55-ll6)  (AF  18(600)664)  AD  68442 

Unclassified 

Presented  at  Sixth  meeting  of  the  NATO-AGARD  Wind- 
Tunnel  Panel,  Paris  (France),  Nov.  2-6,  t954. 

Also  published  In  AGARD  Memorandum  Papers  pre¬ 
sented  at  the  Sixth  meeting  of  the  Wind  Tunnel  and 
Model  Testing  Panel,  Nov.  1954,  p.  U8-246. 

tt  Is  shown  that,  for  flow  past  a  wait  containing  a  single 
transverse  slot,  the  mean  outftow  vetoclty  and  the  pres¬ 
sure  difference  between  the  plenum  chamber  and  the 
main  flow  are  related  linearly.  The  analysis  Is  ex¬ 
tended  to  the  case  of  a  wall  containing  an  Infinite  num¬ 
ber  of  Infinitely  small  slots,  and  a  linear  relationship 
Is  again  found  to  exist.  The  ratio  of  open  to  total  sur¬ 
face  necessary  for  zero  Interference  on  a  two-dimen¬ 
sional  doublet  Is  shown  to  be  independent  of  Mach 
number.  The  similar  behavior  of  such  a  slotted  wait 
and  a  perforated  wait  (a  result  which  has  been  verified 
by  experiment)  is  utilized  In  the  anatysis  for  a  funnel 
with  two  finite  perforated  walls.  The  theory  is  devel¬ 
oped  for  compressible  flow  with  the  aid  of  Goethert's 
rute,  and  the  pressure  distributions  along  the  wall  and 
centerline  are  determined.  The  flow  Is  atso  determined 
for  the  condition  at  which  the  tunnel  Is  choked  by  air 
entering  through  the  perforated  watts.  (Contractor's 
abstract) 


DUO.  04:008 

tlrown  U.  [  IA\.  of  Engineering]  Providence,  tt.  t. 

TRANSONIC  WIND  TUNNEL  TEST  SECTIONS,  by 
P.  F.  Maeder  and  A.  1).  Wood.  Sept.  8,  t955  ]  36  jp. 
loci,  dlagrs.  tables,  refs.  (]  AKjOSlt-TN  55  213) 

1  AF  18(600)664  I  .AD  1 17774  Unctassifled 


BRO.  04:009 

Brown  U.  Dlv.  of  Engineering,  Providence,  R.  I. 

EXPERIMENTAL  INVESTIGATION  OF  ASPECT 
RATIO  INFLUENCE  AT  HIGH  SUBSONIC  AND  TRAN¬ 
SONIC  SPEEDS  (Unclassified  title),  by  G.  F.  Anderson 
and  J.  B.  Carroll.  July  1955  [30]p.  incl.  lllus. 
(Technical  rept.  no.  WT-17)  (AFOSR-TN- 55-242) 

(AF  18(600)664)  AD  77494  Confidential 


BRO.  04:010 

Brown  U.  [Dlv.  of  Engineering]  Providence,  R.  I. 

SOME  RESULTS  OF  LINEARIZED  TRANSONIC  FLOW 
ABOUT  SLENDER  AIRFOILS  AND  BODIES  OF  REVO¬ 
LUTION,  by  P.  F.  Maeder  and  H.  U.  Thommen. 

Aug.  8,  1955,  2p.  Incl.  dlagrs.  (AF  18(600)66-1) 

Unclassified 

Published  In  Jour.  Aeronaut  Sciences,  v.  23:  187-188, 
Feb.  1956. 

Recently  Oswatltsch  (Flow  Around  Bodies  of  Revolution 
at  Mach  Number  One,  paper  presented  at  Brooklyn 
Polytechnic  Institute's  Conference  on  High-Speed 
Aeronautics,  Jan.  20-22,  t955)  determined  the  flow 
about  a  half -body  of  revolution  at  the  speed  of  sound 
by  assuming  part  of  the  nonlinear  term,  the  derivative 
of  u  In  x-dlrectlon,  constant,  and  thus  linearizing  the 
transonic  equation  without  omitting  the  damping  or 
Interference  term  altogether.  He  further  assumed 
that  no  disturbances  shall  travel  upstream  of  the  nose 
of  the  body.  The  result  obtained  In  this  special  case 
agreed  surprisingly  weU  with  experiments.  It  has 
been  shown  that  the  first  assumption  Is  much  closer  to 
the  actual  behavior  of  the  fluid  at  aU  speeds  than  had 
been  originalty  supposed,  and  that  the  second  assump¬ 
tion  need  not  have  been  made  at  all.  Certain  Implica¬ 
tions  of  this  theory  are  discussed.  It  Is  pointed  out 
that  all  solutions  of  slender-body  and  alrfoli  theory, 
as  well  as  wing- body  combinations,  which  have  been 
obtained  by  applying  the  equations  of  linearized  sub¬ 
sonic  or  supersonic  flow  can  be  Incorjsjratcd  In  this 
more  general  treatment,  which  also  yields  results 
throughout  the  transonic  regime.  From  this  theory, 

Uie  wett- known  transonic  similarity  laws  follow  ex¬ 
plicitly.  Some  theoretical  results  are  presented  for 
the  symmetrical  airfoil  and  the  body  of  revolution  at 
zero  angle  of  attack,  and  a  comparison  of  the  theory 
Is  made  with  experiment. 


Also  published  in  Zell.  Angew.  Math,  l'hys. ,  v.  7: 
177  212,  1956. 
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The  cl  aracterl sties  of  various  transonic  wind-tunnel 
lest  sections  are  discussed.  The  subjects  considered 
1  delude:  (1)  the  Influence  of  die  waits  on  data  obtained 
in  a  wind  tunnel;  (2)  die  boundary  condtdon  along  partly 
open  walls:  (3)  subsonic  interference  in  pardally  open 
lest  sections;  and  (4)  supersonic  interference  in  pa r 
Ually  open  test  sections. 


Brown  U.  Dlv.  ol  Engineering,  I'rovtdence,  It.  1. 

BOUNDARY  LAYER  EFFECT  ON  lXJCAt.  MACH 
NUMBER  MEASUREMENTS  ON  A  CIRCULAR  AttC 
11A1.F  PROFILE,  by  J.  B.  Carroll  and  G.  F.  Ander¬ 
son.  Ocl.  31,  1955  2  p.  Incl.  dlagrs.  (AF  18(600) 

664)  At)  100759  Unclassified 
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Also  published  in  Jour.  Aeronaut.  Sciences,  v.  23: 
604-605,  June  1956. 

The  results  of  an  experimental  investigation,  conducted 
at  the  Aerodynamics  Research  Laboratory,  Brown  Uni¬ 
versity,  Involving  the  case  of  a  body  (model)  mounted 
on  the  wall  of  the  wind  tunnel  are  presented.  It  is 
seen  that  the  boundary  layer,  starting  its  growth  up¬ 
stream  of  the  model,  Is  of  appreciable  thickness  by  the 
time  It  passes  over  the  model.  The  assumption  of  a 
tldn  boundary  layer,  therefore,  cannot  be  made,  and 
pressure  gradients  must  be  accounted  for  In  the  local 
Mach  number  calculation.  A  scale  drawing  is  given  of 
the  model,  and  the  apparent  Mach  number  distributions 
over  the  profile  are  plotted  for  several  Mach  numbers 
ranging  from  0.  80  to  0.  90.  For  free-stream  Mach 
numbers  of  0.  83  and  above,  there  seems  to  exist  a 
su;  ersonlc  region  about  the  point  of  maximum  thickness 
of  die  profile.  The  data  also  indicates  no  presence  of 
a  shock  wave  up  to  a  free-stream  Mach  number  of  0.  86. 
On  the  other  hand,  however,  the  results  of  static-  and 
stagnation-pressure  measurements  taken  in  a  vertical 
plane  at  the  maximum  thickness  of  the  profile  are  also 
plotted,  and  these  indicate  that  at  a  free-stream  Mach 
number  of  0.  85  the  flow  Is  still  subsonic.  It  is  seen 
that  at  a  free-stream  Mach  number  of  0.85  an  error  of 
6';,  is  made  In  the  maximum  Mach  number  calculation 
If  the  pressure  gradients  are  neglected.  Plots  are  also 
made  of  the  Mach  number  field  In  the  region  of  the 
maximum  thickness  for  Mach  numbers  of  0.  85,  0.  86, 
and  0.  87,  showing  the  progressive  nature  of  the  super¬ 
sonic  region. 
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Brown  U.  [  Dlv.  of  Engineering  1  Providence,  R.  1. 

SOLUTIONS  TO  THE  LINEARIZED  EQUATION  FOR 
TRANSONIC  FLOWS  AN1)  THEIR  COMPARISON  WITH 
THE  EXPERIMENT,  by  P.  F.  Maeder  1  Sept.  1956] 
l  15  Ip.  incl.  diagrs.  (AF  18(600)6641 

Unclassified 

Publj ihed lh  Proc.  Ninth  International  Congress  of 
Appl  Much.,  Brussels  (Belgium)  (Sept.  5-13,  1956), 
v.  2  15-24,  1957. 

The  author  verifies  the  solutions  to  the  linearized 
transonic  equation  for  a  few  simple  configurations, 
comparing  them  with  experimental  results.  A  discus 
slon  of  tlie  results  is  Included. 
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Drown  U.  Dlv  oi  Engineering,  providence.  It.  I. 

MFASt  It  EM  ENT  V.V  ill!'  VISCOSITY  OF  FIVE  CASES 
A'l  ELEVATED  '•itlJSSl  RES  BY  THE  OSCILLATING- 
BISK  METHOD,  ny  J.  Keslln  ami  K  PlUrczyk. 

Aug.  5.  1953  'D.  t j i,  1 .  diugis.  table,  refs,  (pupil 

no.  53  A  oi)  At  !n(0;s0)il'jl  .  I'nr l.issiiseit 


Presented  at  annual  meeting  of  the  Amer  Soc.  of 
Mech.  Engineers,  Heat  Transfer  Div. ,  New  York, 
Nov.  29-Dec.  3,  1953. 

Published  In  Trans.  Amer.  Soc.  Mech.  Engineers, 
v.  76: -987,  1954. 

The  paper  describes  the  measurement  of  the  Influence 
of  pressure  on  the  viscosity  of  live  commercially  pure 
gases:  air,  nitrogen,  hydrogen,  argon,  and  helium, 
in  a  range  up  to  about  70  atm  (1000  psi)  at  room 
temperature  (20°  or  21°  C).  The  viscosity  was  meas¬ 
ured  by  observing  the  period  of  osclUatlon  and  the 
logarithmic  decrement  of  an  optically  ground-quartz 
disk  of  70-mm  diam  suspended  on  a  thin  rhodium- 
platinum  wire  between  two  fixed  optically  ground- 
quartz  plates  with  a  separation  of  1  mm  and  perform¬ 
ing  torsional  oscillations.  The  data  were  evaluated  on 
the  basis  of  Macwood's  equations,  but  the  Instrument 
proved  capable  of  a  higher  accuracy  of  measurement 
than  the  1%  inherent  In  the  theory.  The  scatter  of  the 
experimental  data  did  not  exceed  0. 1%  and  repeat¬ 
ability  was  of  the  same  order  of  accuracy.  In  view  of 
the  mathematical  difficulties  no  attempt  is  made  to 
improve  the  theory  of  the  Instrument,  hut  It  Is  shown 
that  the  motion  of  the  disk  is  nonlinear  and  that  the 
relation  between  the  period  of  oscillation  and  the 
logarithmic  decrement  is  not  that  which  would  be  ex¬ 
pected  on  the  assumption  of  simple  damped  harmonic 
motion.  (Contractor’s  abstract) 
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Brown  U.  Dlv.  of  Engineering,  Providence,  R.  1. 

SLOW  OSCILLATIONS  OF  AN  INFINITE  PLATE  AND 
AN  INFINITE  DISK  IN  A  VISCOUS  FLUID,  by  J.  Kestin 
and  L.  N.  Person.  June  1954,  lOlp.  Incl.  dlagrs. , 
tbles,  refs.  (Technical  rept.  no.  1;  rept.  no. 
AF-891/1)  (|  AF  OSR-TN-54-151)  (AF  18(600)891) 

AD  37677  Unclassified 

it  Is  shown  that  both  physical  problems  correspond  to 
an  Identical  mathematical  problem  If  the  axial  velocily 
component  in  the  fluid  is  neglected  In  the  case  of  the 
disk,  lids  problem  Is  solved  rigorously  and  In  Closed 
terms  by  Laplace  transforms.  Exact  solutions  arc 
given  for  the  general  case  when  the  body  oscillates 
between  two  fixed  plates  as  well  as  for  the  limiting 
case  of  infinite  spacing.  The  motion  ol  the  body  is 
described  in  detail,  and  it  Is  ghcvui  that  It  docs  not 
corresjiond  to  dial  predicted  by  the  classical  linearized 
theory;  In  particular  tlie  strong  influence  of  fluid  den 
sity  is  demonstrated.  Simplified  solutions  for  small 
values  of  viscosity  and  density  Indicate  (1)  that  the 
body  moves  with  an  uppjrenl  inn  use  in  Its  mass  or 
moment  ol  inertia;  and  (2)  that  Bs  damning  eerie 
si oikIs  to  a  linear  velocily  distribution  In  tlie  fluid  over 
the  depth  ol  penetration  of  a  viscous  wave  for  very 
large  sp.trl.ngs.  Equations  suitable  lor  vlscometry 
vlscometry  are  deduced  and  compare,  vilh  published 
experimental  dala.  It  Is  shown  Dial  II  is  possible  to 
determine  viscosity  liy  measuring  the  period  or  loga 
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rlthmic  decrement  alone,  and  that  the  principle  can 
be  used  for  the  determination  of  viscosity  and  density 
simultaneously. 
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Brown  U.  Dlv.  of  Engineering,  Providence,  R.  I. 

THREE  PAPERS  ON  THE  THEORY  OF  THE  OSCIL¬ 
LATING  CUP  VISCOMETER,  by  E.  G.  ShvidkovskU, 

A.  M.  Butov,  and  L.  S.  Prlss,  tr.  by  J.  Kestln. 

Oct.  1954  ,  4 Op.  lncl.  diagrs.  tables.  (Rept.  no. 
AF-891/4)  ([  AF]OSR-TN-54-315)  (AF  18(800)891) 

AD  48560  Unclassified 

The  present  Is  an  abbreviated  translation  of  three 
papers  dealing  with  the  theory  of  oscillating  cup  vis¬ 
cometers.  The  references  In  question  are:  E.  G. 
Shvldkovskll,  Uchenye  Zaplski  MGU  (Moscow  Univer¬ 
sity),  v.  74:  135-144,  1944;  A.  M.  Butov,  L.  S.  Prlss, 
and  E.  G.  Shvldkovskll,  Zhur.  Tekh.  Flz. ,  v.  21: 
1319-1324,  1951;  and  L.  S.  Prlss,  Zhur.  Tekh.  Flz., 
v.  21:  1050-1061,  1952.  So  far  the  oscillating  cup 
viscometer  has  been  used  mainly  In  connection  with 
liquids  and  In  particular  In  connection  with  molten 
metals.  At  the  present  time  there  seems  to  be  a  great 
need  to  develop  alternative  methods  of  measuring  the 
viscosity  of  gases,  particularly  at  high  pressures  and 
temperatures.  A  critical  review  of  existing  methods 
reveals  that,  apart  from  capillary  transpiration 
methods,  those  based  on  the  osclUatory  motion  of  a 
body  offer  certain  advantages  which  should  be  explored. 
It  has  been  shown  In  previous  reports  In  this  series 
that  the  theory  of  the  oscillating  disk  viscometer  pre¬ 
sents  considerable  difficulties  particularly  In  the 
matter  of  the  edge  correction.  Consequently  It  Is 
thought  that  methods  based  on  Uic  oscillations  of  a 
container  filled  with  the  gas  should  also  be  explored. 
(Contractor's  abstract) 
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Brown  U.  Dlv.  of  Engineering,  Providence,  R.  1. 

SMALL  OSCILLATIONS  OF  BODIES  OF  REVOLUTION 
IN  A  VISCOUS  FLUID,  by  J.  Kestln  and  L.  N.  Per  sen. 
Oct.  1954  ,  59p.  lncl.  diagrs.  tables,  refs.  (Technical 
rept.  no.  2;  rept.  no.  AF  891/2)  ([  AF  ]OSli-TN-54- 
326)  (AF  18(600)891)  AD  48559  Unclassified 

Solutions  are  presented  of  the  Navder- Stokes  equations 
for  oscillating  bodies  under  the  assumption  that  the 
body  performs  small  oscillations  In  a  viscous  fluid 
under  the  Influence  of  an  elastic  restoring  force  or 
couple.  The  particular  cases  studied  Include  an  Infi¬ 
nite  cylinder,  a  sphere,  and  a  pile  of  disks.  All  of  the 
problems  are  solved  by  the  Laplace  transform  method, 
and  the  cases  analyzed,  as  well  as  those  previously 
discussed,  are  summarized  .n  one  general  equation. 

In  all  cases  of  practical  importance,  tlie  motion  con 
slsts  of  a  damped  harmonic  oscillation  and  a  transient 
term  whose  lnq*  rtanre  Is  Confined  to  die  first  few 
Initial  heals  l’lie  motion  becomes  Isochronous  with  1 
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logarithmic  decrement.  (AffTIA  abstract) 


BRO.  05:005 

Brown  U.  Dlv.  of  Engineering,  Providence,  R.  I. 

THE  INFLUENCE  OF  EDGES  ON  SHEARING 
STRESSES  IN  VISCOUS  LAMINAR  FLOW,  by  J. 
Kestln  and  L.  N.  Persen.  June  1955,  57p.  lncl. 
diagrs.  tables,  and  refs.  (Technical  repl.  no.  3) 

([  AF]OSR-TN-55-195)  (AF  18(600)891)  AD  63134 

Unclassified 

A  study  Is  made  of  the  Influence  exerted  by  the  exist¬ 
ence  of  thin  edges  on  slow  laminar  flow  patterns. 

The  following  cases  are  solved:  (a)  an  Infinitely  thin 
strip  sliding  within  an  elliptic  cylinder;  (b)  an  Infi¬ 
nitely  thin  disk  rotating  within  an  ellipsoid  of  revo¬ 
lution;  (c)  a  semi-infinite  Infinitely  thin  plate  sliding 
between  2  parallel  fixed  plates;  (d)  an  Infinitely  thin 
disk  of  finite  radius  rotating  between  2  parallel  fixed 
plates  (approximate);  and  (e)  an  Infinitely  thin  disk 
of  finite  radius  rotating  In  an  Infinite  fluid.  11  Is 
found  that  the  velocity  gradient  for  the  2-dlmenslonal 
cases  and  the  gradient  of  angular  velocity  for  the 
axially  symmetrical  cases  have  singularities  at  an 
edge  (Increasing  to  Infinity  like  1/Vx,  where  x  Is  the 
distance  from  the  edge).  The  "edge  effect"  ,  1.  e. , 
the  ratio  of  the  viscous  force  or  of  the  viscous  mo¬ 
ment  to  that  which  would  act  on  the  same  body  on  the 
assumption  that  the  body  forms  part  of  one  of  Infinite 
extent,  varies  from  close  to  1.0  to  1.  6  depending  on 
the  actual  geometrical  arrangement.  11  Increases 
with  Increasing  separation  between  the  moving  and 
fixed  walls.  In  steady  motion,  this  ratio  is  indepen¬ 
dent  of  the  properties  of  the  fluid.  (Contractor’s 
abstract) 


BRO.  05:006 

Brown  U.  Dlv.  of  Engineering,  Providence,  R.  1. 

CORRECTIONS  FOR  THE  OSCILLATING  DISK  VIS¬ 
COMETER.  by  J.  Kestln  and  11. -E.  Wang.  Dec. 
1955,  65p.  lncl.  diagrs.  tables,  rets.  (Technical 
rept.  no.  5)  (,  AF  1 OSR-TN-55  467)  (AF  18(600)891) 
A1)  82740  Unclassified 

Presented  al  annual  meeting  of  Uie  Ami  r.  Sor..  Mecli. 
Engineers,  New  York,  Nov.  25-30,  1956. 

Also  published  in  Jour.  Appl.  Mech. ,  v.  24.  197-206, 
June  1957. 

An  exart  theory,  based  on  work  by  Kestln  and  l’ersen 
Is  given  if  die  finite-  and  of  the  Infinite- spacing 
arrangement  of  the  oscillating  disk  viscometer.  The 
e  |uatl  ms  allow  tor  the  effects  of  wire  dnitqiing,  un¬ 
equal  spacing,  side  drag,  drag  on  die  rod  carrying 
the  mirror,  and  die  main  viscous  drag  on  the  flat 
faces;  the  edge  effect,  Isiwever,  is  excluded.  An 
empirical  method  In  given  for  obtaining  tlie  edge  cor 
rectlon  as  a  correction  factor  C  applied  to  the  ideal 
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viscous  moment  M  so  that  the  actual  moment  is  given 
by  Mf  -  CM^j.  The  analysis  shows  that,  for  a  given 
arrangement,  C  Is  a  function  of  the  radius  f^  expressed 
in  terms  of  the  boundary-layer  thickness  6  so  that  C  = 

( /Rq).  Experiments  by  Kestin  and  Pilarczyk  (Trans. 
Amer.  Soc.  Mech.  Engineers,  v.  76:  987,  1954)  with 
a  finite- spacing  viscometer  show  good  agreement  with 
theory  in  that  points  for  several  gases  trace  the  rela¬ 
tion  Cffi/Rjj)  with  a  minimum  of  scatter  and  with  the 
predicted  behavior  at  2  extremes. 
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Drown  U.  Div.  of  Engineering,  Providence,  R.  1. 

THE  VISCOSITY  OF  FIVE  GASES:  A  RE- EVALUA¬ 
TION,  by  J.  Kestin  and  H. -E.  Wang.  Mar.  1956,  23p. 
incl.  diagrs.  table,  refs.  (Technical  rept.  no.  AF- 
891/6)  (AFOSR-TN-56-98)  (AF  18(600)891)  AD  82011 

Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Soc.  Mech. 
Engineers,  New  York,  Nov.  25-30,  1956. 

Also  published  in  Trans.  Amer.  Soc.  Mech.  Engineers, 
v.  80:  11-17,  Jan.  1958. 

Tills  study  contains  a  re-evaluation  of  the  experimental 
results  for  the  pressure  dependence  of  viscosity  ob¬ 
tained  by  Pilarczyk  and  described  by  Kestin  and 
Pilarczyk.  The  re-evaluation  is  based  on  an  improved 
theory  of  the  oscillating  disk  viscometer  described  by 
Kestin  and  Wang  (see  item  no.  DIIO.  05:006).  The 
results  for  air,  N2,  A,  Ue,  and  H2  are  given  in  graph¬ 
ical  and  tabular  form,  as  well  as  in  the  form  of  empir¬ 
ical  equations.  The  range  covered  is  1  to  70  atm  at 
25°C.  The  results  constitute  a  relative  measurement 
which  is  based  on  Gibson  and  Michels’  data  for  N2. 

Very  good  agreement  with  previously  published  data 
for  N2,  air,  and  ll2  has  been  reported.  In  the  case  of 
He,  no  comparative  data  could  be  found  and  in  the  case 
of  A  there  is  good  agreement  with  the  data  published 
by  Michels  and  others,  but  the  difference  In  absolute 
values  Is  somewhat  higher  than  the  preceding  3  gases. 
The  agreement  as  to  rate  of  change  with  pressure  Is 
excellent.  It  is  believed  that  the  data  now  reported 
contain  an  uncerhdnty  of  no  more  than  0.  2ip  for  N , 
air,  lt2,  and  He  and  of  not  more  Ilian  0.  0%  for  A  with 
respect  to  N>>.  (Contractor':,  abstract) 
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Drown  U.  tAv.  of  Engineering  Providence,  It.  I. 

StOW  OSCILLATIONS  OF  HOLIES  OK  UEViq  L'TtON 
IN'  A  VISCOUS  FLUID,  by  J.  Kestin  and  I  .  N.  person. 

luly  1956  10p.  refs.  AKOKII  TN-56-372  (AF  tH 

(500)891)  At)  95808  Unclassified 

,\;so  puX'UuUrd  iy  Pro  \  Ninth  International  Congress 
of  Aj'pl.  Mech.,  Drussel-'  (Detgiuni)  (Kept-  5-13,  1956). 
».  3:  320  338,  1957. 


The  paper  concerns  Itself,  first,  with  small  osciUa- 
tions  performed  by  an  Infinite  plate  moving  In  Its  own 
plane  and  an  Infinite  circular  disk  performing  torsional 
oscillations  under  the  influence  of  an  elastic  force  or 
couple.  It  Is  shown  that  both  physical  problems  cor¬ 
respond  to  an  identical  mathematical  problem  If  the 
axial  velocity  component  In  the  fluid  Is  neglected  In 
the  case  of  the  disk.  The  mathematical  problem  Is 
solved  rigorously  and  In  closed  terms  by  the  use  of 
live  Laplace  transform,  and  the  solution  Includes  the 
initial  transient  of  the  motion.  Exact  solutions  are 
given  for  an  oscillation  between  2  fixed  plates  as  well 
as  for  the  limiting  case  of  infinite  spacing.  The  motion 
of  the  body  is  described  in  detail  and  it  Is  shown  that 
the  damping  force  or  couple  is  not  proportional  to  the 
velocity.  The  damping  term  depends  both  on  the  vis¬ 
cosity  and  on  the  density  of  the  surrounding  fluid.  The 
motion  performed  by  the  body  consists  of  a  damped 
harmonic  oscillation  superimposed  on  a  drifting  zero 
position.  For  small  values  of  viscosity  and  density 
simplified  solutions  are  obtained.  These  lead  to  the 
conclusion  that  the  body  moves  with  an  apparent  in¬ 
crease  in  its  mass  or  moment  of  inertia  and  that  its 
damping  corresponds  to  a  linear  distribution  of  veloc¬ 
ity  over  the  spacing,  ani  to  a  linear  velocity  distri¬ 
bution  over  the  boundary  layer  in  the  case  of  Infinite 
spacing.  Relations  are  deduced  which  for  a  given 
system  must  be  satisfied  by  the  period  of  the  motion 
and  the  logarithmic  decrement  of  damping  indepen¬ 
dently  of  the  properties  of  the  Duld.  The  same  methods 
of  analysis  are  then  applied  to  spheres  and  Infinite 
cylinders  oscillating  either  In  free  space,  or  in  con¬ 
centric  fixed  spheres  or  cylinders.  Cylinders  and 
spheres  filled  with  a  fluid  and  piles  of  disks  are  also 
considered.  In  all  cases  the  motion  exhibits  the  same 
features  as  In  the  simple  case  discussed  In  detail  at 
the  beginning.  (Contractor’s  abstract,  modified) 
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Drown  U.  Dlv.  of  Engineering,  Providence,  It.  1. 

ON  THE  MEASUREMENT  OF  THE  VISCOSITY  OF 
STEAM  DY  THE  ODSERVATION  OF  SMALJ  OSCIL¬ 
LATIONS,  by  J.  Kestin  and  J.  It.  Moszynskl.  May 
1956,  50d.  Incl.  diagrs.  table,  refs.  (Kept.  no. 
Sl’lt-t)  (AF  18(600)891)  Unclassified 

Presented  at  tilth  international  Conference  on  Steam 
Properties,  London  (England),  July  10-12,  1956. 

Measurements  of  the  viscosity  of  steam  were  made  up 
to  300  atm  and  500°C  with  the  aid  ol  oscillating 
systems.  A  general  outline  Is  presented  of  the  prin¬ 
ciple  of  the  method  and  of  the  theoretical  results  avail 
able  for  the  evaluation  of  'he  measurements.  It  is 
shewn  that  complete  and  exact  equations  can  be  ob¬ 
tained  for  the  oscillatory  motion  o!  rotationally  sym¬ 
metrical.  smooth  Ixxtles,  e.  g. ,  spheres,  so  that 
absolute  determinations  can  he  made  with  them,  til 
ttie  case  of  the  more  common  disks,  no  exact  theory 
Is  in  existence,  ttie  ibttlculty  arising  troni  edge  eftecls, 
and  only  relative  measurements  can  be  performed. 
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Since,  however,  the  damping  suffered  by  a  sphere 
under  given  conditions  Is  much  less  than  that  for  a 
disk,  It  Is  necessary  to  achieve  a  compromise  between 
measuring  accuracy  and  the  desirability  of  making 
absolute  measurements.  For  these  reasons,  both  rela¬ 
tive  measurements  with  disks  and  absolute  spot  checks 
with  a  sphere  are  envisaged.  A  detailed  description 
Is  given  of  the  Instrument  designed  to  carry  out  the 
measurements.  It  consists  of  a  high-pressure  bomb 
made  of  stainless  steel,  sealed  with  the  aid  of  tie  bolts 
made  af  lar  j"cl  X,  rnd  jruskk-l  with  a  synthetic  nap- 
phi  re  Bridgman-type  window.  The  oscillating  system 
Is  enclosed  In  the  bomb  and  carries  a  reflecting  mirror. 
The  bomb  Is  mounted  on  a  sapphire  ball  bearing  and  Is 
micloHed  In  an  aut-maUr ally -controlled  heater  sar 
rounded  by  a  manually- contre lied  radiation  shield.  The 
bomb  is  filled  with  water  under  a  moderate  vacuum,  and 
steam  Is  raised  Inside  It  The  oscillation  is  started  by 
rotating  the  bomb  on  its  bearing,  and  Is  observed  by  a 
telescope  which  Is  trained  on  a  precision  back-lighted 
scale  through  the  mirror  which  oscillates  with  the  sus¬ 
pension  system.  Temperatures  are  measured  with  the 
aid  of  calibrated  thermocouples,  and  pressures  are 
measured  with  a  set  of  precision  Bourdon  gauges. 

Time  is  measured  with  the  aid  of  an  electronic  counter 
actuated  by  a  suitath:  tin. e-babe  aigiial  throng)  a  phutu- 
electrically  operated  thyraton  trigger  which,  In  turn, 
operates  the  gates  of  the  counter.  (Contractor’s 
ahstract,  modified) 
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Brown  U.  Dlv.  of  Engineering,  Providence,  R.  1. 

THEORY  OF  THE  OSCILLATING  CUP  VISCOMETER, 
by  G.  F.  Newell,  J.  Kestln,  and  D.  A.  Beckwith. 

May  1956,  109p.  lncl.  dlajj-s.  table,  refs.  (Technical 
repl.  no.  7;  repl.  no.  AF-891/7)  (AFOSlt-TN-56-210) 
(AF  18(600)1548)  AD  87521  Unclassified 

AlSl  iUlbllSllSSLin  /.elt.  Angew.  Math,  l'hys. ,  v.  8: 
433-165,  Nov.  25,  1957.  (Tllle  varies) 

The  complete  theory  of  the  oscillating  cup  vlscomeler 
Is  given.  The  vlscomeler  consists  of  a  cyllndricn  cap 
of  finite  height  and  Is  filled  with  fluid  wliose  vlscoc’ty 
is  to  be  measured.  The  cup  Is  suspended  axially  by  an 
elastic  wire  and  performs  torsional  oscillations.  The 
oKC.lllallon  Is  assumed  to  be  slow  so  that  Uie  linearized 
N.ivlerStokes  equations  are  used.  >n  exact  solution 
which  Includes  the  effecl  of  the  sharp  corners  Is  given 
and  then  modified  so  that  It  can  he  used  for  Uie  evalua¬ 
tion  of  experimental  results.  The  limitations  on  design 
wldch  are  due  lo  Uie  limitations  on  easily  measurable 
decrements  are  described.  (Contractor's  abstract) 
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SI  1  l.TtSUMC  WIND  TT'NNEl  U ESSES,  by  A.  \y. 

V.e'Vy,  It.  11.  Dowdell,  amt  1  .  E.  Macder.  Dec.  1019. 
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153p.  lncl.  illus.  dlagrs.  tables.  (Technical  rept. 
no.  WT-1)  [  Sponsored  Jointly  by  Office  of  Naval 
Research  and  Air  Force  Office  of  Scientific  Research 
under  N7onr-35805  and  Air  Materiel  Command, 

Wright- Patterson  Air  Force  Base,  Ohio  under  W33- 
038-ac-22027l  ATI-136970  Unclassified 

The  object  of  this  report  Is  to  furnish  design  Informa¬ 
tion  regarding  the  pressure  losses  and  boundary  layer 
corrections  for  supersonic  wind  tunnel  In  the  Mach 
nui.bf-r  rai<»  1,5  <  M/y  ■  5,1,  A  It  Bit  action  hax*  to 
be  made  between  the  tunnel  with  conventional  subsonic 
diffusers  only,  3rd  the  tunnel  with  various  types  of 
supersonic- subs<  lc  diffusers.  As  may  be  expected, 
the  operating  lose  s  art  reduced  greatly  by  the  use  ol 
a  supersonic- subsonic  diffuser,  while  a  corresponding 
reduction  of  the  starting  losses,  employing  new  wind 
tunnel  starting  methods,  will  depend  on  further  Investi¬ 
gations  which  are  briefly  discussed  in  this  report. 

For  example,  at  a  test  section  Mach  number  Mq<  = 

3.5  and  a  Reynolds  number  of  10?,  the  operating  pres¬ 
sure  ratio  can  be  reduced  from  6. 25  to  2. 55  by  the  use 
of  a  supersonic- subsonic  diffuser.  The  different  types 
of  diffusers  discussed  are  the  shock  free  diffusers 
(merely  a  reversed  nozzle)  and  the  diffusers  with  one 
and  two  oblique  Compression  shucks.  The  calculations 
show  that  the  diffuser  with  one  oblique  shock  Is  superi¬ 
or  to  the  shock  free  diffuser  In  the  range  1.  5  <  Mrj.  < 

3.  9  at  Re  =  10?  because  of  the  large  friction  losses 
occurring  In  the  latter.  The  results  are  presented  In 
graphical  and  tabular  form  In  terms  of  general  wind 
tunnel  parameters.  For  a  test  section  Reynolds 
number  of  10?,  we  obtain,  for  example,  an  aerody¬ 
namic  energy  ratio  of  4  for  Mq.  3  if  a  supersonic 
diffuser  Is  used  and  only  M  1. 9  if  a  conventional 
diffuser  with  no  supersonic  contraction  is  employed. 
(Contractor's  summary) 


BRO.  07:002 

Brown  U.  [  Engineering  Research  Lab.  )  I’rovldence,  ILL 

THE  9-1NC11  BY  9-1NC11  TRAN  SONIC -SUPERSONIC 
WIND  TUNNEL,  by  G.  F.  Anderson  and  P.  F.  Maeder. 
June  1950,  lv.  lncl.  Ulus,  dlagrs.  (Technical  repl. 
no.  WT-2)  (Sponsored  jointly  by  Office  of  Naval 
Research  and  i  Air  Force  Office  of  Scientific  Re¬ 
search  under  N7onr-35805)  ATI-78083;  U1 1 509 

Unclassified 

The  tunnel  consists  of  a  modified  JUMO  004  compres¬ 
sor  driven  by  a  wound  rotor  Induction  motor  through 
a  1:6  step-up  gear,  two.ilr  coolers,  Die  lesl  section, 
the  ejector  by-pass,  and  Uie  necessary  piping.  11  Is 
of  the  closed- circuit,  variable-density  typo  wldch 
provides  utmost  f!  -xibillty. 


BltO.  07  003 

Brown  l'.  Engineering  Research  Lab.  ,  Providence,  11.  1. 

NOTE  ON  DElllXJCKEii  TRANSONIC  TEST  SECTIONS', 
by  P.  1.  Mats!  -r.  May  a,  PJS0  ,4t  p.  trie  .  dlagrs. 


AIR  FORCE  SCIENTIFIC  RESEARCH 


DRO.  07:004  -  DRO.  07:007 


tables.  (Technical  rept.  no.  WT-4)  (Sponsored  jointly 
by  Office  of  Naval  Research  and  [  Air  Force  Office  of 
Scientific  Research]  under  N7onr-35805)  ATI-78072 

Declassified 

Theoretical  calculations  were  made  to  form  the  basis 
for  experimental  Investigations  of  the  blocking  effects, 
encountered  In  wind  tunnel  testing  In  the  transonic 
range  of  flow,  and  their  elimination.  The  tunnel  wall 
was  assumed  to  have  slots  In  the  flow  direction,  to 
compensate  for  the  blocking  effects  of  the  closed  por¬ 
tions.  A  method  was  then  developed  to  determine  the 
size  of  the  openings  in  the  case  of  a  rectangular  model 
section  containing  either  wings  of  finite  or  infinite  span, 
ut  bodice  of  rerotttfton.  The  pressure  Jlslrlhutlo!.  at 
the  walls  was  also  computed.  The  results  seem  very 
satisfactory,  and  justify  an  experimental  Investigation 
to  find  the  Influence  of  the  boundary  layer  and  the  be¬ 
havior  of  the  model  section  outside  the  range  of  validity 
of  the  linearized  theory.  (Contractor's  abstract) 


DUO.  07:004 

Drown  U.  [  Engineering  Research  Lab.  ]  I’rovidence, 

R.  1. 

INVESTIGATION  OF  TURDULENCE  IN  THE  DROWN 
UNIVERSITY  9-INCH  DY  9-INCH  TRANSONIC -SUPER¬ 
SONIC  WIND  TUNNEL,  by  W.  G.  Reynolds.  Jan.  1951 
f  44  |p.  lncl.  dlagrs.  refs.  (Technical  rept.  no.  WT-5) 
[  Sponsored  jointly  by  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research  ]  under  N7or,r- 
35805]  U21815;  ATI-150102  Unclassified 

Results  of  the  turbulence  tests  laken  in  the  9-ln.  by 
9-tn.  variable  density  wind  tunnel.  Indicate  that  the 
percenl  lurbulence  Is  not  only  within  lolerable  limits 
for  practical  testing  purposes,  but  is,  in  fact,  quite 
low  for  this  type  of  tunnel.  It  Is  also  apparent  that  the 
finned  round  tube  aftercooler  also  serves  as  a  satis¬ 
factory  Straightener  for  the  flow.  Tills  was  Indicated 
through  previous  measurements  (WT-2)  of  energy  vari¬ 
ations  across  the  model  section.  (Contractor’s  ab¬ 
stract) 


DRO.  07:005 

Drown  U.  '  Engineering  Research  I.al).  Providence, 

It.  1. 

INVESTIGATION  of  tunnel  DOl  NDARY  inter¬ 
ference  on  TWO  DIMENSIONAL  AIRFOILS  NEAR 
THE  SPEED  OF  SOUND,  hyp.  F.  Maeder.  Apr.  1951, 
117p.  Inc I.  dlagrs.  refs.  (Technical  rept.  no.  WT-0) 
(Sponsored  jointly  by  Office  of  Naval  Research  and 
Air  Force  Office  of  Scientific  lies,  arch  under 
N7onr- 3511115)  Ulsl721;  ATI  1051185  Declassified 

T  is  report  describes  (tie  iheorrtlr.il  and  experimental 
investigations  of  tin'  blockage  etierts  encountered  In 
testing,  two  dimensional  wings  in  wind  tunnels  close  lo 
toe  speed  of  sound.  The  experimental  investigation 
showed  tint  tdorhnge  corret  lions,  according  to  ttie 


seml-experimental  method  described  In  this  report, 
could  be  applied  to  test  results  obtained  in  a  closed 
model  section  If  the  local  supersonic  region  Is  not  too 
large.  As  a  working  rule,  It  has  been  found  that  the 
supersonic  region  should  not  exceed  In  height  one 
quarter  of  the  tunnel  height  If  such  corrections  are  to 
be  applied  with  any  degree  of  accuracy.  The  results 
of  the  experimental  investigation,  carried  out  to  deter¬ 
mine  the  deblocking  effects  of  slotted  walls  are  sum¬ 
marized  as  follows:  (1)  so  long  as  the  local  supersonic 
region  is  not  too  large,  i.e. ,  about  the  same  condition 
as  holds  true  lor  applicability  ot  corrections,  tne  wail 
configuration  calculated  (presented  in  a  previous  rept. , 
see  Item  no.  DRO.  07:003)  yield  test  results  with  no 
wall  inttvlerciict;  (2)  m.  ILt  local  tiwpteswvK  regie  h 
becomes  larger,  the  slots  will  have  to  be  wider  to  de¬ 
block  the  rear  portion  of  the  airfoil;  and  (3)  the  effects 
of  variation  of  slot  width  on  che  front  portion  of  the  air¬ 
foil  are  small.  (Contractor's  conclusions,  modified) 


DRO.  07:003 

Drown  U.  Engineering  Research  Lab. ,  Providence,  R.  1. 

DESIGN  OF  THE  AIR-DRYING  UNIT  FOR  THE  DROWN 
UNIVERSITY  9-INCH  DY  9-INCH  TRANSONIC-SUPER- 
SONIC  WIND  TUNNEL,  byG.  F.  Anderson.  May  1951, 
49p.  lncl.  dlagrs.  (Technical  rept.  no.  WT-7)  (Spon¬ 
sored  jointly  by  [  Air  Force  1  Ofllce  of  Sclentillc  Re¬ 
search  and  Ofllce  of  Naval  Research  under  N7onr- 
35805)  ATI- 108047;  U18799  Unclassified 

A  description  Is  given  of  the  design  of  the  air-drying 
Installation  for  the  9-ln.  by  9-ln,  transonic -supersonic 
wind  lunnel  al  Drown  University. 

DRO.  07:007 

Drown  U.  Engineering  Research  1  ,ab. ,  Providence,  R.  I. 

INVESTIGATION  OF  LOSSES  IN  WIND  TUNNEL  TEST 
SECTIONS  FITTED  WITH  SLOTTED  WALLS,  by 
D.  Adamson  and  J.  D.  Carroll.  Sept.  1952,  lv.  lncl. 
dlagrs.  table.  (Technical  rept.  no.  WT-8)  (Sponsored 
jotnlly  by  Office  of  Naval  Research  and  [  Air  Force  ] 
Office  of  Scientific  Research  under  N7onr-35805) 

ATI- 171229;  UC8722  Declassified 

A  detailed  description  Is  presented  of  tests  made  to 
determine  the  losses  in  wind  tunnel  test  sections 
fitted  witii  slotted  walls.  The  tests  illustrate  2  lnqxir 
taut  results:  (I)  the  increased  range  of  Macti  numbers 
obtainable  with  slotted  walls  in  the  transonic  range; 
and  (2)  the  Increased  working  section  losses  associated 
with  the  use  of  slotted  test  section  walls.  For  smaller 
tunnels,  these  Increased  losses  may  present  no 
serious  consequences.  However,  their  use  in  larger 
tunnels  may  necessitate  a  prohibitively  large  power 
requirement.  Front  previous  work  it  was  determimsl 
th»!  the  slot  width  Is  an  inqxii  taut  parameter  of  the 
deblocking  ability  of  a  slotted  wall;  therefore,  since 
tin*  larger  losses  are  assot  lated  with  Hie  larger  slots, 
some  compromises  o.ay  have  lo  tie  made  In  choosing 
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the  particular  wall  configuration  to  be  used.  (Con¬ 
tractor's  abstract,  modified) 


DRO.  07:008 

Drown  U.  Engineering  Research  Lab. ,  Providence,  R.  I. 

INVESTIGATION  OF  THE  BOUNDARY  CONDITION  AT 
A  PERFORATED  WALL,  by  P.  F.  Maeder.  May  1953 
[  33  jp.  inct.  diagrs.  table.  (Technical  rept.  no.  WT-9) 
(Sponsored  jointly  by  Offtce  of  Naval  Research  and 
[  Air  Force]  Office  of  Sctentiftc  Research  under  N7onr- 
35805)  AD  14022  Declassified 

The  boundary  condition  to  be  applied  to  the  flow  along 
a  perforated  wait  is  Investigated  theoretically  using 
potential  flow  theory.  The  theory  Is  confirmed  by  sub¬ 
sequent  experiments  with  a  low  speed  tunnel.  The 
boundary  condition  thus  found  Is  linear  and  nonquadratic 
as  was  previously  supposed. 


DRO.  07:009 

Brown  U.  Engineering  Research  Lab. ,  Providence,  R.  I. 

INVESTIGATION  OF  THE  FLOW  THROUGH  A  PERFO¬ 
RATED  WALL,  by  P.  F.  Maeder  and  J.  F.  Stapelton. 
May  1953  [22]p.  incl.  diagrs.  (Technical  rept.  no. 
WT-tO)  (Sponsored  jotntly  by  Office  of  Naval  Research 
and  [  Air  Force  ]  Office  of  Scientific  Research  under 
N7onr-35805;  continued  by  AF  18(600)664)  AD  16589 

Declassified 

The  ftow  through  a  perforated  wait  is  Investigated 
using  a  modified  form  of  ToUmlen’s  solution  for  a  free 
jet.  The  results  of  experiments  indicate  that  this  type 
of  flow  Is  a  mixing  phenomenon,  and  that  the  Reynolds 
number  is  of  secondary  Importance.  (Contractor’s 
abstract) 


BilO.  08:00t 

Drown  U.  Metals  Research  Lab. ,  Providence,  11.  I. 

THE  INFLUENCE  OF  DEFINED  SMALL  AMOUNTS  OF 
IMPURITIES  ON  TliE  RECRYST ALLIZATION  OF 
ALUMINUM,  by  K.  Detcrt  and  K.  LUcke.  Mar.  1,  1956 
[32]p.  Incl.  Itlus.  diagrs.  tables.  (Rept.  no.  AF- 
1495/1)  (AFOSR-TN-56- 103)  (AF  18(600)1495) 

AD  82016  Unclassified 

The  Influence  of  small  additions  (0.008  to  0. 14%)  of 
Fe,  Cu,  Si,  Mg,  and  Ag  upon  the  recrystalllzallon  of 
high  purity  A1  after  rolling  of  40%  and  90%  has  been  In¬ 
vestigated  with  tin  help  of  Uie  x  ray  method  described 
by  Nbiting  and  LUcke.  Ill  atl  cases,  i ecrystallization 
is  delayed  by  the  impurities.  The  effect  of  Fe  is  the 
largest,  additions  if  the  order  of  1  1001,  increases 
the  recrv stall! ration  temperature  by  210°C  and  de¬ 
creases  tin  rate  of  recrystalll ration  by  a  factor  up  to 
1C  .  tor  Cu,  Si,  and  Mg,  values  cl  the  order  of 


BRO.  07:008  -  BRO.  08:003 


150°C  and  Hr  were  obtained.  The  effect  of  Ag  ts  very 
much  smaller.  The  activation  energy  seems  to  de¬ 
crease  with  Increasing  amount  of  tmpurity.  It  can  be 
shown  that  the  effect  ts  caused  by  the  foreign  atoms 
in  solid  solution  and  not  by  those  In  precipitations,  due 
to  direct  Interaction  between  the  boundaries  and  the 
foreign  atoms  rather  than  a  difference  between  the  de¬ 
formed  states  of  the  pure  and  tmpure  metal.  The  rates 
of  nucteation  and  growth  are  diminished  by  the  impuri¬ 
ties;  for  small  additions,  both  are  affected  nearty  by 
the  same  factor.  (Contractor’s  abstract) 


BRO.  08:002 

Brown  U.  Metals  Research  Lab. ,  Providence,  R.  I. 

A  QUANTITATIVE  THEORY  OF  GRAIN- BOUNDARY 
MOVEMENT  AND  RECRYSTALLIZATION  IN  METALS 
IN  THE  PRESENCE  OF  IMPURITIES,  by  K.  LUcke  and 
K.  Detert.  Apr.  15,  1956  [29]p.  tnct.  diagrs.  tabtes, 
refs.  (Rept.  no.  AF- 14 95/2)  (AFOSR-TN-56 -164) 

(AF  18(600)1495)  AD  36585  Unctassifted 


Nov.  1957. 


Acta  Metalturgica,  v.  5:  628-637, 


The  experimental  facts  concerning  the  tnfluence  of 
small  amounts  of  impurities  upon  recrystallization 
are  briefly  reviewed  and  a  quantitative  atomistic 
theory  of  these  phenomena  has  been  developed.  In  this 
theory  It  ts  assumed  that  Interaction  forces  exist  be¬ 
tween  the  foreign  atoms  tn  solid  sotution  and  the 
boundary,  Increasing  the  concentration  of  foretgn 
atoms  In  the  boundary.  At  high  concentrations  (or 
tow  temperatures),  the  moving  boundaries  are  hetd 
back  by  the  foreign  atoms  and  the  speed  of  the  bo1  tiary 
ts  controlled  by  the  speed  of  the  foretgn  atoms  diffusing 
behind  the  boundary.  At  tow  concentrations  (or  high 
temperatures),  the  boundary  cannot  be  hetd  by  the 
foretgn  atoms;  breakaway  occurs  and  the  boundary 
moves  much  faster.  Betow  the  critical  concentration 
for  which  breakaway  just  occurs,  the  recrystallization 
temperature  drops  much  faster  with  decreasing  con¬ 
centration  than  it  does  above  this  concentration.  The 
quantitative  formulation  of  these  ideas  teads  to  expres¬ 
sions  for  the  ahsolute  rate  of  boundary  migration,  Us 
temperature  dependence,  the  activation  energy  of  re- 
crystallizatlon,  and  etc.  They  agree  very  well  with 
the  experimental  results  so  far  available.  The  fact 
that  the  influence  of  a  foreign  etement  upon  the  rate 
of  recrystallization  increases  with  Increasing  differ¬ 
ence  tn  atomic  radius  between  the  solute  and  the  basic 
metal  shows  the  interaction  between  boundary  and 
foreign  atoms  Is  largely  of  elastic  nature.  Further 
experiments  to  check  the  theory  more  thoroughly  are 
outlined. 

llRO.  08:003 

Brown  U.  Metals  Research  l.ab. ,  Providence.  R.  I. 

INTERNAL  FRICTION  PHENOMENA  DUE  IT)  DIS¬ 
LOCATION;*,  by  K.  l.ilcke  and  A.  Granat  >.  Sept. 
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1956  (  33  ]p.  tncl.  diagrs.  refs.  [  AF  18(600)1495] 

Unclassified 

Published  In  Proc.  International  Conference  on  Dis¬ 
locations  and  Mechanical  Properties  of  Crystals,  Lake 
Placid,  N.  Y.  (Sept.  6-8,  1956),  N.  Y. ,  John  Wtley  4 
Sons,  Inc  ,  1957,  p.  425-427. 

A  general  survey  Is  presented  of  the  damping  of  dis¬ 
location  motion  In  metals  presumably  due  to  dislocations 
In  different  frequency  ranges,  as  well  as  that  shown 
to  be  due  to  dislocations  tn  experiments  on  the  effects 
of  plasdc  deformation,  orientation,  and  Impurities  tn 
metals.  Various  theories  concerning  the  damptng 
phenomena  are  considered  Including  the  pinned  disloca¬ 
tion  model  developed  by  the  authors.  This  model  Is 
based  on  restrictions  to  dislocation  motion  effected  by 
nodes  of  the  dislocation  network  and  by  Impurities. 
Dertved  mathematical  expressions  are  applied  to  the 
available  experimental  data  with  regard  to  strain- 
amplitude  dependent  damping  and  to  residual  damping 
at  low  strain  amplitudes. 


BMB.  0t:00t 

Bureau  of  Mines,  Bartlesville,  Okla. 

THE  COMBUSTION  CALORIMETRY  OF  ORGANO- 
FLUORINE  COMPOUNDS.  THE  HEAT  OF  FORMATION 
OF  FLUOUOBENZENE,  by  W.  D.  Good,  D.  W.  Scott 
and  others.  [  1954  ]  [13]p.  tncl.  diagr.  tables. 
[CSO-630-55-47]  Unclassified 

A  method  Is  described  for  the  determination  of  the 
heats  of  combustion  and  formation  of  nongascous 
fluorocarbons.  A  method  of  comparative  measurements 
1 8  used  to  minimize  experimental  uncertainties  and  the 
magnitude  of  the  Washburn  corrections.  Two  types  of 
experiments  are  performed:  (t)  a  sample  of  the  liquid 
compound,  contained  tn  a  sealed  Vycor  ampoule  ts 
burned  tn  a  I’t- lined  rotating  combustion  bomb  contain¬ 
ing  approximately  to  ml  of  water;  (2)  benzole  aetd  and 
auxlltary  hydrocarbon  otl  are  burned  tn  the  same  bomb 
containing  about  tO  ml  HF  (aqueous)  and  a  dummy  Vycor 
ampoule.  The  relative  amounts  ot  reactants  are  ad¬ 
justed  so  that  the  energy  release  and  products  (mainly 
CC>2  and  UF  (  aqueous))  tn  the  2  experiments  are  essen¬ 
tially  Identical.  Thermochemical  corrections  are 
applied  for  the  small  amount  oi  Vycor  which  Is  dissolved 
by  UF  (aqueous).  A  procedure  ts  given  for  the  chemical 
analysis  of  the  bomb  products.  AppUcaUon  of  the 
method  to  CglljF  ts  described,  and  the  heat  of  the 
reacUon  CglljF(l)  t  7  02(g)  *  58  lUOfl)  6  COs(g)  t 
UK-  60  11,0(1 )  Is  given.  The  standard  heat  of  formaUon 
of  CglljF  In  Uie  Uquld  state  at  25“  from  graphite,  11 
(g)  and  F  (g)  is  also  given.  It  Is  believed  that  the  re¬ 
sults  obtained  are  more  accurate  than  old  Uterature 
values.  (Contractor's  abstract) 


BMB.  02:  OOt 

Bureau  of  Mines,  liartlesvtlle,  Okta. 


HEAT  OF  FORMATION  OF  TETRAFLUO  ROM  ETHANE 
FROM  COMBUSTION  CALORIMETRY  POLYTETRA- 
FLUOROETHYLENE,  by  D.  W.  Scott,  W.  D.  Good, 
and  G.  Waddington.  Aug.  1954,  3p.  (Rept.  no.  48; 
pro),  no.  Chem.  30-6)  ( [  AF  ]OSR-TN-54-238) 

[  CSO-680-57-4  ]  AD  49133  Unclassified 

For  the  reaction,  CjF^fsoUd  polymer)  +  C>2(g)  + 
42(t-x)  H20(1)=  (2— x)  C02(g)  *  CF4(g)  e  4(l-x)  HF  ■ 
10H2O(l),  AH298  16=  160. 3^  +  41.55ikcal 
rnonomole"1,  where  xts  the  fraction  of  F  that  appears 
In  the  products  as  CF4.  Derived  values  of  the  heats 
of  hydrolysis  and  formation  of  CF^  are  CF4(g)  + 

42HzO(t)e  C02(g)+  4  HF  •  10H2O(l),  4H^16  = 
-41.5  1  1.0  kcal  mole"^;  and  C(graphlte)  +  2F2(g)  - 
CF4(g),  AH*98  16=:  -218. 3  kcal  mole'1.  (AST1A 
abstract) 

BMB.  02:002 

Bureau  of  Mines,  Bartlesville,  Okla. 

THERMOCHEMIATnV  AND  TH  E  TH  ERMODYN AMIC 
PROPERTIES  OF  SUBSTANCES,  by  D.  W.  Scott. 

[  1955]  [25]p.  lncl.  tables,  refs.  [CSO-680-57-4] 

Unclassified 

Published  tn  Ann.  Rev.  Phys.  Chem.,  v.  6:  1-24, 

1955. 

A  review  ts  made  of  recent  pubUcaUons  (up  to  and 
tncludlng  1954)  on  thermochemistry  and  chemical 
thermodynamics  of  substances  In  their  soUd,  Uquld, 
or  gaseous  states  at  one  atmosphere  pressure.  The 
contributions  of  thermodynamics  to  the  study  of  10- 
lecuiar  and  crystal  structure  and  to  other  ttelds  of 
physical  chemistry  are  excluded.  Measured  or  cal¬ 
culated  thermodynamic  properties  of  organic  and  of 
Inorganic  compounds  as  well  as  tnorganlc  equilibria 
studied  are  tabulated  wtth  reference  to  the  178  signifi¬ 
cant  papers  covered  by  the  review. 


BMB.  02.003 

Bureau  of  Mines,  Bartlesville,  Okla. 

COMBUSTION  CAlXnUMETHY  OF  ORGANIC 
FLUORINE  COMl-OUNDS  BY  A  HOT ATtNG-BOMtl 
METHOD,  by  W.  D.  Good,  D.  W.  Scott,  and  G. 
Waddlngtcn.  Dec.  1955  [43’p.  lncl.  diagrs.  tablec, 
refs.  (Hept  no.  56)  ([  AF  !OSR-TN-56-iO)  [  CSO 
680-57-4]  Al)  81991  Unclassified 

Also  pubUshed  in  Jour,  l’hys.  Chem.,  v.  GO  1080 
1089,  Aug.  1956. 

In  this  cheiidcal  study,  a  rotating- bomb  method  was 
developed  for  the  combustion  calorimetry  of  organic 
fluorine  compounds.  Since  conventional  methods  of 
handling  volatile  samples  could  not  be  used,  a  special 
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technique  utilizing  sealed,  fused-quartz  ampoules  was 
devised.  The  following  values,  in  kcal  mole"1,  are 
reported  for  the  standard  heats  of  formation, 

A  HFjga  ig,  of  some  organic  fluorine  compounds 
formed  from  graphite  and  gaseous  hydrogen,  oxygen 
and  fluorine:  o-fluorobenzoic  acid  (c),  -134.  3gj 
m-fluorobenzolc  acid  (c),  - 137. 84;  p-fluorobenzoic 
acid  (c),  -138. 95;  fluorobenzene  (liq),  -34. 7rj;  benzo- 
trlfluorlde  (liq),  -147. 85  and  polytetrafluoroethylene 


(granular,  no  hcai  ‘reatment),  -13.  5.  p - Fiuorobenzolc 


acid  is  proposed  as  a  reference  substance  for  intercom¬ 
parison  of  homb-calorimetrlc  data  for  fluorine  com¬ 
pounds  among  different  laboratories.  (Contractor’s 
abstract,  modified) 


BMB.  02:004 


Bureau  of  Mines,  Bartlesville,  Okla. 


FLUOROBENZENE:  THERMODYNAMIC  PROPERTIES 
IN  THE  SOLID,  LIQUID  AND  VAPOR  STATES;  A 
REVISED  VIBRATIONAL  ASSIGNMENT,  by  D.  W. 

Scott,  J.  P.  McCullough  and  others.  May  2,  1956, 

29p.  tnct.  dlagr.  tables,  refs.  (Contribution  no.  58) 
(AFOSR-TN-56- 170)  (CSO-630-55-47  and  CSO-680-57- 
4)  AD  86592  Unclassified 


Also  published  in  Jour.  Amer. 
5457-5463,  Nov.  5,  1956. 


Chem.  Soc. ,  v.  78: 


Studies  were  made  of  fluorobenzene  by  low-  temperature 
calorimetry,  comparative  ebnlllometry,  flow-calorlm- 
etry,  and  combustion  calorimetry  to  obtain  values  of  the 
standard  entropy,  heat  capacity,  and  heat  of  formation 
of  the  vapor.  A  revised  vibrational  assignment,  con¬ 
sistent  with  the  calorimetric  values  of  vapor  heat  ca¬ 
pacity,  was  made  and  used  with  other  molecular 
structure  data  to  compute  values  of  thermodynamic 
functions  at  selected  temperatures  between  0°  and 
1500°K.  Values  of  the  heat,  free  energy,  and  loga¬ 
rithm  of  the  equilibrium  constant  of  formation  were 
computed  for  the  same  selected  temperatures.  The 
experimental  studies  yielded  the  following  information: 
Values  of  the  heat  capacity  for  the  solid  [  t4°  to  225°K  J, 
the  liquid  (C^atd  =  39.496  -  0.  t3777  T  ♦  5.7tt3  x  tO'4 
I2  -  5.  3644  x  to- 7  j3  cal  deg’ 1  mot'1  (230“  to  350“K)  1 
and  the  vapor  [  c£  =  6.  581  t  0.  it589  T  -  6.  t22  1  10'5 
X2  cal  deg- 1  moPt  (343“  to  500“K)  ];  the  heat  of  fusion 
2702. 0  cal  niot' 1  ]  at  the  triple  point  [  230.  94  t 
0.  05°K  ] ;  the  entropy  of  the  liquid  at  298.  t6“K  [  Ssatd  = 
4C.  22  cal  deg"4  moi'  4  ] ;  the  heat  of  vajjorlzatlon  [A 
Uv  tOG89  -  3.850  1  -  t.448  x  t0'2  X2  cal  mol-1 
(3t8“  to  332°K)  ];  the  second  vlrlal  coefficient  In  the 
equation  of  state,  py  KT(t  ♦  D/Y,  [0  =  2t2  -  158.6 
exp  (750/5)  cc  mot't  (3t8°  to  500° K) ) ;  the  vapor  pres¬ 
sure  [  logtOp  (mm)  =  6.95208  -  1248.083/(L* 

22t.  827),  (39“  to  t20°)  ] ;  and  the  standard  heat  of 


formation  of  liquid  fluorobenzene  at  298.  16°K  [  -34.  7j 
kcal  mol'*].  (Contractor’s  abstract) 
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BMP.  01:001 


Bureau  of  Mines.  Pittsburgh,  Pa. 


PHOTOGRAPHIC  STUDIES  OF  TURBULENT  FLAME 
STRUCTURE,  liy  J.  Grumer,  J.  M.  Singer  and 
others.  Sept.  16,  1955  [25]p.  inci.  lllus.  diagrs. 
table,  refs.  (Technical  rept,  no.  1190)  ([AF]OSR- 
TN-55-332)  (CSO-630-55-29)  AD  84391 

Unclassified 


The  concept  that  the  turbulent  flame  brush  is  composed 
of  a  fluctuating,  wrinkled,  essentially  continuous, 
laminar  combustion  wave  is  mainly  supported  In  the 
literature  by  very  short  duration  schlleren,  shadow, 
and  smoke  photographs  of  the  brush.  This  concept 
has  been  the  basis  of  published  theories  of  turbulent 
burning  velocity,  flame-generated  turbulence  and 
stability  of  turbulent  flames.  Previously  reported 
tests  of  these  theories  appear  Inconclusive.  New 
experiments,  bearing  on  schlleren  photography,  re¬ 
veal  the  technique  to  be  ambiguous  at  best  in  revealing 
the  structure  of  the  turbulent  brush.  Observed  density 
gradients  were  found  to  have  apparent  velocities 
greater  than  the  turbulence  intensity,  laminar  burning 
velocity  and  cold  approach  flow;  to  change  with  turning 
of  the  schlleren  knife-edge;  to  be  different  for  turbulent 
flames  piloted  by  a  laminar  hydrogen-air  flame  and 
those  piloted  by  heating  the  port  electrically;  and  to  be 
present  In  the  absence  of  turbulent  flame,  provided 
that  a  pilot  and  a  turbulent  air  stream  were  on.  It  is 
concluded  from  these  and  other  observations  that 
schlleren  photography  (and  very  likely  shadow  and 
smoke  photography)  as  previously  employed  does  not 
prove  the  existence  of  a  wrinkled  laminar  wave  in  the 
brush.  In  addition,  direct  photographs  of  a  10,000- 
Reynotds  number  turbulent  brush,  at  1  and  2  msec 
exposure  time,  are  evaluated  aB  being  nonsupporting 
and  contradictory  to  both  the  wrinkled,  fluctuating 
laminar  wave  and  continuous  reaction  zone  concepts 
of  turbulent  burning,  but  compatible  with  one  of  dis¬ 
continuous  flamelets. 


BMP. 01:002 


Bureau  of  Mines,  littsburgh,  l’a. 


SCttUEttEN  AND  DIRECT  PHOTOGRAPHIC  STUDIES 
OF  THE  TURBULENT  FLAME  STRUCTURE,  by 
J.  Grumer.  June  1 956  [  2  ] p.  (CSO-630-55-29) 

Unclassified 


Published  In  Jet  Propulsion,  v.  26:  48t-482,  June  t956. 


The  concept  that  the  turbulent  flame  brush  ts  composed 
of  a  fluctuating,  wrinkled,  essentlalty  continuous, 
laminar  combustion  wave  Is  questioned.  Newexperl- 
ments,  bearing  on  schlleren  photography,  reveal  the 
technique  to  be  ambiguous  at  best  In  revealing  the 
structure  of  the  turbulent  flame  brush.  Smoke  photog¬ 
raphy,  though  not  as  extenslvety  studied  as  schlleren, 
Is  also  questioned  as  a  technique  for  elucidating  the 
structure  of  the  turbulent  flame  brush  because  of  con- 
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BMF.  02:001  -  BUT.  01:001 


celvable  uncertainties  arising  from  the  Interaction  of 
Incident  light  and  the  amount  and  particle  sizing  of  the 
smoke,  temperature  and  delay  time  for  vanishing  the 
smoke,  pickup  of  radiant  heat,  and  possible  chemical 
reaction  between  smoke  and  flame.  These  observations 
point  to  the  conclusion  that  schlieren  photography  (and 
very  likely  shadow  and  smoke  photography)  as  previous¬ 
ly  employed  does  not  prove  the  existence  of  a  wrinkled 
laminar  wave  tn  the  brush.  Latest  experiments  Indicate 
that  the  brush  is  made  of  discontinuous  flamelets  of 
varying  intensity,  most  of  which  are  inclined  nearly 
parallel  to  the  flow. 

Bureau  of  Mines,  Pittsburgh,  Pa. 

CSO-670-54-9,  NCori-10503,  and  NAonr-25-47, 

Project  Squid  see  under  Princeton  U.  James 
Forrestal  Research  Center,  N.  J.  (Project  SQUID) 
item  nos.  PRI.  11:001  -  PRI.  11:022. 


BMP.  02:001 

Dureau  of  Mines.  Dlv.  of  Explosives  Technology, 
Pittsburgh,  Pa. 

CHEMICAL  KINETICS  OF  OXIDATtON  OF  FUELS,  by 
D.  S.  Burgess.  Final  rept.  July  1,  1955,  lOp.  refs, 
(itept.  no.  3457/  (Sponsored  jointly  by  Air  Matertel 
Command,  Wright- Patterson  Air  Force  Base,  and 
[  Air  Force  ] Office  of  Scientific  Research  under 
CSO-G70-  54-9,  Unclassified 

The  objectives  of  and  accomplishments  regarding  the 
following  investigations  are  reviewed:  (1)  the  study  of 
the  chemical  kinetics  of  oxidation  reactions;  and  (2)  the 
study  of  the  role  of  velocity  gradients  in  turbulent  flame 
propagation. 


■IMP.  03:001 

Bureau  of  Mines.  [  Dlv.  of  Exp'osives  Technology  ! 
Pittsburgh,  Pa. 

APPLICATIONS  OF  THE  ELECTRONIC  PROBE  TO 
T11F.  STUDY  OF  TURBULENT  Ft. AMES,  by  D.  W. 
Dennlston,  Jr. ,  J.  It.  Oxendine  and  others.  Mar.  26, 
1950  [25  'p.  incl.  illus.  diagrs.  tables,  refs.  (Tech¬ 
nical  rept.  no.  1201)  (AFOSH-TN-56-173)  (CS3-680- 
56-16)  AD  86590  Unclassified 

A  description  is  given  of  a  negatively  biased  bare  wire 
probe  with  suitable  amplification  and  pulse  heigl  t  dis  - 
crimination  to  be  used  in  detecting  flame  fronts  in 
turbulent  motion.  Typical  measurements  are  given  of 
a  Bunsen  flame's  most  probable  position,  its  rms  (root 
mean- square)  displacement  from  tills  position,  .md  its 
degree  of  continuity  during  unstable  burning.  The 
treatment  of  data,  and  the  precision  and  limit. iti,  ns  of 
the  method  are  discussed.  (Contractor’s  abstract) 


BMP.  03:002 

Bureau  of  Mines.  Div.  of  Explosives  Technology, 
Pittsburgh,  Pa. 

TURBULENT  BURNING  VELOCITIES  OF  NATURAL 
GAS- AIR  FLAMES  WITH  PIPE- FLOW  TURBULENCE, 
by  J.  K.  Richmond,  J.  M.  Singer  and  others.  Apr. 

30,  1956  [  28  ]  p.  incl.  diagrs.  refs.  (Technical  rept 
no.  1205)  (AFOSR-TN-56-238)  (CSO-680-56-16) 

AD  88358  Unclassifted 

Also  published  in  Sixth  Symposium  (International)  on 
Combustion,  Yale  U. .  New  Haven,  Conn.  (Aug  19- 
24,  1956),  N.  \.,  Reinhold,  1957,  p.  303-311. 

tn  order  to  test  existing  theories  of  turbulent  burning 
velocity  and  to  search  for  flame-generated  turbulence, 
measurements  were  made  of  burning  veloctty  as  a 
function  of  height  in  Bunsen  flames.  Flames  of 
stoichiometric  mixtures  of  Pittsburgh  natural  gas  and 
air  were  studied  at  10,000,  25,000,  50,000  and 
100,000  Reynolds  number  of  approach  flow,  with  a 
1-1/4  Inch  burner  tube.  Several  Improvements  in 
technique  are  presented.  Flame  luminosity  measure¬ 
ments  were  made  with  a  newly  developed  flame  radia¬ 
tion  photometer  in  the  region  of  \  =  4315A.  Correc¬ 
tions  were  made  of  the  flame-cylindrical  curvature 
to  find  the  true  radial  distribution  of  light.  The  direc¬ 
tion  and  magnitude  of  approach  flow  at  each  point  were 
measured  with  a  Pitot  tube;  velocities  were  extrapo¬ 
lated  systematically  to  the  mean  flame  position.  The 
turbulence  intensity  in  the  flame  was  determined  with 
an  electronic  probe.  Burning  velocity  values  were 
computed  by  the  angle  and  frustum  methods,  and  cor¬ 
related  with  the  flame  turbulence  data.  For  the  flames 
of  tte  =  50,  000  and  100,000,  the  formula  SL.  -  S,  t 
v'  fits  the  experimental  data  well,  where  ls  me 
laminar  burning  velocity  and  v’  the  approach  flow 
turbulence.  For  the  flames  of  lower  tte,  the  values 
of  burning  velocity  are  larger  than  indicated  by  thts 
formula,  and  tentative  explanations  are  given.  The 
indications  are  that  flame-generated  turbulence  is 
quite  small.  (Contractor’s  abstract) 


BUT.  01:001 

Butler  U. ,  Indianapolis,  lnd. 

RESEARCH  ON  S11RINKADLE  ALGEDRAS,  by  It  H. 
Oehnike.  SepL  14,  1955,  13p.  (Rept.  no.  1) 

((  AF  lOSH-TN  55-337)  (AF  18(000)1507)  AD  74314 

Unclassified 

The  class  of  all  noncommutatlve  shrinkable  algebras 
of  level  2  is  divided  into  smaller  classes  to  investigate 
the  simple  algebras  of  each  subclass.  Only  algehras 
are  considered  which  (i)  contain  a  unity  quantity  e; 

(il)  are  noncommutatlve;  and  (iii)  do  not  satisfy  ar. 
identity  of  tiie  form  RXy  or  1.  “l’^x^y  *  J2tly**x 

'  a31{xL‘y  '  'M’V'x  ’  a5*’x*7  *  a6^’yl{x  ’  a7*’x*‘y 
•  a8i.yl.x,  where  the  U|  are  in  the  base  field.  Tiie 
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BUT.  01:001  (cont'd) 


subclasses  studied  are:  (1)  Lie -admissible  algebras; 
(2)  algebras  which  satisfy  Lx2  =  ajIijR^  +  ajRjLj  + 
djLjR,.  +  a4LxLx;  (3)  algebras  which  satisfy  a^Ry 

t  a2RyRx  i  a3RxLy  +  a4RyLx  +  Ugl^Ry  +  UgLyRj  + 

UijLjLy  +■  agLyLx  -  0;  and  (4)  algebras  which  satisfy 
a^(P^L^2  -  2LjRjLj-  +  LXLXRX  +  LXLXLX  ~  LX2LX)  + 
cx0(Lx2Rx  -  Lx2  Lx  -  LXLXRX  +  LXLXLX)  f 


a3(RxHxllx  "  LxLxLx  -  3LxRxRx  +  3LXLXR*)  + 
a4(LxLx2  -  LX2LX)  +  aglRjRjjLj  -  LjRjRj  -  2LXRXLX 
+  2LXLXRX)  +  ug(RxLxRx  -  LXRXRX  -  LXRXLX  + 
LXLXRX)  +■  a2(RxLxLx  -  2LXRXLX  +  LXLXRX)  =  0.  For 

classes  1  and  3,  defining  Identities  are  obtained  which 
do  not  Involve  undetermined  coefficients.  (ACTIA 
abstract) 
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err.  01:001 

California  Inst,  of  Tech. ,  Pasadena. 

VIBRATIONS  OF  COMPOSITE  SYSTEMS,  by  R.  H. 
MacNeal.  Ocl.  1954,  302p.  lncl.  dtagrs.  tables,  refs. 
(Technical  rept.  no.  4)  ([  AF]OSR-TN-55-120) 

(AF  18(600)669)  AD  63118  Unclassified 

This  study  is  concerned  exclusively  with  the  vibrations 
of  linear,  conservative  mechanical  systems  and  their 
electrical  equivalents.  The  concepts  of  "normal  mode" 
and  of  "tmpedance"  are  brought  together  and  Inter¬ 
related  tn  a  number  of  ways.  II  ts  shown,  for  example, 
that  normal  modes  can  be  used  to  compute  "Impe¬ 
dances",  and  that  Impedance  measurements,  tn  turn, 
can  be  utilized  to  obtain  normal  modes.  The  mathe¬ 
matics  used  In  this  analysis  of  vibration  Is  presented 
In  the  language  of  matrix  algebra.  With  the  exception 
of  matrix  theory,  no  "advanced”  mathematical  concepts 
are  employed.  The  solution  ts  given  for  several  exam¬ 
ples  relating  to  the  vibrations  of  a  conventional  airplane, 
and  a  comparison  Is  made  with  analog  compuler  results. 


err.  01:002 

California  Inst,  of  Tech. ,  Pasadena. 

A  STUDY  OF  THE  EFFECTS  OF  DAMPING  ON 
NORMAL  MODES  OF  ELECTRICAL  AND  MECHANICAL 
SYSTEMS,  by  S.  F.  Crumb.  Jan.  1955,  158p.  lncl. 
dlagrs.  tables,  refs.  (Technical  rept.  no.  2) 

([  AFlOSIl-TN-55-121)  (AF  18(600)669)  AD  58338 

Unclassified 

A  general  Investigation  Is  presented  of  some  of  the 
properties  of  free  and  forced  vibrations  In  linear, 
nonconservative  systems.  Particular  emphasis  Is 
placed  upon  the  problems  which  arise  In  normal  mode 
studies  made  on  the  electric  analog  compuler  al  the 
California  Institute  of  Technology.  In  Part  I  the  major 
problems  are  deftned,  and  limitations  of  the  study  are 
discussed.  Part  H  contains  a  review  of  the  basic 
theory  of  normal  modes.  In  Part  HI.  modifications  of 
normal  mode  concepts,  as  applied  tn  damped  systems, 
are  examined.  " Small  damping"  criteria  are  dis¬ 
cussed,  and  a  set  of  theorems  of  small  damping  ts 
presented.  In  Part  IV,  a  series  of  normal  mode  analog 
ctrcults  for  damped  systems  are  developed.  Part  V 
ts  a  study  of  uniform  damptng,  generalizing  and  extend¬ 
ing  some  of  the  work  of  Rayletgh,  Ilode,  and  Gulllemln. 
It  ts  shown  that  for  any  type  of  uniform  damping,  all 
of  the  basic  normal  mode  concepts  are  preserved.  In 
Part  VI.  the  theory  of  mode  separation  In  uniformly 
damped  systems  ts  considered.  Criteria  for  determin¬ 
ing  mode  frequencies  and  mode  parameters  are  de¬ 
veloped.  A  multiple  drive  method  of  exciting  normal 
modes  Is  prooosed.  In  Part  VH.  some  of  the  methods 
of  Part  VI  are  extended  to  nonunlformly  damped  sys¬ 
tems.  Equivalent  orthogonal  systems  are  proposed  to 
approximate  the  behavior  of  systems  with  moderately 
nonuniform  damping.  A  quantitative  measure  of  non- 
unlformlty  is  presented.  In  Part  VIII.  numerical 


examples  and  experimental  results  In  support  of  the 
theory  are  presented.  Concluding  remarks  are  made 
In  Part  IX.  (Contractor’s  abstract) 


err.  01:003 

California  Inst,  of  Tech. ,  Pasadena. 

GENERAL  METHODS  OF  SYNTHESIS  FOR  ELEC¬ 
TRICAL-MECHANICAL  ANALOGIES  OF  AIRCRAFT 
STRUCTURES,  by  G.  D.  McCann  and  R.  H.  MacNeal. 
Oct.  1954,  130p.  lncl.  Ulus,  dlagrs.  refs.  (Technical 
rept  no.  1)  ([  AF  ]OSR-TN-55-124)  (AF  18(600)669) 
AD  58331  Unclassified 

A  general  treatment  ts  presented  of  the  methods  of 
analysis  which  have  been  developed  successfully  for 
the  vibration  studtes  of  airframes  together  with  the 
corresponding  electrical  circuit  analogies  that  must 
be  programmed  tnto  the  electric  analog  compuler. 

This  computer  type  Is  distinguished  from  electronic 
differential  analyzers  In  that  passive  circuit  elements 
consisting  of  decade  resistors,  capacitors,  Inductors, 
and  multiwinding,  multitap  transformers  are  utilized 
directly,  as  weU  as  amplifiers  and  other  electronic 
devices.  Tbe  passive  electrical  elements  are  used  to 
represent  analogous  passive  elements  of  the  physical 
system  under  study  when  a  1:1  physical  analogy  can 
be  developed  between  electric  circuit  theory  and  physi¬ 
cal  system;  thus,  both  currents  and  voltages  tn  the 
compuler  take  on  physical  significance,  whereas  In 
electronic  differential  analyzer  techniques  only  voltages 
are  UBed  to  represent  voltages.  In  other  cases,  where 
ampllfters  are  employed,  the  passive  elements  are 
utilized  to  simulate  transfer  functions,  reducing  the 
number  of  electronic  amplifiers  that  would  be  required 
tf  only  electronic  differential  analyzers  were  used. 

err.  01:004 

California  Inst,  of  Tech. ,  Pasadena. 

A  STUDY  OF  THE  ACCURACY  OF  LUMPED  PARAM¬ 
ETER  WD  ANALOG  COMPUTER  REPRESENTATIONS 
OF  CANTILEVERED  BEAMS  UNDER  CONDITIONS  OF 
STATIC  STRESS  AND  DYNAMIC  VIBRATIONS,  by 
G.  D.  McCann  and  H.  S.  Draham.  Apr.  1955,  154p. 
lncl.  dlagrs.  tables.  (Technical  rept.  no.  3) 

([  AF]OSR-TN-55-148)  (AF  18(600)669)  AD  63173 

Unclas  sifted 

The  cantilevered  beam  tn  simple  bendtng  ts  a  basic 
element  of  airframes  as  analyzed  for  stress,  dynamic 
vibration,  and  aero-elastic  analysis.  The  accuracy 
with  which  this  element  can  be  represented  by  lumped 
parameter  approximations,  and  on  the  direct  analogy 
electric  analog  compuler,  has  been  studied  tn  detail. 
Concerning  static  loading,  finite  difference  analogies 
with  both  full  and  half  cell  end  termination  and  the 
Russell  anal';;’  were  Investigated.  Exact  solutions, 
calculated  lumped  parameter,  and  analog  computer 
solutions  were  obtained  for  comparison.  It  was  found 
that  for  the  wide  range  of  beam  conditions  studied,  the 
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computer  parasitic  errors  In  recording  deflections  and 
slopes  lie  within  a  maximum  of  2.6%  with  the  error  1% 
or  less  for  mosl  cases.  Considering  the  effects  of 
flnile  difference  lumping  alone,  It  was  found  that  half 
cell  termination  gives  greater  accuracy  for  beams 
having  variation  In  the  (El)  properties  that  do  not 
exceed  the  second  power  of  distance  along  the  beam, 
while  the  full  cell  termination  analog  gives  better 
accuracy  for  higher  rates  of  taper.  Four  flnile  differ¬ 
ence  cells  are  required  for  the  uniform  beam  to  reduce 
the  slope  and  deflection  errors  to  3%  and  8  cells  for  1%. 
For  the  extreme  fourth  power  taper,  4  cells  produce 
a  10%  error  and  16  cells  are  required  to  reduce  the 
error  to  1%.  The  Russell  analog  is  exact  If  loading  Is 
applied  only  at  the  ends  of  cell  divisions.  Concerning 
dynamic  vibrations,  3  types  of  analogies  were  con¬ 
sidered;  the  finite  difference  analog  with  both  full  and 
half  cell  end  terminations,  the  modified  Russell  analog, 
which  Is  the  flnile  difference  analogy  with  mass  lumped 
al  the  cenler  of  the  cells  (half  cell  termination  only  was 
used),  and  the  Russell  analog.  Exact,  calculated 
lumped  parameler  and  analog  computer  solutions  were 
obtained  for  the  flrsl  15  free  vibration  mode  frequencies 
and  shapes.  Shears  and  moments  were  also  measured 
ut.  Liu-  computer  and  cui.. pared  with  t  values.  The 
analog  with  mas3  lumped  at  the  cell  division  points  and 
half  cell  termination  was  found  to  be  the  most  accurate 
of  the  finite  difference  analogies.  The  Russell  analog 
was  found  to  provide  considerably  better  accuracy  In 
ail  caseb  except  fur  die  lilghei  diodes  wt  die  beam  wld* 
large  taper.  It  was  found  thal  the  transformer  para¬ 
sitic  parameters  are  the  only  significant  factors  affect¬ 
ing  the  accuracy  of  the  computer  for  structures  of  this 
t"  i*.  The  effecl  of  these  can  be  calculated  reliably  and 
op.  aum  computer  constants  chosen  for  each  case. 

Thus,  for  complex  problems  requiring  the  represen¬ 
tation  of  a  large  number  of  modes,  the  computer  set  up 
can  be  so  designed  as  to  ensure  that  the  Important 
modes  are  represented  to  the  grealesl  accuracy  or  to 
aboul  1%.  (Contractor's  abstract,  modified) 


California  Insl.  of  Tech. ,  l'usade.na. 

NOori- 10503,  Project  Squid  see  under  Princeton  U. 
Janies  Korreslal  Research  Cenler,  N.  J.  (1  rojecl 
SQUID)  item  no.  ITU.  11:023. 


C1T.  02:001 

Callforida  Inst,  of  Tech.  Anlenna  l.ah. ,  Pasadena. 

HOUNRARY  VALUE  PROBLEM  OF  MICROWAVE 
PHYSICS]  llandwertprobteme  der  Mlkroweltenphyslk, 
by  F.  E.  Dorgnls  and  C.  H.  I’apas.  Derlin,  Springer, 
PJ55,  2GGp.  (AF  18(000)1113)  Unclassified 

A  detailed  study  is  presented  concerning  die  theory  and 
mathematical  treatment  of  ndcrowave  propagation  in 
cylindrical  antennas.  The  monograph  covers  such 
subjects  as  characteristics  of  die  electromagneUc  field, 
scalar  Green's  functions,  bending  of  a  plane  wave  in  a 
metallic  circular  cylinder,  equations  for  current  ilis- 


crr. 02:001  -  err.  02:003 


trlbudon  and  for  random  cross  sections  of  the  wave 
parallel  and  perpendicular  to  the  cylinder  axis,  wave 
characteristics  at  the  surface  of  the  cylinder,  approx¬ 
imation  methods  for  current  distribution,  compulation 
of  various  scatter  cross  sections,  and  radiation 
patterns  within  and  between  coaxial  cables. 


err.  02:002 

California  Insl.  of  Tech.  [  Antenna  Lab.  ]  Pasadena. 

EXACT  TREATMENT  OF  ANTENNA  CURRENT  WAVE 
REFLECTION  AT  THE  END  OF  A  TUBE-SHAPED 
CYLINDRICAL  ANTENNA,  by  E.  Hallen.  Mar.  29, 
1955  [41  ]p.  lncl.  dlagrs.  refs.  (Technical  rept.  no. 

5)  (AF  18(600)1113)  Unclassified 

The  solution  of  the  Integral  equation  for  the  first, 
second,  etc.  reflected  antenna  current  waves  is  de¬ 
rived  and  compares  with  previously  obtained  result; 
the  number  of  terms  in  the  series  solution  Is  Increased. 
The  first  reflected  wave  only  Is  investigated,  wlih  the 
antenna  length  considered  as  very  great.  The  Integral 
equation  lot  1 lit  first  reflected  wave  la 
00  2ir 

J  d*  Kt)^  J  «±Tdf  =  voe-#M 

with  1(Z),  Z  ^  f>,  the  unknown  reflected  current  wave 
and  for  Z  <  0,  1(Z)  -  -1(Z).  The  merits  of  the  exaci 
and  linearized  solution  of  the  anlenna  equation  are 
discussed. 


CIT.  02:003 

California  Inst,  of  Tech.  Anlenna  Lab. ,  Pasadena. 

DIFFRACTION  OF  A  TRAPPED  WAVE  DY  A  SEMI- 
INFINITE  METALLIC  SHEET,  by  C.  G.  Weill.  May 
31,  1956,  2ip.  lncl.  dlagrs.  (Technical  rept.  no.  7) 
(AFOSR-TN- 56-477)  (AF  18(000)1113)  AD  97301 

Unclassified 

A  mathematical  analysis  Is  given  of  reflection  and 
transmission  coefficients  for  the  trapped  modes,  the 
radiating  power,  and  the  far  field  pattern  of  a  trapped 
wave  In  a  grounded  dielectric  slab  of  permittivity  e 
and  thickness  a;and  In  the  half  space  over  the  slab,  a 
dielectric  of  permittivity  1.  The  case  of  a  single 
incoming  mode  Is  considered,  propagation  from  z 
i  oo  and  diffracted  by  a  semi-infinite  metallic  sheet 
of  zero  thickness.  The  scattered  field  component  of 
the  total  field  is  analyzed  by  means  of  Green  functions 
and  Wlener-llopf  techniques.  Determination  of  the 
characteristic  parameters  of  a  simple  obstacle  un- 
bedd'-d  In  a  dielectric  slab  indicates  the  transmission 
and  reflection  coefficients  In  general  lo  be  complex, 
showing  the  characteristic  mode  phase- shift  previously 
described,  ^plication  of  such  radiating  obstacles  can 
be  made  to  dielectric  line  antennas,  acting  in  Uils 
case  like  arrays. 
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California  Inst,  of  Tech.  [Antenna  Lab.  ]  Pasadena. 

DIELECTRIC  PROPERTIES  OF  A  LATTICE  OF 
ANISOTROPIC  PARTICLES,  by  Z.  A.  Kaprlellan. 

Jan.  1956  [9]p.  (Sponsored  jointly  by  Office  of  Naval 
Research  and  [  Air  Force  Office  of  Scientific  Research 
under  AF  18(600)1113  ])  Unclassified 

Published  In  Jour.  Appl.  Phys.,v.  27:  24-32,  Jan. 

1956. 

The  constitutive  dielectric  parameters  for  uniform 
space  arrays  of  generalized  structural  geometry  com¬ 
posed  of  similarly  oriented  elements  of  completely 
generalized  material  and  shape  are  derived.  The 
theoretical  procedure  employed  In  evaluating  these 
parameters  Is  analogous  to  the  classical  method  applied 
to  the  study  of  the  dielectric  properties  of  nonpolar 
media  and  assumes  that  the  disturbing  action  of  each 
particle  cn  a  unlf  jrn.  static  field  can  be  allowed  ter,  if 
each  particle  Is  replaced  by  a  set  of  dipoles.  Conse¬ 
quently,  the  results  are  applicable  to  microwave  fre¬ 
quencies  only  If  the  cross-sectional  dimensions  and 
interelemental  spaclngs  remain  small  compared  to  the 
wavelength.  The  general  result  is  particularized  for 
the  case  in  which  the  elements  are  spherical  objects 
with  a  tensor  permeability  and  scalar  dielectric 
constant.  The  results  have  several  applications  to  the 
design  of  artificial  dielectrics  and  some  of  these  are 
given.  (Contractor's  abstract) 


err.  03:001 

California  Inst,  of  Tech.  Dynamic  Properties  Lab. , 
Pasadena. 

THE  GROWTH  OF  SINGLE  CRYSTALS  OF  ZINC  OF 
PREFERRED  ORIENTATION,  by  T.  Vreeland,  Jr., 

D.  S.  Wood,  and  D.  S.  Clark.  Feb.  1955,  31p.  lncl. 
Ulus,  dlagrs.  (Technical  note  no.  1)  ( [  AF  jOSlt-TN- 
55-65)  (AF  18(600)490)  AD  61826  Unclassified 

The  results  of  an  experimental  Investigation  concerning 
the  production  of  zinc  single  crystals  of  a  specific 
orientation  are  presented.  A  technique  developed  for 
the  production  of  crystals  In  the  form  of  rods  with  the 
basal  plane  of  the  zinc  crystal  perpendicular  to  the  rod 
axis  Is  described.  This  technique  yields  crystals  of 
the  desired  orientation  containing  a  relatively  small 
amount  of  substructure. 


CIT.  03:002 

California  Inst,  of  Tech.  Dynamic  Properties  Lab. , 
Pasadena. 

THE  BASAL  SLIP  IN  ZINC  UNDER  STATIC  AND 
DYNAMIC  LOADING,  by  T.  Vreeland,  Jr. ,  D.  S. 
Wood,  and  D.  S.  Clark.  Apr.  1956,  45p.  lncl.  Ulus, 
dlagrs.  table.  (Technical  note  no.  2)  (AFOSR-TN-56- 


158)  (AF  18(600)490)  AD  86318  Unclassified 

Also  published  in  Jour.  Mech.  and  Phys.  of  Solids, 
v.  6:  111-126,  1958. 

This  report  presents  the  results  of  an  investigation  of 
static  and  dynamic  shear  behavior  of  two  purities  of 
zinc  single  crystals.  All  the  crystals  tested  were  In 
the  form  of  cylindrical  rods  with  the  [0001  ]  crystal¬ 
lographic  direction  parallel  to  the  rod  axis.  The 
static  tests  were  performed  by  applying  simple  trans¬ 
verse  shear  loading  in  one  of  the  slip  directions  to  one 
end  of  the  crystals  with  the  other  end  of  the  crystals 
rigidly  clamped.  The  static  shear  stress  vs  shear 
strain  relations  are  obtained  from  these  tests.  The 
dynamic  tests  were  conducted  by  suddenly  stopping 
(within  a  period  of  about  25  x  10'®  sec)  one  end  of  the 
crystals  which  were  moving  in  the  slip  direction  at 
various  velocities.  The  resulting  waves  of  plastic 
shear  deformation  which  propagate  from  the  stopped 
ends  of  the  crystals  toward  the  free  ends  are  analyzed. 
The  analysts  U  based  upon  the  asbwiiptlo'.i  dal  elastic 
strains  may  be  neglected  in  comparison  with  the 
plastic  strains.  The  use  of  the  results  of  this  analysis 
in  conjunction  with  measurements  of  the  permanent 
lateral  deflections  of  the  crystals  resulting  from  the 
dynamic  tests  leads  to  the  determination  of  dynamic 
shear  stress  vs  shear  strain  relations.  The  re&ults 
of  this  study  show  that  the  stress  required  to  produce 
a  given  permanent  basal  shear  strain  in  single  crystals 
of  zinc  is  considerably  greater  under  the  dynamic 
conditions  employed  than  under  static  conditions. 

ThU  street  decreatet  with  Increasing  tenpcraUr* 
(Contractor's  abstract) 


CIT.  03:003 

California  Inst  of  Tech.  Dynamics  Properties  Lab. , 
Pasadena. 

DYNAMIC  PROPERTIES  OF  SHIP  CONSTRUCTION 
MATERIALS  (Unclassified  title),  by  D.  S.  Wood. 
[1955]  [14]p.  (AF  18(600)490)  Confidential 

Published  in  Proc.  Seventh  Symposium  on  Underwater 
Explosion  Research,  Part  1  (Confidential).  David 
Taylor  Model  Basin,  Washington,  D.  C.  (Nov.  29- 
Dec.  2,  1955),  DTMB  rept.  no.  C-745,  1956,  p.  39- 
52. 


CIT.  04:001 

California  Inst,  of  Tech.  Gates  and  Crellin  Labs. , 
Pasadena. 

ON  THE  CLEAVAGE  OF  BENZENE,  THIOPHENE  AND 
FURAN  RINGS  BY  MEANS  OF  ULTRASONIC  WAVES, 
by  L.  Zechmeister  and  L.  Wallcave.  Dec.  1,  1954 
[  19  ] p.  lncl.  dlagrs.  tables,  refs.  [  AFOSR-TN-54- 
336]  (AF  18(600)385)  AD  46399  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  77: 
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2853-2855,  May  20,  1955. 

The  halogen  and/or  sulfur  In  the  following  compounds 
were  removed  from  the  rings  by  ultrasonics:  chloro¬ 
benzene;  bromobenzene;  lodobenzene;  a  -  and  p  - 
bromonaphthalenes;  methyl  Q-chlorobenzoate;  methyl 
o-bromobenzoate;  ethyl  g-bromobenzoate;  p-bromo- 
anlsole;  o-,  m-  and  jj-bromoazobenzenes;  "thiophene; 
a -dlthlenyl;  a -terthlenyl;  and  a-lodothiophene.  The 
Hypersonic  Transducer  model  BU-305A-600  (Brush 
Electronic  Co. )  was  used  to  generate  the  ultrasonic 
waves;  the  transducer  element  was  operated  at  about 
5  a  at  25  v,  and  the  estimated  power  Input  was  125  w 
at  550  to  600  kc.  Descriptions  are  presented  of: 

(1)  the  operation  of  the  oscillator  and  power  supply; 

(2)  preparation  of  the  AgX  precipitates;  (3)  estimations 
of  acetylene  plus  dlacetylene  by  both  the  WlllstStter 
and  Maschmann  method  and  the  bromlnatlon  method; 
and  (4)  separation  of  acetylene  tetrabromlde  and 
dlacetylene  hexabromlde. 


CIT.  04:002 

California  Inst,  of  Tech.  Gates  and  Crellln  Labs. , 
Pasadena. 

ON  THE  ULTRASONIC  CLEAVAGE  OF  THE  PYRIDINE 
RING,  by  L.  Zechmelster  and  E.  F.  Magoon.  Oct.  27, 
1955  [  2  ] p.  lncl.  table,  refs.  (Contribution  no.  2044) 

[  AFOSR-TN-55-4001  [  AF  18(600)385  ]  AD  103125 

Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  78: 
2149-2150,  May  20,  1956. 

On  ultrasonic  treatment  of  a  solution  of  pyridine  In 
aqueous  silver  nitrate,  roughly  5%  of  the  ring  atoms 
are  precipitated  as  a  mixture  of  silver  acetyUde,  sliver 
dlacetyllde,  and  silver  cyanide.  The  resolution  of  such 
mixtures  and  the  estimation  of  the  3  components  Is  de¬ 
scribed.  Nicotine  shows  a  similar  behavior.  (Con¬ 
tractor’s  abstract) 


err.  05:001 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
l’asader.a. 

TRANSONIC  FLOW  PAST  SIMPLE  BODIES,  by  J.  D. 
Cole,  G.  E.  Solomon,  and  W.  W.  Wlllmarth.  [  1953  ] 
lv.  lncl.  lllus.  dlagrs.  refs.  (Sponsored  Jointly  by 
(  Air  Force1  Office  of  Scientific  Research  under 
AF  18(600)383  and  National  Advisory  Committee  for 
Aeronautics  under  NAw-6154)  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  20:027-634, 
Sept.  1953. 

The  results  of  some  experiments  on  transonic  flow 
past  two  simple  shapes,  namely  a  cone-cylinder  and  a 
double- wedge  airfoil,  are  presented.  The  main  aim  of 
these  experiments  is  to  bring  out  some  of  the  general 
features  of  transonic  flow,  especially  over  the  whole 


transonic  range  of  Mach  numbers.  Special  studies 
were  made  on  the  finite  cone  at  zero  angle  of  Incidence, 
and  the  symmetric  double-wedge  airfoil  at  very  small 
angles  of  attack.  The  experiments  were  carried  out 
in  the  4 -In.  by  10-ln.  transonic  tunnel  at  GALCIT. 
Details  of  the  experiments  and  their  results  are  de¬ 
scribed  and  discussed. 


CIT.  05:002 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab  , 
Pasadena 

NOTE  ON  NONST ATIONARY  SLENDER- BODY 
THEORY,  by  J.  D.  Cole.  July  14,  1953,  lp. 

[AF  18(600)383]  Unclassified 

Published  in  Jour.  Aeronaut  Sciences,  v.  20:  798-799, 
Nov.  1953. 

A  body  of  revolution  performing  arbitrary  motion 
along  Its  axis  can  be  represented  within  linearized 
(acoustic)  theory  by  a  distribution  of  sources  that  vary 
in  time  along  the  axis  of  flight  Frankl  f  Effect  of  the 
Acceleration  of  Elongated  Bodies  of  Revolution  upon 
the  Resistance  In  Compressible  Flow,  NACA  Tech, 
memo.  no.  1230,  1949;  Translation  from  Prlkladnafk 
Mathematika  1  Mekhanika,  v.  10,  (no.  4):  1946)  has 
shown  that  for  very  slender  bodies,  the  Instantaneous 
source  strength  Is  ecfial  to  the  velocity  times  the  rate 
of  change  of  cross-sectional  area  along  the  body.  In 
this  study,  an  asymptotic  expansion  of  the  potential 
near  the  axis  Is  given,  and  the  results  are  presented 
for  the  special  case  of  a  cone  decelerating  uniformly 
from  supersonic  to  sonic  velocity. 


CIT.  05:003 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

ACCELERATION  OF  SLENDER  BODIES  OF  REVOLU¬ 
TION  THROUGH  SONIC  VELOCITY,  by  J.  D.  Cole. 

Jan.  1954,  12p.  lllus.  ([  AF  ]OSR-TN-54-55) 

(AF  18(000)383)  AD  47836  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Albuquerque,  N.  M. ,  Sept  3,  1953. 

Also  published  lq  Jour.  Appl.  Phys.,  v.  26:  322-327, 
Mar.  1955. 

The  linearized  theory  of  slender  bodies  In  arbitrary 
motion  at  zero  angle  of  attack  has  been  worked  out. 

The  results  have  been  applied  to  a  smooth  body 
accelerating  uniformly  through  sonic  velocity.  The 
results  of  linearized  theory  can  be  used  to  estimate 
the  non- Unear  or  transonic  effer is.  For  an  acceler¬ 
ating  body  the  parameter./ bl/c^  Is  Important,  where 
2b  -  acceleration,  21  =  length  of  body,  c  -  sound 
speed  at  infinity.  For  sufficiently  high  /bl/c^  tran¬ 
sonic  effects  can  be  neglected.  Using  Unearized  theory 
to  estimate  the  raUo  of  non- Unear  terms  in  the  differ- 
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entlal  equation  gives 


significant  linear  terms 


"(T+  t)  Logl_  {£_  -JL 

$  62  W  4 


where  b  -  thickness  ratio  of  body.  The  result  above 
is  evaluc.led  at  the  maximum  thickness  of  a  symmetric 
parabolic  arc  body  al  the  instani  11  passes  through 
sonic  veloctty.  For  X  <  1  transonic  effecls  can  be 
neglected  white  for  X  >  1  they  begin  to  dominate.  For 
practical  applications  the  resutt  shows  that  there  is 
a  possibility  of  a  sufficiently  tong  and  slender  missile 
acceteratlng  fast  enough  to  avoid  transonic  effects 
(e.p. ,  50  ft  long,  5%  thick,  3  g  acceleration).  For 
conventional  aircraft  and  alt  sorts  of  wings,  transonic 
effects  wltt  dominate.  An  interesting  side  result  is 
that  when  the  acceleration  Is  sufficiently  targe  so  that 
transonic  effects  do  noi  matter  the  drag  coefflctenl 
near  sonic  speed  ts  Independent  of  the  acceleration 
(CD  3  62  for  parabolic  arc  body).  (Contractor's 
abstract) 


CIT.  05:004 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

THE  LIFT  OF  THIN  AIRFOILS  AT  HIGH- SUBSONIC 
SPEEDS,  by  W.  W.  Willmarth.  June  1954,  lv.  inct. 
lttus.  dlagrs.  refs.  ( [  AF  ]OSR- TN- 54- 168) 

(AF  18(600)383)  AD  47210  Unclassified 

Experl  menial  resutts  are  presented  for  the  lift  charac¬ 
teristics  of  thin,  2-dlmenslonal  alrfoits  al  high-subsonic 
speeds  and  smalt  angtes  of  attack.  Symmetrical  alrfoits 
with  different  tocatlons  of  maximum  thickness  were  In¬ 
vestigated  using  a  surface  pressure  probe  technique 
which  should  ftnd  use  tn  other  applications.  The  flow 
fletds  over  each  alrfolt  are  discussed,  and  the  quantita¬ 
tive  results  for  the  lifl  and  tocatlon  of  the  center  of  llfl 
are  compared  with  theory  whenever  possible.  The  ef¬ 
fects  of  flow  separation  caused  by  boundary- layer  shock- 
wave  Interaction  are  noted  and  dlscusned.  In  particular, 
the  possibility  of  the  farced  oocittatlor.  of  control  sur¬ 
faces  resulting  from  boundary  tayer  separation  ts  men¬ 
tioned.  (Conlractor's  abstract) 


Cn .  05:005 

California  tnst.  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

TRANSONIC  LIMITS  OF  LINEARIZED  THEORY,  hy 
J.  D.  Cote.  May  1954,  ltp.  dlagrB.  ( [  AF  ]OSR-TN- 
54-228)  (AF  18(600)383)  AD  47835  Unctasslfted 

The  range  of  valldityof  linearized  theory  tn  terms  of  an 
estimation  of  nonlinear  effecls  In  the  transonic  range  te 


computed  on  the  basis  of  linearized  slender-body 
theory.  The  method  is  applied  to  a  slender  body  of 
revolution  tn  steady  flight  and  accelerating  through 
sonic  speed,  and  to  slender  lifting  wings  in  steady 
flight.  The  results  provide  regions  of  breakdown  of 
the  linearized  theory.  An  approximate  method  of  ac¬ 
counting  for  the  nonlinearity  in  steady  flight  ai  sonic 
speeds  Is  indicated  for  the  body  of  revolution.  (ASTIA 
abstract) 


CIT.  05:006 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

EXPANSION  PROCEDURES  AND  SIMILARITY  LAWS 
FOR  TRANSONIC  FLOW.  PARTI.  SLENDER 
DOMES  AT  ZERO  INCIDENCE,  by  J.  D.  Cole  and 
A.  F.  Messiier.  Jan.  1956,  39p.  ([  AF  ]OSR-TN- 
56-1)  (AF  t8(600)383)  AD  90890  Unclassified 

Also  published  In  Zelt.  Angew.  Math.  Phys. ,  v.  8: 

1-25,  Jan.  25,  1957. 

The  transonic  approximation  for  flow  over  a  stender 
body  of  revot'ition  Is  discussed  by  means  of  a  mathe¬ 
matical  expansion  procedure.  The  expansion  Is  car- 
rted  oul  In  term3  of  a  decreasing  sequence  of  functions 
of  the  thickness  ratio,  and  a  similarity  parameter  re¬ 
lating  the  Mach  number  and  thickness  ratio  Is  Intro¬ 
duced.  The  first  few  lerms  of  the  expansions  of  the 
velocltlec  near  the  axis  are  obtained,  and  similarity 
laws  are  derived  for  the  pressure  coefftctent  and 
drag  coefficient  of  a  body  at  zero  lnctdence.  Dy 
means  of  another  expansion,  an  approximate  ’’area 
rule”  ts  obtained  for  a  body  of  noncircular  cross 
section.  (Contractor's  abstract) 

CIT.  05.007 

California  tnBt.  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasaaena. 

SIMILARITY  SOLUTtON  FOR  TRANSONIC  FLOW  PAST 
A  CONE,  by  Y. -C.  Shen.  Mar.  1956,  45p.  inct. 
dlagrs.  hbtes.  ([  AFjOSR-TN-56-121)  (AF  18(600) 
383)  AD  82517  Unctasslfted 

Dy  apptylng  a  transonic  expandon  procedure  to  a  con- 
tcal  flow  ftetd,  a  system  of  approximate  transonic 
equations,  boundary  conditions,  and  shock  relations 
is  derived.  A  similarity  law  for  the  pressure  coeffi¬ 
cient  on  the  surface  of  slender  cones  ts  established. 
The  surface  pressure  Is  computed  by  solving  the  ap¬ 
proximate  equations.  Dy  use  of  similarity,  the  second 
order  differential  equations  of  ihe  ftrsi  2  steps  of  the 
approximation  scheme  are  reduced  to  first  order 
equations.  The  sotutlon  of  the  first  step  Is  carried 
oul  numerically  tn  greai  deialt  for  different  transonic 
parameters;  the  procedure  for  sotvlng  the  latler  is 
exptalned  In  the  Appendix.  The  results  are  compared 
with  the  exact  sotutlon,  and  a  highty  satisfactory 
agreement  is  reached.  (Contractor's  abstract) 
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C1T.  06:001 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

FLEXURE  VIBRATION  OF  UNIFORM  BEAMS  SIMPLY 
SUPPORTED  AT  EQUAL  INTERVALS  -  NORMAL 
MODES  AND  i  REQUENCIES,  by  C.-M.  Cheng.  July 
1955  [  13  ] p.  Incl.  diagrs.  [  Rept.  no.  3;  GALCIT 
rept.  no.  86]  ( [  AF  [  OSR-TN-55-235)  [  AF  18(600) 
11421  AD  101501  Unclassified 

The  normal  modes  and  frequencies  of  flexural  vibra¬ 
tions  of  uniform  beams  simply  supported  at  equal  Inter¬ 
vals  are  determined.  The  number  of  supports  Is 
arbitrary.  A  simple  formula  Is  given  for  computing 
the  frequency  of  each  normal  mode.  The  mcde  shape 
Is  shown  to  be  expressible  In  terms  of  elementary 
functions  In  a  closed  form.  The  frequency  spectra  are 
of  special  Interest.  For  example,  for  an  Infinitely  long 
beam  on  an  Infinite  number  of  supports,  the  frequency 
parameter,  '&  -  (p/D)1/4  1  '«  ’  ,  will  assume  every 
value  in  the  intervals  [  nry  (n  +  1/2) t r] ,  (n  -  1,  2,  3 
. . . );  whereas  there  exists  no  frequency  in  the  intervals 
0,  tt  ] ,  [  (n  +  l/2)rr,  ni7  ] ,  (n  =  1,  2,  3. . . ).  For 
a  finite  beam  of  M  intervals  (M+l  supports),  there  are 
M  frequencies  in  each  of  the  ranges  [  nrr,  (n  +  1/2) rr  , 
and  none  elsewhere.  (Contractor's  abstract) 


C1T.  06:002 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

THE  FLUTTER  OF  SIMPLY  SUPPORTED  RECTANGU¬ 
LAR  PLATES  IN  A  SUPERSONIC  FLOW,  by  J.  G. 
Elsley.  July  1955  [  53  p.  Incl.  diagrs.  tables,  refs. 
(Rept.  no.  1;  GALCIT  rept.  no.  86)  ( [  AF  OSR-TN 
55-236)  (AF  18(600)1142)  AD  70404  Unclassified 

The  problem  of  flutter  of  a  simply  supported  rectangu¬ 
lar  plate  placed  in  a  supersonic  airstream  is  studied. 
Only  small  deflections  of  the  plate  are  considered  so 
that  linear  plate  theory  may  be  used.  The  flutter  mode 
is  described  by  a  series  expansion  in  terms  of  the 
normal  modes  of  oscillation  of  the  plate  in  a  vacuum. 
Linearized  aerodynamic  theory  is  used.  Additional 
simplification  is  int"  iuced  in  2  forms.  In  1  case, 
the  strip  assumption  Is  introduced,  and  In  another  the 
quaslste-»dy  approximation  is  made.  The  exact  solution 
Is  carried  out,  and  the  result  is  compared  with  the  2 
approximate  results.  Numerical  calculations  were 
made  to  determine  the  flutter  boundaries  for  plates  of 
varying  aspect  ratio  using  strip  theory  aerodynamics. 
These  calculations  were  made  for  M  -  and  M  =  2 
over  a  range  of  values  of  the  reduced  frequency.  For 
M  -  2  the  flutter  mode  was  described  by  considering 
2  or  3  normal  modes.  For  M  \/2  only  2  normal 
modes  were  considered.  (Contractor's  summary) 


C1T.  06:001  -  CIT.  07:001 

C1T. 06:003 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

THE  FLUTTER  OF  A  BUCKLED  PLATE  IN  A  SUPER¬ 
SONIC  FLOW,  by  Y.  C.  Fung.  July  1955  [  31  ] p.  incl. 
diagrs.  (Rept.  no.  2;  VLC1T  rept.  no.  86) 

([  AF]OSR-TN-55-237)  (nF  18(600)1142)  AD  70403 

Unclassified 

The  flutter  of  a  thin  elastic  plate  in  a  ''2-dimensional" 
supersonic  flow  is  considered.  The  edges  of  the  plate 
are  hingeo  to  supports  that  are  perfectly  rigid  and 
fixed  In  space.  A  sufficiently  large  compressive  load 
is  assumed  to  act  in  the  plane  of  the  plate,  so  that  the 
plate  would  buckle  if  it  were  free  from  all  tractions 
normal  to  the  surface  of  the  plate.  The  solution  is 
based  on  Galerkln’s  method,  and  under  the  assumption 
of  small  reduced  frequency  and  linearized  aerodynamic 
theory.  Nonlinearity  in  the  problem  is  caused  by  the 
dependence  of  the  compressive  load  in  the  plane  of  the 
plate  on  the  lateral  deflection.  Both  the  linear,  small 
amplitude  flutter  about  equilibrium  positions  and  the 
nonlinear,  finite  amplitude  flutter  are  considered. 
Certain  theoretical  difficulties  and  unsolved  problems 
are  discussed.  (Contractor’s  summary) 


CIT.  06:004 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

T11E  FLUTTER  OF  A  TWO-DIMENSIONAL  BUCKLED 
PLATE  WITH  CLAMPED  EDGES  IN  A  SUPERSONIC 
FLOW,  by  J.  G.  Elsley.  July  1956  40 Ip.  incl. 

diagrs.  tables.  (Rept.  no.  4;  GALCIT  rept.  no.  86) 

C  AF'OSR-TN-56-296)  (AF  18(600)1 142)  AD  90008 

Unclassified 

The  flutter  of  a  2-dimenslonal  buckled  panel  with 
clamped  edges  Is  studied  both  theoretically  and  experi¬ 
mentally.  In  the  first  part,  the  flutter  mode  is  de¬ 
scribed  by  a  series  expansion  of  functions  which  satis¬ 
fy  the  boundary  conditions  for  clamped  edges.  Quasi¬ 
steady  linearized  aerodynamics  Is  used.  Large  de¬ 
flections  of  the  plate  are  considered.  Numerical  cal¬ 
culations  have  been  made  for  only  the  first  2  terms  of 
the  series  expansion.  An  experimental  program  de¬ 
signed  to  study  the  nature  of  panel  flutter  Is  described. 
The  results  of  the  experiments  are  used  to  check  the 
validity  of  the  assumptions  used  in  the  theoretical 
study  and  to  shed  some  light  on  the  process  of  panel 
flutter  for  use  in  future  studies.  (Contractor's 
abstract) 


CIT. 07:001 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 


OBLIQUE  SHOCK  WAVES  WITH  EVAPORATION; 
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CIT.  07.002  -  C1T.  07:005 


METHOD  OF  CALCULATING  FREE  STREAM 
TEMPERATURE  AND  AMOUNT  OF  CONDENSATION 
FROM  WEDGE  TESTS;  REMARKS  ON  THE  PRESSURE 
COEFFICIENT  IN  HYPERSONIC  TUNNELS,  by  R.  [D.  1 
Buhler,  P.  Jackson,  and  H,  T.  Nagamatsu.  Aipr,  10, 
1951,  63p.  incl.  diagrs.  Appendix.  (Memorandum  no. 
3)  [  Sponsored  jointly  by  Army  Ordnance  and  [  Air 
Force  JOffice  of  Scientific  Research  under  DA-04-495- 
ord-19]  ATI- 104880  Unclassified 

A  study  is  presented  of  shock  waves  with  complete 
evaporation  and  of  the  use  of  the  shock  results  for  the 
determination  of  free  stream  temperature  and  amount 
of  air  condensed.  This  is  followed  by  remarks  on 
sound  velocity,  pressure  change  produced  by  weak 
waves,  and  the  Mach  number  as  similarity  parameter. 

It  is  concluded  that  from  the  results  presented  the  free 
stream  temperature  and  the  amount  of  condensed  phase 
present  in  the  flow  in  a  hypersonic  tunnel  could 
apparently  be  calculated  to  at  least  fair  accuracy  from 
experiments  involving  fairly  strong  oblique  shock  waves. 
Good  (but  not  excessive)  accuracy  is  required  to  these 
wave-angle,  static-pressure  and  flow-deflection  meas¬ 
urements.  If  the  stagnation  temperature  in  the  free 
stream  can  also  be  measured,  then  the  evaluation  of 
these  experimental  data  requires  no  assumptions  or 
knowledge  of  vapor  pressure  or  surface  tension  of  the 
condensed  phase. 

CIT. 07:002 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab.  , 
Pasadena. 

CHARTS  AND  TABLES  FOR  ANALYSIS  OF  HYPER¬ 
SONIC  FLOW,  by  H.  T.  Nagamatsu.  May  15,  1951, 

29p.  incl.  diagrs.  tables.  (Memorandum  nc.  4) 
(Sponsored  jointly  by  Army  Ordnance  and  !  Air  Force  ! 
Office  of  Scientific  Research  under  DA-04-495-ord-19) 
ATI- 108753  Unclassified 

A  collection  of  curves  and  tables  is  presented  which 
have  been  found  useful  in  the  design  of  supersonic  wind 
tunnels  and  experiments  and  in  the  analysis  of  data 
therefrom.  Particular  emphasis  is  placed  on  the  high 
Mach  number  range.  A11  tables  and  curves  were  com 
puled  for  v  -  1.400  with  the  exception  of  the  cone  data, 
which  were  taken  directly  front  Reference  2,  and  had 
been  computed  for  v  =  1,405.  Equations  used  in  calcu¬ 
lating  the  curves  appear  on  the  charts,  and  the  symbols 
are  defined  by  the  descriptive  information  included  on 
the  charts. 


CIT.  07:003 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab.  , 
Pasadena. 

EFFECTS  OK  DENSITY  FLUCTUATIONS  ON  THE 
TURBULENT  SIGN  FRICTION  OF  AN  INSULATED  FLAT 
1  I, ATE  AT  HIGH  SUPERSONIC  SPEEDS,  by  II.  T. 
Nagamatsu  and  T.  Y.  Li.  May  24,  1951,  3Gp.  incl. 


diagrs.  tables.  Appendixes  A-D.  (Memorandum  no. 

5)  (Sponsored  jointly  by  Army  Ordnance  and  [  Air 
Force] Office  cf  Scientific  Research  under  DA-04-495- 
ord-19)  ATI- 108752  Unclassified 

An  investigation  is  reported  which  was  made  to  derive 
a  turbulent  skin  friction  formula  which  includes  the 
turbulent  shear  due  to  the  density  fluctuations.  (ATI 
abstract) 


CIT.  07.004 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab.  , 
Pasadena. 

CONDENSATION  OF  NITROGEN  IN  A  HYPERSONIC 
NOZZLE,  by  H.  T.  Nagamatsu  and  W.  W.  Willmarth. 
Jan.  15,  1952,  77p.  incl.  Plus,  diagrs.  Appendixes 
A-C.  (Memorandum  no.  0)  (Sponsored  jointly  by 
Army  Ordnance  and  [  Air  Force] Office  of  Scientific 
Research  under  DA-04-495-ord-19)  ATI-152346 

Unclassified 

A  small  stainless  two-dimensional  source-flow 
in > supplied  with  bottled  nttfOgBli  was  used  loi  the 
condensation  investigation.  It  was  found  that  the  nitro¬ 
gen  supersaturates  approximately  15cKor  1.2  Mach 
numbers  when  expanded  from  stagnation  conditions  of 
7C°F  «kI  pressures  t.  21  Kid  It,  15  Atm.  A  i.Ui.vtrl 
cal  method  for  solving  the  equations  of  motion  with  the 
aid  of  *he  experimental  data  allows  the  computation  of 
the  fluid  temperature  during  the  condensation  process. 
The  addition  of  small  amounts  of  carbon  dioxide  re¬ 
duced  the  degree  of  supersaturation  obtainable  with 
bottled  nitrogen. 


CIT.  07:005 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

EFFECTS  OF  IMPURITIES  ON  TIIE  SUPERSATURA¬ 
TION  OF  NITROGEN  IN  A  HYPERSONIC  NOZZLE, 
by  P.  D.  Arthur  and  II.  T.  Nagamatsu  Mar.  1,  1952, 
32p.  Incl.  illi’s.  diagrs.  table.  (Memorandum  no.  7) 
(Sponsored  jointly  by  Army  Ordnance  and  Air  Force 
Olflce  of  Scientific  Research  under  DA-04-495-ord- 19) 
ATl-  14389i  Unclassified 

An  investigation  is  reported  which  was  conducted  to 
determine  the  effects  of  impurities  on  the  supersalu- 
ratlon  of  commercial  bottled  nitrogen  in  a  hypersonic 
nozzle.  A  description  is  given  of  the  equipment  used 
in  the  experiment,  and  the  procedure  Is  explained. 

For  the  conditions  of  the  experiment  commercially 
pure  nitrogen,  expanded  from  room  temperature,  was 
found  to  supersaturate  by  approximately  IkJK  or  1.2 
Mach  number  The  degree  of  supersaturation  of  the 
nitrogen  was  decreased  by  the  addition  of  impurities. 
Argon  and  oxygen  were  found  to  be  much  less  effective 
in  decreasing  the  super  saturation.  During  the  collapse 
of  the  supersaturated  state,  the  static  pressure  grad¬ 
ually  Increased  above  the  isentroplc  value  because  of 
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the  heat  release  from  the  condensing  gas.  There  was 
no  evidence  of  condensation  shock  with  nitrogen.  The 
impact  pressure  was  only  slightly  changed  from  the 
tsentroplc  value  by  the  presence  of  condensation  In  the 
flow.  After  the  collapse  of  the  supersaturated  state, 
the  flow  In  the  nozzle  appeared  to  be  that  of  an  equilib¬ 
rium  flow  of  saturated  vapor  with  either  liquid  or  solid 
nitrogen,  depending  on  the  temperature. 


C1T.  07:006 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

TilE  EFFECTS  OF  AIR  CONDENSATION  ON  PROPER¬ 
TIES  OF  FLOW  AND  THEIR  MEASUREMENT  IN 
HYPERSONIC  WIND  TUNNELS,  by  J.  Grey  and  H.  T. 
Nagamatsu.  June  15,  1952,  112p.  lncl.  illus.  diagrs. 
tahles.  Appendixes  A-C.  (Memorandum  no.  8) 
(Sponsored  jointly  by  Army  Ordnance  and  (  Air  Force 
Office  of  Scientific  Research  under  DA-04-495-ord- 19) 
ATI- 155630  Unclassified 

Some  of  the  fundamental  problems  encountered  in  the 
measurement  of  flow  properties  In  condensing  air 
were  investigated  experimentally  in  the  GALC1T  hyper¬ 
sonic  wind  tunnel.  The  saturated -expansion  theory  of 
flow  in  a  condensing  fluid,  as  developed  by  Buhler,  was 
corroborated  and  some  of  the  unknown  properties  of  the 
theory  were  clarified  by  analysis  of  the  wind-tunnel 
tests.  Several  experimental  techniques  for  the  meas¬ 
urement  of  two-phase  fluid  properties  were  developed 
and  the  results  were  used  to  supply  additional  Informa¬ 
tion  concerning  the  nature  of  phenomena  such  as  super- 
saturation,  and  normal  and  oblique  shock  waves.  No 
definite  conclusions  could  be  reached  with  regard  to 
future  application  of  condensed-air  wind-tunnel  data  on 
the  basis  of  these  tests,  but  the  subject  of  similarity 
parameters  comparable  to  the  Mach  number  in  flow  of 
a  perfect  gas  ts  discussed  at  some  length.  (ATI 
abstract) 


C1T.  07:007 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab.  , 
Pasadena. 

SHOCK  WAVE  EFFECTS  ON  TI1E  LAMINAR  SKIN 
FRICTION  OF  AN  INSULATED  FLAT  PLATE  AT 
HYPERSONIC  SPEEDS,  by  T.  Y.  Li  and  H.  T. 
Nagamatsu.  July  1,  1952,  40p.  tncl.  cu-g-*  tables, 
refs.  Appendix.  (Memorandum  no.  9)  (Sponsored 
jointly  by  Army  Ordnance  and  Air  Force  Office  of 
Scientific  Research  under  1)A -04-495-nrd- 19) 

ATI-  159312;  026255  Unclassified 

An  approximate  theory  on  the  phenomena  of  interaction 
between  the  shock  wave  and  the  land  ar  boundary  layer 
on  an  insulated  flat  plate  at  hypersonic  speeds  has  been 
formulated.  Results  on  the  rate  of  growth  ot  the  bound¬ 
ary  layer  thickness  and  the  rate  of  decay  of  the  shock 
wave  strength  have  been  found  that  hold  for 


C1T.  07:006  -  C1T.  07:009 

M^2(2+W)p^  1_  ^  new  sej  0f  formulae  for  the 

average  skin  friction  coefficient,  Cp,  over  an  insulated 
flat  plate  at  hypersonic  speeds  has  been  obtained. 
Calculations  on  the  basis  of  the  new  Cp  formulae  yield 
the  data  shown  in  this  report.  Contrary  to  the  con¬ 
ventional  theory  which  predicts  a  steady  decrease  in 
Cp  may  increase  with  Mj  at  hyperscnic  Mach  numbers. 
(ATI  abstract) 


C1T.  07:008 

California  Inst,  oi  Tech.  Guggenheim  Aeronautical  Lab.  , 
Pasadena. 

EXPERIMENTAL  SUPERSATURATION  OF  GASES  IN 
HYPERSONIC  WIND  TUNNELS,  by  P.  D.  Arthur  and 
H.  T.  Nagamatsu.  July  15,  1952,  lOlp.  lncl.  illus. 
diagrs.  tables.  Appendix.  (Memorandum  no.  10) 
(Sponsored  jointly  by  Army  Ordnance  and  [  Air  Force] 
Office  of  Scientific  Research  under  DA-04-495-ord-19) 
ATI-  168735  Unclassified 

An  experimental  Investigation  was  conducted  to  deter¬ 
mine  the  effects  of  additives  on  the  supersaturation  of 
commercial  bottled  nitrogen  expanded  in  a  hypersonic 
nozzle.  In  particular,  enough  oxygen  was  added  to 
duplicate  air  proportions.  A  stainless  steel  two- 
dimensional  source-flow  nozzle  of  one-inch  width  was 
used  to  conduct  the  tests.  From  the  tests  It  is  con¬ 
cluded  that  condensation  of  nitrogen  containing  slightly 
more  impurittes  than  present  In  the  present  nitrogen, 
and  of  air  of  the  same  purity  ts  principally  caused  by 
foreign  impurities,  not  by  spontaneous  self-nucleatlon. 
Condensation  results  of  other  tunnels  are  compared 
with  the  present  experimental  data. 


C1T.  07:009 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

EFFECT  OF  DENSITY  FLUCTUATIONS  ON  THE 
TURBULENT  SKIN  FRICTION  ON  A  FLAT  PLATE  AT 
HIGH  SUPERSONIC  SPEEDS,  by  T.  •  Y.  Li  and  H.  T. 
Nagamatsu.  Nov.  1,  1952,  34p.  inti,  diagrs. 
(Memorandum  no.  11)  (Sponsored  jointly  by  A/n>y 
Ordnance  and  Air  Force  Office  of  Scientific  Research 
under  DA-04-495-ord- 19)  ATl-17415b  Unclassified 

A  method  is  proposed  for  estimating  the  effects  of 
density  fluctuations  on  the  turbulent  skin  friction  on  a 
flat  plate  at  high  supersonic  speeds.  This  method 
consists  of  the  following  steps:  (1)  with  some  suitable 
assumptions  relative  to  the  order  of  magnitude  of  the 
correlation  functions  involving  the  density  fluctuations, 
a  system  of  differential  equations  is  obtained  which  for 
l  randtl  number  (Pr)  1  yields  a  mean  energy  integral 
satisfying  the  conventional  boundary  conditions;  (2)  by 
extending  von  Harman's  similarity  considerations 
and  Pr.indtl's  mixing  length  concepts  to  the  compres¬ 
sible  flow  regime,  a  derivation  is  made  of  an  approxl 
mate  turbulent  friction  equation  which  can  be  integrated 
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to  determine  the  approximate  velocity  profile  In  the 
turbulent  boundary  layer  over  a  flat  plate;  and  (3)  the 
formulae  In  closed  form  for  the  turbulent  skin  friction 
are  finally  obtained  on  the  basis  of  our  approximate 
velocity  profile  relations. 


CIT  07:010 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

A  NOTE  ON  THE  REMOVAL  AND  METHOD  OF  MEAS¬ 
URING  CARBON  DIOXIDE  IN  A  HYPERSONIC  WIND 
TUNNEL,  by  R.  D.  Wallace  and  H.  T.  Nagamatsu. 

Nov.  15,  1952,  5p.  (Memorandum  no.  12)  (Sponsored 
jointly  by  Army  Ordnance  and  [  Air  Force]  Office  of 
Scientific  Research  under  DA  04-495-ord- 19) 

ATI -174 184  Unclassified 

A  technique  is  described  for  the  removal  of  carbon 
dioxide  and  the  accurate  determination  of  its  concentra¬ 
tion  in  the  air  of  a  hypersonic  wind  tunnel.  The  tech¬ 
nique  requires  that  the  airflow  be  metered  through  a 
barium  hydroxide  solution  for  complete  absorption  of 
the  carbon  dioxide.  The  resulting  alkaline  solution  is 
then  titrated  to  the  neutral  point  with  a  strong  acid,  the 
amount  of  acid  used  indicating  the  amount  of  carbon 
dioxide  present.  A  sketch  of  the  apparatus  utilized  is 
presented.  It  is  considered  necessary  to  measure 
small  amounts  of  carbon  dioxide  to  a  high  degree  of 
accuracy  In  wind  tunnels  since  this  contaminant  is 
apparently  a  nucleant  which  promotes  a  condensation 
phenomenon. 


CIT.  07:011 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab.  , 
Pasadena. 

CONDENSATION  OF  AIR  COMPONENTS  IN  HYPER¬ 
SONIC  WIND  TUNNELS  -  THEORETICAL  CALCULA¬ 
TIONS  AND  COMPARISON  WITH  EXPERIMENT,  by 
R.  D.  Buhler  and  H.  T.  Nagamatsu.  Dec.  1,  1952, 

149p.  incl.  diagrs.  tahles.  (Memorandum  no.  13) 
(Sponsored  jointly  by  Army  Ordnance  and  Air  Force 
Office  of  Scientific  Research  under  DA-04-495-ord-I9) 
ATI- 187041  Unclassified 

The  effect  of  condensation  on  the  flow  in  hypersonic 
wind  tunnels  is  bracketed  by  equll'brium-saturated 
expansion  and  by  instantaneous  condensation.  By  cal¬ 
culation  of  shock  waves  with  evaporation,  direct  com¬ 
parison  of  theoretical  and  measured  pressures  is  made 
possible  Satisfactory  agreement  between  saturate! 
expansion  theory  and  experiment  is  obtained  after  the 
collapse  of  the  supersaturated  state.  The  droplet- 
growth  theory  >,for  free  molecule  regime)  is  re¬ 
examined  and  a  good  approximate  solution  is  obtained 
far  the  nonsteady  case  (i  e. ,  rapidly  changing  vapor 
properties)  I  imits  of  validity  of  the  quaslsteady 
theory  are  defined,  and  an  upper  limiting  (zero  growth) 
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drop  size  is  given  for  expanding  flow.  A  simplified 
method  is  presented  for  calculating  the  pressure- time 
history  of  the  collapse  of  the  supersaturated  state  in 
nozzles.  From  this,  the  most  effective  nucleus  sizes 
for  given  total  mass  of  impurities  are  calculated. 

Thus,  the  earliest  possible  collapse  in  a  nozzle  result¬ 
ing  from  Impurities  is  estimated  theoretically  for  low 
impurity  concentrations.  The  agreement  of  the  pre¬ 
dicted  trend  ’with  experimental  results  in  nitrogen 
appears  to  justify  the  assumed  mechanism  of  the 
collapse,  which  is  reputedly  caused  by  condensation 
on  existing  foreign  nuclei  formed  upstream  of  the  col¬ 
lapse.  (Contractor's  abstract) 


CIT.  C7:012 

California  Inst,  o?  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

EXPERIMENTAL  HEAT  TRANSFER  AT  HYPERSONIC 
MACH  NUMBER,  by  R.  D.  DcLauer  and  H.  T. 
Nagamatsu.  Apr.  15,  1953  (  76]p.  incl.  Ulus,  tables, 
refs.  (Memorandum  no.  14)  (Sponsored  jointly  by  Army 
Ordnance  and  [  Air  Force  Office  of  Scientific  Research 
under  DA-04-495-ord-19)  AD  10238  Unclassified 

Heat-transfer  coefficients  were  determined  for  the 
laminar  boundary  layer  cn  a  cooled  flat  plate  at  a 
nominal  M  =  5.  8.  A  6.  2  ratio  of  wall  temperature  to 
free  stream  temperature  existed  in  the  5-  x  5-in.  hy¬ 
personic  wind  tunnel  under  stagnation  temperature 
conditions  ranging  from  200°  to  285°F  with  a  maximum 
Re  of  2.  1  x  10®.  A  flat-plate  temperature  recovery 
factor  of  0.  858  t  0.  004  was  determined.  The  laminar 
recovery  factor  was  independent  of  the  Reynolds 
number  up  to  the  beginning  of  transition;  the  range  of 
Mach  number  Independence  of  the  temperature  recovery 
factor  extended  to  M  5.  8.  The  heat-transfer  co¬ 
efficients  obtained  with  a  negative  chordwise  tempera¬ 
ture  gradient  were  up  to  60^  higher  than  coefficients 
resulting  from  a  constant- temperature  surface.  A 
value  of  0.  285  i  10%  was  obtained  for  the  nondlmen- 
sional  heat-transfer  parameter  Nu/(Re*  2prl/3)  of 
an  Isothermal  plate;  this  value  agreed  with  the  results 
of  a  skin  friction  investigation  at  the  same  Mach  num¬ 
ber.  The  investigation  showed:  (1)  the  possib'lity  of 
forcing  transition  at  lte  1.  2  x  10®  by  a  shock- wave 
boundary- layer  interaction;  (2)  lowering  of  the  tem¬ 
perature  recovery  factor  by  the  condensation  without 
changing  the  heat- transfer  coefficients;  and  (3)  stability 
of  the  boundary  layer  which  separated  from  the  plate 
surface  when  the  transition  point  was  subjected  to  an 
adverse  pressure  gradient 

CIT.  07:013 

California  last,  of  Tech.  Guggenheim  Aeronautical  Lai).  , 
Pasadena. 

BOUNDARY  LAYER  TEMPERATURE  RECOVERY 
FACTOR  ON  A  CONE  AT  NOMINAL  MAC1I  NUMBER 
SIX,  by  D.  S.  Mackay  and  11.  T  Nagamatsu.  June  15, 
1953,  20p.  incl.  illus.  (Memorandum  no.  15)  (Spon- 
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sored  jointly  by  Army  Ordnance  and  i  Air  Force  ] 

Office  of  Scientific  Research  under  DA-04-495-ord-19) 
AD  15345  Unclassified 

The  investigation  was  conducted  on  two  20°  cone  models 
about  3  in  long  at  free  stream  M  =  5.6  to  5.  9.  One 
was  composed  of  a  ceramic  core  with  a  thin  (0.  010  to 
0.  015  in. )  steel  surface,  and  the  second  was  a  hollow 
copper  shell  of  0.005-in  thickness.  One-  and  2-phase 
(condensation)  flow  conditions  were  investigated.  Tem¬ 
perature  recovery  factors  were  determined  from  the 
data  obtained  in  tests  with  1-phase  air  flows.  The 
ratios  of  the  temperatures  recovered  on  the  cone  sur¬ 
face  to  the  respective  stagnation  temperatures  were 
computed  from  data  obtained  in  the  2-phase  air-flow 
Investigations  and  were  compared  with  these  ratios  for 
the  1-phase  air  flows.  The  local  temperature  recovery 
factors  for  the  laminar  boundary  layer  were  C.  344  i 
0. 008  for  Re  =  2. 1  x  10“*  to  5. 4  x  10®.  The  recovery 
factor  was  independent  of  the  Reynolds  number.  The 
independence  of  the  recovery  factor  on  the  Mach  num¬ 
ber  was  substantiated  up  to  M  5.9  by  comparison 
with  previous  results  for  lower  Mach  number.  The 
ratios  of  the  temperatures  recovered  on  the  cone  to  the 
stagnation  temperatures  were  the  same  for  1-  and  2- 
phase  air  flows.  The  square  root  of  the  Prandtl 
number  at  the  mean  of  the  temperatures  of  the  cone 
surface  was  less  than  lf;(,  lower  than  the  mean  of  the 
experimental  temperature  recovery  factors.  The  ex¬ 
perimental  results  were  considered  to  verify  theoreti¬ 
cal  solutions. 


CIT. 07:014 

California  Inst,  of  Tech.  Guggenhei  m  Aeronautical  Lab. , 
Pasadena. 

DIRECT  MEASUREMENT  OF  LAMINAR  SKIN  FRICTION 
AT  HYPERSONIC  SPEEDS,  by  M.  Elmer  and  11,  T. 
Nagamatsu.  July  1,  1953,  llop.  Inch  illus.  tables, 
refs.  (Memorandum  no.  10)  (Sponsored  jointly  by 
Army  Ordnance  and  Air  Force  Office  of  Scientific 
Research  under  DA-04-495-ord- 19)  AD  15346 

Unclassified 

Experi mental  techniques  for  the  study  of  boundary- 
layer  characteristics  at  hypersonic  speeds  and  high 
stagnation  temperatures  were  developed  and  applied  to 
the  behavior  of  the  laminar  boundary  layer  at  M  5.  8. 
Transition  could  not  be  forced  at  Re  2  x  10®,  and  the 
side-wall  turbulent  boundary  layer  did  not  Contaminate 
the  flat- plate  laminar  boundary  layer  to  produce  tran¬ 
sition  in  a  region  bounded  by  the  usual  contamination 
angles.  Observations  of  the  leading  edge  with  a 
schlieren  system  indicated  that  the  shock  wave  and 
boundary  layer  are  separated  a!  M  5.  8  by  an  appreci 
able  distance  wherever  the  boundary- layer  equations 
hold.  Local  laminar  skill-friction  measurements  indi¬ 
cated  that  existing  theories  overestimate  the  magnitude 
of  tlie  local  viscous  sheer  force  at  these  Macli  and 
Reynolds  numbers.  A  theory  describing  the  properties 
of  the  laminar  boundary  layer  in  a  2- phase  fluid  with 
condensation  in  the  free  stream  was  developed  which 
predicts  that  (1)  skin  friction  remains  unchanged  in 


the  presence  of  moderate  condensation  for  a  specified 
nozzle  geometry  and  stagnation  temperature,  and 
(2)  heat  transfer  for  a  given  wall  temperature  is 
affected  by  the  presence  of  condensation  which  pro¬ 
duces  major  changes  in  the  adiabatic  wall  temperature. 
(ASTI A  abstract) 


CIT.  07:015 

California  Inst,  of  Tech.  r  Guggenheim  Aeronautical 
Lab.  ]  Pasadena. 

HYPERSONIC  VISCOUS  FLOW  OVER  AN  INCLINED 
WEDGE,  by  L.  Lees.  July  29,  1953  [3]p.  (Spon¬ 
sored  jointly  by  Army  Ordnance  and  [  Air  Force] 
Office  of  Scientific  Research  under  [  AF  33(038)250] 
and  DA-04  -  4  9  5-ord- 19)  Unclassified 

Published  in  Jour.  Aeronaut.  Sciences,  v.  20:  794 - 
796,  Nov.  1953. 

Results  of  hypersonic  viscous  flow  over  the  compres¬ 
sion  side  of  a  wedge  at  a  large  angle  of  attack  are 
discussed.  It  is  jxdnted  out  that  although  the  flight 
Mach  number  is  high,  the  lnvtscid  flow  Mach  number 
is  reduced  considerably  across  the  leading-edge  shock, 
and  the  interaction  effects  are  much  smaller  than  for 
a  flat  plate  at  the  same  local  Reynolds  number  and 
Mach  number  ahead  of  the  body.  Regions  of  "strong" 
and  "weak"  interactions  are  defined.  Preliminary 
experimental  results  regarding  the  expansion  side  of 
a  wedge  at  a  large  angle  of  attack  are  presented. 

These  results  show  that  the  pressure  rise  across  the 
tralling-edge  shock  Is  communicated  upstream  and 
causes  separation  of  the  laminar  boundary-layer 
almost  from  the  leading  edge. 


CIT.  07:016 

California  Inst,  of  Tech.  Guggenheim  Aeronautical 
Lab  Pasadena. 

COMPKESaDLE  FLOW  T /VOLES  FOR  AIR  IN 
INCREMENTS  OF  0.  001  MACll  NUMBER,  by  H.  N. 
Rllse  Aug,  7,  ’95-«,  2G3p.  lncl.  dlagr.  tables. 
(Publication  no.  27;  ORDC1T  project)  (Sponsortd 
jointly  by  Army  Ordnance  and  Air  Force  Office  of 
Scientific  Research  under  DA- 04 -495-ord- 19) 

Unclassified 

This  report  consists  of  a  tabulation  of  Mach-number 
functions,  'rom  M  0.050  to  M  10.000,  for  use  by 
the  aerodyne  midst.  The  Increments  used  are  small 
enough  (0.001  in  M)  to  elimina'e  the  necessity  for 
Inteqxilation  in  almost  every  application.  (Contrac¬ 
tor's  summary) 
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CIT.  07:017 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

INFLUENCE  OF  THE  LEADING- EDGE  SHOCK  WAVE 
ON  THE  LAMINAR  BOUNDARY  LAYER  AT  HYPER¬ 
SONIC  SPEEDS,  by  L.  Lees.  July  15,  1954,  26p.  tncl. 
tllus.  (Technical  rept.  no.  1)  (Sponsored  jointly  by 
Army  Ordnance  and  r  Air  Force] Office  of  Sclentlftc 
Research  under  DA-04-495-ord- 19)  AD  40933 

Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  23: 
594-600;  612,  June  1956. 

In  order  to  brtng  out  the  Importance  of  the  leadtng-edge 
region  at  hypersonic  speeds  the  Influence  of  the  leadtng- 
edge  shock  wave  on  the  laminar  boundary  layer  16  In¬ 
vestigated  tn  two  simple  cases  of  steady  flow  over  a 
seml-tnftnlte  Insulated  flat  plate:  (1)  sharp  leadtng 
edge;  (2)  blunt  leadtng  edge,  as  approximated  by  a 
normal  shock  wave.  The  streamlines  that  enter  the 
boundary  layer  over  a  large  region  of  the  plate  surface 
have  previously  crossed  the  shock  wave  very  near  the 
leading- edge,  where  the  shock  Is  strong  and  highly 
curved.  Consequently,  the  temperature  at  the  outer 
edge  of  the  boundary  layer  Is  appreciably  higher  than 
free  stream  temperature,  and  the  vortlclty  there  ts 
not  zero.  The  effects  of  this  shock  wave  "heating" 
and  vortlclty  on  the  boundary  layer  are  shown  to  be 
much  larger  than  the  usual  "errors"  made  in  the 
boundary -layer  theory,  and  an  estimate  of  these  effects 
can  therefore  be  obtained  within  the  framework  of  that 
theory.  The  numertcal  magnitude  of  the  shock  wave 
Influence  Is  found  to  be  appreciable.  For  the  case  of 
the  blunt  leading-edge  tlie  slope  of  the  curve  of  Induced 
pressures  plotted  against  the  hypersonic  tnteractlon 
parameter  closely  approaches  the  experimental  data 
of  Hammltt  and  Bogdonoff  obtained  In  helium  at  large 
values  of  this  parameter.  These  approximate  results 
show  that  the  Influence  of  the  leading- edge  region  at 
hypersonic  speeds  requires  careful  theoretical  and 
experimental  study.  (Contractor's  summary) 


CIT.  07:018 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab.  , 
l'asadena. 

TRANSITION  STUDIES  AND  SKIN  FRICTION  MEAS¬ 
UREMENTS  ON  AN  INSULATED  FLAT  PLATE  AT  A 
HYPERSONIC  MACH  NUMBER,  by  U.  11.  Korkegl. 

Juty  15,  1954,  91p.  lncl.  Ulus  tables,  rtfs. 
(Memorandum  no.  17)  (Sponsored  jointly  by  Army 
Ordnance  and  Air  Force  Office  of  Scientific  Research 
under  DA-04 -495-ord- 19)  AD  48454  Unclassified 

Tests  were  made  in  the  5-  x  5  In.  hypersonic  wind 
tunnel  at  a  nominal  M  5  8.  The  results  of  phospho¬ 
rescent  lacquer  technique  measurements  for  transition 
uetectlon  -greed  well  with  total-head  rake  measure 
ments  along  the  plate  surface  and  pitot  boundary  layer 
surveys.  The  boundary  was  laminar  tor  Re  _  5  x  10®. 


Transverse  contamination  because  of  the  turbulent 
boundary  layer  on  the  tunnel  sidewall  originated  far 
downstream  of  the  leading  edge  at  Re  =  1. 5  to  2  x  10°, 
and  spread  at  a  uniform  angle  of  5-1/2°  as  compared 
with  9-1/2°  In  low- speed  flow.  The  effect  of  2-dlmen- 
stonal  and  local  disturbances  was  Investigated  by  the 
technique  of  air  Injection  Into  the  boundary  layer.  De- 
sptte  the  onset  of  transition  at  Reynolds  numbers  down 
to  10®,  a  fully  developed  turbulent  boundary  layer  was 
not  obtained  at  Reynolds  numbers  much  below  2  x  10'® 
regardless  of  the  amount  of  air  Injected.  Dtrect  skln- 
frlctlon  measurements  were  made  by  the  floating- 
element  technique  Incorporating  a  null  system  ustng 
chain  loadtng  for  Re  =  10®  to  4  x  10®  (based  on  distance 
from  leading  edge).  Without  artlftctal  trtpptng,  the 
boundary  layer  was  lamtnar  over  the  complete  range. 
With  air  tnjectton,  turbulent  shear  occurred  only  for 
Re  =  2  x  10®.  The  turbulent  skln-frlctton  coefficient 
was  approximately  0.  40  of  thal  for  Incompressible  flow 
for  a  constant  value  of  the  Reynolds  number  which  Is 
based  on  the  momenlum  thickness,  and  0.  46  for  an 
effective  Reynolds  number  between  5  and  6  x  10®. 
(AST1A  abstract) 


CIT.  07:019 

California  Inst,  of  Tech.  Guggenhetm  Aeronautical  Lab. , 
Pasadena. 

HYPERSONIC  SHOCK  TUBE,  by  Y.  A.  Yoler.  July  19, 
1954,  168p.  lncl.  lllus.  refs.  (Memorandum  no.  18) 
(Sponsored  Jotntly  by  Army  Ordnance  and  [  Air  Force] 
Office  of  Scientific  Research  under  DA-04 -495-ord- 19) 
AD  46521  Unclassified 

Theorettcal  and  experimental  studies  were  made  of  the 
feasibility  of  using  a  shock  tube  for  quantitative  In¬ 
vestigations  of  hypersonic  flow  phenomena  at  tempera¬ 
tures  simulating  free-fltght  condtttons.  Discussions 
are  given  of  methods  of  producing  htgh  Mach  numbers, 
limitations  on  the  test  section  Mach  number,  methods 
of  generating  strong  shock  waves,  flows  with  variable 
specific  heats  and  dissociation,  and  types  of  problems 
amenable  to  study  with  the  hypersonic  shock  tube.  The 
experimental  investigations  to  date  have  dealt  with 
pressure  studies  using  piezoelectric  gages  and  schLe- 
ren  studies  of  Jte  flow. 


CIT.  07:020 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

BASE  PRESSURE  AND  STATIC  PRESSURE  FOR  A 
CONE-CYLINDER  AT  A  NOMINAL  MACH  NUMBER 
OF  5.8,  by  W.  D.  llarklns.  July  20,  1954,  28p.  lncl. 
lllus.  dlagrs.  tables,  refs.  (Memorandum  no.  19) 
AFOSll-  TN  -  54  -  27 1  ]  (Sponsored  jointly  by  Army  Ord 
narce  and  Air  Force  Office  of  Scientific  Research 
uiider  DA  04  -  495-ord- 19)  AD  42331  Unclassified 

The  scope  of  this  Investigation  was:  (1)  to  determine 
Interference  data  from  both  1-  and  2-phase  flow  for 
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evaluating  base  pressure  results;  (2)  to  study  the 
effect  of  Reynolds  number  on  base  pressure;  and  (3)  to 
compare  experimental  and  theoretical  static -pressure 
distribution.  Pronounced  viscous  effects  In  hypersonic 
flow  demonstrated  the  Increased  nonlinearity  of  such 
flow  problems.  Based  on  tests  In  the  5-  x  5-ln.  hyper¬ 
sonic  wind  tunnel,  the  following  conclusions  are  drawn: 
the  critical  length  of  the  sting  required  to  prevent  feed- 
up  In  the  boundary  layer  Is  about  7  In.  for  <4/Ti  =  0.  3125; 
fhi  tffirt  uf  varying  ilftctlve  «tii\  dnnutcr  Is  nut  •> 
monotonic  variation  at  M  =  a.  8;  base  pressure  in¬ 
creases  monotonlcally  for  the  Reynolds  number  range 
tested;  and  the  effect  of  viscosity  is  great  enough  to 
change  the  effective  shape  of  the  body  in  the  vicinity 
of  the  shoulder. 

CIT. 07:021 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

IMPACT  PRESSURE  AND  TOTAL  TEMPERATURE 
INTERPRETATION  AT  HYPERSONIC  MACH  NUMBER, 
by  J.  C.  Graves  and  N.  R.  Quiel.  July  26,  1954,  60p. 
tncl.  illus.  diagrs.  refs.  (Memorandum  no.  20) 

(]  AF1OSR-TN-54-272)  (Sponsored  jointly  by  Army 
Ordnance  and  [  Air  Force] Office  of  Scientific  Research 
under  DA-04-495-ord-19)  AD  42330  Unclassified 

are  prtsti.lei  U  M.  txperiti^  .t.vl  tnvesUgatL/f. 
of  Impact-pressure  and  total-temperature  Interpretation 
at  a  nominal  Mach  number  of  5.  6.  The  data  Indicate 
that  the  Rayleigh  equation,  which  assumes  non- viscous 
flow,  requires  correction  at  low  free-stream  Reynolds 
numbers.  These  viscous  effects  are  detected  at  Reyn¬ 
olds  numbers  (based  on  Impact- probe  diameter)  as 
high  as  3000,  and  they  continue  to  increase  with  de¬ 
creasing  Reynolds  numhers.  At  the  low  pressure 
limit  of  the  facilities  used  in  this  investigation,  the 
maximum  viscous  correction  is  2.  5  per  cent  for  a 
Reynolds  number  of  425.  The  calibration  curves  for 
the  recovery  factor  of  a  total- temperature  prohe  are 
given,  plus  an  analysis  of  suitable  parameters  with 
which  to  present  this  Information.  For  the  llmite^ 
range  oi  total-temperatures  of  SOu-  to  J60-F,  and  a 
nominal  Mach  number  of  3.0,  single  calibration  curves 
are  shown  using  either  the  free  stream  Reynolds  num- 
b«,  OB  M*e  Nussell  cartA* f  «l  8*  UoW  teakSe  the  pr.  be 
(based  on  thermocouple  wire  diameter)  as  parameters. 
(Contractor's  abstract) 
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California  Inst,  of  Tech.  Guggenhe'm  Aeronautical  Lab. , 
Pasadena. 

LAMINAR  BOUNDARY  LAYERS  ON  SLENDER  BODIES 
OF  REVOLUTION  IN  AXIAL  FLOW,  by  R.  M.  Mark. 
July  30,  1954,  lOlp.  lncl.  Illus.  refs.  (Memorandum 
no.  21)  (Sponsored  jointly  by  Army  Ordnance  and  Air 
Force  Office  of  Scientific  Research  under  DA-04 -495- 
ord  19)  AD  44929  Unclassified 

An  exact  similar  solution  of  the  modified  boundary 


CIT.  07:021  -  CIT.  07:024 


layer  equations  was  obtained  for  the  axial  Incompres¬ 
sible  flow  past  paraboloids  of  revolution,  and  an 
approximate  method  was  developed  for  determining 
the  local  skin  friction  on  arbitrary  slender  bodies  of 
revolution  In  this  type  of  flow.  The  approximate  and 
eyact  results  agreed  satisfactorily  for  paraboloids  and 
circular  cylinders.  The  existence  of  energy  Integrals 
of  the  modified  equations  and  their  similarity  was 
established.  The  results  from  an  approximate  method 
J  'wulyilr.g  gk.-Jcr  Insulated  Vites  stow*.'  H  al 
compressibility  counterbalances  the  rise  In  local  skin 
friction  due  to  curvature  at  high  Reynolds  numbers, 
and  increases  this  friction  at  low  Reynolds  numbers. 
Velocity  profiles  on  a  slender  ogive- cylinder  were 
obtained  experimentally  at  M  =  5.  8  and  at  different 
Reynolds  numbers.  The  results  indicate  a  curvature 
effect  when  compared  with  flat  plate  results. 


CIT. 07:023 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

SIMILAR  SOLUTIONS  OF  COMPRESSIBLE  BOUNDARY 
LAYER  EQUATIONS,  by  T.  -Y.  Ll  and  H.  T. 
Nagamatsu.  Sept.  10,  1954,  16p  Ulus,  tables,  refs. 
(Memorandum  no.  22)  (Sponsored  joinUy  by  Army 
Ordnance  and  [  Air  Force] Office  of  Scientific  Research 
tthfef  DA  04  495  „rd  10)  Ac  4C524  Unefeastfted 

In  this  Investigation,  It  Is  disclosed  that  the  parUal 
differential  equations  for  the  compressible  laminar 
boundary  layer  can  be  transformed  Into  a  system  of 
ordinary  differential  equations  by  a  direct  procedure. 
This  new  procedure  yields  explicitly  a  differential 
equation  for  the  free  stream  velocity  distribution,  uj, 
which  allows  similar  solutions.  On  integrating  this 
differential  equation,  the  special  forms  of  uj  are 
found,  and  these  results  are  correlated  with 
Stewartson’s  results.  As  an  example  of  the  similar 
solutions,  the  hypersonic  viscous  flow  over  a  flat 
plate  Is  discussed.  From  the  analysis  of  the  numerical 
solutions,  obtained  on  the  Reeves  Electronic  Analogue 
Compute! ,  Hie  characteristics  of  the  laminar  boundary 
layer  flow  with  pressure  gradient  and  heat  transfer 
are  discussed.  It  Is  shown  (1)  that  on  a  heated  sur¬ 
face,  Bve  local  velocity  Stvslte  Hie  bow  ultry  layer  can 
exceed  the  free  stream  value  when  a  certain  favorable 
pressure  gradient  exists;  (2)  that  the  variation  of 
Chi/’iCf,  for  various  surface  temperatures  with  dif¬ 
ferent  free  stream  pressure  gradients  can  be  accu¬ 
rately  predicted;  and  (3)  that  the  effects  of  heat  trans¬ 
fer  on  the  laminar  separation  phenomenon  can  be 
quantitatively  studied.  (Contractor’s  abstract) 
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California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

INVESTIGATION  OF  FLOW  IN  THE  THROAT  REGION 
FOR  HYPERSONIC  NOZZLE,  by  It.  E.  Oliver  and 
H.  T.  Nagamatsa.  Jan.  15,  1955,  18p.  lncl.  illus. 
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(Memorandum  no.  24)  (Sponsored  jointly  by  Army 
Ordnance  and  [  Air  Force] Office  of  Scientific  Research 
unde.  DA-04 -495-ord- 19)  AD  74794  Unclassified 

The  following  conclusions,  based  on  the  results  of  tests 
conducted  In  the  GALCIT  2,/?"  supersonic  wind  tunnel, 
appear  valid: ( 1 )  no  sidewall  waves  exist  In  the  test 
nozzle  due  to  the  large  throat  radius  and  small  expan¬ 
sion  angle;  (2)  the  constant  velocity  contours  In  vertical 
planes  parallel  to  the  tunnel  axis  do  not  depart  radically 
from  radial  flow  with  center  at  the  nozzle  throat;  and 
(3)  inflatable  silastic  seals  afford  a  satisfactory  means 
of  sealing  between  the  nozzle  blocks  and  sideplates  in 
the  throat  region  If  the  c-clamp  is  used  to  assure  posi¬ 
tive  contact  between  the  nozzle  blocks  and  sideplates. 
(Contractor’s  conclusions) 


CIT.  07:025 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab.  , 
Pasadena. 

A  STUDY  OF  PIEZOELECTRIC  ELEMENTS  FOR  THE 
MEASUREMENT  OF  TRANSIENT  FORCES,  by  Y.  A. 
Yoler  and  H.  T.  Nagamatsu.  Feb.  1,  1955,  27p.  Ulus, 
tables.  (Memorandum  no.  23)  (Sponsored  jointly  by 
Army  Ordnance  and  [  Air  Force] Office  of  Scientific 
Research  under  DA-04-495-ord- 19)  AD  62149 

Unclassified 

A  survey  of  the  suitability  of  various  piezoelectric 
crystals  for  the  measurement  of  transient  forces  is 
made.  This  Is  done  by  comparing  the  "figure  of 
merit"  ,  which  Is  proportional  to  the  static  charge 
produce.'  ty  a  unit  stress  for  crystals  which  are  other 
wise  satisfactory  with  respect  to  effect  of  temperature, 
humidity,  brittleness,  natural  frequency,  etc.  The 
equations  determining  the  output  and  the  "  response 
time"  of  a  pickup  are  presented.  The  advantages  of 
stacking  the  crystals  In  parallel  to  Increase  the  "figure 
of  merit"  are  shown.  The  application  of  piezoelectric 
elements  to  measure  normal  forces,  shear  forces,  and 
volume  expansion  forces  Is  discussed.  The  advantages 
of  recently  developed  ceramic  elements  over  natural 
crystals  for  the  measurement  of  normal  forces  and 
volume  expansion  are  shown.  To  measure  shear  forces, 
natural  crystals  must  be  used.  Tables  showing  the 

p.optftces  of  various  oiyslalsfoj  measuring,  not  n.al 

forces  and  shear  forces  are  presented.  (Contractor's 
abstract) 
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California  Inst,  of  Tech  Guggenheim  Aeronautical  Lab.  , 
Pasadena. 

HYPERSONIC  VISCOUS  FLOW  ON  A  NONINSULATED 
FLAT  PLATE,  by  T.  ¥  Ll  a.id  H.  T  S.rgartutsa. 

Apr.  1,  1955  32  p.  tnci.  Ulus,  tables,  refs. 

(Memorandum  no.  25)  (Sponsored  jointly  hy  Army 
Ordnance  and  Air  Force  Office  of  Scientific  Research 
under  DA  04  495-ord  19)  AD  67094  Unclassified 


An  analytical  treatment  of  the  "  strong"  interaction 
problem  in  hypersonic  viscous  flow  on  a  noninsulated 
flat  plate  is  presented,  using  the  method  of  "  similar" 
solutions  of  the  compressible  boundary  layer  equations. 
Recent  experimental  data  which  confirm  some  of  the 
theoretical  results  are  also  discussed.  (Contractor's 
abstract) 


CIT.  07:027 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

AN  EXPERIMENTAL  INVESTIGATION  OF  FLOW 
OVER  SIMPLE  BLUNT  BODIES  AT  A  NOMINAL 
MACH  NUMBER  OF  5.8,  by  R.  E.  Oliver.  June  1, 
1955,  32p.  incl.  illus.  (Memorandum  no.  26)  (Spon¬ 
sored  jointly  by  Army  Ordnance  and  [  Air  Force] 

Office  of  Scientific  Research  under  DA-04-495-ord- 19) 
AD  67095  Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  23: 
177-179,  i  eb.  1956. 

An  experimental  Investigation  was  conducted  in  Leg 
no.  1  of  the  GALCIT  hypersonic  wind  tunnel  to  deter¬ 
mine  flow  characteristics  for  a  series  of  blunt  bodies 
at  a  nominal  Mach  number  of  5.  80  and  free  stream 
Reynolds  number/ln.  of  2.4  x  105,  1.  2  x  105,  and 
0.  6  x  105.  This  Investigation  was  made  to  determine 
surface  static  pressure  distributions  and  to  obtain 
schlieren  photographs  showing  the  shock  configurations. 
The  seven  bodies  Investigated  were  as  follows:  (1)  40° 
half-angle  cone;  (2)  40°  half-angle  cone  with  spherical 
t.ece;  (3)  hemisphere  cylinder;  (4)  cylLkler  transverse 
to  the  free  stream  flow;  (5)  flat-nosed  cylinder  with 
its  major  axis  parallel  to  the  free  stream  flow 
direction;  (6)  10°  -  40°  half-angle  double  cone;  and 
(7)  13“  -  30°  half-angle  double  cone.  All  tests  were 
conducted  In  one-phase  flow  with  a  tunnel  stagnation 
temperature  of  225°F,  and  with  models  at  zero  angles 
of  attack  and  yaw. 


CIT.  07:C28 

California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 

Pasadena 

AN  EXPERIMENTAL  INVESTIGATION  OF  PRESSURE 
GRADIENTS  DUE  TO  TEMPERATURE  GRADIENTS 
IN  SMALL  DIAMETER  TUBES,  by  W.  M.  Howard. 
June  10,  1955  16  ]p.  Incl.  Illus.  (Memorandum  no. 

27)  (Sponsored  jointly  by  Army  Ordnance  and  .  Air 
Force  Office  of  Scelntlfic  Research  under  DA-04 -495- 
ord-  19)  AD  67096  Unclassified 

Results  of  an  experimental  Investigation  of  pressure 
gratlic  nts  dvic  tc  aX.al  temperature  gradients  ,n  smalt 
diameler  tubes  are  presented.  The  tests,  which 
covered  the  region  of  Knudsen  numhers  (based  on  tube 
Inside  radius)  of  0.01  to  6,  Indicate  good  correlation 
with  theory.  It  Is  of  value  to  note  that  this  correlation 
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was  obtained  by  using  T  equal  to  the  temperature  dif¬ 
ference  between  the  hot  and  cold  ends  of  the  tubes  and 
Tave  equal  to  the  average  of  these  two  temperatures. 

Iti  vviill  dal,  tlicul  y  wuuld  dictate  obtaining  the  teuipefa 

ture  variation  along  the  length  of  the  tube  and  applying 
the  formulas  to  small  Incremental  T's,  then  summing 
to  get  the  tota’  effect.  Therefore,  for  normal  labora¬ 
tory  conditions  where  pressure  gradient  corrections  are 
to  be  computed,  It  Is  sufficient  to  record  only  the  tem¬ 
per.  t  ir,.s  at  (!.«  hot  and  cild  end*  rather  than  having  to 
obtain  a  number  of  temperature  readings  along  the  tube. 
In  order  to  apply  pressure  corrections  easily  and 
rapidly,  a  system  of  correction  curves  Is  given.  To 
simplify  the  procedure,  the  tube  cold  end  temperature 
was  assumed  to  be  80CF,  and  the  correction  curves 
drawn  accordingly.  However,  for  different  laboratory 
c  jtallU^iHs  a  similar  system  ol  turves  euulu  be  drawn 
and  used.  (Contractor's  abstract) 


C1T.  07:029 


Mach  number),  only  tangential  shear  stress  and 
velocity  and  energy  (heat)  flow  parallel  to  the  plate 
are  generated,  while  the  pressure,  density,  and 

teiupti  rttut  c  of  Hie  gao  t  eiiihln  unchoitgcd.  bloTcdVcT, 

no  normal  velocity,  normal  stress,  or  normal  energy 
flow  Is  developed.  Near  the  start  of  the  motion  the 
flow  behaves  like  a  "free- molecule  flow" ,  and  all 
physical  quantities  are  analytic  functions  of  the  flow 
parameters  and  time.  The  results  obtained  for  "large 
time" ,  however,  add  to  the  growteg  lack  of  c  witaletite 
in  the  Burnett- type  series  expansions  in  powers  of 
mean  free  path.  Although  such  expansions  are  obtained 
here,  they  are  poorly  convergent  and  Inappropriate  to 
the  problem.  10  leplace  these  unsatisfactory  solu¬ 
tions,  approximate  closed-form  solutions  valid  for  all 
values  of  the  time  are  developed,  which  agree  with  the 
lrtc.  rucltcuSt  valuta  for  small  Un<e  Mul  the  cliretcal 
Rayleigh  solution  for  large  time.  This  technique  may 
be  useful  In  studying  more  general  flow  problems 
within  the  framework  of  the  kinetic  theory  of  gases. 
(Contractor’s  summary) 
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California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 
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VISCOUS  EFFECTS  OF  STATIC  PRESSURE  DISTRI¬ 
BUTION  FOR  A  SLENDER  CONE  AT  A  NOMINAL 
MACH  NUMBER  OF  5.8,  by  L.  C.  Baldwin.  June  14, 
1955,  2Sp.  tncl.  lllus.  refs.  (Memorandum  no.  28) 
(Sponsored  jointly  by  Army  Ordnance  and  ’  Air  Force] 
Office  of  Scientific  Research  under  DA-04  -  4  9  5-ord-19) 
Al)  67097  Unclassified 

The  results  of  the  Investigation  of  pressure  distribution 
on  a  5°  cone  at  a  nominal  Mach  number  of  5.  8  Indicate 
the  following:  (1)  the  Induced  pressure  was  approxi¬ 
mately  45%  greater  than  theoretical  lnviscld  pressure 
lor  tne  lowest  ueynoias  numoer  tested;  j/j  tne  use  of 
the  parameter  1/  \/  i!eX2  correlated  the  data  taken  at 
various  stagnation  pressures  quite  well;  and  (3)  the 
mtasurtd  pressures  nearest  the  aptx  weft  Somewhat 
higher  than  theoretically  predicted  pressures.  The 
unknown  Influence  of  the  region  In  the  Immediate 
vicinity  of  the  apex  points  to  the  need  for  further  tests 
to  determine  this  effect.  (Contractor's  conclusions) 
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California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

RAYLEIGH'  S  PROBLEM  AT  LOW  MACH  NUMBER 
ACCORDING  TO  THE  KINETIC  THEORY  OF  GASES, 
by  11.-  T.  Yang  and  L.  Lees.  July  15,  1955,  88p.  incl. 
illus.  tables,  refs.  (Technical  rept.  no.  2)  (Sponsored 
jointly  by  Army  Ordnance  and  Air  Force  (Office  of 
Scientific  Research  under  DA- 04  -  4  9  5-ord- 19) 

AD  67093  Unclassified 

Rayleigh’s  problem  of  an  Infinite  flat  plate  set  into 
uniform  motion  Impulsively  in  its  own  plane  is  studied 
by  using  Grad's  equations  and  boundary  conditions  de- 
v  -loped  from  the  kinetic  theory  of  gases.  For  a  heat 
insulated  |  late  and  a  small  impulsive  velocity  (low 


California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

INSTRUMENTATION  OF  GALC1T  HYPERSONIC  WIND 
TUNNELS,  by  P.  E.  Baloga  and  H.  T.  NagamatSU. 

July  31,  1955,  28p.  incl.  illus.  (Memorandum  no.  29) 
[  Sponsored  jointly  by  Army  Ordnance  and  Air  Force 
Office  of  Scientific  Research  under  DA-04-495-ord-19] 
AD  70405  Unclassified 

A  brief  description  is  given  of  2  CIT  5-  x  5-in.  hyper¬ 
sonic  wind  tunnels,  Leg  no.  1  and  Leg  no.  2,  having 
Mach  number  ranges  ol  2-7  and  4-11,  respectively. 

The  various  instruments  used  in  these  tunnels  at 
pressures  down  to  about  '/<  mm  of  mercury  and  temper¬ 
atures  up  t„  aU ul  UVj°F  art  discussed.  They  include 
devices  for  determining:  (1)  inlet  and  outlet  pressures 
for  each  stage  of  compression;  (2)  outlet  air  temper¬ 
ature  for  each  stage;  (3)  compression  ratio  of  various 
compressor  stages;  (4)  stagnation  pressure;  and  (5) 
stagnation  temperature.  Additional  pressure  measur¬ 
ing  methods  and  equipment  are  considered,  e.g.,  low 
pressure  silicone  manometer  banks,  low-pressure 
mtcromanometer  bank,  and  tilting  U-tube  micro  - 
manometer.  Among  the  miscellaneous  instruments 
described  are  a  carbon  dioxide  concentration  meter 
and  a  high  pressure  dewpoint  indicator. 
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California  Inst,  of  Tech.  Guggenheim  Aeronautical  Lab. , 
Pasadena. 

1NY1SC1D  HYPERSONIC  FLOW  OVER  BLUNT-NOSED 
SLENDER  BODIES,  hy  L.  Lees.  Feb.  1,  1956,  12p. 
incl.  Illus.  refs.  (Memorandum  no.  31)  (Sponsored 
jointly  by  Army  Ordnance  and  Air  Force  Office  of 
Scientific  Research  under  DA- 04- 495-ord- 19) 

AD  87090  Unclassified 
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The  theoretical  considerations  of  an  Intense  spherical 
blast  wave  analysis  are  shown  to  be  applicable  to  the 
shock  wave  generated  by  a  blunt  nose  of  finite  radius 
on  an  unyawed  slender  body.  Constant  energy  con¬ 
ditions  were  used  to  develop  equations  which  described 
the  shape  of  the  bow  shock  wave  (not  too  close  to  the 
nose)  for  a  body  of  revolution  and  for  a  planar  body. 

The  comparison  of  theoretical  results  with  those  of 
experiments  on  a  flat  plate  with  a  blunt  leading  edge  at 
Mo,.  =  13  in  helium  indicated  that  the  wave  shape  is  pre¬ 
dicted  very  accurately  by  this  analysis.  A  considera¬ 
tion  of  energy  and  drag  showed  that  at  hypersonic 
speeds  the  inviscld  surface  pressures  generated  by 
blur*  noses  are  larger  than  those  produced  by  boundary 
layer  growth  on  a  flat  surface  over  a  distance  of  order 
1  from  the  nose,  where  1  is  the  influence  length.  At 
Moq=  15  the  viscous  Interaction  effects  are  Important 
for  Re  <10^,  but  somewhere  in  the  range  1500<Re  2000 
the  inviscid  effects  must  spread  rapidly  over  the  plate 
surface.  For  Re>3000  the  inviscld  pressure  Is  domi¬ 
nant  and  determines  the  boundary  layer  development, 
srdn  friction,  and  heat  transfer  over  the  forward 
portion  of  the  body. 


CiT.  08:00! 

California  inst.  of  Tech  Guggenheim  Jet  Propulsion 
Center,  Pasadena. 

A  SIMPLE  LAMINAR  BOUNDARY  LAYER  WITH 
SECONDARY  FLOW,  by  H.  G.  Loos.  June  1953  [  13  1  p. 
incl.  dlagrs.  (Technical  rept.  no.  1)  (AF  i3(G00) i 78) 
Ad  1252G  Unclassified 

Also  published  in  Jour.  Aeronaut.  Sciences,  v.  22: 
35-40,  Jan.  1955. 

An  exact  calculation  was  made  of  the  Incompressible 
laminar  boundary  layer  developed  on  a  flat  plate  by  a 
flow  having  streamlines  which  are  parabolic  in  shape 
and  parallel  to  the  plane  of  the  plate.  The  free  stream 
was  rotational  with  a  constant  vorticity  directed  normal 
to  the  plate.  The  solution,  when  the  angle  between 
the  free-flow  direction  and  the  x-axis  at  the  leading 
edge  is  zero,  coincides  with  that  of  Mager  and  Hansen 
\NACA  Technical  n„te  no.  2C5o)  for  small  turning 
angles,  and  also  remains  valid  for  large  angles.  The 
cross  flow  does  not  separate  because  it  transports 
fluid  with  high  energy  to  the  critical  regions.  Because 
of  the  variation  of  the  total  pressure  from  one  stream¬ 
line  to  another  in  the  free  stream,  the  total  pressure 
within  the  boundary  layer  at  a  given  point  can  exceed 
that  of  the  corresponding  free  stream.  (ASTiA 
abstract) 


CiT.  08:002 

California  inst.  of  Tech.  Guggenheim  Jet  Propulsion 
Center,  Pasadena 

LAMINAR  BOUNDARY  LAYER  PROBLEMS  ASSOCI¬ 
ATED  WITH  FLOW  THROUGH  TUitBOMACHiNES,  by 
A  Mager  June  1913  113  p.  inci.  dlagrs.  refs. 
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(Technical  rept.  no.  2)  (AF  18(600)178)  AD  13547 

Unclassified 

An  analysis  Is  presented  of  3-dlmensional  boundary- 
layer  flows  of  interest  In  the  design  of  turbomachine^y. 
A  set  of  zero-  and  first-order  equations  were  developed 
by  assuming  small  lateral-pressure  gradients  and 
applying  a  perturbation  procedure  to  the  steady, 
laminar  boundary-layer  equations  of  motion.  The 
zero-order  equations  are  the  2-dimensional  equations 
for  flow  over  a  flat  plate.  The  first-order  equations 
retain  the  characteristic  Blasius  similarity  for  a 
family  of  external  flows  expressible  by 
U*  =  Bxmz*  and  W*  =  Axnzr,  where  U*  and  W’  are 
the  perturbation  velocities,  x  and  z  the  coordinates, 
and  A  and  B  the  arbitrary  constants.  Boundary-layer 
velocity  distributions  were  numerically  determined 
for  several  types  of  external  flows.  The  first  part 
of  the  report  deals  with  boundary- layer  flows  over 
plane  surfaces;  the  second  considers  flows  over 
surfaces  with  sharply  varying  lateral  curvature.  To 
obtain  solutions,  the  equations  were  expanded  in  terms 
of  the  product  of  the  local  surface  curvature  and  the 
boundary- layer  thickness  to  obtain  solutions  for  the 
curved  surfaces.  The  effects  of  compressibility  and 
rotation  of  the  surface  on  the  flows  over  a  plane 
surface  were  quantitatively  evaluated.  The  results 
qualitatively  agreed  with  data  from  more  exact  solu¬ 
tions. 


CIT. 08:003 

C'iUfon.'a  1st  A  Tech  Gvgge  Jr.et™  let  IT jpulslor 
Center,  Pasadena. 

ANALYSIS  OF  SECONDARY  FLOW  IN  THE  STATOR 
OF  AN  AXIAL  TURBOMACHINE,  by  H.  G.  Loos. 

Sept.  1953,  44p.  dlagrs.  refs.  (Technical  rept.  no.  3) 
(AF  18(600)178)  AD  20614  Unclassified 

A  technique  Is  developed  to  calculate  the  circulation 
along  the  blades  and  the  gapwlse  average  upwash  be¬ 
hind  the  blades  of  a  stator  cascade  in  a  nonlinear  flow 
caused  by  wall  boundary  layers.  The  method  takes 
Into  account  both  the  sell- transport  of  the  secondary 
vortMUy,  and  t'w,  liflueti  v  of  the  exrvs»lv«  tuning 
of  the  flow  In  the  wall  boundary  layer  on  the  generation 
of  the  secondary  vorticity.  The  secondary  flow  with 
the  given  vorticity  field  is  approximated  by  channel 
and  lifting- line  methods.  In  the  former,  the  solution 
is  obtained  by  extending  the  cascade  blades  down¬ 
stream  as  rigid  surfaces  in  the  trailing  edge  direction. 
The  velocity  field  in  the  Trefftz  plane  is  determined 
through  the  boundary  conditions  at  imaginary  walls. 

The  results  of  the  2  methods  for  the  gapwise  average 
upwash  distribution  downstream  of  the  cascade  are 
similar  in  the  main  part  of  the  channel.  The  losses 
directly  or  indirectly  attributed  to  the  secondary  flows 
are  calculated  to  be  about  5fJ  of  the  energy  input  of 
the  next  moving  blade  row. 
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CIT.  08:004 

California  Inst,  of  Tech.  Guggenheim  Jet  Propulsion 
Center,  Pasadena. 

PROPAGATION  OF  STALL  IN  A  COMPRESSOR  BLADE 
ROW,  by  F.  E.  Marble.  Jan.  1954  ,  32p.  lllus.  (Tech¬ 
nical  rept.  no.  4)  ([  AF  ]OSR-TN-54-69) 

(AF  18(600)178)  AD  29759  Unclassified 

Aiso  published  in  Jour.  Aeronaut.  Sciences,  v.  22: 
541-554,  Aug.  1955. 

The  experimental  observations  of  Iura  and  Rannle 
(Am.  Soc.  Mech.  Eng.,  Paper  no.  53-SA-69,  1953) 
are  used  as  a  primary  basis  for  a  simple  model  of 
the  propagation  of  statl  In  compressors.  This  model 
characterizes  the  statl  process  in  an  alrfoit  cascade 
by  a  static  pressure  loss  across  the  cascade  which 
increases  discontlnuousty  at  the  stall  angle.  The 
turning  angle  is  assumed  to  be  affected  in  only  a  minor 
way.  The  analysis  for  a  2-dimensional  approximation 
of  a  stationary  or  of  a  rotating  blade  row  which  is  free 
of  adjacent  blade- row  interference  reveals  the  extent 
of  the  stall  region,  the  stall-propagation  speed,  and  the 
pressure  loss  associated  with  stalted  operation  together 
with  Its  effect  on  performance.  The  effect  of  stall 
propagation  upon  the  performance  of  a  single  stage 
axial  compressor  is  ltlustrated,  and  the  mechanism  of 
entering  the  siall-propagatlon  regime  is  discussed. 

The  essential  points  of  the  results  are  considered  to  be 
In  agreement  with  the  experimental  evidence,  and  such 
discrepancies  between  theory  and  experiment  as  with 
regard  to  the  propagation  speed  cannot  be  Interpreted 
as  an  Inadequacy  of  the  mcdet  until  either  a  more  de- 
lalted  experimental  Investigation  Is  undertaken  or  the 
results  are  extended  to  situations  more  nearly  approxi¬ 
mating  those  on  which  the  observations  were  made. 
(ASTIA  abstract) 


CtT  08:005 

California  tnst.  of  Tech.  Guggenheim  Jet  Propulsion 
Center,  Tasadena. 

THICK  LAMINAR  BOUNDARY  LAYER  UNDER  SUDDEN 
LATERAL  PERTURBATION,  by  A.  Mager.  Apr.  1954 
22  p.  Inch  dlagrs.  (Technical  rept.  no.  5) 

(AF  !8(60n)it«)  Unctasslfied 

The  crosswise  ftow  tn  a  3-dlmenslonal  boundary  layer 
is  trealed;  In  Its  outer  part  the  houndary  layer  Is  as 
sjmed  essentlalty  nonvlscous,  but  next  to  the  wall  vis¬ 
cosity  must  be  considered.  These  2  boundary  layer 
regions  are  joined,  providing  an  approximate  but  rapid 
solution  for  the  crosswise  velocity  profile.  This  tech¬ 
nique  Is  useful  In  treating  3-uimensional  boundary  layer 
problems  which  have  2  characteristic  lengths,  such  as 
a  tayer  which  has  time  to  thicken  In  the  usual  fashion, 
but  then  is  suddenty  laterally  perturbed  at  a  certain 
fixed  distance  away  from  the  leading  edge.  A  compari¬ 
son  is  given,  where  possible,  with  velocity  distributions 
obtained  by  more  conventional  procedures.  (ASTIA 
ahstract) 


CIT. 08:006 

California  Inst,  of  Tech.  Guggenheim  Jet  Propulsion 
Center,  Pasadena. 

COMPRESSIBILITY  EFFECTS  ON  SECONDARY  FLOW, 
by  H.  G.  Loos.  [Nov.  4,  1954]  5p.  lncl.  lllus. 

[  AF  18(600)178]  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  23:  76-89, 
Jan.  1956. 

The  method  of  W.  R.  Hawthorne  for  the  calculation  of 
the  secondary  vorticity  Is  generalized  for  compres¬ 
sible  flow.  It  Is  shown  that  In  the  linearized  theory 
(small  vorticity)  the  Influence  of  compressibility  upon 
the  secondary  vorticity  is  due  to:  (I)  the  entropy 
gradient  in  the  approaching  flow;  and  (2)  the  compres¬ 
sion  of  the  fluid  during  the  turning  of  the  ftow.  The 
analysis  is  applied  to  the  secondary  vorticity  which 
generates  In  a  cascade  or  bend  If  the  approaching  flow 
has  a  boundary  layer  with  a  Prandtl  number  equal  io 
unity,  and  has  been  developed  along  an  insulated  wall. 
For  a  cascade  with  a  passage  cross  section  which  in¬ 
creases  linearly  with  the  turning  angle  and  at  the  exit 
Is  1.4  times  the  entrance  cross-section  area,  the 
compressibility  correction,  to  be  applied  upon  the 
secondary  vorticity,  amounts  to  24  per  cent  for  a 
cascade  entrance  Mach  number  of  0.8.  The  problem 
of  determination  of  the  secondary  flow  downstream  of 
the  cascade,  which  Is  associated  with  a  given  secondary 
vorticity,  Is  the  same  for  compressible  and  Incompres¬ 
sible  flow. 


CIT. 08:007 

California  Inst,  of  Tech.  Guggenheim  Jet  Propulsion 
Center,  Pasadena. 

THREE-DIMENSIONAL  LAMINAR  BOUNDARY 
LAYER  WITH  SMALL  CROSSFLOW,  by  A.  Mager. 

[  1954]  18p.  lllus.  dlagrs.  refs.  (AF  18(600)178) 

Unclassified 

Published  in  Jour.  Aeronaut.  Sciences,  v.  21:  835- 
845,  Dec.  1954. 

The  analysis  of  three-dimensional,  steady  flow 
laminar  boundary  layer  with  small  crossflow  has  in¬ 
dicated  that  many  important  probtems  In  this  class 
can  be  solved  with  relatively  little  effort,  thus  afford¬ 
ing  a  greater  understanding  of  real  fluid  flow.  Although 
the  accurate  determination  of  the  separation  point  Is 
certainly  beyond  the  scope  of  small  perturbation 
analysis  (and  also  beyond  the  standard  boundary  tayer 
theory),  the  factors  which  affect  the  separation  of 
three-dimensional  boundary  layers  are  clearly  pointed 
oul.  Among  these  factors,  the  crosswise  variation 
of  flow  Is  indicated  as  tmportani  in  affecting  the  sepa¬ 
ration.  In  particular,  the  examples  show  the  strong 
tendency  toward  the  separation  as  a  result  of  cross¬ 
wise  variation  of  crossflow,  both  on  a  cylindrical  shell 
and  in  a  simulated  s- shaped  duct.  Similarly,  the 
sharp,  laterally  varying,  concave  curvature  of  the  sur- 
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face  tends  to  separate  even  the  basic  flow  profile. 
(Contractor’s  abstract) 


CIT. 08:008 

California  Inst,  of  Tech.  Guggenheim  Jet  Propulsion 
Center,  Pasadena. 

A  THEORY  OF  NON- STEADY  STALL  FLOW  AROUND 
AN  AIRFOIL  WITH  APPLICATION  TO  ROTATING 
STALL  IN  COMPRESSOR  BLADE  ROWS,  by  H.  G. 

Loos,  Apr,  1956,  60p.  Ulus,  diagrs.  refs.  (Technical 
rept.  no.  6)  (AF  18(600)178)  Unclassified 

A  mathematical  model  for  the  non-steady  stall  flow 
around  a  single  airfoil  is  developed.  The  flow  is  as¬ 
sumed  as  inviscid  and  incompressible;  the  airfoils  are 
approximated  by  flat  plates.  An  airfoil  together  with 
the  separated  flow  region  on  its  "suction  surface"  is 
considered  as  a  thin  airfoil  with  partially  fluctuating 
boundaries.  The  model  is  applied  to  an  analysis  of 
propagating  stall  In  a  two-dimensional  compressor 
cascade.  A  simple,  approximate  solution  ol  the  result¬ 
ing  equations  seems  to  be  in  agreement  with  experi¬ 
mental  data  for  the  propagation  speed  at  stall  Inception. 
The  theory  predicts  a  transition  from  a  two- region 
stall  to  a  single-region  stall.  (Contractor's  abstract) 


CIT. 09:001 

f  illfor-da  I:  *t  JT«f‘  t'.ugget.hcii,  M  FrcpulfctW 
Center,  Pasadena. 

CARBON  FORMATION  FROM  ACETYLENE  IN  THE 
bilOCK  TUBE,  by  E.  N.  Bennett.  June  1956,  85p. 
lncl.  diagrs.  refs.  [  AFOSK-TN-56-3331  (Sponsored 
jointly  by  Air  Force  Office  of  Scientific  Research  as 
technical  rept.  no.  2  under  AF  18(603)2  and  Office  of 
Naval  Research  as  technical  rept.  no.  20  under 
Nonr-22003)  AD  95209  Unclassified 

The  use  of  the  shock  tube  for  the  study  of  C  formation 
from  C2H2  was  considered  theoretically  and  studied 
experimentally.  In  the  calculations,  tne  state  ot  the 
gas  was  determined  behind  incident  and  reflected  shocks 
for  a  wide  range  of  shock  strengths  and  for  various 
excitation  models  of  the  internal  degrees  of  freedom. 

A  simple  mechanism  was  assumed  for  the  thermal  de¬ 
composition,  namely,  the  formation  of  solid  C  and  H. 
Upper  and  lower  limits  for  the  final  temperatures  are 
computed  for  incident  and  reflected  shocks.  Estimates 
are  presented  for  the  minimum  times  spent  by  the  gas 
in  a  uniform  state  at  the  elevated  temperatures  behind 
reflected  shocks.  The  shock  strengths  required  to 
initiate  decomposition  of  C2H2  at  various  pressures 
have  been  investigated  experimentally.  Temperature 
estimates  and  shock  velocity  measurements  suggest 
that  the  effective  specific  heat  ratio  approaches  the 
equilibrium  value.  The  minimum  pressure  ratios 
Pq/Pi  (initial  conditions  of  the  high-(p4)  and  the  Iow-(pj) 
pressure  gas)  required  for  C  formation  were  found  to 
he:  for  C2fl2  at  initial  pressures  of  10- ,  50- ,  and  150- 
mm  Hg,  ratios  of  about  255,  170  and  160,  respectively; 
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for  a  mixture  of  95%  A  and  5%  C2H2  at  Initial  pres¬ 
sures  of  50-,  100-,  and  150-mm  Hg,  ratios  near  42, 
39,  anti  38,  respectively.  Spectroscopic  studies  were 
carried  out  to  determine  the  light  emitted  in  a  narrow 
wavelength  region  during  chemical  decomposition  be¬ 
hind  reflected  shocks.  The  results  show  that  the 
intensity  distribution  follows  the  black-body  emission 
law.  Therefore,  a  2-color  method  may  be  used  in 
future  studies  for  determining  the  temperature  as  a 
function  of  time  behind  C-formlng  shocks.  (Con¬ 
tractor's  abstract) 


CIT.  09:002 

California  Inst,  of  Tech.  Guggenheim  Jet  Propulsion 
Center,  Pasadena. 

AN  INTRODUCTION  TO  THE  USE  OF  THE  SHOCK 
TUBE  FOR  THE  DETERMINATION  OF  FHYSI CO¬ 
CHEMICAL  PARAMETERS,  by  S.  S.  Penrer,  F. 
Harshbarger,  and  V.  Vail.  June  1956,  lv.  lncl. 
diagrs.  refs.  [  AFOSR-TN-56-334  ]  (Sponsored 
jointly  by  Air  Force  Ultice  ot  scientific  Research  as 
technical  rept.  no.  1  under  AF  18(603)2  and  Office  of 
Naval  Research  as  technical  rept.  no.  19  under 
Nonr-22003)  AD  95210  Unclassified 

Also  presented  at  meeting  of  the  AGARD  Combustion 
Panel,  Oslo  (Norway),  May  1956. 

Also  published  in  Combustion  Researches  and  Reviews, 
London  'iulU  rwoi  tt*-  ScU:  ILtlf  I*uhllc  aliens  IJS7 
p.  134-172. 

A  qualitative  survey  was  made  of  principles  and 
methods  which  are  useful  for  understanding  the  appli¬ 
cation  of  the  shock  tube  as  a  research  tool  for  high- 
temperature  investigations.  A  survey  of  optical  tech¬ 
niques  is  presented  which  are  suitable  for  studying 
processes  which  occur  In  a  gas  behind  incident  and 
reflected  shock  fronts.  The  techniques  Include 
(1)  interferometric  procedures;  (2)  schlieren  tech¬ 
niques;  (3)  ionization  density  and  conductivity  measure¬ 
ments;  (4)  temperature  measurements  behind  shocks; 
(o)  light  absorption  and  emission  ilieksul  emelits  at 
selected  wavelength  regions;  (6)  spectroscopic  studies 
behind  shock  fronts;  and  (7)  light  reflection  at  the 
shock  front.  A  description  Is  also  given  of  some 
representative  uses  of  the  shock  tube  for  the  deter¬ 
mination  of  physico-chemical  parameters.  The  par¬ 
ticular  subjects  considered  are  of  possible  application 
to  problems  important  in  combustion  research,  lney 
iiclude:  (1)  reaction- rate  measurements  for  homo¬ 
geneous  gas  reactions;  (2)  ionization  rates;  (3)  meas¬ 
urement  of  vibrational  relaxation  times;  (4)  gas 
emissivitles  at  elevated  temperatures;  (5)  measure¬ 
ment  of  heats  of  dissociation;  (6)  determination  of 
transport  properties;  (7)  thickness  of  shock  fronts  and 
rotational  heat  capacities  lags;  and  (8)  initiation  of 
detonation  with  shock  waves,  and  thickness  of  deto¬ 
nation  fronts. 
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CIT.  09:003 

California  Inst,  of  Tech.  Guggenheim  Jet  Propulsion 
Center,  Pasadena. 

THEORETICAL  STUDIES  ON  THE  THEFMAL  DECOM¬ 
POSITION  OF  NITRIC  OXIDE  IN  A  SHOCK  TUBE,  by 
S.  T.  Demetriades  and  H.  Aroeste.  June  1956  [  39  ]  p . 
incl.  diagrs.  tables,  refs.  [  AFOSR-TN-56-335] 
(Sponsored  jointly  by  Air  Force  Office  of  Scientific 
Research  as  technical  rept.  no.  3  under  AF  18(603)2 
and  [Office  of  Naval  Research  under  Nonr-22003]) 

AD  95211  Unclassified 

Favorable  conditions  are  determined  for  the  study  of 
the  kinetics  of  thermal  decomposition  of  nitric  oxide 
in  a  shock  tube.  If  the  pressure  ratios  across  the 
diaphragm  aie  of  the  order  of  5000,  a  test  section 
length  between  20  and  25  ft  is  sufficient  to  decompose 
nitric  oxide  to  within  1%  of  its  equilibrium  concentra¬ 
tion.  If  the  Initial  pressure  and  temperature  before 
the  shock  are  about  0.  02  atm  and  300°K,  respectively, 
the  final  pressure  behind  the  shock  will  be  about  1  atm. 
The  pressure  behind  the  shock  changes  by  only  about 
10%  as  the  reaction  proceeds  to  completion.  Charts 
are  presented  for  computing  the  length  of  test 
section  necessary  for  various  percentages  of  decom¬ 
position  and  various  initial  pressure  ratios.  (Con¬ 
tractor's  abstract) 


CIT.  09:004 

California  Inst,  of  Tech.  Guggenheim  Jet  Propulsion 
Center,  Pasadena. 

ON  THE  PRODUCTION  OF  CHEMICALS  AND  CARBON 
FORMATION  IN  THE  SHOCK  TUBE,  by  F.  Harshbarger. 
Aug.  1955,  lv.  inch  lllus.  diagrs.  tables,  refs. 
(AFOSR-TN-56-335u)  (Sponsored  jointly  by  Air  Force 
Office  of  Scientific  Research  as  technical  rept.  no.  4 
under  AF  18(603)2  and  Office  of  Naval  Research  as 
technical  rept.  no.  22  under  Nonr-22003) 

Unclassified 

Some  unsuccessful  attempts  on  the  production  of 
hydrazine  from  NHo-Og  mixtures  In  the  shock  tube  are 
described.  Preliminary  results,  relating  to  the 
mechanism  of  C  formation  from  C2H2,  are  discussed 
together  with  some  new  and  useful  methods  of  instru¬ 
mentation.  (Contractor's  abstract) 


CIT. 09:005 

California  Inst,  of  Tech.  Guggenheim  Jet  Propulsion 
Center,  rasadena. 

SIMULTANEOUS  LIGHT- ABSORPTION  AND  EMISSION 
MEASUREMENTS  BEHIND  A  SHOCK  WAVE,  by 
F.  Harshbarger.  1956  2p.  (Sponsored  jointly  by 

Air  Foret  Office  of  Scientific  Research  under 
AI  18(603)2  and  Office  of  Naval  Research  under 
Nour  22003)  Unclassified 


CIT. 09:003  -  CIT. 11:001 


Published  in  Jour.  Chem.  Phys. ,  v.  24:  1261,  June 
1956. 

The  use  of  ?.  Kerr  cell  made  it  possible  to  study 
simultaneously  emission  and  absorption  during  the 
decomposition  of  acetylene  behind  weak  shocks.  The 
light  source  was  a  General  Electric  type  524  xenon 
lamp.  Both  the  emitted  and  transmitted  modulated 
light  were  detected  on  a  single  photomultiplier  tube 
the  output  of  which  was  displayed  on  an  oscilloscope. 
The  AC  component  of  the  phototube  output  represents 
the  transmitted  light,  the  DC  component  corresponds 
directly  to  the  emitted  light. 


CIT.  09:006 

California  Inst,  of  Tech.  Guggenheim  Jet  Propulsion 
Center,  Pasadena. 

A  MULTIPLE-PATH  TECHNIQUE  FOR  THE  DETER¬ 
MINATION  OF  PHYSICO-CHEMICAL  DATA  BEHIND 
S..OCK  FRONTS,  by  W.  [  J.  ]  Hooker,  M.  Lapp  and 
others.  [  1956 '  3p.incl.  diagr.  (Sponsored  jointly  by 
Air  Force  Office  of  Scientific  Research  under  AF  18 
(603)2  and  Office  of  Naval  Research  under  Nonr-22003) 

Unclassified 

Also  published  In  Jour.  Chem.  Phys.,  v.  25:  1087, 

Nov.  1956. 

A  procedure  for  studying  carbon  formation  and  gas 
emlssivlttes  at  elevated  temperatures  behind  Bhock 
fronts  is  given.  It  involves  simultaneous  spectral 
recording  of  an  unchopped  single-path  beam  and  of  a 
chopped  double-path  beam.  A  slotted  air  turbine 
wheel  and  a  mechanical  chopper  are  employed  in  the 
process. 

CIT.  10:001 

California  Inst,  of  Tech.  Hydrodynamics  Lab. , 

Pasadena. 

THE  DYNAMICS  OF  PARTICULATE  MATTER  IN 
FLUID  SUSPENSIONS,  by  V.  A.  Vanonl  and  E.-Y. 

Hsu.  Dec.  31,  1951,  37p.  lncl.  lllus.  diagrs.  tables. 
(Rept.  no.  E-34)  (AF  33(038)17207;  continued  by 
AF  18(600)582)  ATI-152345  Unclassified 

A  program  of  diffusion  experiments  were  carried  out 
in  a  small  low- speed  water  tunnel,  and  analytical 
studies  were  made.  Results  of  the  experimental 
program  are  presented. 

CIT.  11:001 

California  Inst,  ot  Tech.  Hydrodynamics  Lab. ,  Pasadena. 

TURBULENCE  AND  DIFFUSION  AS  FACTORS  IN 
SEDIMENT  TRANSPORTATION,  by  V.  A.  Vanonl  and 
E.-Y.  Hsu.  1952  30  p.  inch  lllus  diagrs.  tables, 

refs.  (Convention  preprint  paper  no.  67)  (AF  18(600) 
582;  continuation  of  AF  33(038)17207)  Unclassified 
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Presented  at  ASCE-ASME  Centennial  Convocation, 
Chicago,  Ill.,  Sept.  3-13,  1952. 

This  paper  discusses  briefly  some  observations  of  the 
effect  of  sediment  flows  and  studies  of  turbulence  in 
channels,  including  the  presentation  of  some  recent 
turbulence  and  diffusion  stud'es. 


CIT.  11:002 

California  Inst,  of  Tech.  Hydrodynamics  Lab. ,  Pasadena. 

A  STUDY  OF  TURBULENCE  AND  DIFFUSION  USING 
TRACERS  IN  A  WATER  TUNNEL,  by  V.  A.  Vunoni 
and  N.  H.  Brooks.  Jan.  31,  1955,  51p.  incl.  illus. 
diagrs.  tables,  refs.  (Rept.  no.  E-46)  [AFOSR-TR- 
55-18]  (AF  18(600)582)  AD  66182  Unclassified 

A  study  of  turbulence  in  a  water  tunnel  was  made  by 
otwrvltg  U.«  .,utij  ■  v.1  s  i. all  liquid  JixpWte  having 
the  same  density  as  water.  These  tracers  were  in¬ 
jected  into  the  flow,  and  their  trajectories  were  photo¬ 
graphed  with  a  fixed  camera  using  a  stroboscopic  light. 
From  measurements  of  the  photographic  plates,  it  was 
possible  to  calculate  instantaneous  velocities,  turbulence 
intensities,  and  Lagrangian  correlation  coefficients. 

Runs  were  made  both  with  and  without  a  turbulence- 
,  r  hiring  gxid  Fn.  i  arale  trxjHtorlcs 

were  measured  for  each  run.  Each  point  value  of  the 
turbulence  characteristics  is  an  ensemble  average. 

The  biggest  limitation  on  the  practical  application  of 
this  method  is  the  inevitable  sampling  error  in  the 
calculated  intensities  anc  correlations.  Inese  errors 
were  large,  even  when  35  trajectories  were  measured; 
they  can  be  reduced  only  hy  greatly  increasing  the  num¬ 
ber  cl  trajectories  A  satisfactory  «xper'- 

mentai  technique  for  photographing  and  measuring  the 
trajectories  of  the  tracers  was  developed,  but  the  com¬ 
putations  involved  are  still  very  laborious.  Results 
showed  that  a  large  fraction  of  the  turouient  energy  ot 
the  field  may  be  attributed  to  substantial  differences 
between  the  mean  velocities  of  different  tracers  over 
tilt  3-lt  observation  reach.  The  decay  jf  turbulence 
energy  with  distance  showed  a  linear  relation  between 
the  reciprocal  of  the  energy  and  the  distance,  but  a 
strong  Reynolds  number  effect  was  observed.  The 
correlation  curves  indicated  that  the  time  scale  was 
fairly  large;  practically  all  of  the  energy  was  associ¬ 
ated  with  relatively  low  frequencies.  Unfortunately, 
the  data  were  not  extensive  enough  to  permit  calculation 
of  the  diffusion  coefficients  from  the  Lagrangian  corre¬ 
lations  in  accordance  with  Taylor's  theory.  (Con¬ 
tractor's  abstract,  modified) 


CIT  12:001 

California  last,  of  Tech.  Norman  Bridge  Lab.  of 
Physics  Pasadena. 

COMPOSITE  PIEZOELECTRIC  RESONATOR,  by 
W.  G.  Cady.  Apr.  7,  1954  10  p.  incl.  illus.  tables, 

refs.  (Technical  note  no.  1)  (  At  OSlt-TN  54-86) 


(AF  18(600)593)  AD  61827  Unclassified 

Also  published  in  Amer.  Jour.  Phys. ,  v.  23:  31-40, 
Jan.  1955. 

Various  types  of  composite  resonators  and  their  uses 
are  summarized.  The  general  equations  are  given  for 
the  transducer  for  plane  ultrasonic  waves,  consisting 
of  a  crystal  assembly  with  back  and  front  plates. 
Applications  are  made  to  several  simple  cases,  and 
expressions  are  tabulated  for  the  amplitude  of  vibra¬ 
tion  for  various  combinations  of  half-  and  quarter- 
wave  components.  Consideration  is  given  to  the  effect 
of  the  acoustic  load  on  the  frequency  for  maximal 
amplitude.  Theoretical  formulas  are  compared  with 
experimental  results  for  rods  of  aluminum  and  fused 
quartz  excited  in  vibration  by  piezoelectric  crystals. 
(Contractor's  abstract) 


CIT.  12:Uv2 

California  Inst,  of  Tech.  Norman  Bridge  Lab.  of 
Physics,  Pasadena. 

ON  THE  SPECIFIC  DIRECTIONS  OF  LONGITUDINAL 
WAVE  PROPAGATION  IN  ANISOTROPIC  MEDIA,  by 
F.  E.  Borgnis.  Dec.  1954,  25p.  incl.  diagrs. 

(Titht  leal  '  jit  ix  J)  (f  AF]uSH-TN-54-3SS) 

(AF  18(600)593)  AD  50987  Unclassified 

Also  published  in  Phvs.  Rev.,  v.  98:  1000-1005, 

May  15,  1955. 

A  method  is  developed  to  obtain  specific  directions  in 
a  medium  of  given  anisotropy  along  which  the  displace- 
mctl  J  I  j(  tit  1  pcislbU-  wavt»  is  ,-arUUl  tu  t*i* 
direction  of  wave  propagation.  If  the  matrix  of  elastic 
coefficients  is  known,  the  method  leads  to  the  complete 
set  of  such  longitudinal  directions.  The  method  is 
applied  to  the  trigonal,  hexagonal,  tetragonal,  and 
cubic  groups  of  crystal  symmetry,  and  general 
conditions  are  established  under  which  pure  longitudi¬ 
nal  waves  exist.  A  iratntrrttcd  calculation  shows  that 
there  are  5  such  distinct  directions  for  u-quartz  not 
counting  the  ones  which  are  equivalent  by  symmetry 
properties.  Special  conditions  are  obtained  between 
the  elastic  constants  under  which  longitudinal  waves 
can  be  propagated  in  any  direction  In  a  hypothetical 
anisotropic  medium  fulfilling  these  conditions. 

(ASTI A  abstract) 


CIT. 12:003 

California  Inst.  !  Tech.  Norman  Dridge  Lab.  of 
Physics,  Pasadena. 

RESEARCH  IN  HiGIl-FREQl  ENCY  ULTRASONICS, 
by  W.  <«  Cady.  Final  rept.  Mar  1955,  i7p.  lnci 
diagrs.  (  AF  OSH-TN-55- 79)  (AF  18(600)593) 

AD  61828  Unclassified 

This  final  report  summarizes  the  work  done  during 
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the  2-yr  contract.  Alter  a  survey  of  proposed  under¬ 
takings,  abstracts  are  given  of  completed  work  on 
composite  piezoelectric  lesonators,  theory  of  acoustic 
filters  having  a  periodic  structure,  and  theory  of  eoin- 
pressional  waves  In  crystals.  A  report  is  given  on  the 
attempts  to  generate  acoustic  vibrations  at  a  frequency 
of  3000  mc/sec.  Descriptions  are  given  of  the  trans¬ 
ducer  and  cavity  resonator  used  In  the  unsuccessful 
experimental  tests.  As  ?  result  of  this  research  study, 
it  was  suggested  that  improvements  should  be  made  by: 

(1)  obtaining  a  microwave  generator  with  very  high 
frequency  stability,  and  at  the  same  time  having  the 
frequency  adjustable  over  a  small  range,  at  least; 

(2)  constructing  and  mounting  a  transducer  in  such  a 
manner  as  to  ensure  exposure  to  a  strong  electric 
vector  without  undue  heating;  (3)  providing  greater 
uniformity  in  the  thickness  of  quartz  or  other  trans¬ 
ducer  material;  and  (4)  at  arching  Ivt  other  substances 
having  piezoelectric  properties  in  high-frequency  fields 
which  can  be  prepared  as  uniform  thin  films.  (Con¬ 
tractor's  abstract,  modified) 


CIT.  12:004 

California  Inst,  of  Tech.  [  Norman  Dridge  Lab.  of 

1  hyelce  ,  I  aeadena. 

THEORY  OF  THE  PLANE  WAVE  ACOUSTIC  FILTER 
WITH  PHHODIC  STRUCTURE,  by  W.  G.  Cady. 

,1-155,  [  2C  ,p.  tncl.  dlagre  refs  (Technical  note 
no.  3)  [  AFOSR-TN-55-112]  (AF  18(600)593) 

Unclassified 

After  a  brief  discussion  of  the  general  properties  of 
filters  of  different  types  (e.  g. ,  optical,  electrical, 
mechanical),  attention  is  given  to  an  acoustic  filter 
consisting  of  an  arbitrary  number  of  identical  sections 

placed  between  a„y  2  media.  Each  section  consists  of 

2  plane-parallel  layers,  which  may  be  of  any  materials 
and  thicknesses.  It  ts  assumed  that  there  are  no  losses 
due  L  abw'.rptkjl.  It.  Urese  tndc.r!  ds,  and  U  it  plMaj 
waves  of  arbitrary  frequency  are  Incident  normally  on 
the  filter.  The  theory  of  filters  of  this  type  is  devel¬ 
oped,  involving  an  expression  for  the  specific  acoustic 
impedance  at  any  point,  and  also  a  convenient  Iteration 
factor  which  facilitates  the  calculation  of  reflection 

and  transmission.  The  formulas  are  then  specialized 
for  the  case  In  which  the  thickness  of  each  layer  is 
the  same  fraction  of  a  wavelength,  including  a  dis¬ 
cussion  of  quarter-wave  layers.  A  proof  is  given  of 
the  reversibility  of  the  filter.  Numerical  calculations 
have  been  carried  out  for  filters  with  assumed  con¬ 
stants.  The  results  for  one  case  are  presented  in  the 
form  of  curves  relating  the  coefficient  of  reflection  to 
the  frequency.  (Contractor’s  abstract) 

CAL.  01-001 

California  U.  Dept,  of  Mathematics  Derkeley. 

ASYMPTOTIC  EXPANSIONS.  1.  FUNDAMENTAL 
THEOREMS  OF  ASYMPTOTICS,  by  J.  G.  van  der 
Corput.  June  1954,  6Gp.  (Technical  rept.  no.  1) 


[AF  18(600)958]  Unclassified 

Summary  published  in  Nederl.  Akad.  Wetensch. 

Proc. ,  Indag.  Math.,  Ser.  A.,  v.  57:  206-217,  1954. 
(Title  varies) 

This  is  the  first  of  a  number  of  self-contained 
repoi  ts  on  asymptotic  expansions.  As  the  author 
points  out,  the  theory  of  asymptotic  expansions  is 
at  present  incomplete  and  has  suffered  neglect  over 
a  long  period.  This  is  probably  due  to  the  fact  that. 

In  practice,  asymptotic  expansions  are  largely  used 
in  certain  kir.ds  of  boundary-value  problems  and  the 
methods  established  by  Poincar6  are  regarded  as 
salisfai-loiy  tOi  this  purpose.  They  have  also  been 
used  in  analytic  number  theory,  In  statistical 
mechanics  and  in  coefficient  theory,  often  in  con- 
juntUm,  with  Hit  tirtA3<od  iA  {Aety.w.1  dtcoerA,  b-al  Ik 
all  these  cases  conventional  methods  suffice.  Recently 
extensions  of  the  Poincar£  theory  have  been  developed 
by  R.  San  Juan  in  dealing  with  asymptotic  expansions 
arising  out  of  the  moment  problems  associated  with 
different  kinds  of  transform  [fi£S,  e.g.,  Revista  Mat. 
Hisp.  Amer.  (4)  11,  65-110  (1951);  these  Rev.  13, 

214  ].  On  the  other  hand,  attempts  to  sharpen  the 
existing  theory  have  also  been  made  In  relation  to 
asyn  detic  txpu.BK  *  t*ar  Vi  lrr%-6ulir  singularity 
(£££>  e.  g. ,  Evans,  Quart.  Appl.  Math. ,  v.  12:  295- 
300,  (1954)).  Neither  of  these  are  referred  to  in  the 
present  work.  The  author's  alms  are  both  extensive 
xr  J  prec'Bt  I'.le  Into  i  U  tv  amVi*  itl,wr.’tAe!«u* 
in  the  practical  use  of  asymptotic  expansions  while 
at  the  same  time  building  up  a  rigorous  theory  on  a 
wide  basis.  The  several  reports  will  cover  three 
successive  stages.  In  the  first,  the  Poincar6  theory 
Is  subjected  to  a  rigorous  analysis.  Here  a  numerical 
upper  bound  is  not  known  for  the  remainder  term;  all 
that  is  known  is  that  Its  order  is  the  same  as  that  of 
thv  Hist  i.cgteittd  term.  foT  many  purposes  In 
applied  mathematics  this  is  sufficient.  The  second 
stage  deals  with  asymptotic  expansions  In  which  the 
upper  bou ni  ,.f  t'  *  r%u  v tviw  l  s  ta  o*ri  Tl  %  1*  Ire 
stage  deals  with  the  transformation  of  an  asymptotic 
series  into  one  in  which  the  error  of  approximation 
may  be  prescribed.  It  is  with  the  first  stage  that  this 
report  is  largely  concerned.  The  subjects  dealt  with 
are  asymptotic  equality;  asymptotic  llnms;  asymptot¬ 
ically  convergent  series,  single  and  multiple;  uniform 
asymptotic  convergence;  analytic  functions  with  pre¬ 
scribed  asymptotic  expansions;  and  equations  involving 
asymptotic  expansions.  The  chapter  on  analytic 
functions  deals  with  conditions  under  which  a  function, 
analytic  in  a  given  region,  may  have  an  asymptotic 
expansion  about  one  or  more  boundary  points  of  that 
region.  The  last  chapter  concerns  solutions  in  s  of 
the  equation  f  (s)  =  t,  where  f  (s)  and  t  are  given 
asymptotically.  The  treatment  Is  lopiral  and  rigorous 
throughout.  All  the  tern's  used  are  clearly  defined 
from  the  start  anu  the  basic  ideas  are  subjected  to  a 
detailed  analysis.  There  are  many  examples,  care¬ 
fully  chosen  to  Illustrate  the  points  at  issue.  Although 
the  author  does  not  claim  the  work  to  be  exhaustive, 
if  the  remaining  reports  maintain  the  same  standard, 
then  the  author’s  aim  to  provide  a  rigorous  and  com- 
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plete  basis  lor  the  theory  of  asymptotic  expansions 
will  have  been  largely  achieved.  (Math.  Rev.  abstract) 


CAL.  01:002 


Califorma  U.  Kept,  of  Mathematics]  Berkeley. 


ASYMPTOTIC  EXPANSIONS.  H.  ELEMENTARY 
METHODS,  by  J.  G.  van  der  Corput.  Dec.  18,  1954, 
54p.  (Technical  rept.  no.  2)  f  AF  18(600)958] 

Unclassified 


Summary  published  In  Nederl.  Akad.  Wetensch.  Proc., 
Indag.  Math.,  Ser.  A,  v.  58:  139-150,  1955.  (Title 
varies) 


In  section  1  the  theory  Pilya  and  Szego  ( Aufgaben  und 
LehrsStze  aus  der  Analysis,  Bd.  I,  Springer,  Berlin, 
1925,  p.  26)  of  enveloping  series  is  extended  to  series 
of  complex  terms  in  the  following  way:  |  £  |  <ir;Er  is 
the  closed  circle  segment  bounded  by  the  line  segment 
(0,  1)  and  by  the  circle  arc  with  end-points  0  and  1. 
Which  makes  at  the  origin  an  angle  —  Z,  witu  the  + 
real  axis.  A  number  s  Is  enveloped  by  the  formal 
series  2an  (n20)  with  respect  to  the  circle  segment 
If  it  is  possible  to  find  for  each  integer  n>0  an 
element  0n  of  such  that  s  =  ao_pi_p. .  t_|_ 


Notation:  s  oc  T.  an(E^  );  e.  g. 


oc  T.  (  -  )nzn(E.)  for  |  r  =  arg  z|  <i t. 
n^0  * 


In  section  2  this  theory  is  applied  to  the  ['-function 
(a.  o.  determination  of  general  sharp  upper  bounds  for 
the  error  term  of  log  P(z)).  In  section  3  it  Is  shown 
that  under  general  conditions  for  each  point  z  on  the 
line  segment  (0,  w)  (w  real  or  complex  ytO)  in  the 
Maciaurln  expansion 


f(z)  _  I  f(h)  (0)  zh  +  Xn: 
h  0  h!  r 


>  belongs  to  a  convex  set  En,  assuming  that  •'  (n*(z) 
Delongs  to  the  same  set.  In  section  4  the  author  obtains 
by  integration  by  parts  of  )'!}  g(xje  ,  fd*  (a  and  b 
real)  the  expansion  .  {}]  J  (uh -f-ph)  .r  ‘n-f- .  -nln. 


where  the  last  term  is  under  specified  conditions  = 


The  acymptotic  sum  of  the  asymptotically 


convergent  series 


>>0)c*A 


is  ca.lled  the  asymptotic  residue  between  a  and  a*; 
notation  '“+  g(x)e  ij  f(l')dx.  In  an  analogous  way 


I,  1 2'h  =  .  h.  »(x)e‘  1  {x)dx. 


The  author  proposes  to  treat,  in  later  re[>orts,  the  com¬ 
plete  theory  of  asymptotic  residues.  In  section  5  abso¬ 
lutely  monotonic  and  completely  monotonic  functions 
are  treated.  A  function  f  (x)  is  called  absolutely 
monotonic  in  an  Interval  j  tf  f(n)(x)>0in  j  'r  0,  1, 

2.  .  . . )  and  completely  monotonic  in  j  if 
( - 1 )  n  f  ln) (x)  >0  in  j  (a  0,  1,  2,  ■  ■  • ).  For  the  re 


stricted  class  of  integrals  containing  such  functions  a 
very  sharp  numerical  upper  bound  for  the  error  term 
is  obtained.  In  the  last  chapter  6  sufficient  conditions 
are  obtained  for 


11m  y  fr  (h)  -  (fn(ni{,=i 
h->  - .  0<  n<  mh  n=  1 


->“  for  h->°u) 


where  the  last  series  converges  (absolutely  resp.  un¬ 
conditionally).  Many  applications  are  given  (s.  g.  F- 
functlon,  polynomials  of  Legendre,  ultraspherlcal 
polynomials,  formula  of  LaPlace-He'ne,  va'ues  of 
derivatives  of  polynomials  of  Legendre  at  x  -  ±1, 
(formula  of  Grosswald,  wiin  eneralisation),  upper 
bound  for  the  derivatives  of  the  polynomials  of 
Legendre  (Picone),  generalisation  of  the  formula  of 
Picone  for  ultraspherlcal  polynomials,  polynomials 
of  Fcjer,  etc. ).  (Math.  Rev.  abstract) 


CAL.  01:003 


California  U.  [  Dept,  of  Mathematics  ]  Berkeley. 


ASYMPTOTIC  EXPANSIONS,  in.  THE  ASYMPTOTIC 
BEHAVIOR  OF  THE  HEAL  SOLUTIONS  OF  CERTAIN 
SECOND  ORDER  DIFFERENTIAL  EQUATIONS,  by 
J.  G.  van  der  Corput.  June  1955,  17ip.  (Technical 
rept.  no.  3)  [  AF  18(600)958  ]  Unclassified 


lndag.  Math.,  Ser.  A,  v.  59:  1-14,  1956.  (Title 
varies) 


Y(x)  and  ~(x)  are  two  linearly  Independent  solutions  of 


y'-  +  P(X)y'  +  Q(X)y  =  0. 


It  is  possible  to  determine  the  asymptotic  behaviour 
for  large  positive  x  of  the  real  solutions  of  the  dif¬ 
ferential  equation  (2)  y”  -f  |p(x)  +  f(x)j  y'-f{Q(x)-t- 
g(x)]  y  =  0  provided  that  f  (x)  and  g(x)  (perturbations) 
and  their  derivatives  are  sufficiently  small  for  large 
positive  x.  (1)  is  called  the  related  equation.  In 
section  2  are  Introduced  certain  transformations,  e.g. 
y  =  r(x)  (Y  sin  0+q  cos  0);  y'  —  r(x)(Y'  cos  0  + 
q'  cos  0),  by  which  (2)  Is  transformed  Into  (3)  O'  = 

'  'x,  0);  (4)  2r’r- 1  =  M(x,  )).  The  advantage  is  that 
(3)  Is  a  differential  equation  of  the  first  order  not  in¬ 
volving  r(x).  After  determination  of  the  asymptotic 
behaviour  of  >(x)  (4)  gives  the  asymptotic  behavior  of 
2  log  r(x),  and  therefore  also  y(x)  and  y’(x).  Special 
case:  l'*(x)  =  0,  Q(x)  =  1,  f  (x)  and  g(x)  absolutely 
Integrable  to  lnflnty. 


■  (x)  — >v;  2  log  r(x)  — e  v  •  for  x  — >+-  (-.-and 
finite). 


By  putting  2  '  ■  ( x ) 


(x)  it  Is  shown  in  section  4 


that  (x)  satisfies  an  integral  equation  of  the  form 


(x)  ;  *(:)+'. (t)  sin  i  (t)  +  .  (t)<  1  -  cos  <(t))]dt 


(>.)(x),  . (x).  .(x)  given  functions,  absolutely  integrabh 
to  - ).  In  order  to  write  t  (x)  in  a  simple  form  an 
operation  called  bar -multiplication  is  introduced,  de- 


•  • 


c  • 


•  • 


•  • 


V  #  i 


•  • 


•  • 


•  • 
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The  bar-product  j  •  J  la  by  definition  the  m+M-tuple 
integral: 

J"  '  J  »(*l,  ‘l.  ' '  •  ‘m>F,s-  W  -  ‘  ’  dtm*M- 

tl2‘ '  '2!rn+M^x 

In  section  4  it  is  shown  that  t(x)  possesses  an  asymp¬ 
totic  expansion  of  the  form 

£(x)kN+H"+-TcH4-TcRm — RfeTI-i- ---  (k=  ^  \(t)dtetc). 

The  remainder  Is  at  most  of  the  order  oo"r  (r  =  the 
number  of  bar- factor?  In  the  first  neglected  term).  An 
analogous  result  Is  obtained  for  2  log  r—  f^f(t)dt— y*. 
In  a  purely  formal  manner  the  asymptotic  expansion 
for 

U(x)+iV(x)  =  exp  (  -  Va  Jx  f(t)dt-'/iy*  }r  exp  {'lit] 

( '/>£•-:  0-y) 

is  computed.  In  this  expansion  certain  regularities  in 
the  formation  of  the  bar-products  and  in  the  signature 
of  the  terms  lead  to  a  conjecture,  which  Is  verified  In 
section  4.  In  the  more  complicated  case  tn  which  there 
is  no  absolute  integrabillty,  the  author  restricts  him¬ 
self  in  the  sections  5  and  8  to  differential  equations  of 
the  form 

5)  y"+  y’(  x  LvfvW  cos2av(x) 

v=  1 

+  y(l+y  Kvfv(x)  cos  2uv(x))  =  0, 
v-  1 

fv  and  av  are  given,  real,  infinitely  differentiable 
functions,  Kv  and  Lv  are  given  constants.  To  determine 
the  asymptotic  behaviour  of  the  real  solution  of  O'  == 

A  (x,  A)  a  certain  "  smoothness  condition"  Is  Imposed  on 
the  functions  fv.  On  the  functions  uv  a  ci  .  tain  "reso- 
ng  ice  condition"  is  Imposed  which  can  be  formulated 
roughly  by  saying  that  there  is  either  complete  reso¬ 
nance  or  no  resonance  at  all.  Under  these  two  condl 
lions  It  K  oossible  to  construct  for  each  real  solution 
(x)  a  real  constant  v  such  that  (x)  -  v  is  for  large 
positive  x  asymptotically  equal  to  the  asymptotic  sum 
of  an  asymptotically  convergent  series.  These  two 
conditions  however  are  not  sufficient  to  deduce  from 
this  asymptotic  equation  an  asymptotic  expansion  whose 
terms  do  not  Involve  ** ( x)  Itself.  To  that  end  a  certain 
supplementary  condition  Is  needed  (section  6).  In 
section  8  the  author  demonstrates  under  these  three 
conditions:  1.  Uniqueness  theorem.  If  and  •  denote 
two  real  solutions  of  '''  —  A(x,  0)  with  the  same 
constant  In  their  asymptotic  equation,  then  —  *. 

II.  Existence  theorem.  If  v  denotes  an  arbitrary  given 


real  constant  number,  then  It  le  possible  to  construct 
a  real  solution  ft  of  9'  =  A(x,  0  )  such  that  y  Is  the 
constant  term  in  the  asymptotic  ecpation  of  that 
solution.  By  I  this  solution  1s  uniquely  defined  by  y. 

In  the  sections  9  and  10  the  asymptotic  behaviour  of 
the  solutions  of  some  more  complicated  differential 
equations  Is  investigated.  In  section  11  the  case  Is 
treated  that  in  (5)  fv  and  av  possess  asymptotic  ex¬ 
pansions  according  to  powers  of  x.  In  section  12 
av(x)  =  avx+qv  denotes  a  linear  function  of  x.  It  Is 
shown  that  the  rationality  properties  of  av  play  an 
important  role.  In  section  13  n  1,  q=  0,  f(x)  Is 
continuous  of  bounded  variation.  In  this  case  however, 
there  are  some  rational  values  which  may  not  be 
assumed  by  a,  e.g.  the  value  zero.  In  the  last  section 
14  the  author  obtains  a  first  approximation  to  9  and 
log  y  under  much  weaker  conditions.  This  section  Is 
closely  related  to  stability  theory.  (Math.  Rev. 
abstract) 


CAL.  01:004 

California  U.  [Dept,  of  Mathematics ]  Berkeley. 

ON  SEQUENCES  WITH  DIVERGENT  TOTAL  VARIA¬ 
TION,  by  W.  Stenberg.  Dec.  18,  1954  [  13  ]  p. 

[  AF  18(600)958  1  Unclassified 

Published  In  Nederl.  Akad.  Wetensch.  Proc.  ,  Indag. 
Math.,  Ser.  A,  v.  58:  178-190,  1955. 

The  paper  proves  that  If  J  an  j  Is  a  sequence  of  positive 
terms  with  a„— >0  such  thht  Ja^  =  oo,  then  there 
exists  a  "rearrangement”  jbnj  of  l  with 
^bn  =  ■  such  that  for  every  subsequence  |cn  jof  j  bnj 

It  is  true  that 

n-1  n  r 

j.  I c j  —  c.  j  |>  2 v  [c,|  -  5b* , 

J=i  J  J  )=i  1 

where  b*  Is  the  largest  bn.  Here  fb^  is  a  "rear¬ 
rangement"  of  janj  If  bn  =  where  h(n)  Is  a 

univalent  function  on  the  positive  Integers  to  the  posi¬ 
tive  integers  and  Includes  the  notion  of  rearrangement 
of  a  subsequence.  This  theorem  has  as  corollary  an 
unpublished  result  of  Beslcovltch  and  Erdos  that  there 
exists  a  sequence  la,,}  of  positive  terms  with  an— vO 
and  •-  an  =  c.  such  that  for  every  subsequence  j  bn  > 
with  U bn  =  It  Is  true  tnat  n  ]  bn-bn#  j  ]  =  •. 

(Math.  Rev.  abstract) 
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ON  SOME  PROBLEMS  IN  TRANSONIC  FLOW,  by 
M.  11.  Trotter.  Nov.  1954,  23p.  Incl.  diagrs. 
(Technical  rept.  no.  1)  ( ;  AF  OSR-TN-54-307) 

(AF  18(600)1117)  AD  48548  Unclassified 

A  uniqueness  theorem  previously  proved  (Jour. 
Rational  Mech.  and  Analysis,  v.  2,  1953)  for  the 
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Trlcomi  problem  for  equations  of  the  form  K(y)uxx  + 

“yy  =  0  Is  exlended  to  a  general  uniqueness  theorem 
for  the  problem  of  the  existence  of  transonic  potential 
flows  out  of  a  jot  Iti  which  K(y)  Is  a  o^-ciLo  tiumotMie 
function.  The  results  are  presented  as  2  theorems. 

(1)  Let  D  be  the  domain  enclosed  by  F,  yi  and  Y2  and 
suppose  that  K(q)  has  a  continuous  third  derivative 
satisfying  the  condition  K'"  (q)  <  0  whenever  F(>q )< 0, 
q  ^  0.  If  ^  Is  a  solution  of  K(q ):)  <:  ;  +  \)/ f|  =  0  in  D 
wHrl  vu  i-Jj  s  in  I'.'if  Ys  tt'.  »  .  vanishes  liv tlrally 
T  is  a  simple  rectifiable  arc  In  the  upper  half- plane 
with  end  points  on  the  x-axls;  yj  Is  the  characteristic 
of  dq  _  i  1  passing  through  the  origin 
d= 

and  extending  into  the  porlion  of  the  plane  5  >0,  q<0;y2 
Is  the  characteristic  of  dij  =  r  *  passing  through 

d5  V7^) 

P(l0’  ®)  wtdch  intersects  yj;  and  P(',0,  0)  is  one  of 
the  end  poinls  of  T.  (2)  Let  D  be  the  domain  described 
above  and  suppose  T  coincides  with  the  normal  curve 
of  K(q)\|  ?  -  +  i]r  =  0  in  some  "elghborhood  of  the 

origin  and  P('  q,  0);  then  either  there  exists  a  unique 
quasi- regular  solution  of  K(q)fs  -  +  -1  =0  with 

prescribed  values  on  V  and  y,  or  there  exisl  nonldentl- 
cally  vanishing  solutions  of  K(q)  l  -  -  +  y  ^  which 

vanish  on  r  and  y2-  Combining  these  2  theorems  yields 
an  existence  theorem  in  the  hodograph  plane  for  the 
transonic  flow  out  of  a  nozzle. 
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California  U.  Depl.  of  Mathematics,  Berkeley. 

THE  PERIODICITY  PROBLEM  FOR  PSEUDO- 
ANALYTIC  FUNCTIONS,  by  M.  H.  Protter.  Ocl.  1955, 
45p.  (Technical  rept.  no.  2)  (  AF  "OSlt-TN- 55-308) 
(AF  18(600)1117)  AD  75262  Unclassified 

Also  published  In  Ann.  Math.,  V.  64:  154-174,  July 
1956. 


lem  concerns  the  existence  of  sequences  a,  p,  y,... 

In  which  the  members  of  each  class  are  the  generalized 
derivatives  of  the  functions  in  the  preceding  class. 

Such  a  se4uer.ce  has  a  minimum  period  n  If  It  has 
period  n,  and  If  It  does  not  have  period  less  than  n  for 
all  possible  choices  In  the  definition  of  the  generalized 
derivative.  The  principal  results  state  that  for  each 
integer  n  there  exist  sequences  of  minimum  period  n. 
Classes  a  can  be  found  such  that  the  sequences  gener¬ 
ated  bv  a  for  all  possible  choices  for  the  generalized 
derivative  are  nonperiodic. 
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ON  THE  SOLUTION  OF  PARABOLIC  EQUATIONS  BY 
DIFFERENCE  METHODS.  I,  by  M.  Lees.  Nov.  1955, 
26p.  (Technical  rept.  no.  3)  ( [  AF  lOSR-TN-55-439) 
(AF  18(600)1117)  AD  80361  Unclassified 

A  method  of  obtaining  approximate  solutions  to 

<3u  J2u  au 

—  -  a(x,t) — R  -  2b(x,  t)  — -  c(x,  t)u-d(x,  t) 

<Jt  dx2  Jx 

Is  given  that  involves  the  solution  of  a  suitable  back¬ 
ward  difference  equation  over  a  rectangular  lattice. 

The  specific  boundary- value  problem  lo  which  the 
method  applies  Is  the  following.  Let  D  be  a  domain 
contained  In  the  rectangle  0  ~  t  =  T,  0  =  x  =  1  such 
that  (1)  D,  tie  closure  of  D,  contains  a  line  segment! 
In  which  t  -  T,  aQ  ^  x  4b0’  311(1  (2)  11  (x>{)  rnd  (x’>t) 
are  any  2  points  In  D  with  the  same  1-coordlnate,  then 
the  line  segment  Joining  these  2  points  lies  entirely  In 
D.  Find  a  function  u(x,  t)  defined  In  T)  that  satisfies 
the  differential  equation  tn  D  and  thal  lakes  on  pre¬ 
scribed  values  on  the  boundary  of  D  minus  1.  (ASTIA 
abstract) 


CAL.  02:004 
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The  basic  theory  of  pseudo -analytic  functions,  a  theory 
based  on  systems  of  elliptic  pa.  tial  differential  equaltons 
which  parallels  the  ordinary  theory  of  functions  dertved 
from  the  Cauchy- Riemann  equations,  is  given  together 
with  a  definition  of  a  generalized  derivative.  The 
periodicity  problem  involves  the  determination  of  the 
circumstances  under  which  the  system  (B) 

(  ulx  "  vly  ~  Uul  +  5  12V1 

1  uly  *  vlx  T1  21ul  *  M 22 v  1 

is  identical  with  the  system  (A) 

(  ux  -  vy  5uU  *  k12v 


when  w  u  t  iv  is  a  pseudo  analytic  function  which 
satisfies  A,  and  w  is  its  generalized  derivative  whtch 
satisftes  D.  Stated  alternatively,  the  pertodlcity  prob- 


ON  PARTIAL  DIFFERENTIAL  EQUATIONS  OF  MIXED 
TYPE,  by  M.  H.  Protter.  [  19551  [16)p.  incl.  refs. 
(AF  18(600)1117)  Unclassifted 

Published  tn  Proc.  Conference  on  Differential 
Equations,  Maryland  U.  ,  College  Park  (Mar.  17-19, 
1955),  1956,  p.  91-106. 

This  is  a  survey  of  resulls  (by  the  aulhor  and  others) 
concerning  initial  and  boundary  value  problems  for 
second  order  partial  differential  etjiations  of  hyperbolic 
type  whtch  become  parabolic  on  part  of  the  boundary, 
and  Includes  an  extensive  bibliography.  Confining 
himself  mainly  lo  the  theory  of  equations  of  the  form 
(1)  K(y)h(x,y)uu-Uyy  +  aux-(-bUy-J-cu  =  f  in  the  half 
plane  y  >  0,  with  K(y)  positive  tn  y  >  0  and  vanishing 
on  y  0,  and  h  positive  tn  y  >  0,  the  author  describes 
the  theory  of  two  problems:  (i)  the  singular  Cauchy 
problem  -  where  u(x,0),  uy(x,  0)  are  prescribed; 
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(ii)  the  boundary  value  problem  In  a  triangular  shaped 
domain  bounded  by  a  segment  I'  on  the  x  axis  and  the 
characteristics  I'j,  r2  from  its  end  points  which  are 
defined  by  the  equations  dy/dx  =  i  l/y/(Kh).  In 
problem  (ii)  the  boundary  values  of  u  on  P  and  on  one 
of  the  characteristics,  say  Tj,  are  prescribed;  this  is 
a  problem  of  Goursat  type.  We  mention  just  a  few  re¬ 
sults.  Berezin  has  treated  problem  (i)  for  K(y)  =  ya, 
and  has  shown  that  it  is  well  posed  for  0  <  a  <  2  but 
not  for  a  >  2.  The  author  has  extended  this  by  showing 
that  the  problem  is  well  posed  in  general  provided  that 
(2)  ya(x,  y )/  y'  K(y)  — >  0  as  y  — >  0;  a  similar  result 
holds  for  semi-linear  equations  (i.  e. ,  equations  that 
are  linear  in  the  second  order  derivatives).  Hellwig 
has  shown  that  the  critical  case  a  =  2  in  Berezin’s 
work  is  well  posed  provided  that  |a(x,  0)  |  <  2.  The 
author  states  some  results  on  existence  and  uniqueness 
for  problem  (ii),  and  proves  a  new  result  of  this  type, 
assuming  that  K(y)  is  monotonic  inc-easing  and  satisfies 
(2).  The  paper  also  contains  some  results  for  semi- 
ilnear  equations,  and  for  certain  equations  in  higher 
dimensions.  (Math.  Rev.  abstract) 
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GENERALIZED  GOUitSAi  f  uuBLLM  FOR  A  HYPER¬ 
BOLIC  SYSTEM,  by  R.  P.  Holten.  Mar.  1956,  47p. 
incl.  diagrs.  (Technical  rept.  no.  ')  (AFOER-TN-56- 
30)  (AF  18(600)1117)  AD  88701  Unclassified 

A  study  was  made  of  the  existence  and  uniqueness  of 
functions  U1 . UN  which  satisfy  the  differential 

equations  yi^y)  +  a^x,  y)  ujdx.y)  =  Dl(U><x,y) - 

m  y  * 

U  (x,y)),  i  1,2 . N,  in  some  region  including  the 

origin,  and  which  also  satisfy  the  equations 

N  ajjWlAx,  yi(x))  =  P^x),  and  y,  (0) --  0,  i --  1,2 . N. 

j  i 

(ASTIA  abstract) 
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A  GENERALIZATION  OF  COMPLETELY  CONVEX 
FUNCTIONS,  by  M.  H.  Protter.  May  1956,  14p. 
(Technical  rept.  no.  5)  (AFOSR-TN-56-145) 

(AF  18(600)1117)  AD  86303  Unclassified 

Also  published  in  Duke  Math.  Jour.,  v.  24:205-214, 
June  1057. 

The  theorem  is  given  that,  if  f(x)  is  almost  completely 
convex  in  an  interval  (a,b),  it  is  an  entire  function  of 
exponential  type.  A  function  f(x)  defined  in  an  interval 
(a,  b)  is  said  to  be  almost  completely  convex,  if  it 
possesses  derivatives  of  all  orders  and  if 


CAL.  02:005  -  CAL.  02:007 
f(4k>  (,)io.  alxlb,andf(4k+2)(a)  +  f(4k+2)  (b) 

“  (FIj2  [( ik)  (a)  *  f(4k>  (h|]'  °>  !> 2 .  The 

theorem  of  Widder  (Proc.  Nat.  Acad.  Sci.  U.  S. , 
v.  26:  657-659,  1940),  that  il  f(x)  is  completely  convex 
In  (a,  b)  it  is  an  entire  function  of  exponential  type,  is 
extended  to  functions  of  2  variables  as  follows:  if 
f(x,y)  is  completely  convex  in  a  domain  D,  it  is  a  real 
analytic  function  defined  in  the  entire  plane  and  of 
exponential  type.  A  function  f(x,  y),  defined  in  a 
domain  D,  is  completely  convex  If  it  possesses  deriv¬ 
atives  of  all  orders  with  respect  to  x  and  y  and 
a2(p+q){  ^2(p+q)j 

— xr — r  >  0  for  p+q  even  and  — „ - -  £  0  for  p+q 

Jx  P  Jy2cl  ~  ax2Pjy2q  ' 

odd  No  conditions  are  imposed  on  odd  derivatives  of 

the  forms  or  on  even 

dx2P3y2q+l  dx2p+lSy2q 

derivatives  of  the  form  8  2(P4tl)f  .  (ASTIA 
dx2P+13y2q-l 

abstract) 
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A  MAXIMUM  PRINCIPLE  FOR  HYPERBOLIC 
EQUATIONS  IN  A  NEIGHBORHOOD  OF  AN  INITIAL 
LINE,  by  M.  H.  Protter.  Aug.  1956,  20p.  (Technical 
rept.  no.  6)  [  AFOSR-TN-56-304  1  (AF  18(600)1117) 
AD  106712  Unclassified 

Also  published  in  Trans.  Amer.  Math.  Soc. ,  v.  87: 
119-129,  Jan.  1958. 

Consideration  Is  given  to  the  equation  Lu  =  (aUj,'x  - 
(bUy)y  +  cux  +  duy  +  fu  -  0,  a>0,  b.'  0  with  respect  to 
a  curvilinear  triangle  T  bounded  by  a  segment  AB  of 
the  x-axis  and  the  characteristic  arcs  AC  and  BC  which 
extend  into  y>0.  Proofs  of  the  following  theorems  are 
given.  Theorem  I.  Let  Lu  5-  0  in  D,  the  common 
part  of  T  and  0  .  y  ■„  y  ,  and  suppose  that  f  >  0  in  D, 
d(x,0)  •  0.  If  u  (x,0)  <  0  on  AB  and  ;  0  on  AD 

with  v(y)  i-,V  :iy,  a  >0,  0^  f1*'  1,  then  the  maximum 
of  u  in  I)  occurs  on  AB,  Theorem  2.  Let  Lu  >  0  in  D 
and  sup(iose  f  >  0  in  D,  l)(x,0)  0,  d(x,0)  ■  0.  If 

u(x,0)  •  0  and  AB  then  the  maximum  of  u  in  D  occurs 
on  AB.  These  theorems  are  used  to  obtain  certain  re¬ 
suits  for  ordinary  differential  equations  among  which 
is  a  comparison  theorem  on  the  distance  between  zeros 
of  the  ordinary  differential  equations  fj(x).'(x)]’  * 
g^xj.U)  0,  fi(x)M),  O'  x  xQ,  and  f2(y),'(y))' 

1  i?2(y)’  <y»  ~  °>  f2(y)^°-  0  y  =  \>  '2  for  which  u(x,  y) 

-  .  (x),  (y)  satisfies  a  hyperbolic  partial  differential 

equation  Lu, 
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GENERAL  THEORY  OF  SPIN-WAVE  INTERACTIONS, 
by  F.  J.  Dyson.  June  1,  1956  [14]p.  tncl.  refs. 
(Technical  rept.  no.  76)  (Sponsored  jotntly  by  [  Air 
Force  Offtce  of  Scientific  ..esearch]  under  AF  18(603)46 
and  National  Science  Foundation)  AD  108432 

Unclasslited 

Also  published  tn  Phvs.  Rev.,  v.  102:  1217-1230, 

June  1,  1956. 

An  Idea),  model  of  a  ferromagnet  is  studied,  conststtng 
of  a  lattice  of  tdentical  sptns  wtth  cubtc  symmetry  and 
with  isotropic  exchange  coupling  between  nearest 
netghbors.  Thts  aim  ts  to  obtain  a  complete  descrtptton 
of  the  thermodynamic  properties  of  the  system  at  low 
temperatures,  far  below  the  Curte  potnt.  In  thts 
temperature  regton  the  natural  description  of  the  states 
of  the  system  ts  in  terms  of  Bloch  sptn  waves.  The 
nonorthogonality  of  sptn-wave  states  raises  baste  diffi¬ 
culties  whtch  are  examined  and  overcome.  The  following 
new  results  are  obtained:  a  practical  method  for  calcu¬ 
lating  thermodynamic  quantities  tn  terms  of  a  nonortho- 
gonal  set  of  basic  states;  a  proof  that  tn  3  dtmenstons 
there  do  not  extst  states  (shown  by  Bethe  to  exist  in  one- 
dtmenslonal  chain  of  spins)  tn  whtch  two  sptns  are  bound 
together  into  a  stable  complex  and  travel  together  through 
the  lattice;  a  calculation  of  the  scattering  cross  section 
of  two  sptn  waves,  gtving  a  mean  free  path  for  spin- sptn 
collisions  proporttonal  to  T'VJ  at  low  temperatures  and 
an  exact  formula  fo”  the  free  energy  of  the  system,  show- 
tug  expltcttly  the  effects  of  spin- wave  interactions. 
(Contractor's  abstract) 
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California  L'.  Dept,  of  physics,  Berkeley. 

THERMODYNAMIC  BEHAVIOR  OF  AN  IDEAL  FEItRO- 
MAGNET,  by  F.  J.  Dyson.  June  1.  1956,  15  ip.  tncl. 

refs.  (Technical  rept.  nj.  77)  (Sponsored  jotntly  by 
l  Air  Force  Office  of  Scientific  Research  under 
AF  18(603)46  and  National  Science  Foundation) 

Unclassified 

Published  in  Phys.  Rev.,  v.  102:  1230-  1244.  June  1. 

1956. 

The  free  energy  of  an  ideal  Heisenberg- model  ferro 
magnet  is  calculated  as  a  power  series  in  the  tempera¬ 
ture  T.  The  S|x>ntuneoua  magnetization  In  zero  exlernat 
field  is  given  by:  M(T)  'M(O) ]  S-u0-3  2-a,  5-- 

ua  ‘  2-  a3S'  * .  0(-  3  2).  Here  •  is  the  temperature 
in  dimensionless  units  and  Uq.  aj,  a,,  a^,  are  positive 
numerical  coefficients  which  are  computed  for  the  three 
types  of  cubi'  crystal  lattice.  Tne  first  two  terms  are 
the  result  of  ihe  simple  Bloch  theory  in  which  spin  waves 
are  treated  as  noninteracting  Bose  particles  with  constant 
effective  mass.  The  aj  and  uo  corrections  come  front 
the  variation  of  effective  mass  with  velocity.  The  a-j 


term  is  the  lowest  order  correction  arising  from 
Interaction  between  spin  waves.  Thts  result  ts  In 
violent  contradtctton  to  earlier  published  calculations 
which  gave  Interaction  effects  proportional  to  T7/4 
and  T'.  The  smallness  of  the  thermodynamic  effects 
of  spin-wave  interactions  Is  discussed  In  physical 
term1  and  partially  explained.  A  general  proof  Is 
gtven  that  the  thermodynamic  effects  of  the  "  exclusion 
prtnctple, "  whtch  forbtds  more  than  (?S)  spin  deviations 
to  occupy  the  same  atom,  are  of  order  exp(-a0-l)  and 
gtve  zero  contribution  to  any  finite  power  of  0.  The 
restdual  dynamical  Interaction  between  2  spin  waves 
gtves  rtse  to  a  second  vlrlal  coefficient  b2'  which  Is 
calculated  and  shown  to  be  of  order  T5A  The  a3  term 
tn  the  magnetization  ts  proportional  to  b2'  .  Effects 
of  Interaction  of  3  or  more  sptn  waves  are  estimated 
and  found  to  be  of  order  or  higher.  (Contractor’s 
abstract) 


CAL.  03:003 

Californta  U.  Dept,  of  Physics,  Berkeley. 

ELECTRON  AND  NUCLEAR  SPIN  RESONANCE  AND 
MAGNETIC  SUSCEPTIBILITY  EXPERIMENTS  ON 
DILUTE  ALLOYS  OF  Mn  IN  Cu,  by  J.  [  M.  1  Owen, 

M.  Browne  and  others.  June  15,  1956  [7]p.  incl 
refs.  (Sponsored  jotntly  by  [  Air  Force  Offtce  of 
Sctentiftc  Research  under  AF  18(603)46],  Offtce  of 
Naval  Research  under  Nonr-22201,  and  Signal  Corps) 

AD  108431  Unclasslfted 

Also  -ubllshed  In  Phys.  Rev.,  v.  102:  1501-1507, 

June  15,  1956. 

Dtlute  alloys  of  Mn  tn  Cu  are  expected  to  show  marked 
effects  of  the  exchange  Interaction  between  the  Sd3  ton 
core  electrons  of  the  Mn  atoms  and  the  4s  conduction 
electrons  of  the  crystal.  The  simple  model  leads  to 
the  prediction  of  indirect  exchange  ferromagnettsm; 
electronic  Knight  shtft  of  the  electron  spin  resonance 
line:  nuclear  Knight  shtft  of  the  copper  nuclear  reso¬ 
nance;  electron  spin  relaxation  by  the  coupltng  with  the 
conduction  electrons:  and  a  contribution  to  the  electrtcal 
resistivity  by  the  Elltott- Schmitt  niechantsm.  The 
observed  wtdth  of  the  electron  sptn  resonance  ltne 
suggests  that  the  sd  exchange  Interaction  may  be  of  the 
order  of  0.2  of  the  interaction  tn  the  free  ton.  The 
dilute  alloys  appear  to  be  anttferromagnettc,  bul  with 
a  ferromagnetic  interaction  also  present  which  is  rathe” 
stronger  than  calculated  on  the  tndtrect  exchange  model. 
An  unexpected  experimental  result  is  that  the  nuclear 
Knight  shift  is  unaffected  by  the  presence  of  Mn,  sug¬ 
gesting  that  the  conduction  electron  magnetization  by 
the  coupling  is  less  Uian  1  '50  of  what  might  be  expected. 
(Contractor's  abstract) 


CAL.  03:004 

California  b  .  .Dept,  of  1  by  si's  Berkeley. 

PROCEEDINGS  OF  THE  SYMPOSIUM  ON  HIGH 
TEMPERATURE  -  A  TOOL  FOR  THE  FUTURE. 
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Berkeley,  Calif.  June  25-27,  1956,  218p.  incl.  illus. 
diagrs.  refs.  (In  cooperation  with  Stanford  Research 
Inst.  ,  Calif.  )  (Sponsored  jointly  by  Air  Force  Office 
of  Scientific  Research  under  AF  18(603)46,  Office  of 
Naval  Research  under  Nonr-22201,  National  Science 
Foundation,  and  Office  of  Ordnance  Research) 

Unclassified 

Emphasis  in  the  symposium  was  placed  on  the  whys  of 
high-temperature  limitations  and  on  the  identification 
of  the  areas  most  fruitful  for  further  work.  It  was 
believed  that  an  advance  in  production  of  high  tempera¬ 
tures  may  help  solve  problems  in  materials  for  high 
temperatures  or  in  processes  employing  them.  The 
program  was  divided  into  three  sections:  (1)  methods 
for  reaching  high  temperatures:  (2)  materials  for  con¬ 
taining  high  temperatures;  and  (3)  processes  occurring 
at  high  temperatures.  In  the  first  section,  consideration 
was  given  to  (a)  images  of  very  high  temperature 
sources,  (b)  electrical  methods  for  obtaining  high 
temperatures,  and  (c)  chemical  and  nuclear  methods  of 
obtaining  high  temperatures. 


CAL.  03:005 

California  U.  Dept,  of  Physics,  Berkeley. 

TRANSMISSION  OF  SUPERCONDUCTING  FILMS  AT 
MILLIMETER-MICROWAVE  AND  FAlt  INFRARED 
FREQUENCIES,  by  it.  E.  Glover,  III  and  M.  Tinkham. 

1956  i  '  4  ] p.  incl.  diagr.  [  Technical  rept.  no.  78  j 
(Sponsored  jointly  by  Air  Force  Office  of  Scientific 
Research  under  AF  18(603)46  j,  Office  of  Naval  Re¬ 
search  under  L  Nonr-22201  j ,  and  Signal  Corps) 

AD  126802  Unclassified 

Also  published  in  I'hvs.  Rev.,  v.  104:  844-845,  Nov.  1, 
1956. 

Resuits  are  reported  of  measurements  of  the  surface 
resistance  of  superconducting  lead  and  tin  at  microwave 
frequencies  having  photon  energy  comparable  with  kTc. 
Experimental  transmission  ratios  of  superconducting 
and  normal  states  are  compared. 

CAL.  03:006 

California  l’.  Dept,  of  Physics,  Berkeley. 

ENERGY  GAP  INTERPRETATION  OF  EXPERIMENTS 
ON  INFRARED  TRANSMISSION  SUPERCONDUCTING 
FILMS,  by  M.  Tinkham.  1956  G.p.  incl.  diagr. 

Technical  rept.  no.  79,  (Sponsored  jointly  by  .Air 
Force  Office  of  Scientific  Research  under  .  AE  1H(G03) 

4  .  Office  of  Naval  Research  under  Nonr-22201  , , 

and  Signal  Corps)  AD  126803  Unclassified 

Aliy  publlstiedTll  l'hys.  Rev.,  v.  104:845  846, 

Nov.  1.  1956. 

The  transmission  and  reflection  properties  of  a  film 
whlcli  is  thin  compared  to  a  skin  depth  and  m  transverse 
dimensions  large  compared  hi  a  wavelength  were 
determined  completely  by  the  complex  admittance  pel 
s  |uare  of  the  film  A  means  of  determining  the  high 


frequency  limit  is  given.  With  the  use  of  an  energy- 
gap  model,  the  observed  peak  in  transmission  at 
intermediate  frequencies  is  obtained  and  explained. 


CAL.  03:007 

California  U.  Dept,  of  Physics,  Berkeley. 

THERMAL  EQUILIBRIUM  IN  NUCLEAR  MAGNETIC 
COOLING  OF  METALS,  by  C.  Kittel.  [  1956]  [  2  ]  p. 
(Technical  rept.  no.  82)  (Sponsored  jointly  by  Air 
Force  Office  of  Scientific  Research  under  AF  18(603)46, 
Office  of  Naval  Research  under  Nonr-22201,  and 
[  Signal  Corps  ] )  AD  126804  Unclassified 

Also  nuhllshed  in  Phvs.  Rev.,  v.  104:  1307-1808, 

Dec.  15,  1956. 

Recently  there  has  been  reported  the  attainment  of  a 
temperature  of  20  udeg  K  by  nuclear  magnetic  cooling 
of  metallic  copper  from  an  electronic  cooling  stage  at 
0.  01°K,  about  V"it  of  the  nuclear  entropy  heing  removed 
during  isothermal  magnetization  at  the  latter  tempera¬ 
ture.  The  purpose  of  the  present  paper  is  to  discuss 
the  rate  at  which  conduction  electrons  and  lattice 
phonons  initially  at  0.01“K  come  into  thermal  equilib¬ 
rium  with  the  nuclear  spins  at  20  qdeg.  (Contractor's 
abstract,  modified) 


CAL.  03:008 

California  U.  Dept,  of  Physics,  Berkeley, 

POLARIZATION  OK  STARLIGHT  BY  FERROMAG¬ 
NETIC  PARTICLES,  by  J.  Henry.  1S5G]  [  11  ]p. 
incl.  diagrs.  (Sponsored  jointly  by  Air  Force  Office 
of  Scientific  Research  under  AF  18(603)46,  Office  of 
Naval  Research  under  Nonr-22201,  and  Signal  Corps) 

Unclassified 

Published  In  Astrophys.  Jour.  ,  V.  128:  497-507, 

Nov.  1953. 

In  an  attempt  to  explain  Interstellar  polarization  by 
scattering  and  absorption  of  starlight  by  oriented  dust 
particles,  Davis  and  Greensteln's  (1951)  relaxation 
mechanism  Is  generalized  to  ferromagnetic  particles, 
it  Is  shown  (liat  a  magnetic  field  o'  about  10'®  oersted 
is  sufficient  to  align  the  particles  so  as  to  produce 
the  observed  ratio  of  polarization  to  color  excess. 
(Contractor's  abstract) 


CAL.  04:001 

California  U.  Electronics  Resea'  ch  l,ah.  ,  Berkeley. 

DISCRETE  COMPENSATION  OF  SAMPLED- DATA 
AND  CONTINUOUS  CONTROL  SYSTEMS,  by  E.  I. 
Jury  and  W.  Scliroeder.  Dec.  14.  1955  80. p  incl 

diagrs.  refs.  (Series  no.  60.  issue  no.  154) 

(  AE  OSK  TN  55  415)  (AE  18(600)1521)  AD  85717 

Unclassified 
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A  method  of  compensation  ts  presented,  to  be  applied 
to  continuous  as  well  as  to  sampled-data  systems,  which 
reduces  to  zero  any  overshoot  or  error  alter  a  pre- 
Sii’ttjfcd  finite  tlilic.  This  pi  cavi  ibed  1  espouse  is  appli¬ 
cable  to  step  or  ramp  Inputs  and  could  be  extended  to 
acceleration  or  higher  order  inputs.  It  is  shown  that 
tit*  {’espoAfrfc  can  Lt  accomplished  usltig  ’die  iKklilleil 
z-transform  which  yields  the  systems  response  for  all 
Instants  of  time.  The  procedure  of  this  method, 
Illustrated  in  examples,  Is  mainly  applicable  to  general 
linear  physical  systems  with  no  inherent  delays.  The 
compensated  system  Is  so  designed  that  shifts  in  gain 
or  other  dynamical  disturbances  have  a  small  effect  on 
the  prescribed  response.  Iu  Conclusion,  lilt  method 
presented  is  powerful  in  synthesizing  control  systems 
to  tally  to  a  prescribed  response  and  furthermore  is 
straightforward  in  its  application.  (Contractor’s 
abstrac  t) 


CAL.  04:002 

California  U.  Electronics  Research  Lab.  ,  Derkeley. 

HIDDEN  OSCILLATIONS  IN  SAMPLED-DATA 
CONTROL  SYSTEMS,  by  E.  I.  Jury.  Dec.  14,  1955 
[  1 9  ] p.  incl.  diagrs.  refs.  (Series  no.  60,  issue  no. 

155)  (AFOSR-TN-56-24)  (AF  18(600)1521)  AD  101911 

Unclassified 

Oscillations  between  sampling  instants  in  the  response 
of  sampled-data  control  systems  impose  certain  limi¬ 
tations  on  the  z-transform  method  and  other  methods 
available  for  synthesis  of  such  systems,  it  is  shown 
that  these  oscillations  appear  in  the  response  because 
of  certain  forms  of  the  open  loop  transfer  function  G(s). 
If  the  impulsive  response  of  these  functions  is  oscil¬ 
latory  then  these  oscillations  occur  in  the  response,  and 
if  the  sampling  period  is  larger  or  equal  to  half  the 
period  of  these  oscillations,  the  z-transform  method 
falls  to  indicate  their  presence  The  modified  z-trans 
form  can  be  advantageously  applied  in  these  cases. 

This  method  is  straightforward  and  simple  in  detecting 
the  presence  of  these  oscillations  and  indicating  their 
values.  Theorems  relating  to  Initial  and  final  values  of 
the  response  in  the  form  of  modified  z-  transform  have 
been  presented.  Two  examples  have  been  discussed  In 
which  such  oscillations  occur  and  the  modtited  z- 
transform  method  has  been  applied  in  their  analysis. 
(Contractor’s  abstract) 


CAL.  04: hi  3 

California  V.  Electronics  Research  Lab. ,  llerkeley. 

ANALYSIS  OF  LINEAR  SAMI’!  El)  DATA  SYSTEMS 
WITH  FINITE  l  Ul.SE  WIDTH  (OPEN- LOOP),  by  G. 

Ear in.mf.ir ma.  Apr.  12.  1956.  57p.  incl.  diagrs. 
tables,  refs.  (Series  no.  80,  issue  no.  157)  (AKOSH 
TN-56- Dili)  (AF  18(000)1521)  AD  87058 

Unclassified 

Also  published  in  Trans.  Amer.  Inst.  Elec.  Engineers, 
v.  75:  808-819.  Jan.  195". 


An  exact  method  for  analysis  of  sampled-data 
systems  wtth  ftntte  pulse  width  ts  presented.  The  re¬ 
sults  make  tt  possible  to  obtain  the  output  of  such 
aytActuts  in  a  closed  ten..,  an  a  fa,  ctle..  J 

time,  and  without  recourse  to  any  approximations. 

The  analysis  is  based  on  introducing  a  new  transform 
n  athud  analogous  io  U*  J  lrat.slurn  except  tl.at  lit* 
actual  nulse  width  and  pulse  shape  are  considered. 

Thts  ts  called  the  p-transform  where  ”p”  denotes 
pulse  wtdth.  By  itiliztng  the  modifted  z-transform,  a 
metnoa  lor  obtaining  tne  inverse  L,apiace  transiorm  ol 
functions  involving  both  and  ”s"  is  developed. 

This  technique  has  been  advantageously  applied  to 
■evaluate  tia.  UAteret  p  Iramtterm  tn  >  closed  lent. 

The  limiting  cases  of  the  p-transform  are  investigaged. 
It  is  concluded  that  the  p-transformation  method  pro¬ 
vides  a  powerful  technique  for  analysis  of  sampled-data 
systems  wtth  finite  pulse  width. 


CAL.  04:004 

California  U.  Electronics  Research  Lab. ,  Berkeley. 

ANALYSIS  AND  SYNTHESIS  OF  SAMPLED-DATA  AND 
CONTINUOUS  CONTROL  SYSTEMS  WITH  PURE  TIME 
DELAYS,  byW.  Schroeder.  June8,  1956  L  86  ’p. 
incl.  diagrs.  refs.  (Series  no.  60,  issue  no.  156) 
(AFOSR-TN- 56-476)  (AF  18(600)1521)  AD  97360 

Unclassified 

The  investigation  has  shown  that  the  modified  z-trans¬ 
form  can  be  extended  so  that  linear  sampled-data 
systems  with  arbitrary  pure  delays  can  be  analyzed  and 
synthestzed  to  obtain  responses  with  zero  steady- state 
error  after  a  finite  transient  response.  The  duration 
and  form  of  the  transient  response  Is  also  controllable. 
The  advantage  of  the  modified  z  transform  is  that  the 
continuous  response  Is  obtained  or  synthesized,  rather 
than  only  the  sampled  response.  In  addition,  the  analy¬ 
sis  and  synthesis  procedures  for  sampled-data  systems 
have  been  applied  to  continuous  systems  with  or  without 
pure  time  delays  by  approximating  the  continuous 
system  with  a  sampled- data  system.  The  synthesis 
procedure  presented  for  sampled-data  systems  could 
have  a  wide  variety  of  applications,  it  is  particularly 
well- suited  for  the  compensation  of  control  systems 
wltii  digital  or  analog  computers.  More  generally  it 
may  be  used  for  compensation  with  any  device  capable 
of  processing  data,  which  includes  human  beings, 
pulsed  networks,  delay  lines,  and  mechanical  devices, 
to  mention  hut  a  few.  Examples  o!  systems  compen¬ 
sated  by  tlie  procedure  have  been  analyzed  to  determine 
tile  effect  of  small  shifts  in  the  parameters  and  the 
systems  were  found  moderately  insensitive  to  such 
shifts.  This  is  not  always  true  and  therefore,  a 
method  of  determining  a  rougli  idea  of  the  systems 
sensitivity  to  shifts  is  suggested.  (Contractor's 
abstract) 
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TION  COEFFICIENTS  FOR  AIR  ON  ALUMINUM,  by 
E.  Merlic.  Aug.  31,  1956  [5f]p,  lncf.  lffus.  dlagrs. 
tables,  refs.  (Rept.  no.  HE-150-flf;  series  no.  20, 
Issue  no.  Ill)  (Sponsored  jointly  by  Office  of  Naval 
Research  and  Air  Force  Office  of  Scientific  Research 
under  Nonr-22245)  AD  1209 f 3  Unclassified 

A  measurement  of  the  molecular  reflection  coefficient 
XjT  fir  ct  alui-irar,  was  -i3d»  uslnj  ?  tvctattrg  cyliidr- 
apparatus.  The  value  of  the  reflection  coefficient  was 
found  to  be  dependent  upon  the  pressure  history  of  the 
apparatus.  The  reflection  coefficient  was  found  to  be 
t  i  for  •  surf  vet  held  it  0. 01  p,  will*,  kr  U  t  same 
surface  held  at  approximately  250  p,  the  reflection 
coefficient  was  measured  to  be  as  fow  as  0.  6. 
(Contractor’s  abstract,  modified) 


CAL.  05:002 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

FLOW  OF  AN  INfX’MI  UESSIELK  VISCOUS  FLU1L 
ALONG  A  SEMI -f NFf NIT E  PLATE,  by  S.  Goldstein. 
Summary  Interim  rept.  Dec.  1,  1956,  17p.  (Rept. 
no.  HE-150-144;  series  no.  20,  Issue  no.  f  1 3)  (Spon¬ 
sor  aj  jointly  ly  office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research  under  Nonr-22245) 
AD  123087  Unclassified 

V  srutVo' s  arc  presorted  of  Ui*  solution  of  th* 
boundary- layer  equations  with  slip,  and  the  sofutlon  of 
the  Navler- Stokes  equations  for  laminar  flow  along  a 
seml-lnflnlte  flat  plate  without  slip. 


California  U.  fnst.  of  Engineering  Research,  Derkeley. 
NOorl- 10503,  Project  Squid  see  under  Princeton  U. 
James  Forrestaf  Research  Center,  N.  J.  (Project 
SQUID)  item  nos.  Pill,  f  1:024  -  PRI.  f  1:025. 


CAL.  06:00f 

California  U.  fnst.  of  Engineering  Research,  Derkeley. 

STABILITY  OF  A  VISCOUS  COMPRESSIBLE  FLOW 
BETWEEN  ROTATING  CYIJNDERS,  bv  P.  L.  Chambr£. 
Technical  rept.  June  f5,  1951,  33p.  llfus.  dlagrs.  tables, 
refs,  (liepl.  no.  If E- 1 50  - 8 5;  series  no.  20.  Issue  no. 

78)  (Sponsored  jointly  by  Office  of  Naval  Research  and 
]  .Air  Force  Office  of  Scientific  Research  under 
N7onr- 29503)  l  18758;  ATf- 195088  Unclassified 

This  is  a  Oieoretical  investigation  concerned  with  the 
hydrodynamic  stability  of  the  curved  Couette  motion  of 
a  viscous  compressible  flow  towards  a  3-dimenslonaf- 
type  disturbance.  The  problem  has  been  Investigated 
according  to  the  method  of  small  oscillations.  The 
origin  of  the  unstable  motion  Is  thought  to  be  due  to  the 
centrifugal  force  field  which  can  be  created  in  a  rotating 
cylinder  apparatus  In  which  Uie  Inner  cylinder  is  rotating 
and  the  outer  cylinder  is  at  rest.  The  effects  of  slippage 
of  the  gas  at  the  boundaries  and  of  compressibility  due 
to  high  speed  motion  have  been  Investigated.  A  study 


CAL.  05:002  -  CAL.  06:003 


of  these  effects  clarifies  the  3-dlmenslonai  instability 
mechanism  in  a  gas  ffow  since  previous  theoretical 
investigations  have  been  confined  to  incompressible 
fluid  flows.  (Contractor's  summary) 


CAL.  06:002 

California  II  Inch  of  Faiclneerlnf  Research,  n»rk>  iey 

A  MOLECULAR  BEAM  INVESTIGATION  OF  FREE 
MOLECULE  FLOW  THROUGH  SHORT  TUBES,  by 
F  C  Hurliut  Terh'Jral  rept  Lift  15  la51 
[  24  ]  p.  lncf.  illus.  diagrs.  tables.  (Rept.  no. 
HE-150-94;  series  no.  20,  issue  no.  c7)  (Sponsored 
Jointly  by  Office  of  Naval  Research  and  [  Air  Force 
Office  of  Scientific  Research]  under  N7onr-29503) 
Ulolb'3,  ATI-  155i6li  Unclassified 

An  investigation  of  froe  molecule  flows  of  nitrogen 
through  short  tubes  was  made,  employing  a  molecular 
beam  device.  Probabilities  W(l)  were  experimentally 
determined,  nil.  r<  W<i)  la  a*  the  pruhnbRity 

that  a  molecule,  originating  from  a  gas  at  rest  and 
striking  the  entrance  and  plane  of  a  short  cylindrical 
tube,  passes  through  the  tube  without  returning  to  the 
«tid  plate.  Tla  Lmgtti  tj  radluc  ratlj  iof  tiles  for 
these  tests  ranged  from  0  to  25.  An  empirical 
function  E  (W(l))  was  passed  by  least  squares  through 
the  experimental  W(i).  E  (W(i))  was  seen  to  agree 
wlU  lt  11%  «Uh  Ok  Clausing  tuirlbon  in  the  range  ,  f  the 
experiment.  These  results  Indicate  that  the  basic 
assumption  of  diffuse  reflection  is  valid  to  a  first 
approximation.  The  derivation  of  the  empirical  function 
from  the  Clausing  function  was  such  as  to  suggest  a 
value  of  the  quantity  (1  - F)  of  the  order  of  0.05. 
(Contractor's  abstract) 


CAL.  06:003 

California  U.  fnst.  of  Engineering  Research,  Berkeley. 

VISCOUS  EFFECTS  ON  STAGNATION- POf NT  TEM¬ 
PERATURES,  by  S.  F.  Mack  and  S.  A.  Schaaf. 
Technical  rept.  Nov.  29,  1951,  8p.  incl.  dlagrs. 
table.  (Rept.  no.  HE-I50-96;  series  no.  20,  Issue 
no.  84)  (Sponsored  jointly  by  Office  of  Naval  Research 
and  Air  Force  Office  of  Scientific  Research]  under 
N7onr-29503)  U21266;  ATf- 195983  Unclassified 

An  analysis  of  viscous  effects  on  stagnation-point 
temperatures  based  on  continuum- flow  In  compressible 
boundary  layer  theory  for  the  case  of  the  sphere  Is 
presented.  The  principal  result  of  the  analysis  is  con¬ 
tained  in  the  theoretical  expressions  obtained  for  die 
focal  recovery  factor,  or,  at  the  forward  stagnation- 
polnt  and  are  indicated  in  tabular  form,  ft  was  con¬ 
cluded  that  an  analysis  based  on  continuum  theory  for 
the  sphere  in  a  low  Reynolds  number  flow  predicts  a 
stagnation- point  temperature  which  is  liigher  than  the 
local  reservoir  temperature.  An  approximate  extension 
of  the  stagna  lon-polnt  theory  to  the  case  of  the  sphere 
in  over-all  thermal  equilibrium  provides  an  empirical 
result  which  agrees  favorably  with  experiment. 
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California  U.  Inst,  of  Engineering  Research,  Berkeley. 

DESIGN  AND  PERFORMANCE  OF  AN  ADJUSTABLE 
TWO-DIMENSIONAL  NOZZLE  WITH  BOUNDARY 
LAYER  CORRECTION,  by  G.  H.  Backer.  Technical 
rept.  Feb.  4.  1952,  39p.  lllus.  diagrs.  table,  refs. 
(Rept.  no.  HE- 150-97;  series  no.  20,  issue  no.  86) 
(Sponsored  jointly  by  Office  of  Naval  Research  and 
[Air  Force]  Office  of  Scientific  Research  under  N7onr- 
29503)  U21636;  ATI- 196312  Unclassified 

Also  published  in  Jour.  Aeronaut.  Sciences,  v.  21: 
50-56,  Jan.  1954. 

A  2-dimensional  adjustable  throat  nozzle  was  designed 
to  operate  in  a  rarefied-gas  stream  at  an  ideal  M  = 

3.  1G6  and  a  static  jet  pressure  of  85  4  of  Hg.  A  bound¬ 
ary  layer  correction,  applied  to  both  the  shaped  and 
parallel  walls,  required  a  divergence  of  5°14'  on  the 
side  walls  and  produced  an  exit  height  of  1. 31  in. 

In  earlier  wind-tunnel  tests,  the  nozzle  showed  an 
M  =  3.  07  and  static  jet  pressure  of  93  4  of  Hg  after 
correcting  pressure  instrumentation.  A  uniform  shock- 
free  stream  of  approximately  0.  3-in.  square  was 
secured.  2  dlrr.e1.  sL-.iil  nozzle  wit!,  diverging  side 
walls  appears  entirely  feasible  in  a  low-density  gas 
flow.  No  detectable  disturbances  to  the  exit  flow  re¬ 
sulted  from  the  diverging  of  the  side  walls.  The  as¬ 
sumption  u!  a  unlfoi  in  iiiuiueutuln  gf adltul  instead  of 

velocity  gradient  would  give  better  agreement  with 
measured  results.  A  relatively  constant  static  pres¬ 
sure  across  the  nozzle  resulted  from  applying  viscous 
corrections  to  pressure  instrumentation.  The  inclusion 
of  a  variable- nozzle  throat  produced  a  nozzle  which  is 
operable  over  a  limited  Mach- number  range  without 
loss  in  uniformity  of  flow.  The  subsonic  contour 
apparently  had  tittle  effect  on  the  nozzle  exit  flow.  The 
nozzle  substantially  met  the  design  conditions  and 
operated  adequately  over  a  limited  Mach-numher  range. 
(AST1A  abstract) 


CAL.  00:005 

California  U.  Inst  of  Engineering  Research,  Be1  keley. 

VISCOSITY  CORRECTION  TO  IMPACT  PRESSURE  ON 
PROLATE  SPHEROID,  by  D.  C.  lpsen.  Technical  rept. 
Mar.  12,  1952  ]  20  p.  Inc!,  lllus.  tables,  (ltept.  no. 
HE-  150-89;  series  no.  20,  issue  no.  85)  (Sponsored 
jointly  by  Office  of  Naval  Research  and  ,  Air  Force  ’ 
Office  of  Scientific  Research  under  N7onr-29503) 

U21567:  ATI  162662  Unclassified 

Tlie  influence  of  viscosity  on  tile  pressure  at  the  forward 
stagnation  ;v>int  on  a  prolate  spheroid  is  estimated 
a  alvticallv.  I’oten'ial  flow,  Stokes  flow,  and  Oseeu 
flow  are  utilized  in  turn  to  approximate  die  viscous 
term  ot  the  Navier- Stokes  equation  I  r  the  stagnation 
sTeamline.  The  approximations  so  obtained  establish 
a  basis  for  estimating  the  viscosity  corrections  to  the 
stagnation  pressure  at  any  Reynolds  number.  The 
effects  of  slip  and  compressibility  are  not  considered. 


The  results  provide  a  possible  indication  of  the 
viscous  effect  on  a  source-shaped  impact  probe  at 
low  Reynolds  number.  (Contractor's  abstract) 


CAL.  06:006 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

GENERALIZED  THEORY  OF  CONVECTIVE  HEAT 
TRANSFER  IN  A  FREE- MOLECULE  FLOW,  by  A.  K. 
Oppenheim.  Technical  rept.  Mar.  18,  1952,  lip. 
lllus.  diagrs.  tables.  (Rept.  no.  HE-150-93;  series 
no.  20,  issue  no.  81)  (Sponsored  jointly  by  Office  of 
Naval  Research  and  [  Air  Force  1  Office  of  Scientific 
Research  under  N7onr-29503)  U22064;  ATI- 158453 

Unclassified 

The  theory  of  the  convective  heat  transfer  in  free 
mnlecule  flow  with  Maxwellian  velocity  disti,  ion 
was  generalized  by  reducing  all  the  relationships  tn  a 
form  common  to  all  gases  irrespective  of  their  molec 
ular  structure.  The  heat-transfer  characteristics  of 
simple  surfaces  consisting  of  a  flat  plate  in  the  di¬ 
rection  of  flow,  a  flat  plate  normal  to  flow,  a  transverse 
cylinder  anti  a  sphere  were  computed  and  correlated. 

A  simple  h.ettjod  1c  outlined  tor  •.xtr.vpcl.'.U:.;  the  re 
suits  to  a  flat  plate  at  any  angle  of  incidence,  a  wedge 
or  a  cone,  and  for  the  evaluation  of  heat-transfer 
parameters  for  a  compound  surface.  The  effect  of 

shapt  oil  Connective  bfcat-t,  aublbl  chai  hotel  ibVu. a  was 

small.  At  low  Mach  (M)  numbers  the  Stanton  number 
of  all  shapes  approached  the  value  of  v  *  1  u  , 

y 

where  y  =  ratio  of  specific  heat,  S  -  surface  area  of 
the  body,  1  =  accomodation  coefficient.  The  difference 
hetween  various  shapes  grew  more  distinct  at  high  M 
numbers.  For  M  >  2  the  magnitude  of  the  Stanton 
number  did  not  exceed  the  value  of  '  *  *  0.  The 

2  y 

effect  of  shape  on  the  recovery  factor  was  more  dis¬ 
tinct  at  low  Mach  numbers  and  was  hardly  noticeable 
for  M  numbers  higher  than  5.  For  the  temperature 
ratio  Taw/T„  (Taw  adiabatic  wall  temperature, 

Tf  free  stream  temperature),  this  effect  was  small 
for  both  low  and  high  M  numhers  and  was  most  notice¬ 
able  In  the  vicinity  of  M  1  1. 


UAL.  06:007 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

THEORETICAL  AERODYNAMIC  RROI’ERTIES  FOR 
AN  INCUNE1)  ELAT  IT. ATE  IN  Sl.ll1  FLOW,  by  S. 

E.  Mack.  Technical  rept.  Mar.  21.  1952,  14p.  lllus,. 
diagrs.  (Rept.  no.  11E- 150-98;  series  no.  20,  issue 
no.  67)  (Sponsored  jointly  by  Office  of  Naval  Research 
and  Air  Force  Office  of  Scientific  Research  under 
N7oi.r- 29503)  AD  1908  Unclassified 

A  theory  concerning  the  drag  coefficient  for  the  flat 
plate  at  zero  angle  of  attack  i:i  slip  flow  was  extended 
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to  Include  the  aerodynamic  coefficients  for  drag,  lift, 
and  moment  at  very  small  angles  of  attack.  The  lift 
coefficient  may  be  taken  to  equal  the  skin- friction  co¬ 
efficient.  The  skin-friction  stresses  tend  to  reduce 
the  lift  coefficient  at  high- altitude,  high-speed  condi¬ 
tions.  The  moment  coefficient  will  not  be  significantly 
greater  than  2  c/^M/y  -  1,  the  value  derived  from  the 

idea!  linearized  2-dimensional  supersonic  continuum- 
flow  theory,  where  a  is  angle  of  attack  and  is  the 
free-stream  Mach  number.  Except  for  the  skin-friction 
coefficient,  the  corrections  to  he  applied  to  the  aero¬ 
dynamic  formulas  of  linearized  supersonic  theory, 
which  account  for  viscosity  and  slip,  will  not  generally 
be  significant  in  the  slip-flow  region. 


CAL.  00:008 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

HEAT  TRANSFER  FROM  RIGHT  CIRCULAR  CONES 
TO  A  RAREFIED  GAS  IN  SUPERSONIC  FLOW,  by 
U.  !«-.  DfMte,  ,!f .  andC.  S  V.asiat'...  Tetl, ideal  ht-pL 
Apr.  8,  1952,  13p.  diagrs.  tables,  refs.  (Rept.  no. 

HE- 150-91;  series  no.  20,  issue  no,  91)  (Sponsored 
jointly  by  Office  of  Naval  Research  and  [  Air  Force  1 
Office  of  Scientific  Research  undei  N7om  -za5u3) 
U22770;  ATI- 158797  Unclassified 

The  heat  transfer  from  10°,  20°,  40°,  and  60°  right 
circular  cones  to  a  rarefied  gas  was  measured  at 
M  2  IB  to  3.  54  and  He  -  78  to  3270  In  the  slip-flow 
region.  The  2  nozzles  used  had  diameters  at  the  exit 
plane  of  5.  5  and  5.  25  In. ;  the  cones  were  made  of  Ag, 
mounted  on  hollow  glass  stings,  and  arranged  with 
cylindrical  ;ifterlxidies  made  of  horn  fiber.  Results 
show  that  the  heat  transfer  coefficient  in  the  region  is 
a  linear  function  of  yite/M  over  the  range  Investigated. 
Comparison  of  the  data  with  those  of  Eber  Indicates 
that  in  the  continuum  region  the  data  can  best  be  repre¬ 
sented  by  the  boundary- layer  analysis,  while  in  the  slip- 
flow  region  slip-flow  analysis  Is  to  be  favored.  Over 
all  free  stream  recovery  factors  exhibited  a  sharp 
increase  as  the  gas  was  rarefied. 


CAL.  0(1:009 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

DRAG  ON  A  ROTATING  CYLINDER  AT  LOW  PRES¬ 
SURES,  by  S. -F.  Chiang.  Technical  repi.  May  19, 

1  152,  35p.  inch  lilt’s,  diagrs.  tables,  refs.  (Rept. 
no.  HE- 150- 100;  series  no.  20,  issue  no.  88)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research  under  N7onr- 
29503)  U23199;  ATI-  158799  Unclassified 

1  resented  at  meeting  of  the  Aiiier.  i’hys.  Soc.  , 

Invoke rn.  Calif.,  Dec.  27-30,  1952. 

Published  in  l’hys.  Rev.  .  v.  92:  535,  Oct.  15.  1953. 

The  investigation  of  the  tor  jue  transmitted  by  a 
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rarefied  gas,  laminar  air  flow  between  two  concentric 
cylinders  for  the  case  wherein  the  inner  cylinder  is 
rotating  while  the  outer  one  is  held  stationary  is  dis¬ 
cussed.  A  theoretical  expression  of  drag  coefficient 
is  derived  by  the  thirteen  moment  method  and  the 
equations  of  drag  coefficient  by  Millikan  and  Schamberg 
are  presented.  The  theoretical  results  of  drag  are 
calculated  by  these  three  drag  equations  and  are  dis¬ 
cussed  and  compared  in  the  appendices.  From  the 
experimental  results  It  was  concluded  that:  (1)  the 
data  over  the  ranges,  0. 14  <_  M  <_  0.  55  and  0.  0119  <. 
M/Re  <_  2.  61,  show  that  the  rotor  aerodynamic  drag 
is  proportional  to  the  speed  of  rotation  and  the  reduc¬ 
tion  of  drag  at  low  pressures  is  ndependent  of  Mach 
number;  and  (2)  the  critical  Reynolds  number  is  found 
to  be  135.  No  effect  of  compressibility  or  slip  on  the 
critical  iteyvmMt.  l.un.Ur  bar  bets.  vtsenoed. 


CAL.  06:010 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

SKIN  F’  ICTUy.'  IN  tl'tSOHlC  IVW  WNNTTY  GAS 
FLOW,  by  F.  S.  Sherman.  Technical  rept.  July  15, 
1952,  lip.  diagrs.  tables.  (Rept.  no.  HE-150-105; 
series  no.  20,  issue  no.  92)  (Sponsored  jointly  by 
OfflCe  of  Naval  itebeai'Cli  and  L  All  fultt  j  OfflCt  1)1 
Scientific  Research  under  N7onr-29503)  U23371; 

ATI- 168736  Unclassified 

Skin  friction  drag  was  measured  on  0.  003-in.- thick 
tut  1  a  plates  at  Re  =  15  to  4tiU  and  M  =  0.  a  ana  u.  6. 
The  ISA  subsonic  nozzle  had  a  9-in.  -diam  throat. 

Total  drag  coefficients  (Cjy)  were  obtained  for  plate 
lengths  of  0.  2,  0.  5,  1,  and  2  in.  with  aspect  ratios  of 
0.5,  1,  2,  and  5,  respectively;  the  proportional  proba¬ 
ble  error  ranged  from  0.  7  to  4. 1%.  The  lack  of  cor¬ 
relation  of  Cjj  with  Re  and  of  CpM  with  the  slip-flow 
parameter  (/TTe/l.  5M)  was  attributed  to  effects  of 
plate  geometry  and  oversimplification  of  theory.  A 
comparison  of  subsonic  -  and  supersonic-flow  data 
showed  that  boundary-layer  theory  more  accurately 
predicted  skin- friction  values  in  supersonic  flows; 
however,  the  supersonic  data  showed  more  slip  at  the 
boundary.  The  best  agreement  for  supersonic  and 
subsonic  air  streams  was  exhibited  by  Cp>M  vs 
y/T7eT.  5M  curves,  which  were  considered  adequate 
for  design  purposes. 

CAL.  06:011 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

DESIGN  AND  TESTING  OF  A  MACH-4  AXIALLY 
SYMMETRIC  NOZZLE  FOR  RAREFIED  GAS  FLOWS, 
by  .1.  M.  Owen  and  F.  S.  Sherman.  Technical  rept. 
July  23,  1952,  OOp.  illus.  diagrs.  tables,  refs.  (Rept. 
no.  HE- 150- 104:  series  no.  20,  issue  no.  91)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research  and  Air 
Force  '  Office  of  Scientific  Research  under  N7onr- 
29503)  U24 721;  ATI- 169962  Unclassified 

An  Improved  method  of  design  for  supersonic  axially 
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symmetric  nozzles  emphasizes  a  more  direct  specifi¬ 
cation  of  the  desired  rate  of  expansion  of  the  supersonic 
flow,  an  analysis  of  the  throat  section  flow,  better 
matching  of  the  converging  and  diverging  sections  of  the 
nozzle,  a  more  unique  determination  of  the  isentropic 
core  contour  from  the  characteristics  solution,  and 
possible  improvements  in  the  choice  of  initial  conditions 
and  velocity  profile  for  the  boundary  layer  calculation. 
The  method  is  applied  to  the  design  of  a  nozzle  for 
M  =  4.  This  nozzle  was  tested  with  satisfactory  re¬ 
sults,  i.  e.  ,  tile  test  value  foT  the  eXit-plalie  Mach 
number  was  3.  98  as  compared  with  a  design  v-lue  of 
4.  00.  Appendixes  include  the  solution  of  the  potential 
e  jttMkn  f  jt  ixnJly  eyn  metric  potential  flow  ty  vi 
adaptation  of  the  method  of  characteristics,  and  an  ex¬ 
perimental  evaluation  of  the  Mach-4.  00  nozzle.  (ASTIA 
abstract) 


CAL.  06:012 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

NOZZLE  CHARACTERISTICS  IN  HIGH- VACUUM 
FLOWS  -  RAREFIED  GAS  DYNAMICS,  by  R.  G. 
Folsom.  Technical  rept.  Sept.  10,  1952,  5p.  incl. 
diagrs.  (Rept.  nc.  HE- 150- 102;  series  no.  20,  issue 
no.  90)  (Sponsored  jointly  by  Office  of  Naval  Research 
and  [Air  Force1  Office  of  Scientific  Research  under 
N7onr-29503)  U24514;  ATI- 167105  Unclassified 

Also  published  in  Trans.  Amer.  Soc.  Mech.  Engineers, 
v.  74:  915-918,  Aug.  1952. 

Some  results  of  experiments  on  small  ASME  shaped 
nozzles  at  very  low  Reynolds  numbers,  achieved  by 
operating  at  extremely  low  pressures  over  a  wide 
range  of  pressure  ratios  arc  presented.  Calibration 
data  were  obtained  for  two  small  converging  ASME 
nozzles  and  one  large  ISA  nozzle  with  diy  air  In  the 
viscous  compressihle  flow  regime.  The  discharge- 
coefficient  magnitudes  were  in  the  expected  range,  but 
no  direct  comparison  with  viscous  (Incompressible)  flow 
regime  was  possible  because  of  the  lack  of  suitable 
published  coefficients.  The  results  demonstrate  the 
importance  of  pressure- tap  location  and  installation 
geometry  on  coefficients,  and  a  distinctive  breakaway 
characteristic  which  developed  as  the  pressure  ratio 
across  the  nozzle  decreased.  Slip  flow  may  Influence 
the  results  since  tests  were  conducted  in  the  region 
where  the  slip  effects  are  known  to  be  appreciable,  hut 
ii  was  not  possible  to  separate  the  low  Reynolds  numher 
and  slip  phenomena. 


CAL.  00:013 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

AERODYNAMIC  FORCES  ON  A  CYLINDER  FOR  THE 
FREE  MOLECULE  ‘•’LOW  OF  A  NON-UNIFORM  GAS, 
by  S.  Bell  and  S.  A.  Schaaf.  Technical  rept.  Dec.  19, 
1952.  lOp.  Ulus,  tables,  refs.  (Rept.  no.  1IE- 150-1 10; 
series  no.  20.  issue  no.  93)  (Sjionsored  jointly  by 
Office  of  Naval  Research  and  .Air  Force  Office  of 


Scientific  Research  under  N7onr-29503)  AD  1910 

Unclassified 

An  analysis  is  made  of  the  free  molecular  flow  of  a 
nonuniform  gas  by  an  extension  of  the  method  for  the 
Maxwellian  case  used  by  Tsien  (Jour.  Aeronaut. 
Sciences,  v.  13:  643-664,  1946)  and  Stalder  and 
Zurick  (NACA  Technical  note  no.  2423,  1951).  The 
results  are  sufficiently  general  to  Include  arbitrary 
(small)  stresses  and  heat  flux.  The  body  geometry  is 
confined  to  that  of  a  right  circular  cylinder  or l_nted 
perpendicular  to  the  gas-flow  velocity;  the  body's 
thermal  conductivity  is  assumed  so  large  that  it  is  at 
a  iTil/c  mv  tenq  eralliri  Th,  ae’-odynamic  force 
characterises  are  determined.  The  lift  and  drag 
forces  are  shown  to  be  affected  by  the  nonuniformity. 
Force  contributions  from  the  stress  and  heat-flux 
terms  are  generally  small  compared  to  the  force  for 
the  uniform  case,  except  in  regions  of  low  flow  velocity 
where  the  heat-flux  terms  become  important.  A 
method  is  indicated  for  obtaining  the  heat-transfer 
characteristics  and  data  for  other  body  geometries  and 
bodies  of  low  internal  conductivity. 


CAL.  06:014 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

HEAT  TRANSFER  FROM  SPHERES  TO  A  RAREFIED 
GAS  IN  SUBSONIC  FLOW,  by  L.  L.  Kavanau  and  R 
M.  Drake,  Jr.  Technical  rept.  Jan.  23,  1953  [  19 1  p. 
incl.  diagrs.  iabies,  refs.  (Rept.  no.  HE-150-108; 
series  no.  20,  issue  no.  94)  (Sponsored  jointly  by 
Office  of  Naval  Research  and  [  Air  Force  ]  Office  of 
Scientific  Research  under  N7onr-29503)  AD  1911 

Unclassified 

As  a  result  of  this  investigation  experimental  average 
overall  heat  coefficients  were  obtained  for  spheres  in 
a  rarefied  subsonic  air  stream  where  the  Mach  number 
and  Reynolds  number  varied  from  0.  1  to  0.  69  and  1.  7 
to  124,  respectively.  A  semi-empirical  formulation  of 
the  Nusselts  number  for  sphere  in  a  rarefied  subsonic 
air  stream  was  obtained  by  correcting  the  continuum 
solution  for  an  effective  thermal  contact  resistance  as 
a  result  of  the  temperature  jump  boundary  conditions. 


CAL.  00:0’ 5 

California  U.  inst.  of  Engineering  Research,  Berkeley. 

VACUUM  FACILITIES  FOR  THE  STUDY  OF  SUPER¬ 
SONIC  FLOW,  by  G.  J.  Maslach.  Technical  rept. 

Mar.  13,  1953  5  p.  incl.  illus.  diagr.  refs.  (Kept, 

no.  UE-150-112;  series  no.  20,  issue  no.  83)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research  and  Air 
lorce  Office  of  Scientific  Research  under  N7onr- 
29503)  .AD  4588  Unclassified 

Also  published  in  Chem.  Engineering  Progress,  v.  -18: 
594-598,  Dec .  1952. 

A  discussion  is  presented  of  design  and  construction 
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of  large  scale  aerodynamic  test  equipment  which  simu 
lates  high  altitudes  flight  conditions.  Criteria  which 
should  be  used  in  the  choice  of  materials,  fabrication 
methods,  and  gasketing  principles  are  cited.  Instru¬ 
ments  which  would  be  most  suitable  for  various  meas¬ 
urements  required  in  aerodynamic  investigations  are 
suggested.  Recent  experimental  results  pertaining  to 
instrumentaton  development  are  also  mentioned. 


CAL.  06:016 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

DESIGN  AND  OPERATION  OF  A  ROTATING  CYLINDER 
APPARATUS  FOR  RAREFIED  GAS  DYNAMICS  RE¬ 
SEARCH,  by  G.  J.  Maslach  and  J.  Frisch.  Technical 
rept.  Apr.  30,  1953,  14p.  illus.  refs.  (Rept.  no. 
HE-150-101;  series  no.  20,  issue  no.  89)  (Sponsored 
jointly  by  Office  of  Naval  Research  and  [Air  Force] 
Office  of  Scientific  Research  under  N7onr-29503) 

AD  13194  Unclassified 

A  high-speed  rotating-cylinder  apparatus  is  described 
for  studying  gas- surface  interaction  phenomena.  The 
concrete  enclosure  is  equipped  with  a  hand-operated 
overhead  hoist  to  handle  the  balance  and  drive  mecha¬ 
nism  before  vacuum  operation.  During  operation, 
measurements  of  drag,  pressure,  and  rotor  velocity 
can  be  made  outside  the  enclosure.  The  instrument  con 
be  used  to  provide  a  shear  flow  field  for  the  develop¬ 
ment  of  instrumentation  for  nonuniform  streams  or 
boundary  layers.  Initial  tests  indicated  that  the  appara¬ 
tus  was  satisfactory  over  a  wide  range  of  flow  conditions 
from  the  continuum  region  (M/Re  <  1/100)  to  the  free 
molecular  flow  region  (M/Re  <  10). 


CAL.  06:017 

California  U.  inst.  of  Engineering  Research,  Berkeley. 

CONE  DRAG  IN  A  RAREFIED  GAS  FLOW,  by  D.  C. 
Ipsen.  Technical  rept.  Aug.  10,  1953,  39p.  lllus. 
diagrs.  tables,  refs.  (Rept.  no.  HE- 150- 114;  series 
no.  20,  issue  no.  95)  (Sponsored  jointly  by  Office  of 
Naval  Research  and  Air  Force  Office  of  Scientific 
Research  under  N7onr- 29503)  AD  20149 

Unclassified 

The  tests  were  conducted  to  obtain  empirical  cone-drag 
information  about  the  intermediate  slip-flow  regime. 

The  mean  free  path  of  the  gas  adjacent  to  the  cone  sur¬ 
face  ranged  from  10  to  15%  of  the  calculated  displace¬ 
ment- tide  kness  of  the  boundary  layer  at  the  base  of  the 
cone.  The  total  drag  oa  the  fore  portion  of  a  15°  half¬ 
angle  cone  (3.  70-lr.  slant  length)  was  investigated.  A 
c  impact  remote  balance  was  developed  which  gave  suffi¬ 
cient  accuracy  for  the  measurement  of  the  small  forces 
involved.  Drag  coefficient  curves  were  obtained  which 
are  probably  accurate  to  within  2  to  3%  or  better  at 
M  4.  0  and  possibly  5%  at  M  2.  The  experimental 
results  for  viscous  drag  were  10  to  30%  above  the 
predictions  based  on  first-order  boundary- layer  analysis 
of  shear  and  pressure  distribution.  A  description  of  the 
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experimental  apparatus  and  details  of  the  calibration 
and  testing  techniques  are  appended. 


CAL.  06:018 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

HEAT  TRANSFER  TO  A  CYLINDER  FOR  THE  FREE 
MOLECULE  FLOW  OF  A  NON-UNIFORM  GAS,  by 
S.  Bell  Technical  rept.  Sept.  14,  1953,  lOp.  illus. 
(Rept.  no.  HE-150-115;  series  no.  20,  issue  no.  96) 
(Sponsored  jointly  by  Office  of  Naval  Research  and 
[  Air  Force  ]  Office  of  Scientific  Research  under 
N7onr-29503)  AD  20150  Unclassified 

The  work  described  in  report  HE- 150- 110  (item  no. 
CAL.  06:013)  in  which  the  aerodynamic  forces  on  a 
cylinder  were  determined  for  the  case  ol  a  nonuniform 
gas  was  continued.  It  was  assumed  that  the  right 
circular  cylinder,  which  is  oriented  perpendicular  to 
the  gas  flow,  has  so  large  a  thermal  conductivity  that 
it  has  a  uniform  wall  temperature.  Possible  end 
effects  are  neglected.  The  results  depend  on  a  knowl¬ 
edge  of  the  molecular  velocity  distribution,  and  the 
distribution  assumed  is  the  one  proposed  by  Grad 
(Commun.  on  Pure  and  Appl.  Math.,  v.  2:  331-407, 
1949).  The  results  are  complete  for  the  monatomic 
case  but  only  approximate  for  the  polyatomic  case. 
(ASTI A  abstract) 


CAL.  06:019 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

RESULTS  OF  SOME  I1ASE  PRESSURE  EXPERIMENTS 
T  INTERMEDIATE  REYNOLDS  NUMBERS  WITH 
5  2.84,  by  L.  L.  Kavanau.  Technical  rept.  Oct. 

22,  1953,  6p.  illus.  tables.  (Rept.  no.  HE-150-117; 
series  no.  20,  issue  no.  97)  (Sponsored  jointly  by 
Office  of  Naval  Research  and  [  Air  Force  1  Office  of 
Scientific  Research  under  N7onr-29503)  AD  23271 

Unclassified 

Also  nubRshed  in  Jour.  Aeronaut.  Sciences,  v.  21: 
257-260,  274,  Apr.  1954. 

Tests  were  conducted  in  a  supersonic  wind  tunnel  to 
determine  the  effect  of  Reynolds  number  on  models 
over  the  range  of  Re  45,000  to  400,000.  The  models 
(fabricated  from  combinations  of  aluminum  and  brass) 
were  G0°  apex  angle  right  circular  cones  with  cylindri¬ 
cal  afterbodies  2.5n  calibers  in  length,  t.  control  for 
adjusting  the  effective  sting  length  was  provided  by 
moving  a  coaxial  60°  apex  angle  cone- cylinder  along 
tiie  sting  of  the  desired  location.  Dase  pressure  data 
were  obtained  for  a  model  at  M  2.  84  over  the  range 
of  Reynolds  numbers.  The  maximum  coefficient  of 
0.  75  occurred  at  Re  140,000.  The  variation  in  size 
of  the  critical  wake  region  resulted  in  increases  of  the 
critical  sting  length  from  Z  3  to  10.4  as  the  Reynolds 
number  decreased  from  430,000  to  49,000.  The  base 
pressure  orifice  location  and  ihe  sting  diameter  had 
no  observable  effects  on  tne  base  pressure  coefficient. 
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CAL.  06:020 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

AN  EXPERIMENTAL  MOLECULAR  BEAM  INVESTIGA¬ 
TION  OF  THE  SCATTERING  OF  MOLECULES  FROM 
SURFACES,  by  F.  C.  Hurlbut.  Technical  rept.  Dec.  1, 
1953,  lv.  incl.  illus.  diagrs.  tables,  refs.  (Rept.  no. 
hE-150-118;  series  no.  20,  issue  no.  98)  [AFOSR-TN- 
54-97  ]  (Sponsored  jointly  by  Office  of  Naval  Research 
and  [Air  Force]  Office  of  Scientific  Research  under 
N7onr-29503)  AD  30192  Unclassified 

A  molecular  fetton  apparatus  was  used  to  investigate 
the  scattering  of  air  and  N2  molecules  from  surfaces  of 
polished  low-C  steel,  etched  low-C  steel,  polished  Al, 
iiid  pollvhcu  and  unpvllMuJ  window  gl't**.  A  L  it,  .  f 
molecules  was  directed  against  the  surface  at  repre¬ 
sentative  angles  of  incidence  ,  and  polar  flux  distributions 
of  the  scattered  molecules  were  measured  by  a  movable 
ionization  gage  beam  detection  system.  Spatial  polar 
plots  of  tne  iiux  eistriDuuons  approximates  closely  the 
form  of  the  cosine  scattering  distribution  for  the  steel 
and  Al  surfaces.  Similar  plots  for  tne  glass  surfaces 
showed  Well  ikftiitd  small  bulging  deviations  fro  in  th„ 
cosine  scattering  shape  on  the  side  away  from  the  inci¬ 
dent  beam.  A  procedure  was  devised  for  the  computa¬ 
tion  uttN  saccular- reU*c  Uteri  rovtUcturt  (l)  j  vi  values 
were  obtained  for  an  unpolished  glass  surface,  oriented 
tangentially  to  the  direction  of  mass  motion  in  a  free 
molecular  flow,  in  order  to  illustrate  an  aerodynamic 
application.  It  all  scattered  moiecules  are  assumed  to 
have  the  distribution  in  speed  in  the  particular  direction 
which  they  would  have  had  had  they  issued  from  a  gas 
in  equilibrium  at  the  temperature  of  the  surface, 
f~0.  97  as  s*0  while  f-~0.  99  at  s  10;  s  is  the  molecular 
speed  ratio.  If  those  molecules  contributing  to  the 
deviations  from  cosine  scattering  are  assumed  to  issue 
from  the  surface  with  their  incident  speed  while  the 
remainder  are  assumed  to  be  diffusely  scattered,  f 
varies  from  i~0.  97  as  s^0  to  ±~0.  93  at  s-  10.  These 
values  are  in  disagreement  with  the  Millikan  value  for 
air  on  glass  of  0.  89  (s~0)  (Phys.  Rev.  ,  v.  21:  217 
1923). 


CAL.0G-.021 

California  U.  Inst,  of  Engineering  Research.  Berkeley. 

A  NOTE  ON  THE  EFFECT  OF  SLIP  ON  THE  DRAG  OF 
A  UNITE  FLAT  PLATE,  by  J.  A.  Laurmann.  Techni¬ 
cal  rept.  July  12,  1954,  7p.  (Rept.  no.  HF-150-123; 
series  no.  20.  issue  no.  99)  AFOSR-TN- 54- 290 
(Sponsored  jointly  by  Office  of  Naval  Research  and 
Air  Force  Office  of  Scientific  Research  under  N7onr- 
29503)  AD  42324  Unclassified 

A  method  of  solution  of  the  two-dimensional  Navler 
Stokes  equations  for  incompressible  flow  over  a  finite 
flat  plate  Introduced  by  Kuo  (Jour.  Math,  and  Phys.  . 
v.  32  83-101,  1953)  has  been  applied  to  the  same 
problem  for  the  case  in  which  there  Is  a  finite  velocity 
of  slip  at  the  surface  of  the  plate.  It  is  found  that,  just 
as  for  the  semi-infinite  plate,  with  the  solution  ex¬ 


pressed  as  an  ascending  power  series  in  (RejJ-  2 
(Re^,  is  the  Reynolds  number  based  on  the  plate  length), 
the  over-all  drag  of  the  plate  is  Inuependent  of  slip  to 
the  second  approximation,  i.  e.,up  to  and  including  the 
term  of  order  ReL,’*-  (Contractor’s  abstract) 


CAL.  06:022 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

DESIGN  OF  A  TWO- COMPONENT  MICROBALANCE 
FOR  LOW  DENSITY  WIND  TUNNELS,  by  R.  N.  Latz. 
I.cbr.lcil  rept.  Aug.  H),  1964,  lv.  incl.  Uluc.  dtagre. 
tables,  refs.  (Rept.  no.  HE- 150- 124;  series  no.  20, 
issue  no.  100)  [  AFOSR-TN-54-297]  (Sponsored 

iclhlly  Vtf  OffiCi  Of  N^val  HeJUarrh  P’-d  [  Air  F  rrp 

Office  of  Scientific  Research  under  N7onr- 29503) 

AD  4  2325  Unclassified 

The  balance  consists  of  a  balance  group,  a  power 
arive  ana  iorce- measuring  system,  a  nuii-indicating 
system,  and  mounting  structure.  Tests  based  on  the 
forces  of  a  model  mounter  6  in.  from  the  pivot  axis 
burttated  a  rrtrt!  Sfc.isWMty  ol  o.  51  a  mg/staU 
of  the  galvanometer,  an  angular  null  sensitivity  of 
0.  OOlVgalvanometer  scale  division,  and  a  reproduci¬ 
bility  cl  0  tt4  ia  j.  Pr  Vih’icr  •.  ii-t  tti  fttaigt  r»\.uir<-- 
mentr  of  measuring  lift  and  drag  to  0. 1  mg,  had  a 
minimum  variation  in  model  displacement  from  null 
during  the  force  measurements,  and  provided  remote 
observations  and  control.  Measurement  ol  lift  and 
drag  for  various  angles  of  attack  can  be  obtained  by 
mounting  the  balance  so  it  can  rotate  about  a  vertical 
axis,  or  by  combining  2  of  the  balances  along  with  an 
ar.gle-of-attack  mechanism  to  make  a  platform  which 
will  measure  lift  and  drag  simultaneously.  (ASTI A 
abstract) 


CAL.  06:023 

Culifn-ula  U.  L  Inst,  of  Engineering  Research  !  Berkeley. 

SKIN  FRICTION  IN  SUP  FLOW,  by  S.  A.  Schaaf  and 
F.  S.  Sherman.  1954  7p.  incl.  illus.  diagrs.  table, 

refs.  (Sponsored  jointly  by  Office  of  Naval  Research 
and  Air  Force  Office  cf  Scientific  Research  under 
N7or.r  29503  )  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  21:85-90, 
144,  Feb.  195A. 

Skin- friction  data  In  the  slip  flow  regime  are  presented, 
covering  the  range:  0.008  ■  Mi-vTTe  •  0.38;  34  ■  Re 
■2.020  for  2.  5  M  3.  8;  3  Re  500  for  M~0.  2 
and  0.0.  The  results  are  discussed  It  terms  of  the 
various  relevant  theories,  and  It  Is  inferred  that, 
in  the  neighborhood  of  Re  1, 000.  the  dominant 
effect  Is  the  Interaction  between  boundary  layer  and 
external  flow  which  Increases  the  skin  friction,  but 
that,  in  the  neighborhood  of  Re  50,  the  dominant 
effect  is  that  of  slip  that  decreases  the  skin  friction. 
(Contractor's  abstract) 
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CAL  08:024 

California  U.  [Inst,  of  Engineering  Research]  Berkeley. 

MOLECULAR  BEAM  INVESTIGATION  OF  THE 
SCATTERING  OF  MOLECULES  FROM  SURFACES 
(Abstract),  by  F.  C.  Hurlbut.  [  1954]  [l]p. 

(Sponsored  jointly  by  Office  of  Naval  Re  -earch  and 
[Air  Force]  Office  of  Scientific  Research  under 
[  N7onr-29503] )  Unclassified 

Presented  at  annual  meeting  of  the  Arner.  Phys.  Soc.  , 
Columbia  U.  ,  New  York,  Jan.  28-30,  1954. 

Published  in  Phvs.  Rev.,  v.  94:  754-755,  May  1,  1954. 

Polar  flux  distribution  of  air  and  h'2  molecules  scattered 
from  surfaces  of  mild  steel,  aluminum,  and  glass  were 
obtained  using  molecular  beam  techniques.  Several 
values  of  incident  angle  were  used.  Polar  traverses 
were  not  confined  to  the  incident  plane.  An  ionization 
gauge-beam  detection  system  was  devised  to  accomplish 
these  measurements.  Spatial  polar  plots  of  the  meas¬ 
ure  flux  distributions  for  the  steel  and  aluminum  sur¬ 
faces  were  found  to  approximate  the  form  of  cosine  dis¬ 
tribution.  Similar  plots  for  the  glass  surfaces  were 
found  to  have  small,  broad,  bulging  deviations  from  the 
cosine  scattering  shape.  These  findings  are  discussed 
in  relation  to  the  Maxwell  surface  interaction  model. 

A  modification  of  the  present  concepts  concerning  the 
formulation  of  low-density  gas-flow  boundary  conditions 
is  discussed.  (Contractor's  abstract) 


CAL.  06:025 

California  U.  lrst.  uf  Engineering  Research,  Berkeley. 

RECENT  IMPROVEMENTS  IN  A  ROTATING  CYLINDER 
APPARATUS  FOR  RAREFIED  CAS  DYNAMICS  RE 
SEARCH,  by  J.  M.  Dowyer,  Jr.  Technical  rept.  Dec. 
28,  1954,  lv.  lncl.  ilius.  dlagrs.  tables,  refs.  (Rept. 
no.  HE- 1 50- 127;  series  no.  20,  Issue  no.  103)  (Spon¬ 
sored  Jointly  by  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research  under  N7onr-29503) 
AD  54563  Unclassified 

An  outline  is  presented  of  design  and  development  of 
a  modified  rotating  cylinder  apparatus.  Problems  are 
discussed  which  seem  tract.. _le  with  the  modified 
apparatus.  In  the  regimes  of  free-molecule  flow  and 
near  free-molecule  intermediate  flow,  the  major  prob 
lom  discussed  Is  the  study  of  the  flow  -'tween  concen¬ 
tric  cylinders  when  only  a  few  of  the  molecules  experi¬ 
ence  one  or  more  collisions  m  traversing  the  annulus. 

In  the  slip  flow  regime,  the  major  problem  discussed  is 
the  determination  of  possible  deviations  from  the  first- 
order  solution,  1  e. ,  from  the  solution  of  the  Navler- 
Stokes  equations  v/ith  slip  boundary  conditions  and  with 
an  accounting  for  variable  viscosity.  Tests  accomplished 
with  this  apparatus  demonstrated  a  nutation  of  the  torsion 
balance  when  tile  chamber  pressure  exceeded  that  cor- 
1  e  si  Kindi,  ig  to  free-molecule  flow  between  the  cylinders. 
Do'a  analysis  of  the  exploratory  tests  was  limited  to 
the  free  molecule  flow  regime  owing  to  the  nutation  of 


the  torsion  cage-drag  cylinder  combination.  On  the 
basis  of  the  limited  data,  a  definite  prediction  of 
the  trend  of  f  (reflection  coefficient)  with  s  (the 
molecular  speed  ratio)  was  considered  Impossible. 
(A3TIA  abstract) 


CAL. 06:026 

California  U.  Inst,  of  Engineering  Research.  Berkeley. 

EXPERIMENTAL  INVESTIGATION  OF  THE  FLOW 
ABOUT  THE  LEADING  EDGE  OF  A  FLAT  PLATE,  by 
J.  A.  Laurmann.  Technical  rept.  Oct.  15,  1954,  16p. 
ilius.  (Rept.  no.  HE-150-126;  series  no.  20,  issue 
no.  102)  '  AFOSR-TN-55-2]  (Sponsored  jointly  by 
Office  of  Naval  Research  and  [  Air  Force]  Office  of 
Scientific  Research  under  N7onr-29503)  AD  48460 

Unclassified 

A  free-moiecule-flow  wire  probe  was  used  to  study  the 
nature  of  the  shock  wave  and  boundary-layer  regions 
in  2 -dimensional  low-density  flow.  Measurements 
were  made  of  the  wire  temperature  (a  function  of  the 
local  velocity  and  temperature)  over  a  1-in.  length  of 
plate  at  M  =  2  and  4  and  Reynolds  numbers/inch  from 
about  150  to  900.  For  2,  there  existed  an  exten¬ 
sive  region  of  boundary-layer  shock-wave  interaction 
extending  over  approximately  10  free-stream  mean 
paths  and  reaching  in  front  of  the  leading  edge.  At 
M  -  4,  the  scale  of  the  interaction  zone  was  reduced 
considerably,  and  details  of  the  flow  structure  were 
not  so  easily  seen. 


CAL,  06:027 

California  U.  Inst,  of  Engineering  Research,  Berkeley, 

BASE  PRESSURE  STUDIES  IN  RAREFIED  SUPER¬ 
SONIC  FLOWS,  by  L.  L.  Kavarau.  Technical  rept. 

Nov.  i,  1954  88p.  Ilius.  refs.  (Rept.  no.  HE- 150- 
125;  series  no.  20,  Issue  no.  101)  AFOSR-TN- 55-4 
(Sponsored  jointly  by  Office  of  Naval  Research  and 
Air  Force  Office  of  Scientific  Research  under  N7onr- 
23503)  AD  48459  Unclassified 

Base  pressures  were  measured  on  a  simple  cone- 
cylinder  configuration  over  a  range  of  Mach  number  M 
and  Reynolds  number  Re^  (based  on  model  length): 

109  l(eL  800  for  Ma, 2  and  920  IteL  7400  for 
M=>4.  These  data  extend  into  the  slip  flow  regime 
since  the  rarefaction  parameter  M.  -yTTe  covered  the 
range  0.  0b  M  \  TTe  -  0.15.  The  final  results  indl 
cated  that  the  base  pressure  decreased  with  decreasing 
Reynolds  number  and  increasing  Mach  number  which 
was  attributed  to  the  completely  laminar  character  of 
the  boundary  layer  and  critical  wake  region.  Pre¬ 
liminary  tests  showed  a  considerable  variation  of 
pressure  existing  over  the  base  arei,  thus  requiring 
an  area-mean  determination  of  the  base  pressure  for 
every  flow  condition,  lnvestlgat'ons  were  made  of 
supixirt  Interfere!!  e  effects  arising  from  the  relative 
size  of  both  the  sting  diameter  and  sting  length  as  ci.u;- 
nared  to  the  model  diameter.  Some  effects  due  to  heat 
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transfer  were  also  studied.  Supplementary  pressure 
distributions  were  taken  on  the  model  surface  upstream 
of  the  base  and  in  the  wake  at  one  Mach  and  Reynolds 
number  which  was  characteristic  of  this  flow  regime. 
The  base  pressure  coefficient  in  free  molecule  flow  is 
calculated  for  comparison  purposes.  A  discussion  is 
presented  of  these  results  together  with  experimental 
and  theoretical  works  of  other  investigators.  A  pre¬ 
cision  thermistor  manometer  was  developed  for  meas¬ 
uring  wind  tunnel  model  pressures  in  the  range  from  1 
to  1000  microns  of  mercury  with  an  accuracy  of  better 
than  1  percent.  In  addition,  a  study  was  made  of  the 
effects  of  "thermal  creep”  and  "drift  rate"  on  the 
measurement  of  low  pressures.  (Contractor's  abstract) 


CAL.  06:028 

California  U.  Inst,  of  Engineering  Research,  Derkeley. 

NEW  EXPERIMENTS  ON  CONE  DRAG  IN  A  RAREFIED 
GAS  FLuW,  by  L.  C.  lpsen.  Apr.  U55,  14p.  lllus. 
diagrs.  tables.  (Rept.  no.  HE-150-128;  series  no.  20, 
issue  no.  104)  (Sponsored  jointly  by  Office  of  Naval 
ivirrl:  s  &1  [  Mr  Furr*  '  office  J  Sck  ,ufle  .  oscrrcb 
under  N7onr-29503)  AD  G7423  Unclassified 

Further  investigation  is  made  of  the  total  drag  on  the 
fore  portion  of  a  circular  cone  of  15°  half  angle  in  a 
rardled  air  !k,w.  With  !.«'#  uaU,  R,..  drag  turves  are 
extended  to  Reynolds  numbers  of  about  hall  the  previous 
lower  limit,  giving  a  free- stream  Reynolds  number 
range  based  on  cone  slant  length  of  70-1500  at  Mach  2 
and  500-7000  at  Mach  4.  The  experimental  drag  curves 
are  in  fair  agreement  with  available  boundary-layer 
predictions  if  certain  induced-pressure  and  transverse- 
curvature  effects  are  included,  although  the  trends  of 
the  experimental  and  theoretical  curves  are  somewhat 
different. 


CAL.  06:029 

California  U.  Inst,  of  Engineering  Research,  Derkeley. 

1  UT  tlM  FI  AT  PLATES  IN  Uttt-UOI&TY  SPl'IOi- 
SONIC  FLOW,  by  D.  M.  Tellep.  Technical  rent. 

Aug.  30,  1955  .  60  p.  incl.  illus.  diagrs.  tables. 

(Rept.  no.  HE-150- 131;  series  no.  20  issue  no.  104) 
(Sponsored  jointly  by  Office  of  Naval  Research  and 
Air  Force  Office  of  Scientific  Research  under  N7onr- 
29503)  AD  74291  Unclassified 

Presented  at  meeting  of  the  Amer.  l’hys.  Soc. ,  Pasa¬ 
dena,  Calif.,  Mar.  19-21,  1956. 

Abstract  published  In  Dull.  Amer.  Phys.  Soc.  , 

Series  II.  v.  1:  3G2,  Nov.  23.  195G. 

Normal  forces  on  rectangular  flat  plates  in  supersonic, 
rarefied  flow  were  measured  over  the  range  228  •_  It 
2412  and  3.  69  M  4.  12  at  angles  of  attack  up  to 

eight  degrees.  Ill  addition,  the  effect  of  aspect  ratio  on 
normal  forces  was  determine**  with  a  series  of  models 


having  an  aspect  ratio  range  from  1. 0  to  2 . 0.  The 
results  were  compared  to  linearized  theory  and  indi¬ 
cated  normal  forces  which  were  33  to  77%  greater 
than  values  predicted  by  theory,  the  experimental 
normal  forces  decreasing  with  Increasing  Reynolds 
number.  The  decrease  in  normal  force  with  decreas¬ 
ing  aspect  ratios  was  found  to  be  from  3  to  7%  greater 
in  magnitude  than  predicted  by  inviscid  theory  and  sub¬ 
stantially  Independent  of  Reynolds  number  over  the 
range  tested.  Weak  interaction  theory  was  used  to 
derive  a  simple  expression  for  the  normal  force  and 
was  found  to  predict  the  order  of  magnitude  of  the  in¬ 
creased  normal  force  as  well  as  the  trend  of  the  nor¬ 
mal  force  with  Reynolds  number.  (Contractor's 
abstrac  t) 


CAL.  06:030 

California  U.  [Inst,  of  Engineering  Research ]  Berkeley. 

NORMAL  FORCES  ON  ELAT  ELATES  IN  LOW- 
DENSITY  SUPERSONIC  FLOW,  by  D.  M.  Tellep  and 
L.  Talbot.  [Dec.  6,  1955]  lOp.  incl.  lllus.  (Spon- 
■v  r.  i  y.d  tly  ly  t'n  offir.  of  Nival  P-kWi  xti 
Air  Force  Office  of  Scientific  Research  under  [  N7onr- 
29503  ])  Unclassified 

Published  in  Jour.  Aeronaut.  Sciences,  v.  23:  1099- 
lluB,  Lee.  UlBC. 

Normal  forces  on  rectangul..  flat  plates  in  supersonic, 
rarefleu  flow  were  measured  over  the  range  200  < 

Re  <  2,400  and  3.  7  <  M  <  4.  1  at  angles  of  attack  up 
to  8°.  In  addition,  the  effect  of  aspect  ratio  on  normal 
forces  was  determined  with  a  series  of  models  having 
an  aspect  ratio  range  fr  .  1.0  to  2.  0.  The  results 
were  compared  to  linearized  inviscid  theory,  and  indi¬ 
cated  normal  forces  which  were  33  to  77%  greater 
than  values  predicted  by  theory,  the  experimental 
normal  forces  decreasing  with  increasing  Reynolds 
number.  The  decrease  in  normal  force  with  decreas¬ 
ing  aspect  ratios  was  found  to  bp  from  3  to  7%  greater 
in  magnitude  than  predicted  by  inviscid  theory,  and 
substantially  independent  of  Reynolds  number  over  the 
titvy  U-sU"4  Vk'iai  LnU  nut  then  Uuvry  was  wyat.  Ur 
derive  a  simple  expression  for  the  normal  f  rce,  and 
was  fourd  to  predict  the  order  of  magnitude  o.  the  in¬ 
creased  normal  force  as  well  as  the  trend  of  the 
normal  force  with  Reynolds  number.  (Contractor's 
abstract) 


CAL.  06:031 

California  U.  Inst,  of  Engineering  Research,  Derkeley. 

STUDIES  OF  BOUNDARY  LAYER  SUP  SOLUTIONS 
AND  Al, DEN'S  METHOD  FOR  BOUNDARY  LAYER 
CORRECTION,  by  S.  Deli.  Technical  rept.  Dec.  6, 
1955,  23p.  incl.  lllus.  refs.  (Rept.  no.  HE-150- 133; 
series  no.  20,  issue  no.  106)  (Sponsored  jointly  by 
Office  of  Naval  Research  anil  Air  Force  Office  of 
Scientific  Research  under  N7onr- 29503)  Al)  81483 

Unclassified 
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Two  aspects  of  incompressible  laminar  boundary  layer 
(low  on  a  semi-infinite  fiat  plate  at  zero  Incidence  are 
discussed.  First,  Alden's  proposed  scheme  of  solution 
of  theNavier  Stokes  equations  for  this  problem  in  terms 
of  an  expansion  in  inverse  powers  of  the  local  Reynolds 
number  is  demonstrated  to  be  invalid,  inasmuch  as  the 
boundary  conditions  in  the  free  stream  cannot  be  satis¬ 
fied  to  all  orders.  Second,  an  account  Is  given  of  the 
effect  of  a  velocity  slip  boundary  condition  on  the  solu¬ 
tion  of  the  Oseen  boundary  layer  equations  for  the  same 
problem.  It  was  found  that  an  additional  non-uniformity 
in  the  solution  was  caused  by  the  Introduction  of  slip. 
(Contractor's  abstract) 


CAL.  06:032 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

FREE  MOLECULE  FLOW  FORCES  AND  HEAT 
TRANSFER  FOR  AN  INFINITE  CIRCULAR  CYLINDER 
AT  AN  ANGLE  OF  ATTACK,  by  L.  Talbot.  Technical 
rept.  Mar.  26,  1956,  8p.  illus.  (Rept.  no.  HE-1E0- 
136;  series  no.  20,  issue  no.  107)  (Sponsored  jointly 
by  Office  of  Naval  Research  and  Air  Force  Office  of 
Scientific  Research  under  N7onr-29503)  AD  94187 

Unclassified 

Expressions  are  derived  for  the  recovery  factor  and 
heat  transfer  and  the  normal  and  tangential  force 
characteristics  of  an  infinite  circular  cylinder  at 
arbitrary  angle  of  attack  in  free  molecule  flow.  The 
results  are  expressed  In  closed  form  for  a  cylinder  at 
arbitrary  uniform  temperature  in  terms  of  three  gross 
molecular  surfac*  interaction  coefficients,  the  normal 
and  tangential  momentum  transfer  coefficients  and  the 
thermal  accommodation  coefficient.  (Contractor's 
abstract) 


CAL.  06:034 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

NEAR- FREE- MOLECULE  COUETTE  FLOW  BETWEEN 
CONCENTRIC  CYLINDERS,  by  J.  M.  Bowyer,  Jr. 
and  L.  Talbot.  Technical  rept.  July  10,  1956  [29  ]p. 
inch  illus.  tables,  refs.  (Rept.  no.  HE-150-139; 
series  no.  20,  issue  no.  109)  (Sponsored  jointly  by 
Office  of  Naval  Research  and  Air  Force  Office  cf 
Scientific  Research  under  N7onr-29503)  AD  108061 

Unclassified 

The  drag  forces  on  a  fixed  outer  cylinder,  caused  by 
the  rotation  of  a  concentric  inner  cylinder,  were 
measured  under  conditions  of  near -free -molecule  flow 
in  the  annulus.  The  gases  tested  were  argon,  air, 
helium  and  krypton,  and  the  Knudsen  numbers  based 
on  annulus  width  ranged  from  0.  92  to  67.  0.  The  ex¬ 
perimental  results  were  compared  with  the  Wang 
Chang- Uhlenbeck  analysis  for  near-free-molecule 
flow  between  parallel  plates,  which  is  based  on  the 
solution  of  the  linearized  Boltzmann  equation.  Agree¬ 
ment  was  found  to  be  fairly  good.  (Contractor's 
abstract) 


CAL.  06:035 

California  U.  Inst,  of  Engineering  Research,  Berke’ey. 

FORCED  CONVECTION  HEAT  TRANSFER  FROM 
Sl'HERES  TO  A  RAREFIED  GAS,  by  D.  K.  Eberly. 
Technical  rept.  July  31,  1956  [  52  ] p.  incl.  illus. 
tables,  refs.  (’lept.  no.  HE-150- 140;  series  no.  20, 
issue  no.  110)  (Sponsored  jointly  by  Oiilce  of  Naval 
Research  and  Air  Force  Office  of  Scientific  Research 
under  N7onr- 29503)  AD  107185  Unclassified 


CAL.  06:033 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

USE  OF  A  DOUBLE  EXl’ANSION  METHOD  FOR 
SOLUTION  OF  THE  INCOMPRESSIBLE  VISCOUS  FLOW 
OVER  A  FLAT  PLATE,  by  J.  A.  Laurmar.n.  Technical 
rept.  May  28,  1950,  34p.  refs.  (Rept.  no.  HE- ISO- 
133;  series  no.  20,  issue  no.  108)  (Sponsored  jointly 
by  Office  of  Naval  Research  and  Air  Force  Office  of 
Scientific  Research  under  N7onr- 29503)  AI)  106930 

Unclassified 

A  double  expansion  method.  In  the  form  of  an  inner 
"boundary  layer"  series  and  an  outer  "potential  flow" 
series,  is  used  to  study  the  solution  of  the  problem  of 
viscous  incompressible  flow  about  a  semi -infinite  flat 
plate.  Validity  is  checked  by  comparison  with  the 
closed  form  solution  in  the  linearized  (Oseen)  case,  and 
it  is  found  that  there  is  agreement  only  if  an  "integrable 
drag"  condition  (or  some  equivalent  condition)  is  im¬ 
posed  on  each  term  of  the  inner  series.  For  the 
Navler-Stokes  e  glutton  the  same  condition  Is  retired 
for  uniqueness  oi  the  solution,  but  in  this  case  Die  as¬ 
sumption  cannot  be  justified. 


A  description  is  given  of  a  wind  tunnel  study  of  the 
forced-convection  heat  transfer  from  spheres  In  a 
supersonic,  rarefied  gas  flow  at  nominal  Mach  num- 
hers  of  4  and  6.  Three  sliver  models  were  used  In  an 
effort  to  obtain  the  infinite  conductivity  specification 
of  the  transient  cooling  technique  of  measurement. 

The  models  were  polished  to  minimize  radiation  losses 
from  the  surface,  and  pyrex  sting  mountings  were 
used  to  minimize  heat  losses  by  conduction.  The 
models  simulate  the  fluid  dynamic  (but  not  thermal) 
conditions  for  a  sphere  of  one-foot  diameter  at 
altitudes  from  45  to  60  miles  In  steady  motion  at 
M  4  and  6.  The  free  stream  Reynolds  numbers 
were  in  the  range  of 


59  ■  J  6800,  and  the  free  stream  Knudsen  numbers 


acre  in  the  range  0.073  M,  /J  1  0.43.  The  re¬ 


sults  showed  Uiat  Nusselt  numbers  are  approximately 
related  to  ^2^  by  an  equation  of  the  form 

\  2 

ha\i*  C  'u2^°'  6  f(ir  9  u2^.  800  where  V  =0.  3. 
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Over  all  free-stream  recovery  factors  are  primarily 
dependent  upon  the  stream  Reynolds  number,  ul^. 

V1 

and  are  sensibly  independent  of  Mj  for  20<ul^  <6800. 

V1 

(ASTI A  abstract) 


CLA.  01:001 

California  U.  Dept,  of  Chemistry,  Los  Angeles. 

CRYSTALLOGRAPHIC  CALCULATIONS  ON  THE  HIGH¬ 
SPEED  DIGITAL  COMPUTER  SWAC,  by  R.  A.  Sparks, 
R.  J.  Prosen  and  others.  Aug.  1955  [24  Ip.  ind. 
diagrs.  refs.  (Perchlorates  technical  note  no.  1) 

([  AFlOSR-TN-54-356)  (AF  18(600)857)  AD  71977 

Unclassified 

Also  published  in  Acta  Crystallographica,  v.  9:  350- 
358,  Apr.  1956. 

The  high-speed  digital  computer  SWAC  [National 
Bureau  of  Standards  Western  Automatic  Computer!  has 
been  used  extensively  for  calculations  needed  in  the 
determination  and  refinement  of  crystal  structures. 
Programs  for  calculations  of  structure  factors,  normal 
Fourier  summations,  differential  Fourier  summations, 
and  least  squares  refinement  are  described  briefly,  and 
some  practical  experience  with  them  is  discussed.  In 
general,  these  programs  may  be  used  with  only  minor 
specified  changes  for  almost  any  crystal  of  any  sym¬ 
metry.  All  programs  Include  provision  for  use  of 
individual  anisotropic  atomic  temperature  factors.  A 
few  other  programs  for  more  trivial,  but  nevertheless 
tedious,  calculations  are  also  described.  (Contractor's 
abstract) 


CLA.  01:002 

California  U.  Dept,  of  Chemistry,  Los  Angeles. 

THE  CRYSTAL  STRUCTURE  OF  THE  SILVER 
PERCHLORATE- DIOXANE  COMPLEX,  AgC104  3CH4- 
li;  Oo,  by  11.  J.  l’rosen  and  K.  N.  Trueblood.  Sept. 
1955  t  19  p.  incl.  diagrs.  tables,  refs.  (Perchlorates 
technical  .note  no.  3)  ( [  AF  OS1LTN-55-346)  (AF  18- 
(600)857)  AD  74791  Unclassified 

Also  published  In  Acta  Crystallographica,  v.  9:  74 1  - 
746,  Sept.  1956. 

The  structure  of  the  crystalline  complex  formed  by 
silver  perchlorate  with  3  molecules  of  dioxane  has 
been  determined.  The  crystals  are  cubic  (Ug  7.  G7 X) 
with  l.aue  symmetry  m3m  and  probable  space  group 
l'mSm;  there  Is  1  molecule  of  the  complex  in  the  unit 
cell.  The  silver  atoms,  at  the  corners  of  the  cube,  are 
surrounded  by  a  regular  octahedron  of  dioxane  oxygen 
atoms  at  a  distance  of  2.  46A.  Both  the  perchlorate  ion, 
whose  center  is  at  (1  2,  1  2,  1  2),  and  the  dioxane 
molecules,  which  lie  along  the  axes  of  the  unit  cube, 
appear  to  be  rotating  with  little  or  no  hindrance.  (Con 


tractor's  abstract) 


CLA.  01:003 

California  U.  Dept,  of  Chemistry,  Los  Angeles. 

SYMMETRY  TRANSFORMATIONS  OF  GENERAL 
ANISOTROPIC  TEMPERATURE  FACTORS,  by  K.  N. 
Trueblood.  Oct.  1955,  9p.  incl.  tables.  (Perchlorates 
technical  note  no.  4)  ( [  AF  !OSR-TN-55-373) 

(AF  18(600)857)  AD  74700  Unclassified 

Also  published  in  Acta  Crystallographica.  v.  9:359- 
361,  Apr.  1956. 

The  effects  of  all  possible  crystallographic  symmetry 
operations  on  general  ellipsoidal  atomic  temperature 
factor  ■  are  presented  in  tabular  form.  Examples  of 
tlie  application  of  the3e  tables  are  given.  (Contractor's 
ab  stract) 


CLA.  01:004 

California  U.  Dept,  of  Chemistry,  Los  Angeles. 

PRECISE  STUDIES  OF  THE  CRYSTAL  STRUCTURES 
OF  LITHIUM  PERCHLORATE  TRIHYDRATE, 
ANHYDROUS  LITHIUM  PERCHLORATE,  AND  POTAS¬ 
SIUM  PERCHLORATE,  by  R.  J.  Prosen  and  K.  N. 
Trueblood.  Nov.  1956  [80]p.  incl.  diagrs.  tables, 
refs.  (Perchlorates  technical  note  no.  2)  (AFOSR- 
TN-56-563)  (AF  18(600)857)  AD  110384 

Unclassified 

A  structural  study  is  made  of  the  structure  of  the 
perchlorate  ion  and  the  structural  effect  of  the  environ¬ 
ment  is  investigated.  Precise  position  parameters 
and  generalized  temperature  factor  parameters  of 
three  crystalline  perchlorates  are  determined  by 
applying  three-dimensional  Fourier  analysis  and  least 
squares  techniques  with  the  high  speed  digital  computer 
SWAC.  LiCKy  3H20,  LiC104  and  KC104  are  studied. 

CLA.  02:001 

California  U.  Dept,  of  Engineering,  Los  Angeles. 

OPERATIONAL  METHODS  IN  NON-UNEAR 
MECHANICS,  by  L.  A.  Pipes.  Dec.  10,  1951,  92p. 
inch  diagrs.  (AF  33(038)14763)  ATI- 168567 

Unclassified 

Perturbation  methods  and  sequence  methods  are 
applied  to  the  solution  of  problems  In  the  fields  of 
physics  and  engineering  Involving  autonomous  or  non- 
autonomous  differential  equations.  Wherever  possible 
operation:.!  processes  are  introduced  to  reduce  the 
algebraic  labor  of  the  solution. 
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CLA.  03:001 

California  U.  Dept,  of  Engineering,  Los  Angeles. 

UNSTEADY  SUPERSONIC  FLOW,  by  J.  W.  Miles. 

Aug.  1954,  569p.  incl.  diagrs.  tables,  refs.  [  AFOSF- 
TR-54-36  ]  (AF  18(600)432)  AD  76856 

Unclassified 

A  survey  Is  made  of  the  application  of  the  theory  of 
perfect  fluid  flow  to  the  prediction  of  the  aerodynamic 
forces  that  act  on  thin  wings  and  slender  bodies  as  a 
result  of  small,  unsteady  motions  with  respect  to  an 
equilibrium  configuration  of  uniform,  supersonic  flight. 
The  topics  treated  are:  (1)  the  linearized  equations: 

(2)  the  transformation  of  the  subsonic  wing  equations; 

(3) the  transformation  of  the  supersonic  wing  equations; 

(4)  separation  of  variables;  (5)  reduction  to  steady  flow; 
(6)  simple  planforms;  (7)  the  rectangular  wing;  (8)  the 
quadrilateral  wing;  (9)  slender  wing  methods;  (10)  the 
delta  wing;  (11)  the  low  aspect-ratio  rectangular  wing; 
(12)  slender  nonplanar  bodies;  (13)  accelerated  flight; 
(14)  nonlinear  problems;  and  (15)  reverse  flow 
theorems. 


CLA.  04:001 

California  U.  Dept,  of  Engineering,  Los  Angeles. 

X-RAY  LATTICE  STRAINS  IN  PLASTICALLY  DE¬ 
FORMED  METALS,  by  M.  Kaufman  and  D.  Rosenthal. 
May  1955  [46]p.  Incl.  Ulus,  diagrs.  tables,  refs. 

(Rept.  no.  55-31)  (AFOSR-TN-55- 183)  (AF  18(600)- 
1022)  Unclassified 

It  has  been  observed  In  the  diagrams  of  lattice  strains 
plotted  vs  the  applied  stress  that  a  departure  from 
proportionality  occurs  with  the  onset  of  yielding.  In  the 
present  study,  specimens  of  an  AI  alloy  (face-centered- 
cubic  structure),  a  Mg  alloy  (hexagonal  structure),  and 
a  mild  steel  (body-centered-cublc  structure)  were  ex¬ 
amined.  Data  Indicated  that  following  the  Initial 
departure  from  proportlonaUty  a  tendency  toward  the 
recovery  of  the  original  trend  occurs  after  a  few  %  of 
plastic  strain.  This  tendency  Is  corroborated  by  the 
levelling  off  of  the  residual  lattice  strain  diagrams. 
Similar  results  were  obtained  at  subzero  temperatures 
(-202°  and  -320°F).  The  tendency  toward  recovery 
coincides  with  the  change  of  the  slraln-hardenlng 
exponent  found  In  the  ordinary  stress- strain  diagrams 
of  Al  and  AI  alloys.  It  can  be  Interpreted  in  the  same 
way  as  the  changes  observed  In  single  crystals  and  bi- 
crystals  of  face-ceniered-cublc  metals;  that  Is,  the 
departure  from  proportlonaUty  Is  associated  with  the 
phenomenon  of  easy  slip,  while  the  tendency  toward 
recovery  marks  the  advent  of  the  dlfflrult  slip.  A 
simplified  model  of  heterogeneous  piasUc  deformation 
based  on  the  above  Interpretation  accounts  satisfactorily 
for  the  magnitude  of  the  variations  which  have  been  ob¬ 
served  In  the  AI  alloy.  (Contractor's  abstract, 
modified) 
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X-RAY  LATTICE  STRAINS  IN  PLASTICALLY  DE¬ 
FORMED  METALS,  by  D.  Rosenthal,  M.  Kaufman 
and  others.  Aug.  1955,  84p.  incl.  lllus.  diagrs. 
tables,  refs.  (AFOSR-TR-55-31)  (AF  18(600)1022) 

AD  88702  Unclassified 

In  this  study,  the  following  subjects  are  considered 
and  discussed:  Part  I.  Influence  of  temperature  and 
crystal  structure.  Specimens  representing  face- 
centered-cubic,  body- :entered  cubic,  and  hexagonal 
crystal  structures  were  subjected  to  uniaxial  tension. 
Macroscopic  strain- stress,  as  well  as  latUce  strain- 
stress  history,  was  secured  for  all  specimens  in  both 
the  elastic  and  plastic  range.  Lattice  strains  were 
determined  under  load  and  after  unloading,  and  at 
room  and  subzero  temperatures.  Specimens  showed 
a  departure  from  proportionality  at  the  onset  of  the 
piasUc  flow,  and  a  subsequent  tendency  toward  the 
recovery  of  the  original  trend.  These  trends  were  re¬ 
lated  to  the  easy  and  difficult  slip  observed  in  single 
crystals  and  bicrystais  of  face-centered-cubic  mc.als. 
The  trends  were  also  accounted  for  by  a  simplified 
model  of  the  heterogeneous  plastic  deformation  In 
polycrystalline  metals.  Part  II.  Influence  of  grain 
size.  The  influence  of  grain  size  on  the  above  trends 
was  studied  In  conjunction  with  the  behavior  of  the 
lattice  strain  in  the  Individual  crystals  of  the  aggregate. 
The  study  showed  the  necessity  of  exploring  a  large 
population  of  grains  by  means  of  x-rays  to  offset  the 
scatter  of  data  resulting  from  the  variation  of  the 
lattice  strain  In  the  individual  grains.  The  study  re¬ 
vealed  that  the  behavior  of  the  grain  In  the  aggregate 
can  be  governed  by  factors  other  than  orientation  with 
respect  to  the  appUed  stress.  Part  m.  Tests  In  com¬ 
pression  bv  means  of  the  Geiger  counter.  Compression 
tests  on  61S  aluminum  alloy  revealed  the  same  general 
lattice  trends  as  In  the  strain-stress  tests,  however, 
values  of  stress  for  equal  strains  were  about  5% 
higher. 

CLA.  04:003 

California  U.  Dept,  of  Engineering,  Los  Angeles. 

GEIGER-COUNTER  DETERMINATIONS  OF  X-RAY 
LATTICE  STRAINS  IN  PLASTICALLY  DEFORMED 
ALUMINUM  ALLOY,  by  D.  Hacanovitsh,  M.  Kaufman, 
and  D.  Rosenthal.  1956  [2]p.  Incl.  diagrs. 

(AF  18(600)1022)  Unclassified 


Published  In  Acta  Metallurglca, 
1956. 


4:  2'.8-219,  Mar. 


Recent  tests  performed  on  various  maierials  at  sub¬ 
zero  as  well  as  at  room  temperature,  suggested  that 
for  the  so-called  soft  orientations  the  trends  In  the 
plastic  stage  are  of  a  twofold  nature.  First  there  was 
a  departure  from  proportionality  at  th«  start  of  plastic 
flow,  following  which  the  lattice  strain- stress  diagram 
showed  an  opposite  irend.  toward  the  recovery  of  the 
Initial  slope.  A  series  of  new  tests  were  performed  to 
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secure  additional  evidence  o(  this  tendency.  These 
were  carried  „ut  In  compression  Instead  of  tension,  and 
the  Geiger -counter  technique  of  recording  the  x-ray 
Intensity  was  substituted  for  photographic  procedures. 
Reasonable  agreement  between  experiment  and  compu¬ 
tation  provided  additional  proof  of  the  twofold  trend 
observed  In  the  plastic  range  under  load. 


CAR.  01:001 

Carnegie  Inst,  of  Tech.  Dept,  of  Mathematics, 

Pittsburgh,  Pa 

STUDIES  IN  PLASTIC  COLLAPSE  AND  ASSOCIATED 
RESEARCH,  by  H.  J.  Greenberg.  Final  rept.  Oct.  2, 
1953  -  Oct.  1,  1954.  16p.  refs.  (Rept.  no.  C1T-AF- 
12)  ([  AF]OSR-TR-54-33)  (AF  18(600)1009) 

AD  49492  Unclassified 

A  summary  of  research  Is  given  under  the  following 
topics:  (1)  variational  theorems  and  the  eigenvalue 
problem  for  plane  strain  In  perfect  plasticity;  (2)  limit 
analysis  of  frames  including  axial  forces  based  on  an 
elementary  mechanism  technique;  (3)  linear -program¬ 
ming  methods  in  limit  analysis  of  structures;  (4)  canoni¬ 
cal  structures;  and  (5)  a  plasticity  theory  for  powdered 
metals. 


CAR.  02:001 

Carnegie  Inst,  of  Tech.  Dept,  of  Mathematics, 
Pittsburgh,  1'a. 


ON  OSEEN  FLOWS  IN  TWO  DIMENSIONS,  by  R.  C. 
Meucham.  Final  research  rept.  Oct.  1,  1954,  9p. 
(Rept  no.  C1T-1-AF-13)  ;  AFOSR-TH-51  -30 ] 

(AF  t H (GOO) 1 0 1 3 )  AD  45130  U-, classified 

An  introductory  analysis  is  made  of  viscous  flow 
problems  In  which  the  stream  function  obeys  the 
Oseen  differential  equation.  The  mapping  w  =  1/  z  Is 
considered  where  the  stream  function  Is  transformed  by 
setting  (z,  z)  t/wwd(w,  w).  These  mappings  map  a 
blliarmonlc  function  of  (z,  z)  into  a  biharmonic  function 
.,1  (w.W),  but  the  Oseen  stream  function  I  (z,  z)  maps 
nto  a  if(w,  w)  which  satisfies  a  completely  different 
differential  equation  In  terms  of  w,  *.  A  product  form 
of  solution  Is  obtained  from  this  equation.  The  follow 
ing  problems  remain  unsolved:  (1)  finding  solutions 
other  than  product  type  solutions;  (2)  giving  a  physical 
Interpretation  to  flows  In  (w,  w)  space;  (3)  obtaining  a 
f.w  ily  of  solutions  of  the  type  fn(w)  wnfn(w),  and 
(4)  discovering  transformations  of  the  type  discussed 
which  leave  the  Oseen  equation  Invariant  In  (w,  w). 

(ASTI A  abstract) 
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Carnegie  Inst,  of  Tech.  Dept,  of  Mathematics 
Pittsburgh,  I  a. 

A  NEW  MODIFICATION  OF  CLASSICAL  ELECTRO 


MAGNETIC  THEORY,  by  A.  Schlld.  Nov.  15,  1953 
[  6  ]p.  lncl.  dlagrs.  [  AF  18(600)1019  ] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Chicago,  111.,  Nov.  27-28,  1953. 

Published  In  Phvs.  Rev.,  v.  92:  1009-1014,  Nov.  15, 

1953. 

A  fundamental  particle  is  treated  as  a  unit  charge 
whose  rest  mass  and  space  time  coordinates  are 
variables  of  its  motion.  Classical  electrodynamics, 

In  Its  action  at  a  distance  formulation,  Is  obtained  from 
an  action  principle  which  Is  simpler  than  the  usual  one. 
In  this  new  action  principle  the  rest  mass  of  a  particle 
Is  varied  as  well  as  the  coordinates.  The  rest  masses 
of  Interacting  particles,  although  not  assumed  constant 
a  priori,  become  constants  as  a  consequence  of  the 
equations  of  motion.  Modifications  of  the  old  action 
principle  can  yield  purely  electromagnetic  rest  masses 
which  are,  however,  the  same  for  all  particles.  Simi¬ 
lar  modification  of  the  new  action  principle  gives  purely 
electromagnetic  rest  masses  to  all  charged  fundamental 
particles.  In  this  new  modification  of  electrodynamics, 
particles  Interacting  at  small  distances  no  longer  have 
constant  rest  masses.  (Contractor1  s  abstract) 

CAR.  03:002 

Carnegie  Inst,  of  Tech.  Dept,  of  Mathematics, 

Pittsburgh,  Pa. 

CONSERVATION  THEOREMS  IN  MODIFIED  ELECTRO¬ 
DYNAMICS.  by  J.  W.  Dettman  and  A.  Schlld.  Apr. 

1954,  lOp.  (Rept.  no.  CIT-325-7)  ( [  AF  ’OSR-T N-5  i- 

109)  (AF  18(600)1019)  AD  35960  Unclassified 

Also  published  In  Phys.  ltev.,  v.  95:  1057-1060,  Aug. 
15,  1954. 

A  system  of  interacting  particles  with  variable  rest 
masses  is  considered,  whose  motion  Is  governed  by  a 
variational  principle  of  general  form,  In  which  there 
art  self  action  terms  instead  of  the  usual  specifically 
Inertial  terms.  For  suitable  restrictions  of  the  action 
principle  It  Is  shown  that,  when  the  particles  are  at 
distances  large  compared  to  the  classical  electron 
radius,  the  new  theory  reduces  to  classical  electro¬ 
dynamics,  and  Uiat  the  variable  rest  masses  become 
constants  of  the  motion.  The  conservation  laws  of 
energy -momentum  and  of  angular  momentum  are  de¬ 
rived  from  the  Lorentz  Invariance  of  the  general 
action  principle.  (Contractor's  abstract) 
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Carnegie  Inst,  of  Tech.  Dept  of  Mathematics, 
Pittsburgh.  Pa. 

STUDIES  IN  til  1TV1TY  THEORY,  Ql  ANTUM 
MECHANICS  LOW  TEMPERATURE  P1IENOM 
ENA.  by  S.  A.  Eriedberg.  Final  rept.  Nov.  5.  1953 
Sept.  30,  IJ55.  Oct.  5,  1955  4  p.  (ltept.  no.  1: 
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[  AFOSR-TR-55-30  ] 


(AF  18(6C0)1019) 
Unclassified 


Three  studies  concerning  the  properties  of  solids  at 
low  temperature  are  briefly  reviewed.  In  the  first,  the 
thermal  conductivity  of  metals  at  temperatures  down  to 
approximately  1.  5°K  was  measured  using  a  cryostat 
having  carbon  resistors  as  thermometers  In  the  1.  S^K 
to  22°K  range.  In  the  second,  a  series  of  electrical 
and  galvanometrlc  measurements  was  made  on  germa¬ 
nium  at  low  temperatures.  In  the  third,  a  new  method 
was  developed  for  measuring,  with  an  error  of  only  1 
or  2%,  the  heat  capacity  of  diamond  at  temperatures 
down  to  15°K. 
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Carnegie  Inst,  of  Tech. 
Pittsburgh,  Pa. 


Dept,  of  Mathematics, 


AN  INTEGRAL  EQUATION  ASSOCIATED  WITH  A 
FUNCTION- THEORETIC  EXTERMAL  PROBLEM,  by 
Z.  Neharl.  [  1954/1955  1  [20  lp.  [  AF  18(600)1138  1 

Unclassified 

Published  iq  Jour.  Analyse  Math.  (Jerusalem),  v.  4: 
29-43,  1954/1955. 

2 

Let  1,  (D)  be  the  family  of  (unctions,  single-valued  and 
regular  In  a  finite  domain  D  and  square-  lntegrable  over 
the  boundary  C  which  consists  of  a  finite  number  of 
rectifiable  Jordan  curves.  The  starting  problem  Is  to 
minimize  Je|f(z)|2ds,  ds  =  |  dz  J ,  for  f(z)  tl  2(U) 
under  the  condition  that  j  |f(z)|2ds  1,  where  C(  Is 

an  assigned  subset  of  D  c  ulsting  of  a  finite  number  of 
rectifiable  Jordan  arcs  oi  curves.  It  Is  shown  that 
)  c  I  S(z)  I  “ds  >  '\  |  for  any  admissible  g(z),  where  \j 
(50)  Is  the  lowest  eigenvalue  of  the  Integral  equation 


KO 


C 


K(z,  a  f(z)ds, 

1 


K(z,  "[)  being  the  Szego  kernel  function  of  1.  (D);  the 
equality  can  appear  only  If  g(z)  Is  a  solution  of  the 
integral  equation  associated  with  X  Xj.  On  the  other 
hand,  the  author  proves  the  following  result.  Let 
C  ( v  1,  •  ■  ■  ,  n)  be  any  gxilnts  In  a  subdomain  D| 

lioumled  by  C  i  of  D;  then 
n  1  n 

i  a  K(  ,  ”  )  .a  a  K  ( '  ,  ,  )  ( n  1 , 2 . • •  • 

•,  ..  V;  V  ,1  lx  •  (1  ■*  V  1 

I  V„1  1 


■  1 


where  K((z,  ')  is  tlie  kernel  associated  with  1)!  and  the 
a’s  are  indeterminate  variables;  every  Inequality  Is 
sharp.  Analogous  problems  for  the  Bergman  kernel 
function  are  discussed.  (Math.  Rev.  abstract) 
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ON  BOUNDED  BIUNEAR  FORMS,  by  Z.  Nehari. 

Apr.  1955.  24p.  (  Technical  rept.  no.  1)  (  AF  OSit- 
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TN-55-115)  (AF  18(600)1138)  AD  63406 

Unclassified 

Also  published  In  Ann.  Math.,  v.  65:  153-162,  Jan. 
1957. 

If  aQ,  aj,  ... ,  bQ,  bj,  ... ,  are  complex  numbers 


such  that  X  |  an  | 

8=o 


'  =  X 


9  =  o 


A(a,b)  =  X 

v  =0 


’  =  1,  the  bilinear  form 


a  Is  said  to  be  bounded 


X  A  a 
P  =  °  vp  v  p 

If  there  exists  a  number  M  such  that  |  A(a,b)  |  <  M  for 
all  such  sequences  (a  }  ,  f  b  }  .  The  smallest 

i  v  J  \  vj 

such  number  M  Is  called  the  bound  of  the  form  A(a,  b). 
In  this  study  a  determination  Is  made  of  the  bound  of 
the  particular  form  A(a,b)  for  which  A  =  u(v  *■  p), 
a  form  studied  by  Hilbert,  Toeplltz  and  others.  The 
methods  employed  are  function-theoretic.  (Con¬ 
tractor's  abstract) 
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Carnegie  Inst,  of  Tech. 
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ON  THE  NUMERICAL  SOLUTION  OF  THE  DIRICHLET 
PROBLEM,  by  Z.  Neharl.  May  1955,  31p.  refs. 
([Technical]  rept.  no.  2)  ([  AF  JOSR-TN- 55- 144) 

(AF  18(600)1138)  AD  63250  Unclassified 

Also  published  in  Proc.  Conference  on  Differential 
Equations,  Maryland  U. ,  College  Park  (Mar.  17-19, 
1955),  1956,  p.  157-178. 

This  study  develops  a  number  of  different  procedures 
for  the  numerical  solution  of  the  harmonic  boundary 
value  problem.  The  approximation  mechanism  Is  based 
on  orthogonal  expansions  of  various  types.  In  all  cases, 
it  is  possible  to  estimate  the  error  committed  in  re¬ 
placing  Infinite  orthogonal  sets  by  finite  oneB,  and  the 
estimates  tend  to  zero  If  the  sets  employed  are  com¬ 
plete  in  the  appropriate  llllberl  spaces.  (Contractor’s 
abstract) 
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Carnegie  Inst,  of  Tech,  Dept,  of  Mathematics, 
Pittsburgh,  Pa. 

ON  THE  CONFORMAL  MAPPING  OF  NEARLY  - 
CIRCULAR  iXIMAINS,  by  /..  Neharl  and  V.  Singh. 

May  1955,  13p.  ([Technical;  rept.  no.  3)  (  AF  OSlt 
TN  -  55  145)  (AF  18(600)1138)  AD81I89;  Al)  64234 

Unclassified 


Also  published  In  l'roc.  Arner. 
370-378,  June  1950. 


Math.  Soc..  v.  7; 


The  principal  result  Is  stated  In  the  following  theorem. 
Let  I)  bo  a  domain  bounded  by  a  Jordan  curve  C  with  the 
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equation  r  =■  1  e  ep(0),  0  £  0  £  2ir,  where  p(9)  and  tts 
derivative  p'  (9)  are  continuous,  p(9)  >  0,  p(2tr)  -  p(0), 
I  p( 9 ) | <  M,  I  p’( 9 ) |  i  M',  and  e  Is  a  small  positive 
quantity.  If  K(z,  £)  denotes  the  Szegb  kernel  of  D  and 
I  *1^  i).  I  F.  I  -  n»  where  q  '.s  such  thal 
4 _ 

rill  -*/Tt  V'M'M+M’),  then  K(z,  ') 


1  f  ds 

r?  {  (z-t)  (F*  -1*) 


t  e2  R(z,  F),  ds  =  |dt  | 


where  •  denotes  the  complex  conjugate,  and  |  R(z, !;)  | 

1  =  p(  l*l)p(  IF  !).  and  p(n) 

f  o 

(2M+MT 


1 


2^1-0  ) 


4M 


(1-rj)4  -  4e2M(M+M’)  [l-qOtfM12 


For  z  -  5  =  0,  we  have  the  particularly  simple  estimate 
H(0,0)  <  1  (M2  ♦  M'2).  (Contractor’s  abstract. 


modified) 
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Carnegie  Inst,  of  Tech.  Dept,  of  Mathematics, 

Pittsburgh,  Pa. 

SAFETY  FACTORS  AND  SUPERPOSITION  IN  THE 
ELASTIC  AND  PLASTIC  ANALYSIS  OF  FRAMES,  by 
W.  S.  Dorn  and  H.  J.  Greenberg.  May  1955,  23p.  lncl. 
dlagrs.  (Technical  rept.  no.  4)  [  AFOSR-TN-55- 166  ) 
(AF  18(600)1138)  AD  64233  Unclassified 

In  this  study,  upper  bounds  are  found  for  the  elastic 
safety  factor  for  plane  structures.  This  provides  an 
estimate  of  the  plastic  safety  factor  In  terms  of  the 
elastic  safety  factor  and  vice  versa  for  a  given  system. 
In  addition,  upper  and  lower  bounds  to  both  the  elastic 
and  plastic  safety  factors  for  a  superimposed  load 
system  are  found  In  terms  of  bounds  on  the  component 
load  systems.  (Contractor's  abstract) 


CAR.  04:006 


plastic  and  slress-hardenlng  theories.  Stress- strain 
laws  and  corresponding  loading  criteria  are  developed, 
and  the  uniqueness  theorems  and  minimum  principles 
appropriate  to  the  theory  are  proved.  (C.ontraclor's 
abstract) 
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PICARD’S  THEOREM  AND  LINEAR  DIFFERENTIAL 
EQUATIONS,  by  Z.  Neharl  and  R.  J.  Duffln.  July 
1955,  15p.  (Technical  repl.  no.  6)  ([AF]OSR-TN- 
55-218)  (AF  18(600)1138)  AD  73980  Unclassified 

The  principal  result  Is  the  following  theorem:  let 

fj(z) . fn(z)  (n>3)  be  entire  functions  for  which 

ajf  i(z)+. . .  ta^f^z)-  0  and  where  the  coefficients 
aj.  . .  .Sjj  are  nonzero  constants,  then  either  at  least 
one  of  the  functions  fv(z)  takes  on  the  value  zero  or  the 
functions  !v(z)  are  not  all  essentially  different.  An 
Immediate  consequence  of  the  theorem  Is  the  corollary 
that  the  linear  differential  equation 

y(n)(z)*Pn.l(z)  y(n_1)(z)+. .  -  ♦p1(z)y’(z)+p0(z)y(z.)  =  0 

(n  2)  cannot  have  more  than  n  essentially  different 
solutions  which  are  entire  and  do  nol  vanish.  Functions 
are  considered  essentially  different  If  no  function  of  the 
set  Isa  constant  nonzero,  multiple  of  any  other  function 
of  the  set.  A  sharpened  version  of  the  first  theorem 

Is  that  If  f.(z) . f  (z)  (n>2)  are  entire  functions  such 

that  ajf  j ( z )  - . . .  ♦anfn(z)=  0,  then  either  at  least  one  of 
the  functions  fv(z)  takes  all  finite  values  an  Infinity  of 
times  or  else  the  linear  relation  holds  trivially  In  the 
following  way:  the  set  [f„(z)}  consists  of  subsets 

*vl*  •  •  •  fvk  (*=  2>  such  ^at  fvm(z>  =  uin+1’m(z)K<z)’ 
where  g(z)  Is  a  zero-free  entire  function,  l’j(z), . .  . , 
l’ljlz)  are  polynomials  such  that 

ayjl’jfz)*. .  .  la^l’i^z);  A-  a  constant,  and  A=  0  unless 
g(z)  reduces  to  a  constant. 
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Carnegie  Inst,  of  Tech.  Dept,  of  Mathematics, 

Pittsburgh,  l'a. 

THEORY  OF  PLASTICITY  FOR  POWDERED  METALS, 
by  E.  M.  Shoemaker  and  H.  J.  Gieenberg.  June  1955, 
35p.  refs.  (Technical  rept.  no.  5)  AFOSR-TN-55- 
173  (AF  18(600)1138)  AD  63408  Unclassified 

A  plasticity  theoty  Is  developed  to  represent  the 
mechanical  behavior  of  a  powdered  metal  In  the  green 
state  prior  to  sintering.  The  theory  Includes  a  family 
r!  smooth,  convex,  stress  hardening  surfaces  and  a 
family  of  smooth,  convex,  yield  surfaces.  Correspond 
lng  yield  and  stress  hardening  surfaces  intersect  and 
"interact".  The  theory  is  chosen  to  be  consistent  with 
the  requirements  of  positivity  of  plastic  work  as  |>ostu- 
lated  by  1).  C.  lirucker  (Proceedings  of  the  First 
National  Congress  of  Applied  Mechanics,  p.  487  491) 
and  to  be  consistent  with  the  previous  perfectly 
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Carnegie  Inst,  of  Tech.  Dept,  of  Mathematics, 

Pittsburgh,  1’a. 

LINEAR  PROGRAMMING  AND  PLASTIC  1JMIT 
ANALYSIS  OK  STRUCTURES,  by  W.  S.  Dim  and  11. 

J.  Greenberg.  Aug.  1955,  30p.  lncl.  dlagrs.  tables. 
(Technical  rept.  no.  7)  (.  AF  jOSR-TN- 55-274) 

(AF  18(600)1138)  AD74111  Unclassified 

Also  published  In  Quart.  Appl.  Math.,  v.  15.  155-  137, 
July  1957. 

In  this  study,  the  problems  of  limit  analysis  are  re¬ 
duced  to  3  basic  types  of  linear  programming  problems 
chosen  so  as  to  keep  the  size  of  the  problem  as  small 
as  ;usslble.  Appropriate  methods  of  solution  for  each 
ol  these  problem  tyqies  are  reviewed,  ard  are  adapted 
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for  the  soecirJ  systems  adapted.  Procedures  for 
determining  an  Initial  feasible  solution  (extreme  point 
solution)  for  each  of  these  methods  are  discussed  In¬ 
cluding  a  new  procedure  for  determining  an  initial 
feasible  solution  for  use  with  Lemke’s  dual  method 


Problem.  Naval  Research  Logistics  Quarterly,  v.  1: 
36-47,  Mar.  1954)  The  various  linear  programming 
solutions  of  the  limit  analysis  problem  are  compared, 
and  a  simple  example  Is  carried  through  for  each 
method  of  solution.  It  is  pointed  out  that  the  structures 
considered  are  plane  pin- jointed  trusses  for  the  sake  of 
simplicity  of  description;  however,  the  setup  would  be 
the  same  for  the  equations  governing  rigid  frames  or 
continuous  beams,  and  for  space  as  well  as  plane 
structures.  A  quantitative  comparison  of  th«.  3  methods 
(simplex,  dual,  and  bounded  variables  formulation)  is 
given  by  the  number  of  arithmetical  operations  neces¬ 
sary  to  obtain  a  solution.  As  a  measure  of  these 
operations,  the  number  of  multifications  to  be  per- 
formed/ 1  Iteration  is  (r+2)  (stl)  for  the  flrsl  2  methods, 
and  (s-rtl)  (se2)  for  the  bounded  variables  method, 
where  s  =  the  number  of  bars  end  r  -  the  number  of 
redundancies  of  the  truss. 
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Carnegie  Inst.  ofTe  h.  Dept,  of  Mathematics, 
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ON  THE  COEFFICIENTS  OF  MEHOMORPHIC 
SCHUC11T  FUNCTIONS,  oy  X.  Nehart  and  E. 
Netanyahu.  Feb.  1956,  !2p.  (7  rchnlcal  rept.  no.  8) 

[  AFOSR-TN-56-86]  (AF  18(600)1138)  AD  81539 

Unclassified 


15  23,  Feb.  1957. 


,  Proc.  Amer.  Math.  Soc.  ,  v.  8: 


It  has  ieen  conjectured  for  some  time  that  the  co¬ 
efficient.'  Ojj  of  functions  i  1  ♦  a^z  *  a2*2  ♦  ..  .  ,  which 
are  unlvaUnt  In  the  unit  disk,  are  subject  to  the  In¬ 
equality  (i)  |an  |a.2(ntl)‘ 1  (which  was  known  to  hold 
for  n  1,  2).  This  conjecture  was  recently  disproved 
by  M.  Schlffer  and  P.  Garabedlan,  who  showed  that  the 
largest  value  of  j  an  !  ls'ite  .  E  Netanyahu  showed, 
moreover,  that  (1)  does  not  hold  for  any  odd  Index 
larger  than  3.  In  the  present  study,  It  Is  shown  that  If 
the  univalent  function  f(z)  Is,  In  addition,  starllke  with 
respect  to  the  origin,  the  sharp  Inequality  (1)  holds  for 
n  3.4, 5,  6.  (Contractor's  abstract) 


CAR.  04.010 


Carnegie  Inst,  of  Tech.  Dept,  of  Mathematics, 

Pittsburgh,  l’a. 


ON  T11E  HNGUt  A1UTIES  OF  LEGENDRE  EXPANSIONS, 
by  /..  N'ehari.  Feb.  1956,  !0p.  (Technical  rept.  no.  9) 
( AFOSlt  TN-56  96)  (AF  18(600)1138)  AD  82909 

Unclassified 


Also  published  R)  Jour.  Rational  Mech  and  Analysis. 
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Let  lim  sup  |  a^  J 1  /n  <1,  and  set  f(z)  =  X 


g(z)  =  X  t^P  (t),  where  Pn(t)  denotes  the  Legendre 
n=  0 


polynomial  at  degree  n.  If  a  and  t  denote,  respective¬ 
ly,  the  singularities  of  f(z)  and  g(t),  it  Is  proved  that 
to  each  a  there  corresponds  a  t  such  that  1  +  2ot  + 
a2  =  0,  and  vice  versa.  7 he  only  exceptions  are  the 
points  t  =  ±  1  which  may  be  singularities  of  g(t)  with¬ 
out  f(z)  being  singular  for  z  =  *  1.  This  theorem 
generalizes  a  recent  result  of  Szego  (Qn  the  Singulari¬ 
ties  of  Zonal  Harmonic  Expansions.  Jour.  Rational 
Mech.  and  Anal.  ,  v.  3:  561-564,  1954)  who  proved 
that  the  point  (1,  0)  will  be  a  singular  point  of  lhe 
harmonic  function  u(r,  0) 


=  X  ^  anrnPn  (cos  6)  (liir.  sup  j  a,,  j  '  --  l.a^eal) 


if,  and  only  if,  z  =  e’  !  Is  a  singularity  of  X  anzn. 
(Contractor’s  abstract)  n‘  ® 
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OSCILLATION  CRITERIA  FOR  SECOND-ORDER 
LINEAR  DIFFERENTIAL  EQUATIONS,  by  Z.  Neharl. 
July  1956,  26p.  (Technical  rept.  no.  12)  ([AFlOSR- 
TN-  56-  262)  (AF  18(600)1138)  AD  88982 

Unclassified 


Also  published  111  Trans.  Amer.  Math.  Soc.,  v.  85: 
428-445,  July  1957. 


More  general  oscillation  criteria  (or  nonosclllatlon 
criteria)  are  developed  for  the  equation  y”  *  p(x)y  -o, 
where  p(x)  is  a  continuous  nonnegallve  function  for 
O  x  oj.  The  equation  Is  called  nonosclllatory,  with¬ 
out  the  Interval  being  mentioned.  If  there  exists  a 
number  4  such  that  the  equation  is  nonosclllatory  in 
(a,  .,).  The  equation  is  said  to  be  oscillatory.  It  one 
(and  therefore  all)  of  its  solutions  have  an  infinite 
number  of  zeros  for  x  >  0.  The  general  oscillation 
criteria  developed  contains  mile's  criteria  (Trans. 
Amer.  Math.  Soc.,  v.  64:  234  252,  1 948)  for  the 
oscillatory  and  nonosclllatory  conditions  of  the  above 
equation.  The  basic  Idea  used  Is  the  fact  that  there 
exists  an  Intimate  connection  between  the  oscillation 
problem  for  the  equation  and  the  eigenvalue  problem 
for  the  equation  u"  *  >.p(x)u  0,  with  suitable  boundary 

conditions. 
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PRESCRIBED  INITIAL  AND  TERMINAL  POSITIONS  CAR.  05:001 

AND  TANGENTS,  by  L.  E.  Dublns.  Apr.  1956  [32  ]p. 

lncl.  dlagrs.  (Technical  rept.  no.  10)  (AFOSR-TR-56-  Carnegie  Inst,  of  Tech.  [Dept,  of  Mathematics  ] 
12)  (AF  18(600)1138)  AD  86104  Unclassified  Pittsburgh,  Pa. 


Also  published  In  Arner.  Jour.  Math.  ,  v.  79:  497-516, 
July  1957. 


For  fixed  vectors  u,  U,  v,  V  In  real  n-dlmenslonal 
Euclidean  space  En,  and  for  a  fixed  positive  number  R, 
an  investigation  Is  made  of  the  existence  and  nature  In 
En  of  a  path  of  minimal  length  among  those  curves 
whose  average  curvature  is  everywhere  less  than  or 
equal  to  1/  R.  A  curve  X  in  real  Euclidean  u-space, 
when  parameterized  by  arc  length,  is  said  to  have  an 
average  curvature  less  than  or  equal  to  1/R  provtded 


Its  first  derivative  X'  exists  everywhere  and  satisfies 
the  Ltpschltz  condition  ,  X’  (Sj)  -  X’  (s2)|[  <  _L  I  Sj  -  s2  I 


for  all  Sj  and  Sj  in  the  Interval  of  definition  of  X.  Such 
paths  of  minimal  length  are  called  R- geodesics.  The 
principal  result,  for  n  2,  is  given  by  the  followtng 
theorem:  Every  planar  R- geodesic  is  necessarily  a 
continuously  differentiable  curve  which  is  either  (1)  an 
arc  of  a  circle  of  a  circle  of  radius  R,  followed  by  a  line 
segment,  followed  by  an  arc  of  a  circle  of  radius  R;  or 
(2)  a  sequence  of  4  arcs  of  circle  of  radius  It;  or  (3)  a 
sub  path  of  one  of  the  former  types.  A  corollary  Implies 
that  4  is  the  least  integer  for  which  this  is  true.  The 
nature  of  It- geodesics  for  n  ^  3  is  open.  (ASTI A 
abstract) 


SOME  EFFECTS  OF  THE  ADDITION  OF  MASS  TO 
VIBRATING  SYSTEMS  H,  by  H.  Cohen  and  G.  [H.  ] 
Handeiman.  Jan.  17,  1955  [15]p.  lncl.  dlagrs. 
(Technical  rept.  no.  1)  ( [  AF  lOSR-TN-55-26)  (AF  18- 
(600)1236)  AD  56334  Unclassified 

A  determination  is  made  of  the  lowest  frequency  of 
vibration  of  a  rectangular  plate  to  whtch  a  rigid  mass  of 
finite  area  has  been  rigidly  attached.  The  plate  Is 
taken  to  be  simply  supported  along  2  opposite  edges  and 
free  on  the  other  2  edges.  The  mass  Is  rectangular  In 
shape,  centrally  located,  and  runs  completely  across 
the  plate  In  a  direction  parallel  to  the  simply  supported 
edges.  The  analysis  shows  that  tn  order  to  predict  the 
change  In  vibration  characteristics  with  added  mass,  it 
Is  necessary  to  know  the  distribution  of  the  mass  and 
the  relationship  between  the  density  of  the  added  mass 
and  that  of  the  plate.  For  concentrated  loads  of  small 
density,  the  plate  is  stiffened  and  the  frequency  u 
Increases.  For  loads  of  large  density  the  frequency 
also  increases,  but  not  until  the  load  Is  distributed 
across  a  large  portion  of  the  plate. 


CAR.  04.013 

Carnegie  Inst,  of  Tech.  Dept,  of  Mathematics, 
l’lttsburgh,  l'a. 

ON  THE  COEFFICIENTS  OF  UNIVALENT  FUNCTIONS, 
by  Z.  Nchart.  Apr.  195G,  5p.  (Technical  rept.  no.  11) 
( AFOS.t-  TR  -50-14)  (AF  18(000)1138)  AD  86583 

Unclassified 
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Carnegie  Inst,  of  Tech.  [Dept,  of  Mathematics  1 
Tlttsburgh,  Da. 

A  NOTE  ON  THE  TRANSVERSE  VIBRATION  OF  A  TUBE 
CONTAINING  FLOWING  FLUID,  by  G.  11.  llandelmar.. 
Feb.  1,  1955,  9p.  (Technical  rept.  no.  2)  ( ;  AF  OSlt- 
TN-55-50)  (AF  18(000)1236)  AD  56337  Unclassified 


Also  published  In  l'roc.  Amer.  Math.  Soc. ,  v.  8:  291- 
293,  Apr.  1957. 

The  conjecture  of  l.tttlewood  (l’roc.  London  Math.  Soc., 
v.  23:  481  519,  1925)  that  |  a„  !  4  I  d  n,  f(z)  V 

d(  z  1)  is  shown  to  follow  from  the  prixif  of  the 
asymptotic  llleberbach  conjecture  that  Urn  sup  An  it 

n  -s  , .  11 

where  A1)  sup  an  ,  and  f(z)  z  .  a2z^  •  a^z^  ... 
belongs  to  the  family  S  of  regular  univalent  functions 
In  the  uoit  disk  The  result  Is  given  In  the  following 
theorem.  If  f(z)  Is  a  function  of  S  aiut  d  Is  a  value  such 
that  f(z)  a  d  ill  z  •  1,  then  an  4  d  ill  where 
a  It  it)  sup  Aj|^  The  pnxsf  is  based  on  the  lemma 
n  .  n 

2 

that  if  r(z)  bjZ  •  b0z  ....  Is  regular  and  univalent, 
and  F(z)  a  1  in  z  1.  then  the  same  Is  true  of  the 
f line 1 1  ‘>n  1  j(z)  bj  (»z  >  b2  <2>z-’  •  .  .  .  2F(z") 

n 


A  study  was  made  to  determine  the  characteristics  of 
the  low- vibration  frequencies  for  various  end  conditions 
for  2  ranges  of  the  flow  velocity  solely  from  the  structure 
of  the  differential  equation  without  determining  specific 
solutions.  The  differential  equation  In  nondlRieiislonal 
form,  developed  l>y  Long  (Experimental  and  Theoretical 
Study  siL  IraasYerse  YibraUim st l  a  lube  CualaL'iiag 
Flowing  FTuld.  American  Society  of  Mechanical  Engl 
neers,  l'reprint  54  -  A- 22),  was  used.  A  discussion  Is 
Included  on  the  determination  of  small  flow  velocities 
and  velocities  near  the  critical  velocity.  Data  Indicated 
that  the  perturbation  terms  can  be  computed  step-by- 
step  by  quadratures  In  the  sup[»>rted  end  cases,  the 
critical  velocity  can  be  determined  first;  [.erturbatlon 
from  this  point  In  powers  of  l)  serve  as  a  check  on  the 
perturbation  solution  In  terms  of  |x>wer  u.  where  D  Is 
the  eigenvalue  found  by  removing  the  time  dependent 
term  from  the  partial  differential  equation,  and  u  is  the 
flow  velocity  In  nondimenstonal  terms. 
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Carnegie  Inst,  of  Tech.  [Dept.  of  Mathematics] 
Pittsburgh,  Pa. 

EFFECT  OF  HUB  RADIUS  ON  THE  VIBRATIONS  OF  A 
UNIFORM  BAR,  by  W.  E,  Boyce.  Feb,  25,  1955 
[  13  ]  p.  lncl.  dlagrs.  tables.  (Technical  rept.  no.  3) 

([  AF]OSR-TN-55-64)  (AF  18(600)1236)  AD  56340 

Unclassified 

An  investigation  was  made  to  determine  the  frequencies 
of  vibration  of  a  uniform  beam  rotating  at  a  constant 
angular  speed  about  an  axis  at  one  end  perpendicular  to 
the  axis  of  the  beam  and  vibrating  transversely  to  the 
plant:  of  rotitU,n.  The  derivation  of  equations  is  pre¬ 
sented.  Upper  and  lower  bounds  were  computed  for  the 
first  2  frequencies  for  ratios  of  the  hub  radius  to  beam 
length  of  0.  005,  0.01,  0.02,  0.05,  and  0.  10.  The 
frequencies  depended  almost  linearly  on  me  hub  radius 
for  various  rotational  speeds;  this  behavior  differed 
from  that  previously  found  for  the  case  of  a  nonzero  hub 
radius  (Vibrations  of  Rotating  Beams  of  Constant 
Section,  by  W.  E.  Boyce,  R.  C.  DlPrlma,  and  G.  H. 
Handeiman,  presented  at  Proc.  of  the  Second  U.  S. 
National  Congress  of  Applied  Mechanics).  (ASTIA 
abstract) 


CAR.  05:004 

Carnegie  Inst,  of  Tech.  Dept,  of  Mathematics, 

Pittsburgh,  Pa. 

VIBRATIONS  OF  ELASTIC  S"Y STEMS  UNDER  INITIAL 
STRESS,  by  G.  H.  Handeiman.  Final  rept.  Sept.  I, 
1954  -  Aug.  31,  1955.  Sept.  1955,  lOp.  ([Technical] 
rept.  no.  4)  ([  AF  iOSH-TR- 55- 28)  (AF  18(600)1236) 
AD  74113  Unclassified 

A  summary  Is  given  of  work  accomplised  on  the  effects 
of  the  addition  of  mass  to  vibrating  systems  (item  no. 
CAR.  05:001),  the  transverse  vibration  of  a  tube  contain¬ 
ing  flowing  fluid  (item  no.  CAR.  05:002),  and  the  effect 
of  hub  radius  on  the  vibrations  of  a  uniform  bar  (item 
no.  CAR.  05:003).  Study  is  continuing  on  the  vibrations 
of:  (1)  rotating,  twisted  beams,  (2)  elastic  systems 
under  initial  stress,  and  (3)  a  circular  plate  with  a 
rigidly  attached  concentric  circular  mass.  (ASTI A  ab 
struct) 

CAR.  06:001 

Carnegie  lust,  of  Tech.  Dept,  of  Mech.  Engineering, 
Pittsburgh,  Pa. 

FINITE  DIFFERENCE  METHODS  FOR  T11E  SOLUTION 
OF  FLUID  FLOW  PROBLEMS  DESCRIBED  BY  THE 
PRANDTL  EQUATIONS,  by  W.  T.  Rouleau  and  J.  F. 
Osterle.  June  4,  1954,  72p.  lncl  dlagrs.  tables,  refs. 
(Technical  note  no.  1;  rept.  no.  C1T- AFll-TNi) 
f  AF  OSli  TN  54  122)  (AF  18(600)969)  AD  32660 

Unclassified 
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Foratall  is  extended  to  flows  characterized  by  the 
presence  of  solid  or  porou6  boundaries  where  the  down¬ 
stream,  or  longitudinal,  velocity  is  zero.  In  deter¬ 
mining  velocities  near  such  a  boundary,  stability  con¬ 
siderations  restrict  the  extended  stepwise  procedure 
so  that  if  the  mesh  spacing  in  the  direction  normal  to 
the  boundary  is  reduced,  the  mesh  spacing  in  the  down¬ 
stream,  or  tangential,  direction  must  be  reduced  an 
even  greater  amount.  An  implicit  difference  repre¬ 
sentation  of  the  Prandtl  equations  is  developed  which 
Is  always  stable  and  which  dc-es  not  reqilre  a  re¬ 
duction  of  the  tangential  mesh  spacing  as  the  normal 
mesh  spacing  is  reduced.  These  difference  equations 
cannot  be  solved  in  stepwise  fashion  hut  may  be  solved 
by  either  relaxation  or  iteration  methods,  both  of  which 
are  completely  described.  Stability  criteria  are  de¬ 
veloped,  and  the  dependence  of  tne  inherent  error  on 
the  mesh  is  determined.  The  following  4  problems 
are  worked:  (1)  tne  flow  In  the  wake  behind  a  flat  plate 
immersed  longitudinally  in  a  uniform  stream,  (2)  longi¬ 
tudinal  flow  over  a  porous  flat  plate  with  an  initial 
boundary  layer  and  an  arbitrary  distribution  of  normal 
velocity  at  the  plate  surface;  (3)  flow  of  a  2-dimensional 
jet  discharging  paralle1  and  adjacent  to  a  flat  plate  into 
a  uniform  stream;  and  (4)  longitudinal  flow  over  a  flat 
plate. 


CAR.  06:002 

Carnegie  Inst,  of  Tech.  [Dept,  of  Mech.  Engineering] 
Pittsburgh,  Ta. 

THE  APPLICATION  OF  FINITE  DIFFERENCE 
METHODS  TO  BOUNDARY-LAYER  TYPE  FLOWS,  by 
W.  T.  Rouleau  and  J.  F.  Osterle.  June  2,  1954  ,  6p. 
illus.  tables,  refs.  [  AF  18(600)969  ]  Unclassified 

Published  in  Jour.  Aeronaut.  Sciences,  v.  22:  249-254, 
Apr.  1955. 

Finite  difference  techniques  are  applied  to  the  problem 
of  slightly  viscous,  incompressible,  constant  pressure 
flow  confined  by  boundaries  (solid  or  porous)  on  which 
the  "  non- slip"  condition  prevails.  The  ”  stepwise" 
representation  and  method  of  solution  developed  by 
Friedrich  and  Forstall,  which  is  unstable  at  boundaries 
on  which  there  is  no  slip,  is  extended  to  Include  this 
case.  An  always  stable  "  implicit"  form  of  the  dlffer- 
e  ce  equations  is  developed,  and  for  it  methods  of 
solution  by  relaxation  and  iteration  techniques  are  pre¬ 
sented.  Both  the  stepwise  and  Implicit  procedures  are 
sultahle  for  programming  on  digital  computers.  Sev¬ 
eral  original  solutions  are  obtained  by  these  methods. 
Including  the  lni|>ortant  problems  of  the  boundary  layer 
over  a  flat  plate  with  an  arhltrary  distribution  of  suction 
and  the  slot  jet  issuing  adjacent  to  a  plate  Into  a  moving 
stream.  (Contractor's  abstract) 

CAR.  07:001 

Carnegie  Inst,  of  lech.  Metals  Research  Lab. , 

Pittsburgh,  l'a. 

THE  MECHANISM  OF  SULFATE  FORMATION  DURING 


•  • 


The  stepwise  procedure  developed  by  F  riedrich  and 
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THE  ROASTING  OF  CUPROUS  SULFIDE,  by  C.  L. 
McCabe  and  J.  A.  Morgan.  June  1955  [  4  ] p.  lncl. 
dlagr.  (AFOSP.-TN-55- 154)  l Also  bound  In  Us  AFOSR- 
TR-57-9;  AD  120402)  (AF  18(600)1147)  .AD  120402(a) 

Unclassified 

Also  published  In  Jour.  Melals,  v.  8:  800A,  June  1956. 

A  sample  of  CUjS  was  roasled  and  die  phases  formed 
were  located  and  Identified.  Resulls  show  that  cuprous 
oxide  CU2OIS  formed  at  the  sulfide  surface  whether  or 
not  the  sulfate,  a  reaction  produclof  the  CU2O  and 
gaseous  SO2  (or  SO3),  Is  formed.  The  sulfale  does  nol 
form  al  the  sulfide  surface. 


CAR.  08:001 

Carnegie  lnsl.  of  Tech.  Metals  Research  Lab. , 

Pittsburgh,  Pa. 

SOME  OBSERVATIONS  OF  SUBSTRUCTURES  PRO¬ 
DUCED  BY  THERMAL  ETCHING  (Abstract),  by  M.  T. 
Slmnad  and  A.  Spllners.  Feb.  1956  [l]p.  (AFOSR- 
TN-56-80)  (AF  18(600)1572)  AD  31532 

Unclassified 

Presenled  at  Research  In  Progress  Session,  annual 
meeting  of  the  Amer.  Inst,  of  Mining  and  Metallurgical 
Engineers,  New  York,  Feb.  19-23,  1956. 

A  technique  of  "equilibrium  thermal  etching"  has  been 
employed  to  show  up  substructures  In  Cu  and  Ag  crys¬ 
tals.  The  behavior  of  these  structural  defects  as  prefer¬ 
ential  sites  for  the  Initiation  of  surface  reactions,  and 
for  the  nucleatlon  of  deposits  Is  being  studied.  (Con¬ 
tractor’s  abstract) 


CAR.  08:002 

Carnegie  Inst,  of  Tech.  Metals  Research  Lab. , 

Pittsburgh,  Pa. 

ADSORPTION  OF  OXYGEN  BY  A  SILVER  CATALYST, 
by  W.  W.  Smellier,  E.  L.  Toilet  sun,  and  A.  Cambron. 

[  1956,  [15]p.  lncl.  dlagrs.  table,  refs.  AF  18(800) - 
1572]  Unclassified 

Published  In  Canad.  Jour.  C  ’m.  ,  v.  34:  1046-1060, 
Aug.  1956. 

An  apparatus  Is  described  to  measure  volumetrlcally 
the  amount  of  gas  adsorbed  by  a  catalyst  at  constant 
pressure  and  at  exposure  times  as  short  as  0.  1  min. 

The  volumes  of  oxygen  adsorbed  by  a  technical  silver 
catalyst  at  pressures  of  200,  400,  and  700  mm  and  In 
the  temperature  range  of  180°  to  300“C  have  been 
measured.  Surface  area  determinations  of  0.  33  to  0.  38 
sq  meter  per  grn  of  catalyst  by  physical  adsorption  and 
chemisorption  methods  show  that  each  silver  atom  of 
the  surface  Is  associated  w  th  approximately  one  oxygen 
adatom  at  a  monolayer  coverage.  The  Initial  rate  of 
adsorption  of  oxygen  Is  directly  proportional  to  Its  pres¬ 


sure.  Observed  transitions  In  the  oxygen  adsorption 
rates  indicate  thal  more  than  one  lype  of  oxygen  com¬ 
plex  occurs  on  the  catalysl  surface.  The  Elovlch 
equation  provides  the  besl  approximation  of  the  adsorp¬ 
tion  rale  data  bul  Is  of  limited  applicability  In  interpre¬ 
tation  of  the  mechanism  of  adsorption.  Values  of  22- 
29  kcal/mole  and  17-25  kcal/mole  have  been  calculated 
for  the  apparent  activation  energy  and  isosteric  heal 
of  adsorption  respectively. 


CAR.  08:003 

Carnegie  lnsl.  of  Tech.  Metals  Research  Lab. , 
Pittsburgh,  Pa. 

DIFFUSION  AND  OXIDATION  OF  METALS,  by  M.  T. 
Slmnad.  Mar.  1956  [16]p.  lncl.  refs.  (Sponsored 
Jointly  by  Alomlc  Energy  Commission,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  [  AF  18(600)1572])  Unclassified 

Published  In  Indus.  Engineering  Chem.  ,  v.  48:  586- 
601,  Mar.  1956. 

A  review  Is  presented  of  developments  during  1955  in 
the  field  of  diffusion  and  oxidation  of  metals;  271  ref¬ 
erences  are  cited.  The  following  topics  are  discussed: 

(1)  volume  self-diffusion  In  pure  melals  and  In  alloys; 

(2)  chemical  diffusion  In  suostltutlonai  and  Interstitial 
alloys;  (3)  grain  boundary  and  surface  diffusion; 

(4)  phase  transformations;  (5)  sintering;  (6)  effects  of 
Impurities  and  Imperfections  on  mechanical  properties 
and  on  semiconductors;  (7)  Irradiation  damage; 

(8)  metal  and  alloy  oxidation;  and  (9)  .  -<des  and  related 
crystals. 


CAR.  08:004 

[  Carnegie  Inst,  of  Tech.  Metals  Research  Lab. , 
Pittsburgh,  Pa.  ] 

NUCLEAR  IRRADIATION  AND  RADIOISOTOPES  IN 
METAL  RESEARCH,  by  M.  T.  Slmnad.  Nov.  1956 
[  27  ]p.  (Sponsored  Jointly  by  Atomic  Energy  Com¬ 
mission,  Office  of  Naval  Research  and  Air  Force 
Office  of  Scientific  Research  under  [  AF  18(600)1572  ]) 

Unclassified 

Published  in  internat.  Jour.  Appl.  Radiation  and 
Isotopes,  v.  1:  145-171,  Nov.  1956. 

The  uses  of  nuclear  Irradiation  and  radioisotopes  are 
reviewed  In  the  field  of  metal  research,  including: 

(1)  activation  analysis;  (2)  Irradiation  effects;  (3)  seg¬ 
regation;  (4)  friction  of  metals:  (51  vapor  deposition; 

(6)  vapor  pressure;  (7)  slag- metal  reactions;  (8)  elec¬ 
trolytic  action  on  metal  surfaces;  (9)  metallic  diffusion: 
and  (10)  metallic  oxidation.  Developments  throughout 
the  twentieth  century  are  covered;  497  references  are 
cited. 
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CER.  01:001 

Carter  Labs. ,  Pasadena,  Calll. 

INVESTIGATION  OF  ACCELERATION  OF  REACTION 
RATES  OF  SOLIDS  BY  MEANS  OF  RAPID  DEFORMA¬ 
TION,  by  F.  J.  Ewing.  Technical  rept.  Oct.  6,  1955, 
lv.  lncl.  dlagrs.  tables.  ([  AF  ]OSR-TR-55-32) 

(AF  18(000)1396)  AD  82476  Unclassified 

The  use  of  metals  as  fuels  In  place  of  gasoline  Is 
Indicated  where  volume  Is  limited  (up  to  250%  Increase) 
nr  where  oxidizer  Is  also  to  be  carried  (up  to  350%  In¬ 
crease).  Aluminum,  however,  Is  so  well  protected  by 
its  oxide  coating  that  the  only  exploslve-or  rapid  re¬ 
actions  with  02  or  HjO  are  limited  to  powdered  alumi¬ 
num.  It  seemed  possible  that  new  surfaces  formed  by 
rapid  defcrmailon  of  A1  might  lead  to  high  velocity  re¬ 
actions.  This  has  been  studied  in  contact  with  HjO  at 
explosive  deformation  rales,  and  in  contact  with  air 
ai  machine  rates  of  100  ft/sec.  No  reaction  rates  of 
substantial  magnitude  were  observed  In  either  circum¬ 
stance.  A  deformation  device  Is  also  described,  and  Its 
operation  is  explained.  11  is  designed  to  pull  a  test 
specimen  with  a  maximum  force  of  500  lb  at  a  maximum 
rale  of  deformaiion  of  100  ft/sec,  and  for  a  travel 
distance  of  up  io  12  in. 


CAT.  01:001 

Catholic  U.  of  America.  Dept,  of  Chemistry] 

Washington.  D.  C. 

T11E  MECHANISM  OF  THE  THERMAL  DECOMPOSITION 
OF  ETHANE  d0,  hy  F.  O.  Rice  and  R.  E.  Varnerln. 
Technical  nole  no.  1.  Nov.  1,  1952-Aug.  15,  1953. 

Feb.  11.  1954,  20p.  lncl.  lllus.  iables,  refs.  ([AF] 
OSR -TN-54  50)  (AF  18(600)04,  Task  2)  AD  29027 

Unclassified 

Also  published  in  Jour.  Araer.  Chem.  Soc.  ,  v.  7u: 

324  327,  Jan.  20.  1954. 

CjDg  decomposes  at  about  1/3  the  rale  of  CjRg  and  Is 
lrvhlbiied  by  NO.  The  Inhibition  curve  for  C2D(,-NO 
mlxiures  is  similar  to  that  for  C2Hg-NO  ralxlures,  the 
maximum  reduction  being  to  18%,  respectively,  of  the 
rate  of  the  uninhibited  reaction.  When  C2Dg  was  decom 
l>osed  with  an  equal  quantity  of  CH4,  the  amount  of 
Isotopic  mixing  as  measured  by  the  CH3D  CH4  ratio  de¬ 
pended  only  on  the  fractional  decomposition.  The 
ClijD  CH^  ratio  for  constant  fractional  decomposition 
o!  the  was  independent  of  NO  concentration 

changes.  Results  indicated  that  the  thermal  decompo¬ 
sition  of  CSDg  was  a  chain  reaction  and  that  the  direct 
separation  of  Do  occurred  to  a  negligible  extent. 

CAT.  01:002 

Catholic  L'.  of  America.  Dept,  of  Chemistry] 

Washington,  D.  C. 

MASS  SPiXTROMKTRlC  ANALYSIS  OI  THE  PRODUCTS 


CER  01:001  -  CAT.  01:004 


OF  THE  HOMOGENEOUS  REDUCTION  OF  ETHYLENE 
WITH  DEUTERIUM,  by  R.  E.  Varnerln.  June  1,  1954, 
lip.  lncl.  table,  refs.  ([  AF ]OSR-TN-54-96)  (AF- 
18(600)64,  Task  2)  AD  34457  Unclassified 

An  analysis  was  made  to  determine  the  products  of 
the  interaction  of  ethylene  and  deuterium  at  570°  to 
660°C.  The  main  products,  In  the  order  of  abundance, 
were  C^D,  HD,  C^D,  H2>  C^D.,,  C^D.,, 
CHjD,  CjHg,  and  CH^.  The  other  isotopic  ethanes, 

ethylenes,  and  methanes  appeared  when  the  reaction 
proceeded  towards  equilibrium.  Analysis  for  the 
ethylenes  was  made  at  electron  accelerating  potentials 
below  the  appearance  potential  of  ethane;  the  patterns 
for  the  Isotopic  ethanes,  ethylenes,  and  methanes  v/ere 
calculated  according  to  the  method  of  Schissler, 
Thompson  and  Turkevich  (Discussions  Faraday  Soc.  , 
v.  10:  46,  1951).  The  analyses  gave  results  In  close 
agreement  with  the  stoichiometry  of  the  reaction. 
(ASTIA  abstract) 


CAT.  01:003 

Catholic  U.  of  America.  [  Dept,  of  Chemistry] 

Washington,  D.  C. 

THE  THERMAL  DECOMPOSITION  OF  ACETALDE¬ 
HYDE  AND  ACETALDEHYDE-d4,  by  F.  O.  Rice  and 
R.  E.  Varnerln.  Technical  note  no.  2,  Sept,  1- 
Dec.  1,  1953.  Mar.  22,  1954,  16p.  incl.  dlagrs.  refs. 
(I  AFj'OSR  TN-54-99)  (AF  18(600)64,  Task  2) 

AD  32315  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.  ,  v.  76: 
2629-2633,  May  20,  1954. 

When  5CV50  mixtures  of  CH3CHO/C2D6  or  CDjCDO 
CjHg  were  decomposed,  the  amount  of  isotopic  mixing, 
as  measured  by  the  CHjD/CH4  or  CD3H/CD4  ratios, 
was  proportional  to  the  fraction  of  aldehyde  decom¬ 
posed.  When  different  amounts  of  NO  were  added  to  the 
aldehyde-ethane  mixtures,  the  rattos  were  independent 
of  the  concentration  of  NO  or  increased  as  the  NO  con¬ 
centration  increased.  The  decomposition  of  50/50  mix- 
lures  of  CD3CDO/CH3CHCH2  and  of  CD3CDO/C2Ii6 
gave  a  CDjH/CD^  ratio  of  i.  8/1  for  the  2  reactions. 
Results  Indicated  that:  (1)  the  thermal  decomposition  of 
CH3CIIO  and  CDjCDO  waB  similar;  (2)  both  were  chain 
reaclions  unaccompanied  by  any  significant  amount  of 
direct  separation  into  product  molecules;  and  (3)  the 
thermal  decomposition  of  a  substrate  in  the  presence 
of  an  Indicator  (In  which  either  the  substraie  or  indi 
calor  waB  fully  deuteraied)  provided  a  general  method 
for  studying  elementary  reactions. 

CAT.  01:004 

Catholic  U.  of  America.  Dept,  of  Chemistry, 

Washington,  1).  C. 

TI1E  METATI1ETICA1,  REACTIONS  OF  METHYL 
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CAT.  01:005  -  CAT.  01:007 


B 


RADICALS  WITH  ETHANE,  DIMETHYL  ETHER, 
ACETONE,  AND  PROVYLENE,  oy  R.  E.  Varnerln. 

May  1,  1954,  16p.  lncl.  tables,  refs.  ([  AF  ]OSR-TN- 
54-139)  {AF  18(600)64,  Task  2)  AD  52799 

Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  77: 
1426-1429,  Mar.  20,  1955. 

The  reactions  of  methyl  radicals  with  shielded  C  atoms, 
O  atoms,  carbonyl  C  atoms,  and  C-C  doubly  bonded  C 
aloms  tn  organic  molecules  were  Investigated.  CD3 
radicals,  produced  tn  the  lhermal  decomposition  of 
CDjCI.'O,  were  allowed  to  react  with  CH3CH3, 

CHgCCri,,  CHgCOCHg,  and  CHjCH=  CHj.  Accordtng 
lo  the  CD3II/CD3CH3,  CD3H/CD3OCH3,  and 
CDgH/  CD3COCH3  ratios,  the  reactions 
CDj  +  CHjCHg  -»  CD3CH3  +  CHj, 

CD3  4  CH3OCH3  — )  CD3OCH3  *  CHj,  and 
CD3  t  CH3COCH3  — 4  CD3COCH3  t  CHg  occur  to  the 
extent  of  less  than  1  pari  tn  1500,  2500,  and  90,  respec¬ 
tively,  as  compared  with  the  reactions 

CDj  ♦  CHjCHg  -  CDjH  4  CHjCHj, 

CDg  4  CHgOCHg  CDgH  4  CHgOCHj,  Xrtd 
CDg  4  CHgCOCHg  ->  CDgH  4  CHgCOCHg.  The  re¬ 
action  CDj  4  C113CH=  CH2  -»  CDjCH=  CH2  4  CH3 
could  nol  be  delecled  with  high  preclston;  the 
CDjH/CDjCH=  CHj  ratio  Indicates  that  It  takes  place  lo 

the  extent  of  less  than  1  pari  In  10  as  compared  with  lhe 
reaction  CDj  4  ClljCH  CHj  -»  CDjll  4  CHjCILCH. 
(Contractor's  abslract) 


CAT.  01:005 

Catholic  U.  of  America.  Dept,  of  Chemistry, 

Washington,  D.  C. 

A  MOLECULAR  ORBITAL  TREATMENT  OF  T11F. 
QUADRATIC  FORM  OF  Hq,  by  V.  F.  GrifRng  and  A. 
Mecek.  Jan.  -  June  1954,  1  Dp.  lncl.  tables,  refs. 
(Technical  nole  no.  3)  (.  AF’  OSlt  TN-54-140) 

(AF  t8(600)64,  Task  1)  AD  36233  Unclassified 

Molecular  orbital  calculations  of  the  quadratic  arrange¬ 
ment  of  four  11  atoms  were  carried  out  as  a  function  of 
tnternuclear  distance.  The  complex  was  shown  to  have 
orbital  degeneracy  In  the  ground  state.  The  approxlms 
tton.  which  Included  the  lowest  orbital  and  the  degener 
ate  orbitals  only,  yielded  a  triplet  and  three  singlet 
states.  The  triplet  was  the  lowest  state  tn  accordance 
with  Uund's  rule.  Calculations  showed  that  the  quad 
ratlc  Itq  was  unstable  with  respert  to  a  totally  sym¬ 
metrical  displacement  at  all  [stints  of  the  potential  en 
erg)  s  ..'are. 


CAT.  01:006 

Catholic  U.  of  America.  Dept,  of  Chemistry, 

Washington,  D.  C. 

ACTIVATION  ENERGIES  OF  REACTIONS  OF  METHYL 
RADICALS  WITH  ORGANIC  MOLECULES,  by  F.  O 
Rice  and  R.  E.  Varnerln.  July  1,  1954  [  15  ]  p.  tncl. 
dlagr.  tables.  ([  AF  ]OSR-TN- 54- 155)  (AF  18(600)64, 
Task  2)  AD  39094  Unclassified 

Also  puhllRhed  In  Jour.  Amer.  Chem.  Soc.,  v.  77: 
221-224,  Jan.  5,  1955. 

A  study  was  made  (1)  of  the  thermal  decomposition, 
at  several  temperatures,  of  vartous  organic  compounds 
In  the  presence  of  equimolecular  amounts  of  ethane-dg 
and  (2)  of  the  thermal  decomposition  of  ar.etaldehyde-d4 
tn  the  presence  of  various  organtc  compounds.  Fifty- 
fifty  mixtures  of  propane,  bulane,  tsobulane,  pentane, 
nonpentane,  CH3CHO,  CH3COCH3,  and  CH3OCH3  with 
etha:ie-dg  were  decomposed  at  580°C.  The  CH4/CH3D 
values  were  determined  at  dlfferenl  lemperatures  for 
several  of  these  reactions.  The  activation  energies 
(E)  were  obtained  for  the  different  reactions  repre¬ 
sented  by  the  general  equation  CH3  4  RH  ->  Cll4  4  R 
by  plotting  the  log  L  CHq  ]/[  CH3DJ  against  1/T  and 
assuming  E=12.  1  for  the  reaction 

CH3  4  C2D6  ->  CH3D  4  C2D5.  These  values  of  E  were 
compared  with  values  taken  dlreclly  from  a  review  of 
A.  F.  Trolman- Dickenson  (Quart.  Revs.  (London), 
v.  7:  198,  1953).  Similar  experiments  were  performed 
on  50-50  mixtures  of  CHgCHO,  CH^,  CjHg,  butane, 

lsobulane,  penlane,  neopentane,  2,  3-dlmethylbulane, 
elhylene,  CH3CH=CH2,  CH3COCH3,  and  CH3OCH3 

with  acelaldehyde-d4  at  527°C.  Results  were  slmtlar 
lo  those  oblalned  with  the  50  50  mixtures  of  ethane-fy 
and  various  compounds.  Measurements  were  also 
made  al  different  temperatures:  the  activation  energLv; 
were  compared  with  published  data. 


CAT.  01:007 

Catholic  U.  cf  America.  [  Depl.  of  Chemistry 
Washington,  D.  C. 

A  MATRIX  FORMULATION  OF  THE  MOLECULAR 
ORBITAL  AND  THE  HEITLElt  LONDON  METHODS, 
AND  OF  CONFIGURATIONAL  INTERACTION 
(Abstract),  by  1*.  F.  Wacker.  1954,  27p.  [  AF'  18- 

(600)64,  Task  l]  Unclassified 

In  quantum  mechanical  computations  U|»n  many- 
particle  systems,  the  number  and  complexity  of  the 
elementary  mathematical  operations  present  major 
ilfftculttrs.  It  Is  the  pur,iose  of  this  work  to  present 
a  method  which  reduces  the  time  required  for  calcula 
ttons,  reduces  Uie  probability  of  computational  error, 
and  prevents  tedious  details  from  obscuring  the  essen 
tlals.  F'urtber.  the  MO  method  Is  generalised  to  treat 
additional  types  of  systems.  (Contractor's  abstract, 
modified) 
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CAT.  01:008  -  CAT.  02:001 


CAT.  01:008 

Catholic  U.  of  America.  Dept,  of  Chemistry, 

Washington,  D.  C. 

THE  MECHANISM  OF  THE  HOMOGENEOUS  THERMAL 
REACTION  BETWEEN  ETHYLENE  AND  DEUTERIUM, 
by  R.  E.  Varnerln  and  J.  S.  Doollng.  Oct.  15,  1955, 
17p.  lncl.  dlagr.  tables,  refs.  (Technical  note  no.  7) 
([AF]OSR-TN- 55-407)  (AF  18(600)64,  Task  2) 

AD  86322  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.  ,  v.  78: 
1119-1122,  Mar.  20,  1956. 

T  .ie  reaction  CjH4  +  D2  has  been  studied  and  the  Initial 
rates  of  formation  of  the  products  have  been  measured 
at  a  series  of  temperatures.  Initially,  CH2=CHD  Is 
formed  predominantly,  accompanied  by  smaller  quantl 
ties  of  HD  and  CjH^D,  and  still  smaller  quantities  of 
C2H6,  C2H4D2,  and  H2-  The  results  are  Interpreted 
on  the  basis  of  a  free  radical  mechanism..  (Contractor’s 
abstract) 

CAT.  01:009 

Catholic  U.  of  America.  Dept,  of  Chemistry, 

Washington,  D.  C. 

THE  THERMAL  DECOMPOSITION  OF  ETHANE,  by 
R.  E.  Varnerln  and  J.  S.  DocFng.  No'-  1,  1955,  12p. 
lncl.  dlagrs.  tables.  (Technical  note  no.  8)  ( L  AF  ] 
OSR-TN  55-408)  (AF  18(600)64,  Task  2)  AD  86321 

Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc.  v.  78: 

204  2  2044.  May  20,  1956. 

It  has  been  shown  that,  In  the  thermal  decomposition  of 
50  50  mixtures  of  C2H,;  and  CD4,  the  CD3II/CD4  ratio 
Is  approximately  Independent  of  the  concentration  of 
nitric  oxide.  In  addition,  it  has  been  demonstrated 
that,  In  the  thermal  deconqiosltion  of  50  50  mixtures 
of  C 2 1  '6  :lnc*  CII4,  the  D2  'Cllq  ratio  Is  approximately 
Independent  of  the  concentration  of  nitric  oxide,  but 
the  CD3H/CH4  ratio  increases  greatly  with  Increasing 
concentration  of  nitric  oxide.  Mechanisms  for  these 
deconi|x)sltlons  are  promised  and  discussed.  (Con¬ 
tractor’s  abstract) 


CAT.  01:010 

Catholic  U.  of  America.  Dept,  of  Chemistry, 
Washington,  1).  C. 

Mot  Kl’L’i. AH  OKIVTAL  CALCULATIONS  OF  SOME 
1)1  ATOMIC  MOl  EC  .’EES.  PRINCIPALLY  t’2.  by 
M  1.  Frye.  1955.  3!p  lncl  tables,  refs.  (AF  18 
(300)64.  Task  1)  Unclassified 

Calculations  are  made  of  the  energy  of  the  two  lowest 
electronic  states  of  C->.  using  i.CAO  (linear  comblna 
lion  of  atoii  1c  orbitals)  MO  approach,  and  treating  C2 


first  as  a  four-,  then  as  an  eight-,  and  finally  as  a 
twelve -electron  problem. 


CAT.  01:011 

Catholic  U.  of  America.  [Dept,  of  Chemistry] 
Washington,  D.  C. 

BOND  STRENGTHS  AND  ACTIVATION  ENERGIES 
[Part  1],  by  V.  F.  Grifflng.  DECOMPOSITION 
KINETICS  OF  SIMPLE  MOLECULES  [  Part  2  ] ,  by 
F.  O.  Rice.  (Final  rept. )  May  1956,  7p.  lncl.  refs. 
(AFOSR-  TR-  56-18  [  Pts.  1  and  2  ])  (AF  18(600)64) 

AD  87527  Unclassified 

Part  1:  The  work  undertaken  under  this  project  is  re¬ 
viewed.  The  Born-Oppenhcimor  assumption  was  criti¬ 
cally  evaluated  and  used  to  develop  theories  to  study 
unimolecular  processes.  A  seml-emplrlcal  theory  was 
developed  based  on  a  classical  mechanical  picture  and 
activation  energies  and  reaction  mechanisms  were 
elucidated.  A  quantum  mechanical  theory  of  unimolec¬ 
ular  processes  was  also  developed.  Part  2:  The  work 
herein  undertaken  proved  definitely  for  the  first  time 
that  In  the  thermal  decomposition  of  ethane  any  re¬ 
action  other  than  a  free  radical  chain  occurs  to  an  In¬ 
significant  extent.  Also,  a  method  was  developed  for 
measuring  the  activation  energies  of  elementary  re¬ 
actions  In  the  course  of  an  ordinary  pyrolysis. 


CAT.  02:001 

Catholic  U.  of  America.  Dept,  of  Chemistry, 

Washington,  D.  C. 

STABILITY  AND  REACTIVITY  OF  MOLECULES  FROM 
T11E  STANDPOINT  OF  MOLECULAR  ORBITALS,  by  V. 
F.  Grifflng  and  J.  S.  Doollng.  June  15,  1956  !  9  p. 
lncl.  dlagrs.  refs.  (Technical  note  no.  1)  (AFOSR 
TN- 56-564)  (Sponsored  jointly  by  Air  Force  Office 
of  Scientific  Research  under  AF  18(600)1537  and  Office 
of  Naval  Research)  AD  110385  Unclassified 

Also  published  In  Jour,  l’hys.  Chem.,  v.  61:  11  19, 
Jan.  1957. 

The  usefulness  of  the  molecular  orbital  approximate 
solution  of  the  Schroedlnger  equation  Is  shown  I11  Ihe 
discussion  of  the  stability  and  reactivity  of  atoms  and 
molecules.  The  nature  of  ihe  activated  complex  Is 
discussed  and  the  activation  energy  Is  Identified  with 
promotion  energy  as  the  lnternuclea.-  parameters  are 
adlahulKally  varied  Four  center  systems  are  used  to 
discuss  the  general  aspects  of  chemical  problems 
which  then  have  the  necessary  degree  of  complexity. 

The  Importance  of  the  occurrence  and  removal  of 
orbital  and  spin  degeneracy  is  demonstrated  for  atomic 
systems  Accidental  degeneracies  are  seen  to  play  a 
similar  role  In  hete.-onuctear  systems. 
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CHA.  01.001 

[  Charyk,  J.  V. ,  Princeton,  N.  J.  ] 

SELECTED  COMBUSTION  PROBLEMS,  FUNDAMEN¬ 
TALS  AND  AERONAUTICAL  APPLICATIONS:  COM¬ 
BUSTION  COLLOQUIUM,  CAMBRIDGE  U.  (ENGLAND), 
Dec.  7-11,  1953,  [ed.  by  J.  V.  Charyk]  London, 
Butterworths  Scientific  Publications,  1954,  534p.  lncl. 
Ulus,  dlagrs.  tables  refs.  [  AF  18(600)972  ] 

Unclassified 

A  series  of  18  review  papers  and  discussion  contribu¬ 
tions  are  presented  on  various  phases  of  laminar  flame 
propagation,  turbulent  combustion,  solid  and  liquid 
propellants,  as  well  as  on  some  technical  combustion 
problems. 


CHA.  01:002 

[  Charyk,  J.  V. ,  Princeton,  N.  J.  ] 

ShjNTaNEOUS  IGNITION  ut  uyUlL  FUELS,  by 
B.  P.  Mullins.  London,  Butterworths  Scientific  Publi¬ 
cations,  1955,  117p.  lncl.  lllus.  dlagrs.  refs.  (NATO 
ACAlOJtvgra^i  rept.  no.  4)  (AF  11(600)672) 

Unclassified 

A  survey  and  review  are  presented  of  the  present  slalus 
of  knowledge  In  the  field  of  spontaneous  Ignition.  It 
deals  with  the  spontaneous  Ignition  of  combustibles  thal 
are  liquid  al  normal  temperature  and  pressure.  Some 
of  the  characteristic  phenomena  that  are  observed  ex¬ 
perimentally  when  combustibles  are  heated  In  the 
presence  of  an  oxldtxlng  atmosphere  (generally,  air  or 
oxygen)  under  various  conditions  are  described.  A 
description  of  various  methods  of  measuring  Ignition 
temperatures  are  given  In  eight  chapters.  They 
Include:  (1)  Moore’ s  heated  crucible  method;  (3) 
Jentzsch’s  heated  crucible  method;  (3)  static  healed 
cructble  and  furnace  methods;  (4)  bomb  methods; 

(5)  adtabatlc  compression  methods;  (6)  flew  methods; 

(7)  heated  surface  methods;  and  (8)  the  Mackey  test, 
diesel  engine  methods,  and  other  miscellaneous 
methods.  This  Is  followed  up  by  chapters  on  (1)  spon¬ 
taneous  tgnttlon  temperature  data,  (2)  effect  of  fuel 
additives,  (3)  factors  affecting  Ignition  delay,  and  (4) 

'he  aeronautical  applications  of  spontaneous  Ignition 
data  (Including  the  spark-tgnlllon  engine,  the  aero- gas 
turbine,  and  the  rocket  and  the  pulse  )els). 


CHA.  01:003 

Charyk,  J.  V. ,  Prtnceton,  N.  J.  ] 

INTRODUCTION  TO  THE  STUDY  OF  CHEMICAL 
REACTIONS  IN  FLOW  SYSTEMS,  by  S.  S.  Penner. 
London,  Hulterworth:i  bctcnttflc  Publications,  1955, 
Blip,  lncl  dlagrs.  re1  ( S’  VTO  AGARDograph  rept. 
no.  7)  (AF  18(600)972)  Unclassified 

This  report  Is  Intended  as  a  t  tuctlon  to  the  Btudy 
of  chemical  reactions  In  m<  .7  gas  mixtures. 


The  manuscript  Is  divide1  Into  four  chapters.  Chapter 
1  contains  a  r£sum6  of  classical  chemical  kinetics 
with  special  reference  to  the  limitations  of  the  steady- 
state  approximation  for  chain  reactions.  Chapter  2 
contains  a  brief  summary  of  the  conversion  laws  for 
reacting  fluids  and  suitable  expressions  for  the  deter¬ 
mination  of  transport  coefficients.  Chapter  3  contains 
an  analysis.  A  simple  example  of  chemical  reactions 
In  flow  systems  on  the  problem  of  chemical  reactions 
during  adiabatic  flow  through  a  de  Laval  nozzle  which 
Is  a  flow  problem  with  negligible  diffusion  Is  analyzed. 
Chapter  4  contains  a  brief  discussion  of  stationary, 
Isothermal  gas- solid  systems  and  some  of  the  Im¬ 
portant  features  of  heterogeneous  diffusion  flames. 
Seventy-one  references  and  a  subject  Index  are  also 
Included. 


CDC.  01:001 

Chicago  Development  Corp. ,  Rlverdale,  Md. 

RESEARCH  ON  A  NEW  CLASS  OF  INORGANIC 
COMPOUNDS  CAPABLE  OF  POLYMERIZING  INTO 
USEFUL  STRUCTURAL  MATERIALS,  by  I.  Hornsteln. 
Final  technical  rept.  Mar.  1,  1953  -  Feb.  28,  1954. 
Mar  M,  IBM  tlSjp  lncl  dOgr*  (  AFOfiP-TR-M- 
12]  (AF  18(600)656;  continued  by  AF  18(600)1163) 

AD  29764  Unclassified 

A  series  of  reactions  were  developed  for  converting 
the  reaction  products  of  a  polyvalent  halide  and  a 
Grlgnard  reagent  Into  a  new  lype  of  thermoplastic 
material.  Laboratory  studtes  established  thal  FeClj, 
VOCI3,  and  ethylmagneslum  chloride  ^HjMgCl)  re¬ 
acted  to  form  a  mixture  of  FeVO(C2H5)0  and  MgClj. 

An  organo-Fe-V  compound  was  lsolateu  irom  the 
mixture  by  treatment  with  dlmethylformamlde  and  was 
purified  by  chromatographic  adsorption  on  an  alumina 
column.  The  organometalllc  compound  was  pyrolyzed 
under  argon  to  form  a  polymeric  material  consisting 
essentially  of  Fe,  V,  and  O  with  10%  or  less  of  C,  H, 
and  N.  Compression- molded  dlskB  of  the  polymeric 
material  were  heated  to  700”C  In  an  Inert  atmosphere 
without  Iosb  In  thermal  plasticity.  Surface  oxidation 
appeared  when  dtsks  were  heated  In  air  to  500°C,  but 
no  changes  were  observed  In  their  dimensional  sta¬ 
bility  or  In  the  clarity  of  the  surface  details.  The 
material  was  leached  with  HjO  without  deletertous 
effects.  A  series  of  reaction  mechanisms  was  postu 
lated  to  explain  the  nature  and  formation  of  the 
organo-Fe-V  thermoplastic  materials.  Thermoplastic 
materials  of  a  similar  nature  were  prepared  by  using 
polyvalent  halides  of  B,  Fe,  SI,  Tt,  and  V  with  the 
Grlgnard  reagent  ethylmagneslum  bromide.  (ASTIA 
abstract) 


CDC. 02:001 

Chicago  Development  Corp.  ,  Rlverdale,  Md 

RESEARCH  ON  A  NEW  TYI’E  OF  ORGANO -METAL 
1.IC  TIIERMORLASnC.  by  I.  llornsteln  and  R.  S. 


AIR  FORCE  SCIENTIFIC  RESEARCH 


CHI.  01:001  -  CHI.  02:001 


Dean.  Final  rept.  Mar.  1,  1953- Oct.  4,  1954. 

Oct.  29,  1954  [  40  ]  p.  Incl.  dlagrs.  (Rept.  no.  18) 

([  AF]OSR-TR-55-5)  (AF  18(600)1163;  compilation  of 
AF  18(600)656)  Unclassified 


One  of  the  most  Important  applications  of  the  test  16 
In  detecting  differences  among  the  population  means. 
(Contractor's  abstract) 


In  this  study,  a  series  of  reactions  has  been  developed 
for  converting  the  reaction  products  of  a  polyvalent 
halide  and  a  G.'ignard  reagent  Into  a  new  type  of  thermo¬ 
plastic  material.  Polymers  consisting  essentially  of 
Fe,  V,  O2  with  small  amounts  (10%)  of  C,  H2,  and  N2 
have  been  prepared  which  can  be  heated  to  700°C  with¬ 
out  loss  of  therm?!  plasticity.  Molded  parts  of  these 
polymers  retain  their  dimensional  stability  and  detail 
without  distortion  even  at  this  temperature.  These 
molded  products  also  maintain  their  integrity  w  ien 
heated  in  air  for  6hort  periods  to  500°C.  When  heated 
for  longer  periods  at  this  temperature,  surface  oxidation 
appears  to  take  place,  out  again  die  molded  parts  retain 
their  shape,  size,  and  surface  details.  This  material 
can  be  leached  with  water  without  any  deleterious  effect 
effects.  Reaction  mechanisms  have  been  postulated  to 
explain  the  nature  and  formation  of  these  new  Fe-V-O 
thermoplastic  materl ils.  In  addition,  thermoplastic 
materials  of  a  similar  nature  have  been  prepared  in 
which  polyvalent  halides  of  the  following  elements  have 
been  used:  (a)  V,  (b)  Fe,  (c)  Ti,  (d)  Si,  and  (e)  D. 
Additional  studies  have  been  made  on  the  molecular 
structure  of  the  VOCI3  -  FECI3  Intermediate  in  a  new 
type  organometalltc  thermoplastic.  Experimental  evi¬ 
dence  is  offered  to  show  that  anhydrous  EeClj  and  an¬ 
hydrous  VOCI3  can  react  tn  dry  ether  to  form  a  new 
product.  The  empirical  formula  of  a  product  obtained 
by  treating  VOCI3  tn  ether  with  a  large  excess  of  FeClj 
is  shown  to  be  7FeCl3  •  2VOCI3.  A  description  of  this 
study  is  given  in  order  to  gain  some  understanding  of  the 
nature  of  this  and  similar  FeCl3  ■  VOCI3  complexes 
having  different  ratios  of  FeCl3  to  VOClj.  (Contractor's 
abstract,  modified) 


CHI.  01:001 
Chicago  U. ,  ill. 

USE  OF  RANKS  IN  ONE  CRITERION  VARIANCE 
ANALYSIS,  by  W.  H.  Kruskal  and  W.  A.  Wallis.  Dec. 
1952  39  jp.  tncl.  dlagrs.  tables,  refs.  Sponsored 

jointly  by  Office  of  Naval  Research  and  Air  Force  Office 
of  Scientific  Research  under  N6orl-02035]  AD  14193 

Unclassified 

Also  published  in  Jour.  Amer.  Stat.  Assoc.  ,  v.  47: 

583  621.  Dec.  1952. 

Given  r  samples,  with  n^  observations  tn  the  1th  sample. 

a  test  of  tiie  hypothesis  that  the  samples  are  from  the 
same  imputation  may  be  made  by  ranking  the  observations 
from  from  t  to  !  Oj  (giving  each  observation  tn  a  group 
cf  lies  the  mean  of  the  ranks  tied  for),  finding  the  C 
sums  of  ranks,  and  computing  a  statistic  11.  Under  the 
stated  hypothesis.  11  is  distributed  approximately  as 
X2(C  i).  unless  the  samples  aie  too  small,  In  which  case 

special  approximations  or  exact  tables  are  provided. 


CHI.  01:002 
Chicago  U. ,  Ill. 

THE  PRINCIPLES  OF  EXPERIMENTAL  DESIGN,  by 
K.  A.  Brownlee.  [  1954]  9p.  Incl.  tables,  ref6. 

[  Sponsored  jointly  by  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research  under  N6orl-02035] 
AD  139358  Unclassified 

Presented  at  a  Colloquium  on  Statistical  Design  in 
Laboratory  Experiment,  U.  S.  Naval  Ordnance  Lab. , 
White  Oak,  Md.  ,  Mar.  24,  1954. 

Also  published  In  Indus.  Quality  Control,  v.  13:  1-9, 
Feb.  1957. 

A  discussion  is  presented  concerning  the  theory  of 
experimental  design,  illustrated  by  examples  of  single 
and  multi-factor  experiments  to  show  techniques  of 
statistical  analysis. 


CHI.  01:003 
Chicago  U.  ,  Ill. 

THE  WAGR  SEQUENTIAL  t-TEST  REACHES  A 
DECISION  WITH  PROBABILITY  ONE,  by  H.  T.  David 
and  W.  H.  Kruskal.  [Sept.  1956  j  [  9  ]  p.  [  Sponsored 
jointly  by  Office  of  Naval  Research  and  Air  Force 
Office  of  Scientific  Research  under  NGorl-02035  ] 

AD  139360  Unclassified 

Also  published  tn  Ann.  Math.  Stat. ,  v.  27:  797-805, 
Sept.  1956. 

The  WAGR  test  Is  a  sequential  procedure  for  testing 
the  null  hypothesis  that  the  proportion  of  a  normal 
population  greater  than  a  given  constant  is  Pq  (given) 

against  the  alternative  that  it  is  Pj  (given).  These  are 

equivalent  (after  a  translation)  to  hypotheses  specifying 
the  value  of  m/5,  where  u  and  5^  are  the  mean  and  the 
variance  of  the  normal  population  under  test.  We  prove 
that,  with  probability  one,  a  decision  is  reached  when 
the  WAGR  test  is  applied.  This  fact  is  of  importance 
in  Its  own  rlghl;  it  also  has  indirect  interest  because, 
unless  it  were  true,  the  standard  Wald  Inequalities  on 
probabilities  of  error  at  the  two  hypothesis  |»ints 
could  not  be  applied. 


CHI.  02:001 

Chicago  U.  Chicago  Midway  Labs.  .  111. 

SOME  CONSEQUENCES  OF  POSSBLE  DEGENERACY 
BANDS  IN  Ge,  by  E.  N.  Adams,  D.  1953  •> 

AF  33(038)25913  I 
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,  Phys.  Rev.,  v.  92:  1063-1064,  Nov.  15, 


Calculations  of  Herman  (Phys.  Rev.  ,  v.  88:  1210,  1952) 
and  Herman  and  Callaway  (Phys.  Rev. ,  v.  89:  518, 

1953)  Indicate  a  triple  degeneracy  for  dtamond  and 
germanium  at  the  bund  edge  loi  both  the  conducting  and 
valence  bands,  the  degeneracy  In  the  conduction  band 
being  probably  sixfold.  Such  degeneracies  would  re¬ 
quire  a  significant  modification  of  the  interpretation  of 
certain  experimental  results  on  carrier  densities.  A 
theoretical  consideration  indicates  that  effective  masses 
would  have  to  be  smaller  than  unity,  the  range  of  values 
being  such  that  agah~4-6.  The  deformation  potenttal 
as  the  dominant  source  of  lattice  scattering  would  have 
to  be  abandoned.  These  conclusions  also  apply  to  sili¬ 
con  since  silicon  probably  has  the  same  band  structure 
as  germanium  to  the  approximation  of  Herman's 
calculation.  The  present  harmony  between  theory  and 
experimental  data  would  disappear  when  account  is 
taken  of  the  degeneracy.  The  weak  but  definite  evidence 
discussed  is  considered  to  Indicate  that  the  predicted 
degeneracy  in  the  band  structure  of  germanium  and 
silicon  does  not  occur. 


Cm.  02:002 


Chicago  U.  Chicago  Midway  Labs.  ,  til. 


THE  IMAGE  1NTEN3FIER  AS  AN  AID  TO  LOW  LEVEL 
VIEWING  (Unclassified  title),  by  E.  N.  Adams,  II  and 
J.  Burns,  01.  Dec.  t,  1953  [23]p.  tncl.  dlagrs. 

(Rept.  no.  CML-R-P  5)  (AF  33(038)25913)  AD  24987 

Confidential 


Cffl. 02:003 


Chlcag  U.  Chicago  Midway  Labs. , 


FURTHER  EVIDENCE  FOR  THE  ENERGY  GAP  OF 
l  EAD  SULFIDE,  by  G.  It.  Mitchell  and  A.  E.  Goldberg. 
Jan.  29,  1954  .4  p.  Inc!,  dlagr.  (  AF  OS't-TN  54 
16)  (AF  33(038)25913)  Unclassified 


AlSP  published  ill  I’hys.  llev.,  v.  93:  M21,  Mar.  1 5. 
t954. 


The  energy  gap  was  measured  for  a  single  crystal  of 
1'bS  which  was  grown  from  the  va|xir  phase  and  which 
contained  a  p  n  June  lion  that  exhibited  a  small  photo 
voltaic  effect.  The  energy  gap  Is  0.4  ev.  ((*.  A. 
t954:7420d) 


(  III.  02:004 


Chicago  U.  Chicago  Midway  i.ahs.  , 


OCCURRENCE  OF  NATURAL  1  N  JUNCTIONS  IN 
LEAD  SKI. EN1DE,  by  A.  F.  Goldberg  and  (1.  tl. 
Mitchell.  July  1953  9  p.  Incl.  tllus  (Kept.  no. 

CMi  it  I  t)  AFOSlt-TN  54  17  (AF  33(038)25913) 
AD  15047  Unclassified 


[Jour.  Chem.  Phys.,  v.  22:  220-221, 


Single  crystals  of  PbSe  were  grown  from  melts  tn 
sealed  quartz  tubes.  Except  for  a  very  narrow  range 
of  Initial  melt  compositions,  stoichiometric  excesses 
of  Pb  or  Se  In  the  melt  resulted  In  crystals  that  were 
wholly  n-  or  p-type,  respectively.  Initial  compositions 
within  the  critical  range  yielded  crysials  showing  both 
p-  and  n- regions.  The  electrical  resistivities  were 
related  to  crystal  compositions  permitting  the  con¬ 
struction  of  the  Pb-Se  phase  diagram  in  a  narrow 
region  about  the  compound  PbSe.  The  Invariant  melt¬ 
ing  point  for  the  system  falls  in  the  Se-rlch  region. 

This  precludes  the  possibility  of  growing  a  crystal 
from  a  melt  which  is  of  stoichiometric  composition 
throughout.  (Contractor’s  abstract) 


CHI.  02:005 


Chicago  U.  Chicago  M!dway  Labs. ,  Ill. 


VAPOR  PHASE  CRYSTAL  GROWTH  OF  LEAD  SUL¬ 
FIDE  CRYSTALS,  by  F.  f  A.  ]  Plzzarello.  Feb.  1954, 
3p.  ([  AF'OSR-TN  54  31)  (AF  33(038)25913) 

Unclassified 


Alai  published  In  Jour.  Appl.  Phys.,  v.  25:  804-805, 
June  1954. 


A  method  of  vapor  phase  crystal  growth  which  may  be 
generally  applicable  to  a  wide  variety  of  materials  was 
devised.  With  experiments  on  lead  sulfide  using  this 
method,  complete  transfer  of  material  to  a  growing 
crystal  face  was  effected.  This  method  a!uo  purified 
the  lead  sulfide  starting  material  of  any  nonvolatile 
Impurities. 


Clll.  02:006 


Chicago  U.  Chicago  Midway  Labs. ,  111. 


PHOTOCONDUCTIVITY  AND  PtlOTOEL  ECTUO 
MAGNETIC  EFFECTS  IN  InSb,  by  S.  W.  Kurnick, 

A.  J.  Strauss,  ami  R.  N.  /.llte r  Apr.  1954  .  6  p. 

Incl.  dlagr.  (  AF  OSlt  TN  54  1  02)  (AF  33(038) 
25913)  Unclassified 


Published  in  t’livs.  Rev.,  v.  94:  1791,  June  15,  1954. 


Pliotoconductlve  and  photoelectfomagnelic  responses 
were  observed  at  300  K  and  77‘K  In  p  type  samples 
of  InSb  which  are  intrinsic  at  room  temperature.  The 
data  rejiorted  here  was  obtained  tn  experiments  or. 
rectangular  plates  measuring  0.  028  x  .  20  x  1.0  cur1 
with  an  effective  Impurity  concentration  of  approx  1 
mate'.y  7  x  10lj  acceptors  cm^  (as  determined  by  ltall 
measurements  at  77  K)  anil  will:  a  resistivity  of 
€  0t5n  cm  300  K  and  1.  tfi  cm  at  77  K.  (Ex 
traded  from  rept.  ) 


© 
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CHI.  02:007 

Chicago  U.  Chicago  Midway  Labs. ,  III. 

ELASTORESISTANCE  IN  p-TYPE  Ge  and  SI,  by  E.  N. 
Adams,  II.  [Sept.  1954  ]  4p.  ( [  AF  ]OSR-TN- 54 -24 1) 
(AF  33(038)25913)  Unclassified 

Also  published  In  t’hvs.  Rev.,  v.  96:803-804,  Nov.  1, 
1954. 

Elastoreslstance  in  n-type  Ge  and  Si  is  considered  to 
be  broughl  about  by  a  strain  Induced  transfer  of 
electrons  between  nonequivalenl  aulstroplc  energy 
minima  in  the  conduclion  band.  In  p-type  specimens, 
however,  II  is  believed  that  the  great  eiasloreslstance 
originales  in  a  slrain  Induced  mixing  of  the  nearly 
degenerale  bands  and  a  consequent  strong  warping  of  the 
energy  surfaces.  An  expcrimenl  was  carried  out  em¬ 
ploying  a  split  orhll  coupling  model  to  add  validity  to 
lids  concepl. 


CHI.  02:008 

Chicago  U.  Chicago  Midway  Labs. ,  III. 

PREPARATION  OF  INDIUM  ARSENIDE,  by  R.  H. 
llarada  and  A.  J.  Slrauss.  1  1 954  ]  4p.  tncl.  Ulus. 

(AF  33(038)2f')t3)  Unclassified 

Arsenic  purified  by  a  relalively  simple  method  was 
used  lo  prepare  n-lype  InAs  as  pure  as  any  previously 
reported.  Reagent  grade  arsenic  irlchlorlde  was 
distilled  twice  and  then  reduced  with  hydrogen  at  850’C. 
The  arsenic  va|-or  condensed  at  300'  C  to  form  a  co 
herent  crystalline  deposit.  This  material  was  further 
purified  by  suhltmalion  in  argon  or  helium,  using  a 
thermal  gradient  technique.  Ingols  of  InAs  were  pre¬ 
pared  from  the  purified  arsenic  and  vacuum- baked 
indium  and  then  zone  refined  for  ten  or  more  passes. 
Synthesis  and  zone  refilling  are  carried  out  in  lhe  same 
apparatus,  which  utilizes  conventional  techniques  for 
the  processing  of  decomposing  conijKiunds.  (Extract'd 
from  rept. ) 


Clll.  02:009 

(  him  go  l  Chicago  Midway  Labs.  ,  111. 

THE  SYSTEM  INDIUM  ANTI  MOM  DE  TIN,  by  It.  N. 
/.liter  1954  4p.  (AF  33(038)25913)  Unclassified 

Presented  at  annual  meeting  of  the  Anar.  lust,  of 
Mining  and  Metallurgical  Engineers,  New  York.  Feb. 
13.  1  <54. 

lb-muse  the  lntcrmeialltc  com|»)und  InSb  is  similar  lo 
gray  lln  In  Us  lattice  structure  and  lattice  parameter 
a. id  :!u-y  are  tsoelectmiilc.  the  Vertical  section  lnNb 
Si:  a  as  investigated  in  order  lo  ascertain  tile  jxisstblii 
lies  of  obtaining  solid  solutions  of  Itn  In  InSb,  and  oilier 
homogeneous  alloys. 
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CHI.  02:010 

Chicago  U.  Chicago  Midway  Labs.  ,  Ill. 

AIR  TO-GROUND  INFRARED  TARGET  AND  BACK¬ 
GROUND  MEASUREMENTS  (Unclassified  title),  by 
G.  F.  Levy  and  I.  I.  Wolken.  Feb.  1,  1954,  35p. 
incl.  Ulus,  tables.  (Rept.  no.  CML-R-E1)  (AF  33- 
(038)25913)  AD  31427  Confidential 


CHI.  02:011 

Chicago  U.  Chicago  Midway  Labs. ,  111. 

SOME  THEORETICAL  ASPECTS  OF  THERMAL 
RECONNAiSS  \NCE  WITH  SINGLE- ELEMENT  PHOTO 
DETECTORS  (Unclassified  lltle),  by  J.  R.  Platt. 

May  1 954 ,  53p.  Incl.  lllus.  refs.  (Rept.  no.  CML-R- 
P7)  (AF  33(038)25913)  AD  32300  Confidential 


CHI.  02:012 

Chicago  U.  Chicago  Midway  Labs. ,  111. 

HIGH  REPETITION  RATE  STROBOSCOPIC  IJGHT 
SOURCE,  by  W.  T.  Harvey  and  C.  C.  Rockwood. 

June  1954  13  ]p.  Incl.  lllus.  tables.  (Rept.  no. 

CML-RM  E12)  (AF  33(038)25913)  AD  135672 

Unclassified 

Action  slopping  with  a  Fastax  camera  ts  Improved 
when  a  one-  microsecond  strobe  light  Is  used  instead  of, 
or  as  a  supplement  to,  flood  llghllng.  A  5C22  thyralron 
triggered  by  the  Fastax  sprockel  teeth  discharges  a 
12  kv  pulse-forming  network  Inlo  an  Edgerton  lamp 
5000  limes  per  second.  An  area  3  feel  by  3  feet  ts 
adequately  Illuminated  for  the  photography  of  objects 
with  good  reflection  characteristics  (patnled  while  or 
marked  with  S|ieclal  tape)  with  ASA  100  film  al  f/2.7. 
(Conlractor's  ahstract) 


(  111.  02:013 

Chicago  U.  Chicago  Midway  Labs.  .ill. 

GKNEitAlJ/.Kl)  DEFORMATION'  POTENTIAL  THEORY 
FOR  N-TYPE  Ge  (Abstract),  by  W.  1'.  Dumke. 

Sept.  23,  1954,  tp.  (AF  33(038)259 1 3)  Unclassified 

Presented  ai  meeUng  of  Hie  Anier.  i'liys.  Soc. , 

Chicago,  ill.,  Nov.  26  27,  1954. 

published  til  1  hys.  ltev.,  v.  98'  230,  Apr.  1,  1955. 

The  deformation  }>ntentlal  theory  has  been  reexamined 
taking  into  a,  ,  mat  the  ellipsoidal  shape  of  tin-  surfaces 
of  constant  energy  in  reciprocal  lattice  space,  and  the 
effect  of  shear  wave  scattering  in  n  tyje-  Ge.  We  fust 
Iliai  if  scattering  by  compress!  »nal  waves  were  lhe 
dominant  scattering  process,  a  simple  .-elaxation  time 
exists  proportional  lo  F  just  as  for  spherical  energy 
surfaces.  However,  the  sc atlerlng  due  to  shear  waves 


AIR  FORCE  SCIENTIFIC  RESEARCH 


CHI.  02:C14  -  CHI.  02:018 


ts  strongly  anisotroptc  and  cannot  be  described  by  a 
stmple  relaxation  time,  We  have  been  able  to  show 
that  when  shear  wave  scattering  ts  taken  tnto  account 
the  distribution  function  for  electrtcal  conduction  takes 
the  usual  form 

f.  =  -eE  •  <yr>  +  •  V  f  , 

1  '  p  o 

except  that  the  relaxation  time  ic  a  second  rank  tensor 
with  components  that  depend  on  direction.  Preliminary 
calculations  indicate  that  shear  wave  scattering  is  the 
domtnent  scattering  mechanism  for  n-type  Ge.  (Con¬ 
tractor's  abstract) 


CHI.  02:014 

Chtcago  U.  Chicago  Mtdway  Labs. ,  Ill. 

NOTES  ON  THE  ENERGY  BAND  OF  GERMANIUM  AND 
SILICON,  by  E.  N.  Adams,  II.  Sept.  1954,  57p.  tncl. 
dlagrs.  refs.  (Rept.  no.  CML-TN-P8)  (AF  33(038)- 
25913)  AD  40451  Unclassified 

An  outline  ts  given  of  the  current  Ideas  on  the  band 
structure  of  Ge  and  SI,  and  the  theory  of  some  of  the 
recent  important  experiments  ts  worked  out.  For  n- 
type  material,  analysts  ts  given  of  experiments  on 
Hall  mobility  and  magnetoresistance,  electroresistance, 

And  CyCtutTuh  jcautim.Ce,  and  tin-  litful  iliatiun  available 

as  a  result  of  these  experiments  is  discussed.  For 
p-type  material,  the  spln-orblt  coupling  model  Is 
described  and  the  shape  of  the  energy  surface  deduced. 
The  characteristics  of  the  IR  absorption  curve  are 
discussed  following  Kahn,  and  Lax's  results  showing 
anisotropy  of  the  cyclotron  resonance  are  cited  lo 
!  aril  ter  support  the  tWu  eivergy  surface  najdel.  A 
theory  Is  proposed  for  the  large  elastoreslstance  effects 
observed  in  p-type  material.  The  temperature  de¬ 
pendence  of  lattice  mobilities  Is  discussed  In  qualitative 
terms.  Detailed  treatments  of  diverse  theoretical 
points  are  given  In  appendices.  (Contractor's  abstract) 


C1U.  02:015 

Chicago  U.  Chicago  Midway  Labs.  ,  111. 

ELECTRONIC  UUSCEITIDILITY  IN  CERTAIN  ALLOYS, 
by  E.  N.  Adams,  n  and  It.  N.  Altter.  Oct.  14,  1954, 
7p.  Incl.  dlagrs.  (AF  33(038)25913)  Unclassified 

Also  published  in  1‘hvs.  Rev.,  v.  96:  1705  1707, 

Dec.  15,  1954. 

The  purpose  of  tills  note  is  to  demonstrate  that  there  Is 
a  strong  effect  of  band-band  Interactions  on  electron 
susceptibility  In  certain  alloy  systems  such  as 
MgCu,  Mg/aio. 

Clll.  02.016 

Chicago  U.  Chicago  Midway  Labs  ,  111. 

MOl. EC l  l.Alt  DISTORTION  CAUSED  1IY  HINDERED 
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ROTATION  (Abstract),  by  H.  T.  Mlnden.  Nov.  9, 

1954,  lp.  (AF  33(038)25913)  Unclassified 

If  there  ts  a  force  htnderlng  Internal  rotation  of  ethane 
abn»‘;  I‘s  ftgure  axis,  there  ought  to  be  a  force  tending 
to  dtstort  the  hydrogen  tetrahedra.  The  tumbling 
moment  of  tnertia  should  increase  as  the  molecule 
assumes  htgher  torsional  states.  Assuming  a  cosine 
hindering  potential  there  ought  to  be  a  term  proportion¬ 
al  to  <^'h  VQ  (1-cos  Ay  In  the  expression  for  the 
perpendtcular  rotational  constant.  The  vartation  of 
this  quantity  with  barrter  hetght  for  the  first  twelve 
torsional  states  (for  K  =  0)  has  been  computed  and  a 
theoretical  mtcrowave  spectrum  dcduc -d  for  the  ethane- 
llke  molecule  CH^StF^.  (Contractor  s  abstract) 

CHI.  02:017 

Chicago  U.  Chtcago  Mtdway  Labs. ,  Ill. 

DEPOSITION  OF  LEAD  SULFIDE  AND  LEAD 
SELENIDE  FILM  FROM  SOLUTIONS,  by  S.  Whitcher. 
Dec.  1954,  25p.  tncl.  tables,  refs.  (Rept.  no.  CML- 
TN-P9)  (AF  33(038)25913)  AD  53104  Unclassified 

The  development  of  detector  materials  ts  a  part  of  a 
general  program  which  is  aimed  at  lmprovtng  night 
seeing  devices  for  the  Air  Po fue.  Lead  sulfide  films 
for  mirrors  and  photocells  were  chemically  prepared 
by  mixing  a  soluble  plumbous  salt,  thiourea  and  sodium 
hydroxide.  Methods  of  preparation  used  in  the  past  by 
other  workers  are  discussed.  The  concentrations  of 
the  reactants  can  be  varied  as  well  as  the  order  In 
which  the  compounds  are  mixed.  Further  Investigation 
of  these  variables  is  reported  Hi  ©As  paper.  Impurity 
cations  such  as  Cu**  are  known  to  enhance  film  depo¬ 
sition.  This  has  been  verified  In  this  work  by  use  of 
highly  pure  materials.  The  effect  of  several  Ions  not 
previously  studied  has  been  Investigated.  A  search 
was  made  for  other  organic  sulfur  compounds  to  use  In 
film  preparation.  None  were  found  to  be  as  good  as 
thiourea,  and  In  general  the  quality  of  the  film  produced 
was  related  to  the  similarity  to  thiourea  of  the  molecu¬ 
lar  structure  of  the  organic  sulfide.  A  method  for  the 
preparation  of  FbSe  films  is  described.  Several  co¬ 
ordination  complex  compounds  of  lead  and  thiourea 
have  been  Isolated  and  analyzed.  These  do  not  reem 
to  be  Intermediates  In  the  deposition  mechanism,  how 
ever.  The  mechanism  which  Is  proposed  Is  bated  on 
the  slow  generation  of  sulfide  Ions  by  the  decom|x>sl- 
tlon  of  thiourea.  Evidence  Is  advanced  to  support  this 
hypothesis.  (Contractor’s  abstract) 


Clll.  02:018 

Chicago  U.  Chicago  Midway  Labs  ,  111 

THE  FERROELECTRIC  THERMAL  RADIATION  DE 
TECTOK  (Unclassified  title),  by  H  L..  Herman  a-id 
J.  F.  Trlbby.  Dec.  1954  ,  32p.  L.  1  dlagrs.  tables. 
(Rept.  no.  CMI,  TN  1-4)  (AF  33(033)25913) 

Confidential 
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CHI.  02:019 

Chicago  U.  Chicago  Midway  Labs. ,  Ill. 

INFRARED  RECONNAISSANCE  TECHNIQUE  AND 
EQUIPMENT  (Unclassified  title),  by  S.  J.  Klapman. 
Interin  final  rept.  Dec.  1954,  132p.  incl.  illus. 
dlagrs.  refs.  (AF  33(038)25913,  Task  VH) 

Secret 

CHI.  02:020 

Chicago  U.  Chicago  Midway  Labs. ,  HI. 

EFFECTS  OF  OXYGEN  ON  PbS  FILMS,  by  H.  T. 
Mlnden.  Dec.  23,  1954  [  33  ]  p.  Incl.  dlagrs.  refs. 

(AF  33(033)25913)  Unclassified 

The  conductivity  changes  produced  in  lead  sulfide  films 
by  the  sorption  of  oxygen  have  been  determined.  At 
temperatures  less  than  about  210°C  sorption  Is  less 
than  7  x  10"^  mol  of  oxygen  per  mol  of  PbS.  Nonethe¬ 
less,  Initial  exposure  to  oxygen  at  these  temperatures 
produces  an  abrupt  decrease  In  conductivity;  further 
exposure  Increases  the  conductivity  slightly.  At 
temperatures  higher  than  about  210°C  the  conductivity 
decreases  Immediately  and  stays  low  while  sorptton  of 
the  order  of  .  1  mol  oxygen  per  mol  PbS  slowly  occurs. 
When  the  sorption  Is  almost  complete  the  conductivity 
gradually  rises  to  Its  Initial  value.  The  cycle  can  be 
repeated  by  admitting  more  oxygen  in  contact  with  the 
same  film.  These  effects  are  explained  by  assuming 
the  formation  of  surface  acceptor  states  by  the  oxygen. 
At  higher  temperatures  the  oxygen  acceptors  diffuse 
Inward  and  reacts  chemically  with  excess  lead  atoms 
and  with  the  sulfide  lor.s.  (Contractor’s  abstract) 


CHI.  02:021 

Chicago  U.  Chicago  Midway  Labs. ,  111. 

PliOTO- EFFECTS  IN  InSb,  by  S.  W.  Kurnlck,  A.  E. 
Goldberg  and  others.  Jan.  10,  1955  (i4jp.  Incl. 
dlagrs.  refs.  [  AFOSR  TN -55-33  ]  (AF  33(038)25913) 

Unclassified 

l'hototranststor,  photoelectromagnetlc  (l’EM)  and  photo- 
conductlve  effects  occur  In  InSb.  P-n  junctions  have 
been  pulled  from  the  melt;  at  liquid  nllrogen  tempera¬ 
tures  these  junctions  show  photovoltaic  and  phototransls 
tor  respmses.  Surface  recombination  rates  and  bulk 
lifetimes  have  been  evaluated  from  the  l'EM  and  photo - 
conductive  response  at  liquid  Nj  temperatures  using  a 
constant- relaxatlo  time  model  for  carrier  transport. 
Response  Is  strongly  dependent  on  surface  preparation 
(electro  pdlshed  or  mechanically  polished)  The 
temperature -dependence  of  the  l’EM  effect  Is  discussed. 
(Contractor's  abstract) 

Clll.  02:022 

Chicago  U.  Chicago  Midway  Labs. ,  111 

InSb  1  UOTOUIODKS.  by  fl.  It.  Mitchell,  A.  E.  Goldberg. 
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and  S,  W.  Kurnlck.  [  June  22,  1955]  8p.  ([AF]OSR- 
TN-55-129)  (AF  33(038)25913)  Unclassified 

Presented  at  the  IRE-AIEE  Semiconductor  Conference, 
June  20-22,  1955. 

The  purpose  of  this  paper  Is  to  describe  the  photo- 
properties  of  InSb  p-n  junctions.  The  photovoltaic 
response  to  an  equal  quantum  spectrum  was  obtained. 
The  characteristic  of  the  junction  when  exposed  to  room 
temperature  radiation  is  described.  The  noise,  signal, 
and  signal-to-nolse  ratio  were  measured  as  a  function 
of  reverse  bias. 


CHI.  02:023 

Chicago  U.  Chicago  Midway  Labs. ,  111. 

PHOTOEFFECTS  IN  InSb,  by  S.  W.  Kurnlck  and  R. 

N.  Zitter.  [  1955  ]  [8]p.  incl.  dlagrs.  [  AFOSR-TN- 
55-130]  (AF  33(038)25913)  AD  113839  Unclassified 

Also  published  in  Photoconductivity  Conference,  p.  531- 
538,  1956. 

Surface  conditions  In  p-type  InSb  at  liquid -nitrogen 
temperatures  Influence  the  magnitude  of  photoconductive 
and  PEM  (photoelectromagnetlc)  responses  and  strongly 
alter  the  variation  of  the  PEM  response  with  magnetic 
field.  The  response  of  mechanically  polished  samples 
exhibits  a  peak  value  with  Increasing  magnetic  field, 
whereas  the  response  of  electrolytlcally  polished 
samples  reaches  a  saturation  value.  A  simple  theory 
using  the  concept  of  surface- recombination  speeds 
has  been  developed  to  analyze  these  effects.  Values  of 
minority-carrier  (bulk)  llketlmes  and  mobilities  ob¬ 
tained  from  mechanically  pollBhed  samples  are  con¬ 
sistent  with  the  values  from  the  same  samples  after 
electropollshlng.  In  addition,  the  theory  may  be  used 
to  estimate  surface- recombination  speeds.  (Con¬ 
tractor's  summary) 


CHI.  02:024 

Chicago  U.  Chicago  Midway  Labs. ,  111. 

SURFACE  AREA  AND  PARTICLE  SIZE  OF  EVAPO 
RATED  LEAD  SULFIDE  FILMS,  by  R.  li.  Harada. 

May  19,  1955  .  6  p.  Incl.  dlagrs.  tables,  refs. 

;  AFOSRTN- 55  150]  AF  33(038)25913  ]  AD94125 

Unclassified 

AlfifldiUbUfitlfiTil  Jour.  Chem.  l’hys. ,  v.  24:  447-452, 
Feb.  1956. 

Physical  adsorption  Isotherms  of  lead  sulfide  films 
evaporated  In  vacuum  and  through  oxygen  were  mea 
sured  In  order  lo  determine  their  surface  area  and 
particle  size.  The  surface  areas  of  fresh  and  of 
annealed  vacuum  evajiorated  films  were  found  to  In 
crease  linearly  with  film  thickness.  Annealing  the 
films  in  vacuum  decreased  the  surface  area  consider 
ably,  The  average  speclilc  surfaces  of  the  fresh  and 
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annealed  Illms  were  63  sq  m/g  and  fi  sq  m/g,  corres¬ 
ponding  to  particle  sizes  of  0.  013p  and  0. 13 p,  respec¬ 
tively.  The  surface  area  of  fresh  films  evaporated 
through  oxygen  depended  upon  the  rate  of  evaporation. 
The  average  specific  surface  of  the  fresh  slowly  evapo¬ 
rated  films  was  66  sq  m/g;  for  those  evaporated  faster, 
it  was  118  sq  m/g.  The  corresponding  particle  sizes 
were  0.0I2p  and  0.  0068u.  When  these  films  were 
annealed  in  a  closed  vacuum  system,  the  specific  sur¬ 
face  became  12  sq  m/g  and  14  sq  m/g,  corresponding 
to  particle  sizes  of  0.  067/i  and  0.  056y,  respectively. 
For  films  evaporated  through  oxygen,  the  oxygen  is 
chemisorbed  on  the  surface  of  the  film  during  evapora¬ 
tion.  When  such  a  film  is  annealed  sulfur  dioxide  is 
evolved  and  suifate  is  formed.  (Contractor's  abstract) 


CHI.  02:025 

Chicago  U.  Chicago  Midway  Labs. ,  111. 

EFFECTS  OF  OXYGEN  ON  PbS  FILMS,  by  H.  T. 
Mlnden.  Dec.  28,  1954  [  8  ]  p.  incl.  diagrs.  table. 

[  AFOSR-TN-55-177]  (AF  33(038)25913)  AD94127 

Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  23:  1948- 
1955,  Oct.  1955. 

The  effect  of  oxygen  on  the  conductivity  of  vacuum- 
evaporated  PbS  films  has  been  experimentally  investi¬ 
gated.  When  outgassed,  these  films  are  n-type  semi¬ 
conductors.  If  they  are  exposed  to  oxygen  at  tempera¬ 
tures  helow  about  200°C,  the  conductivity  decreases 
with  increasing  pressure  and  then  increases  again.  The 
thermoelectric  power  changes  from  negative  to  positive, 
hut  less  than  10' 3  mole  02/niole  PbS  is  sorbed  by  the 
film.  Above  voce  the  conductivity  merely  decreases 
when  oxygen  is  admitted,  and  the  thermoelectric  power 
becomes  small.  The  film  gradually  absorbs  all  the 
oxygen  in  the  vacuum  system  and  evolves  a  good  deal  of 
SO2.  When  the  reaction  is  complete,  the  conductivity 
returns  to  its  initial  value,  and  the  thermoelectric 
power  is  once  again  negative.  The  film  can  repeatedly 
absorb  large  amounts  of  oxygen  without  undergoing  any 
permanent  change  in  electrical  properties,  it  is  con 
eluded  that  these  films  are  conqiosed  of  2  layers.  Next 
to  the  substrate  there  is  a  conducting  layer  that  cliemi 
sorbs  oxygen,  hut  does  not  react  with  it.  The  chemi¬ 
sorbed  oxygen  acceptors  are  responsible  for  the  ob¬ 
served  changes  in  conductivity.  The  upper  layer  of  the 
film  Is  nonconducting  and  reacts  to  completion  with 
oxygen,  possibly  forming  I'bSOjiPbO.  and  evolving  SC)2. 
(Contractor's  aastract) 


1  111.  92  026 

Chicago  U.  Chicago  Midway  Labs. ,  ill. 

WAVELENGTH  DEPENDENCE  O,  RADIATION-  NOISE 
LIMITS  ON  SENSITIVITY  OF  INFRARED  PHOTO 
DETECTORS,  hy  J.  It.  Platt.  Aug.  29.  1955  .  2  .  p. 
inch  diagr  .  AFOSR-  I  N  55  292  (AF  33(033)25913) 

Al>  114535  Unclassified 

.  U4  ■ 


Also  published  in  Jour.  Opt.  Soc.  Amer. ,  v.  46:  609- 
610,  Aug.  1956. 

A  theoretical  equation  is  given  for  the  sensitivities  or 
slgnal-to-nolse  ratios  of  infrared  photodetectors  as 
functions  of  area  and  sensitive  time  and  long-wave¬ 
length  cutoff  It  is  assumed  that  the  materials 
approach  within  comparable  factors  of  the  fundamental 
limits  set  by  radiation  noise  from  their  surroundings 
at  a  given  temperature. 


CHI.  02:027 

Chicago  li.  Chicago  Midway  Labs. ,  111. 

PHOTOCONDUCTIVE  AND  PHOTOELECTRO- 
MAGNETIC  EFFECTS  IN  InSb,  by  S.  W.  Kurnlck  and 
H.  N.  Zltter.  Sept.  2,  1955  r  8  ]  p.  incl.  diagrs. 
tables,  refs.  [  AFCSR-TN-55-293  ]  [  AF  33(038)- 
25913]  AD  94128  Unclassified 

Also  published  in  Jour.  Appl.  Ihys. ,  v.  27:278-285, 
Mar.  1956. 

Photoconductlve  (PC)  and  photoelectromagnetic  (PEM) 
effecls  have  been  observed  In  p-type  InSb  single  crys¬ 
tals  of  high  purity  at  77°K  (extrinsic  range)  and  301°K 
(intrinsic  range).  Because  of  the  large  electron  mobili¬ 
ties  in  InSb,  and  because  the  variation  of  the  PEM  re¬ 
sponse  with  magnetic  field  was  found  to  be  strongly 
dependent  on  surface  treatment,  It  was  necessary  to 
develop  a  new  theoretical  model  to  describe  the  PEM 
effect,  permitting  the  evaluation  of  bulk  lifetime  and 
both  electron  and  hole  mobilities.  In  addition,  the 
model  affords  an  interpretation  of  Hall  and  magneto¬ 
resistance  effects  In  intrinsic  InSb.  When  the  PEM 
effect  is  analyzed  using  Impurity-  or  thermal-scatter¬ 
ing,  assuming  Doltzmann  statistics,  the  result  does 
not  fit  the  data  as  weil  as  the  simple  model  presented 
here. 


CI1I.  02:028 

Chicago  U.  Chicago  Midway  Labs. ,  III. 

INFRARED  ABSORPTION  OF  INDIUM  ANTIMONIDE, 
by  E.  Blount,  J.  Callaway  and  others.  Sept.  12,  1955 
2  '-p.  incl.  diagrs.  refs.  AFOSR-TN-55-306 
AF  33(038)25913  ;  AD  94126  Unclassified 

Alai  published  la  Phys.  Rev.  v.  101:56  3  -  564. 

Jan.  15.  1956. 

Infrared  absorption  In  InSb  near  the  absorption  edge 
has  been  Interpreted  as  the  superposition  of  2  indirect 
transitions  requiring  phonons  of  100  and  30°.  the 
former  transition  involving  the  smaller  electronic  en 
ergy  gap.  The  first  transition  Is  consistent  with  a 
hand  scheme  having  electrons  at  the  center  of  tile  zone 
and  holes  either  at  the  corner  0/  the  zone  or  about 
halfway  along  the  1,1.1  line.  The  other  transition 
may  indicate  a  second  hole  with  an  energy  gap  about 
0.  025  ev  larger  than  that  of  the  first 
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CHI.  02:029  -  CHI.  02:032 


CHI  02:029 

Chicago  U.  Chicago  Midway  Labs. ,  HI. 

SPACE-CHARGE  FORMATION  IN  SMALL  PbS 
PARTICLES,  by  H.  T.  Mlnden.  Sept.  15,  1955  [  8  ]  p. 
incl.  diagrs.  refs.  [  AFOSR-TN- 55-322]  [  AF  33(038) 
25913]  AD  114587  Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  25:  241-248, 
Aug.  1956. 

A  theoretical  model  is  discussed  for  the  effect  cf  oxygen 
on  the  electrical  properties  of  PbS  thin  films.  The 
films  are  assumed  to  be  composed  of  very  small  n-type 
mtcrocrystals,  on  the  surface  of  which  oxygen  is  ad¬ 
sorbed.  The  adsorbed  atoms  are  singly  ionized  by 
electrons  from  the  interior  of  the  microcrystals.  The 
appropriate  Potsson- Boltzmann  equation  is  solved  for 
particles  of  radius  5  x  10“®m  and  5  V  10  x  10'®m,  and 
for  donor  concentrations  of  10^3  m_3  and  10^  m‘3. 

The  potential  distribution  is  given  as  a  function  of  the 
surface  acceptor  concentration  required  for  the  conser¬ 
vation  of  charge.  Models  for  the  electron  and  hole 
conductivities  are  given,  and  the  results  of  calculations 
based  on  these  models  are  compared  with  experiment. 
This  theory  is  contrasted  with  the  earlier  bulk  diffusion 
theory  of  the  effect  of  oxygen.  The  free  energy  of  ad¬ 
sorption  is  roughly  calculated.  Implications  of  this 
theory  are  dtscussed  on  the  general  character  of  con 
ductton  in  PbS  ftlms,  on  the  temperature  coefficient  of 
conduction,  and  on  the  nature  of  photoconduction.  (Con¬ 
tractor’s  abstract) 


CHI.  02:030 

Chicago  U.  Chicago  Midway  Labs.  ,  ill. 

DEFORMATION  POTENTIAL  THEORY  FOR  n-TYi’E 
Ge,  by  W,  P.  Dumke.  June  29,  1955  [6]p.  incl. 
tables,  refs.  [  AFOSR-TN  55-327  ]  1  AF  33(038)25913  ] 
AD  113840  Unclassified 

Also  published  in  Phys.  Rev.,  v.  101.  531-536,  Jan.  15, 
1956. 

The  deformation  potential  theory  has  heen  reexamined 
for  eleciroiis  in  Ge  to  take  into  account  the  elltpsoidai 
nature  of  the  energy  surfaces,  and  the  effect  of  shear 
wave  scattering.  The  coupling  between  shears  and  the 
conduction  hand  energy  minima  is  calculated  from 
Smith’s  piezoresistance  data  under  the  assumption  that 
any  changes  in  mohtllty  due  to  strain  may  be  neglected. 
The  scattering  by  shears,  which  is  the  dominant  mecha 
nlsm,  is  strongly  anistroplc  and  cannot  he  described 
1 a  simple  relaxation  time.  We  have  shown  that  the 
distribution  function  for  electrical  conductivity  has  a 
tensor  dependence  on  the  orientation  of  the  electric 
field  The  mobility  is  calculated  assuming  several 
values  of  Kjc,  the  shift  of  the  conduction  band  edge 
with  dilation.  The  calculated  values  of  the  mobility  are 
approximately  3  x  IO‘T'3  -!  ent-  v  sec  Methods  of 
accounting  for  disc  repanctes  between  the  experimental 


and  theoretical  values  of  the  mobility  and  their 
temperature  dependence  are  discussed.  (Contractor’s 
abstract) 


CHI.  02:031 

Chtcago  U.  Chicago  Midway  Labs. ,  Ill. 

InSb  PHOTOVOLTAIC  CELL,  by  G.  R.  Mitchell, 

A.  E.  Goldberg,  and  S.  W.  Kurnick.  [  1955]  [  2 ] p. 
tncl.  dlagr.  (AF  33(038)25913)  Unclassified 

Published  in  Phvs.  Rev.,  v.  97:  239-240,  Jan.  1,  1955. 

A  crystal  of  InSb  containing  a  photosensitive  junction 
was  prepared  by  the  crystal- pulling  technique.  During 
crystal  growth  the  melt  was  doped  to  produce  p-n 
transition.  A  spectmen  1  cm  x  0.  1  cm  x  0.  025  was 
cut  from  the  crystal  so  as  to  Include  the  transition 
region.  This  specimen  exhibited  a  dark  resistance  of 
20,  000  ohms  at  77°K  and  no  noticeable  rectification. 

The  photoresponse  at  77°K  was  determined  ustng  the 
specimen  as  a  photovoltaic  cell.  The  spectral  response 
extended  to  about  5.  7n;  and  the  time  constant  response 
was  l.iss  than  two  microseconds.  The  noise  spectra 
for  the  cell  at  77°K  ts  briefly  discussed  and  presented 
by  a  diagram. 


CHI.  02:032 

Chicago  U.  Chicago  Midway  Labs. ,  ill. 

.  HIGH  PRECISION  FREQUENCY  STANDARDS,  by 
J.  burns,  01.  Final  rept.  Jan.  1955,  82p.  incl. 
diagrs.  tables,  refs.  (Rept.  no.  CML-TN-P10) 

(AF  33(038)25913)  AD  74915  Unclassified 

The  essential  features  of  phase  comparison  navigation 
system  and  narrow-band  secure  communications 
systems  are  examined  to  determine  the  frequency 
stability  required  of  radtofrequency  oscillators  to  be 
used  with  them.  It  is  estimated  that  the  ultimate 
accuracy  of  a  phase  comparison  navigation  system  ts 
limited  to  several  hundred  feet  by  radio  propagation 
uncertainties.  For  a  system  operating  at  100  kc  these 
propagation  errors  amount  to  a  few  hundred  feet  until 
the  range  exceeds  several  hundred  miles  beyond  whtch 
the  accuracy  deteriorates  rapidly  due  to  sky-wave 
interference.  Accordingly,  the  oscillator  stabtlity 
requirements  were  established  wtth  these  accuracy 
limitations  lr.  mtnd  so  errors  arising  front  frequency 
bistability  should  be  Bomewhat  smaller  than  the  propa¬ 
gation  errors.  It  !s  shown  that  frequency  stabilities  of 
one  part  tn  10**  averaging  over  one  second  and  one  part 
in  10*1  over  three  hr  are  necessary  to  give  the  desired 
accuracy  In  position  fixes.  Oscillators  for  narrow  band 
voice  communications  systems  ojierating  in  the  VHF 
frequency  band  must  be  stable  to  one  part  tn  to1  aver¬ 
aging  over  one  second  and  must  have  a  long-time  sta 
blltly  of  about  the  same  order.  Several  methods  of 
generating  radlof requeue tes  wtth  these  stabilities  are 
examined  and  Ute  results  are  summarized  in  a  table. 
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CHI.  02:033  -  CHI.  02:038 


All  of  these  except  the  first  and  last  serve  the  purpose 
of  synchronizing  an  external  oscillator.  The  crystal 
and  molecular  oscillators  are  self-excited.  The 
essential  features  of  a  suitable  technique  for  perform¬ 
ing  this  synchronization  are  analyzed  to  show  how  the 
precision  of  synchronization  depends  upon  the  properties 
of  the  particular  atomic  or  molecular  resonance  phe¬ 
nomena  with  which  It  is  achieved.  (Contractor's 
abstract) 


CHI.  02:033 

Chicago  U.  Chicago  M'dway  Labs.  ,  111. 

FEASIBILITY  OF  DETECTING  7 t;  RADIATION  WITH 
AN  UNCOOLED  DETECTOR  (Unclassified  title),  by 
F.  F.  Rieke.  [Jan.  26,  1955  ]  7p.  tncl.  diagr. 
(Rept.  no.  CML-P9-1/55)  (AF  33(038)25913) 

Confidential 


C1U.  02:034 

Chicago  U.  Chicago  Midway  Labs. ,  111. 

A  SURVEY  OF  FILTER  THEORY  AND  ITS  APPLICA¬ 
BILITY  TO  INSTRUMENTATION,  by  R.  N.  Lewis. 

Phase  rept.  July  1955,  66p.  incl.  diagrs.  refs. 

(Rept.  no.  CML-TN-55-F.  2-6)  (AF  33(038)25913) 

AD  69815  Unclassified 

This  report  gives  an  elemental  v  review  of  the  factors 
and  the  philosophy  upon  which  lire  control  filter  theory 
is  based.  A  close  analogy  between  fire  control  system 
sensors  and  classes  of  measuring  Instruments  is  main¬ 
tained  so  that,  while  the  theory  of  random  noise  filter¬ 
ing  is  developed,  the  difficulties  of  the  measurement 
and  evaluation  of  such  filtering  are  indicated.  The  first 
section  indicates  the  necessity  for  filtering  of  noisy 
signals,  the  second  section  develops  the  required  theory, 
and  the  third  section  applies  the  theory  to  fire  control 
system  sensors  and  computers  and  to  measuring  instru¬ 
ments.  The  final  section  contains  preliminary  con¬ 
clusions  and  recommendations  for  applying  filter  theory 
concepts  in  the  selection  of  instrumentation  for  evaluat¬ 
ing  airborne  fire  control  systems.  (Contractor's 
abstract) 

CHI.  02:035 

Chicago  U.  Chicago  Midway  Labs. ,  Ill. 

INFRARED  RECONNAISSANCE  TECHNIQUES  AND 
EQUIPMENT  (Unclassified  title),  by  li.  L.  Berman  . 
Iinal  rept.  Jan.  1-Sept.  1,  1955  61  p.  Incl.  Ulus, 

tables.  ( ltept  no.  CML-TR  55-11-9)  (AF  33(038)- 
25913)  AD  112702  Confidential 


Clli.  02:036 

Chicago  U.  Chicago  Midway  Labs.  ,  111. 

DETECTOR  DEVELOPMENT  AT  CHICAGO  MIDWAY 

■  96  ■ 


LABORATORIES  (Abstract),  by  F.  F.  Rieke.  Oct.  18, 
1955,  lp.  (AF  33(038)25913)  Unclassified 

Presented  at  the  Symposium  on  Military  Applications 
of  Infrared  Physics,  Johns  Hopkins  U.  RadiaUon  Lab. , 
Baltimore,  Md. ,  Jan.  25-26,  1956. 

A  photovoltaic  cell,  based  on  a  p-n  junction  of  tndlum 
antimonide  operated  at  liquid  nitrogen  temperature, 
has  been  developed  within  the  last  year.  Such  detectors 
have  a  sensitive  area  of  0.  2  sq  mm,  a  noise  equivalent 
power  of  2  x  10  ^  ^  watts  at  5.  5  microns,  and  a  re¬ 
sponse-time  of  10  microseconds  or  less,  the  internal 
impedance  ts  approximately  50,000  ohms.  Indium 
antimonide  at  room  temperature  may  also  be  used  as 
a  photodetector,  employing  either  the  photoconductive 
or  the  photoelectromagnetlc  effect  to  generate  an 
electric  response.  The  peak  sensitivity  occurs  at  7.  5 
microns,  but  the  NEP  ts  approximately  100  times 
greater  than  for  the  cooled  detector  discussed  above. 
Performance  can  be  fomewhat  improved  by  cooling 
to  -20°C.  Response-times  are  very  short  and  internal 
impedances  are  of  the  order  of  1  ohm.  Recent  Im¬ 
provements  in  a  dielectric  thermal  detector,  developed 
some  time  ago,  will  be  discussed  briefly.  (Con¬ 
tractor’s  abstract) 


CHI.  02:037 

Chicago  U.  Chicago  Midway  Labs.  ,  Ill. 

INFRARED  ABSORPTION  AND  THE  BAND  STRUCTURE 
OF  INDIUM  ANTIMONIDE,  by  J.  Callaway.  Dec.  1955, 
38p.  Incl.  diagrs.  tables,  refs.  (Rept.  no.  CML-TN- 
55- A.  2-13)  (AF  33(038)25913)  AD  83637 

Unclassified 

The  experimental  data  on  infrared  abBvrpUon  in  InSb 
are  studied  in  the  light  of  current  theories  of  absorp¬ 
tion,  considering  both  direct  and  indirect  transition 
mechanisms.  It  is  shown  that  direct  transition  theory 
is  not  compatible  with  the  data,  while  a  satisfactory 
agreement  can  be  obtained  with  the  Indirect  theory. 

In  parUcular,  there  are  indications  of  two  indirect 
transitions,  requiring  100°  phonons  and  30°  phonons. 
These  results  are  related  to  current  Ideas  on  the  band 
structure  of  InSb  by  use  of  simple  theoretical  consid¬ 
erations  on  lattice  vibrations  In  InSb.  We  conclude 
that  further  evidence  from  magneto-  and  elasto- 
resistance  is  highly  desirable  at  this  time,  and  a  sum¬ 
mary  of  considerations  relevant  to  these  phenomena 
closes  this  report.  A  bibliography  of  the  literature 
on  InSb  is  appended.  (Contractor’s  abstract) 


CIll.  02:038 

Chicago  U.  Chicago  Midway  Labs.  ,  111. 

PHOTOSENST1/.ATION  OF  1'bS  FILMS,  by  R.  11. 
llarada  and  11.  T.  Minden.  Jan.  12,  1956  ,  22p. 
lnci.  refs.  (AF  33(038)25913;  continued  by 
AF  18(603)9)  Unclassified 
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CHI.  03:001  -  CHI.  03:004 


Also  published  In  Phvs.  Rev.,  v.  102:  1258-1262, 

June  1,  1956. 

The  effect  of  Oo  on  the  photoconductive  response  of 
evaporated  PbS  films  has  been  experimentally  Investiga¬ 
ted.  The  dark  conductance  g,  the  photoconductance  Ag, 
and  the  time  constant  %  for  the  photoconductive  response 
of  PbS  evaporated  films  vary  when  the  films  are  exposed 
to  oxygen.  The  g  initially  decreases  several  orders  of 
magnitude  when  an  outgassed  film  is  exposed  to  oxygen; 
it  reaches  a  minimum  and  then  increases.  The  thermo¬ 
electric  power  changes  from  negative  to  positive  at  the 
minimum  in  conductance.  Ag  and  x  are  given  as  a 
function  of  g.  Ag  decreases  with  increasing  oxygenation, 
reaches  a  minimum  near  the  minimum  in  g  and  then 
increases  as  g  Increases;  after  the  film  becomes  p-type; 
Ag/g  is  a  maximum  however,  near  the  minimum  in  g. 

On  the  other  hand,  x  Increases  steadily  as  the  film 
changes  from  n-  to  p-type.  These  results  are  attributed 
to  the  effect  of  two  oxygen  surface  states.  A  low  lying 
O'  state  alters  the  Fermi  level  of  the  originally  n-type 
film.  The  surface  charge  thus  formed  lowers  the 
effective  carrier  mobility.  A  higher  energy  O' '  state, 
when  empty,  traps  photoelectrons  and,  hence,  enhances 
the  hole  photoconductivity.  (Contractor's  abstract) 


CHI.  03:001 

Chicago  U.  Chicago  Midway  Labs. ,  Ill. 

ELASTIC  CONSTANTS  OF  INDIUM  ANTIMONIDE,  by  L. 
11.  DeVaux  and  F.  A.  Plzzarello.  Oct.  13,  1955  [ljp. 
incl.  table.  [  AFOSR-TN-55-359  ]  [  AF  18(603)9;  con 

tlnuaUon  of  AF  33(  38)25913  ]  AD  113931  Unclassified 

Also  published  in  Phvs.  Rev.,  v.  102:  85,  Apr.  1,  1956. 

Dy  means  of  an  acoustical  methou,  the  elastic  constants 
InSb  (Indium  antlmonide)  were  measured.  At  room 
temperature  they  are:  Cj[  =  (6.6  t  0.3)  x  10**, 

C12  (3.8  *  0.2)  X  10**,  C44  =  (3.0  t  0.  1)  x  10** 

dyncs/sq  cm.  (Contractor's  abstract) 


Clll.  03:002 

Chicago  U.  Chicago  Midway  l.ahs. ,  111. 

THE  VARIATION  WITH  OXYGEN  TREATMENT  OF 
PllOTOCUltRENT  IN  PbS  FILMS  (Abstract),  by  It.  11. 
Harada  and  11.  T.  Mlnden.  Dec.  1955,  lp.  (  AF  OSR- 
rN  55  478)  AF  18(603)9  Unclassified 

Presented  at  meeting  of  the  Amer.  i'liys.  Soc.  ,  New 
York.  Jan.  31,  1956. 

Freshly  evaporated  PbS  films  are  n-type  and  highly 
conducting.  When  a  film  Is  exposed  to  oxygen  the 
conductance  g  decreases  3  to  5  orders  of  magnitude, 
reaches  a  minimum  and  then  Increases.  The  sign  of  the 
thermoelectric  |x>wer  changes  at  the  minimum  In  con 
ductunce  The  photoconductance  g  also  decreases  with 
initial  oxygen  treatment,  but  as  the  oxygen  pressure  Is 


raised  and  g  begins  to  Increase,  g  also  Increases. 

This  anomalous  effect  Is  explained  by  the  following 
theory.  Oxygen  acceptors  adsorbed  on  PbS  films  re¬ 
duce  the  photocurrent  by  lowering  the  free  carrier 
mobility.  If  enough  oxygen  Is  present,  however,  the 
Fermi  level  Is  lowered  sufficiently,  so  that  some  of 
the  oxygen  surface  states  are  emptied.  These  states 
can  act  as  special  electron  traps,  from  which  recom¬ 
bination  does  not  take  place.  The  lifetime  photoholes 
becomes  essentially  the  dwell  time  of  the  photoelectrons 
In  the  traps,  and  the  photocurrer.t  Is  enhanced.  (Con¬ 
tractor's  abstract) 


CHI.  03:003 

Chicago  U.  Chicago  Midway  Labs. ,  Ill. 

SPONTANEOUS  RADIATIVE  RECOMBINATION  IN 
SEMICONDUCTORS,  by  W.  P.  Dumke.  Sept.  20,  1956 
[  6  ] p.  Incl.  dlagrs.  refs.  ([  AF  ]OSR-TN-56-438) 

(AF  18(603)9)  AD  96781  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  105:  139-144,  Jan.  1, 
1957. 

The  mechanisms  by  which  electrons  and  holes  recom¬ 
bine  with  the  emission  of  radiation  are  examined.  Ex¬ 
pressions  ere  d  rived  for  the  radiative  recombination 
lifetimes  due  to  rirect  and  Indirect  transitions,  and 
these  are  applied  to  Ge  and  SI.  Matrix  elements  In  the 
transition  probability  for  direct  and  Indirect  transitions 
are  obtained  from  analyses  of  the  cyclotron  resonance 
effective  mass  data,  and  the  optical  absorption  data 
close  to  the  band  edge,  respectively.  For  Indirect 
transitions,  the  calculated  lifetimes  were  of  the  order 
of  seconds,  and  agreed  within  a  factor  of  3  with  Ufe- 
Umes  calculated  by  the  method  of  Van  Roosbroeck  and 
Shockley.  It  Is  shown  that  In  Ge  at  room  temperature, 
while  the  density  of  filled  states  In  the  conduction  band 
at  k  -  0  Is  very  low,  the  rate  of  recombination  by 
direct  transitions  is  nevertheless  somewhat  greater 
than  that  by  Indirect  transitions.  This  is  consistent 
with  the  findings  of  Haynes.  The  role  of  radiative 
recombination  In  the  observed  lifetimes  of  excess 
carriers  Is  questioned.  It  Is  concluded  that  for  those 
semiconductors  which  have  a  rather  high  ahsorption 
constant  close  to  the  band  edge  (InSb),  an  emitted 
photon  Is  usually  reabsorbed  before  It  can  escape  from 
the  crystal,  producing  another  hole-electron  pair, 
without  contributing  to  the  macroscopic  ally  observed 
lifetime.  In  the  limit  of  a  very  high  absorption  con 
slant,  this  emission  and  absorption  of  photons  acts  as 
an  additional  mechanism  for  the  diffusion  of  hole- 
electron  pairs.  (Contractor’s  abstract) 

Clll.  03:004 

Chicago  U.  Chicago  Midway  Labs.  ,  111. 

QUALITATIVE  STUDY  OF  ENERGY  BANDS  IN 
GALLIUM  ARSENIDE,  by  J.  Callaway.  Sept.  1956, 
17p.  Incl.  dlagrs.  table,  refs.  (Rept.  no.  CML-56- 
TN-  P108-5)  (AFOSlt  TN-56-414)  (AF  18(603)9) 

AD  96223  Unclassified 
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CHI.  03:005  -  CHI.  03:007 


Also  published  In  Jour.  Etectrontcs  (Sertes  t),  v.  2: 
330-340,  Jan.  t957. 

In  thts  study,  an  attempt  ts  made  to  relate  energy 
bands  In  GaAs  to  those  tn  germanium  through  the  use 
of  second-order  perturbation  theory.  The  perturbtng 
potential  Is  obtained  from  self- const  stent  fteld  calcula¬ 
tions  for  neutral  Ga,  Ge,  and  As  atoms.  The  effect  of 
a  posstble  parttally  tonic  nature  of  GaAs  ts  also  con¬ 
sidered.  Spin-orbit  coupling  ts  neglected.  A  group 
theoretic  study  is  made  to  determine  whtch  matrtx  ele¬ 
ments  of  the  perturbing  potential  exist  at  symmetry 
points  of  the  Brltlouln  zone,  and  an  attempt  is  made  to 
estimate  them.  It  is  found  that  tn  going  from  Ge  to 
GaAs,  the  valence  band  is  pushed  down  with  respect  to 
the  conduction  band.  The  minimum  of  the  conduction 
band  may  shift  from  the  til  axis  to  the  center  of  the 
zone.  An  Increase  tn  the  energy  gap  of  ihe  rtght  order 
xjf  magnitude  lc  obtain  id.  (Contractor's  abstract) 


CHI.  03:005 

Chicago  U-  fhiragc  Midway  lsabv.  111. 

THERMAL  IMAGE  TUBE,  by  J.  Burns,  HI.  First 
Interim  rept  June  1956  [S6]p.  lncl.  dlagrs.  (Rept. 
no.  CML-56-TN-PI08-2)  (AFOSR-TN-56  -  4  60) 

(AF  1 8(600)9)  AD  106094  Unctassifled 

The  ferroelectric  thermal  image  tube  was  developed  in 
the  form  of  a  very  thin  wafer  an  inch  or  more  in  dtam- 
eter.  Three  methods  were  considered  for  measurtng 
the  thermatly  Induced  surface  potential  variations  of  the 
ferroelectric.  The  first  method  is  deflection  modulation 
in  which  surface  potentials  deftect  an  electron  beam, 
causing  proportional  amounts  to  pass  the  edges  of  a 
suitably  placed  grid  structure.  The  second  method  is 
aberration  modulation  which  is  structurally  similar  to 
the  first  except  that  the  grid  structure  is  operated  at 
such  a  potential  that  a  repulsive  electric  field  is  estab¬ 
lished  close  to  the  ferroelectric  surface.  The  large 
electron-optical  aberrations  of  the  field  produce  a 
strong  defocuslng  of  the  reading  beam  as  it  is  reflected 
back  from  the  vicinity  of  the  ferroelectric  surface.  The 
third  method  is  absorption  modulation  which  is  a 
capacitor  discharge  reading  method  in  which  the  heam 
is  allowed  to  charge  up  the  detector  surface,  after  which 
the  beam  is  repelled  by  the  charged  surface.  The 
amount  of  charge  abstracted  from  the  beam  to  perform 
this  charging  operation  depends  upon  the  initial  surface 
potential.  The  deflection  and  absorption  modulation 
methods  are  capable  of  linear  response  to  a  wide  range 
of  surface-potential  differences,  although  linearity  can 
be  achieved  in  deflection  modulation  only  by  employing 
a  very  nearly  nionoenergetic  scanning  beam.  The  ab 
sorption  modulation  method  Is  more  conventional,  and 
resembles  the  techniques  used  In  several  type6  of  TV 
pickup  tubes.  Its  sensitivity  Is  not  as  good  as  deflection 
modulation  for  small  signals  although  its  response  is 
hnear  over  a  wide  range.  The  feasibility  was  apparently 
established  in  principle  of  a  ferroelectric  thermal  Image 
tube  capable  of  giving  at  least  a  200  line  picture  and  of 
detecting  objects  differing  in  temperature  by  about  1“ 
from  the  background. 


CHI.  03:006 

Chicago  U.  Chicago  Midway  Labs. ,  Itl. 

MAGNETICALLY  FOCUSED  SECONDARY  EMISSION 
SCREEN-TYPE  IMAGE  INTENSIFIER,  by  F.  F. 

Rteke.  Final  rept.  Aug.  1 956,  38p.  lnct.  ttlus.  dlagrs. 
(Rept.  no.  CML-56-TN-Pt08-4)  (AFOSR-TN-56-603) 
(AF  18(603)9)  AD  108437;  PB  124263  Unclassified 

Development  of  an  tmage  tntenslfler  Is  descrtbed  which 
makes  use  of  cascaded  ftne  mesh  screens  coated  with 
an  efficient  secondary  emttter,  ceslum-anttmony,  to 
achieve  multiplication  of  weak  photoelectron  tmages 
from  a  cesium-antimony  photocathode.  An  axial  mag¬ 
netic  field  Is  used  together  with  appropriate  potentials 
and  spaclngs  of  the  screens  to  keep  the  electron  image 
in  focus.  Defocuslng  caused  by  the  spread  in  velocities 
of  electrons  fr-.m  each  muRlpUtr  screen  Is  minimized 
but  not  eliminated  by  varying  the  spaclngs  and  potential 
differences  between  screens  in  such  a  way  that  electrons 
having  two  different  initial  velocities  can  be  brought  to 
focus  In  the  same  plane.  The  residual  focusing  errors, 
ar'slng  chiefly  from  Ihe  lnrompl.de  rurrertluo  cf 
chromatic  aberration  from  the  Initial  velocity  spread, 
holds  the  resolution  of  a  nine- stage  tube  to  two  or  three 
line  pairs  per  mltllmeter.  Production  of  htgh  yield 
cestum-anttmony  secondary  emission  surfaces  coinci¬ 
dentally  with  high  sensitivity  photocathodes  of  the  same 
material  In  a  common  tube  envelope  has  not  proved 
feasible.  Maximum  secondary  ytetd  and  peak  photo¬ 
sensitivity  have  been  shown  to  occur  In  thts  compound 
for  such  widety  different  concentrations  of  cesium  that 
it  does  not  seem  pcssibte  to  achieve  a  satisfactory 
compromise.  Forty-five  Image  tubes  were  produced 
under  this  contract,  and  the  methods  of  production 
together  with  the  results  of  tests  and  experiments  on 
these  tubes  are  described.  Recommendattons  for  the 
course  to  be  followed  tn  the  further  development  of  the 
screen- type  tntenslfler  to  overcome  the  drawbacks  of 
the  present  design  are  discussed.  (Contractor’;, 
abstract) 


CHI.  03:007 

Chicago  U.  Chicago  Midway  Labs. ,  111. 

THE  EFFECTIVE  MASS  APPROXIMATION  FOR 
EXCITONS.  byG.  Dresselhaus  1956  13  !p.  lncl. 

dlagrs.  refs.  (Bound  with  the  Forty- First  Quarterly 
rept.  to  Sponsors  of  Chicago  U.  Inst,  for  the  Study  of 
Metals,  June  1956,  p.  149-161;  AD  103589)  (AF  18 
(603)9)  Unclassified 

Alsfi  publialievl  in  Phys.  and  Chem.  of  Solids,  v.  I: 

14  22,  Sept.  Oct.  1956. 

The  effective  mass  approximation  for  degenerate 
electronic  energy  bands  is  applied  to  the  Interaction  of 
electrons  and  holes  In  an  insulator.  It  Is  shown  that 
Ixiund  exciton  states  result  from  this  treatment.  The 
exclton  Hamiltonian  is  of  the  form  derived  previously 
for  Impurity  state  problems.  The  criterion  for  the 
validity  of  the  effective  mass  approximation  is  that  the 
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[lowest  state  be  bound  with  an  energy  <  0.  2  ev.  Cor¬ 
rections  to  the  approximation  to  account  for  the  effec¬ 
tive  magnetic  moments  of  the  electron  and  hole  are  In¬ 
dicated.  Selection  rules  and  line  widths  for  optical 
excitation  of  excltons  are  discussed.  The  question  of 
the  existence  of  posltrontum  In  crystalline  solids  Is  also 
considered.  (Contractor’s  abstract) 


CHI.  03:008 

Chicago  U.  Chicago  Midway  Labs. ,  111. 
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experiment  should  yield  Information  regarding  the 
physiological  primaries.  (Contractor’s  abstract) 


CHI.  04:002 

Chicago  U.  Committee  on  Math.  Biology,  111. 

CONTRIBUTIONS  TO  THE  THEORY  OF  ACTIVE 
TRANSPORT,  by  C.  S.  Patlak.  May  15,  1956  [ 4 5  ]  p. 
refs.  (AFOSR-TN-56-411)  (AF  18(600)1454) 

AD  96220  Unclassified 


INFRARED  ABSORPTION  EDGE,  BAND  STRUCTURE, 
AND  ELECTRON  MOBILITY  IN  InSb,  by  W.  P.  Dumke. 
[Oct.  1956]  6p.  incl.  dlagr.  refs.  [  AF  18(603)9] 

Unclassified 

The  absorption  edge  tall  for  InSb  was  fitted  by  the  fol¬ 
lowing  Indirect  transition  model:  The  valence  and  con¬ 
duction  band  edges  are  at  the  center  of  the  Brlllouin 
Zone.  Below  the  threshold  for  direct  transitions, 
electrons  may  make  a  second  order  transition  Involving, 
first,  a  vertical  optical  transition  to  an  Intermediate 
virtual  state  In  the  conduction  band  from  which  they  may 
be  scattered  to  a  real  state  In  the  conduction  band  by 
ahsorptlon  of  an  optical  mode  phonon  of  essentially 
reststrahlen  energy  (.  024  ev).  Transitions  through 
Intermediate  states  In  higher  conduction  bands  are  In¬ 
frequent  because  of  the  large  energy  denominators  for 
such  processes.  This  model  Is  simple  and  consistent 
with  the  various  experiments  on  InSb. 


Clll.  04:001 

Chicago  U.  Committee  on  Math.  Biology,  111. 

MATHEMATICAL  BIOPHYSICS  OF  COLOR  VISION.  U. 
THEORY  OF  COLOR  CHANGES  INDUCED  BY  THE 
ALTERNATION  OF  COLORS  AT  VARIOUS  FREQUEN¬ 
CIES,  by  11.  D.  Landahl.  Feb.  10.  1956,  14p.  Incl. 
diagrs.  (AFOSR  TN  56  267)  (AF  18(600)1454) 

AD  88987  Unclassified 

Also  pUblUtUftLlll  Dull.  Math.  Biophysics,  v.  18:  137 
149,  1956. 

A  model  previously  Introduced  to  account  for  a  number 
of  phenomena  ol  color  vision  Is  studied  for  the  conditions 
m  which  the  alternation  of  colors  Is  periodic.  The  case 
of  three  primary  receptors  having  no  dlflerences  In 
4  their  time  constants  is  considered  for  the  situations 

'  such  as  the  temporal  alternation  ol  two  primaries,  a 

primary  and  a  neighboring  binary,  a  primary  and  white, 
a  binary  and  white,  etc.  Using  the  same  mathematical 
model  which  was  used  to  account  for  the  enhancement 
effect  ol  Interrupted  Illumination,  It  Is  found  )<osslble 
to  account  for  observed  changes  in  hue  In  a  qualitative 
manner.  A  method  is  suggested  lur  measuring  the 
^  color  changes  quantitatively.  This  method  Is  readily 

r  ada;  ted  lor  demonstration  purposes.  The  model  shows 

Hint  there  should  lie  dlflerences  between  "primaries" 
and  "hmarles"  a :th  respect  to  change  In  hue.  In 
I  rmriple.  therein  re,  comparison  between  theory  and 
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Also  published  In  Bull.  Math.  Biophysics,  v.  18:  271- 
315,  1956. 

In  many  biological  situations,  the  net  transport  of 
material  from  one  region  to  another  cannot  be  explained 
by  a  passive  movement  following  thermodynamic  laws. 
The  term  "active  transport"  has  been  appUed  to  such 
cases,  and  Is  discussed  in  this  study.  It  is  pointed  out 
that  a  system  consisting  of  2  solutions  separated  by  a 
membrane  may  be  in  one  of  four  possible  states:  (1) 
transient;  (2)  steady;  (3)  equilibrium;  or  (4)  pseudo- 
equilibrium.  The  latter  state  denotes  that  In  the 
solutions  the  net  flow  of  all  components  Is  zero,  but  at 
least  one  of  the  components  Is  not  In  thermodynamic 
equilibrium.  Transient  and  steady- state  systems  may 
or  may  not  have  active  transport;  thus  only  systems  In 
either  equilibrium  or  pseudoequilibrium  are  considered 
here,  since  the  former  Indicates  that  there  Is  no  active 
transport,  whereas,  In  the  latter  case  there  always  Is 
active  transport.  This  simplifies  the  problem  of  finding 
whether  a  system  does  or  does  not  have  an  active  trans¬ 
port  mechanism,  since  It  Is  frequently  fairly  easy  to 
determine  experimentally  whether  a  system  Is  In  equi¬ 
librium  or  pseudoequlllbrlum.  The  assumption  that 
electric  neutrality  exists  within  very  thin  membranes 
Is  shown  not  be  be  valid;  however,  electric  neutrality 
does  exist  In  the  soluUons  In  a  system  In  a  pseudo- 
equilibrium  state  with  fixed  charges  and  lmpermeatlve 
Ions.  It  Is  then  shown  how  the  presence  and  sign  of  an 
electric  potential  may  be  lound  by  use  of  electroneu- 
trallty.  The  mechanism  of  active  transport  may  re¬ 
sult  from  a  general  force  acting  on  all  particles  of  a 
particular  component  or  to  an  Individual  force  acting 
on  the  Individual  particles  of  a  particular  component. 

A  general  solvent  flow  or  a  diffusion  drag  lorce  Illus¬ 
trates  the  llrst  mechanism,  while  the  second  is  accom¬ 
plished  by  either  a  carrier  or  a  Maxwell  Demon.  The 
Maxwell  Demon  Is  a  hypothetical  mechanism  which 
allows  each  particle  of  A  to  cross  a  potential  harrier 
by  Itself  more  readily  In  one  direction  than  In  the  other. 
It  differs  from  a  carrier  in  that  no  part  ol  it  In  contact 
with  A  moves  while  A  Is  crossing  the  barrier.  The 
Demon  operates  either  by  lowering  the  potential 
harrier  height  for  A,  by  Increasing  A's  S[>eed  of  cross¬ 
ing  the  barrier,  nr  by  modifying  A  so  that  It  can  cross 
the  jxitenlial  barrier  more  readily.  The  general  type 
ol  active  trans|K>rt  has  been  extensively  treated  In  the 
literature,  while  the  Individual  type  has  not  been 
treated  In  a  generalized  form.  Therelore,  the  Hull 
vidua!  type  ot  active  transjuirt  is  discussed  at  length, 
and  a  simple  Illustrative  model  is  Intensively  analyzed. 
Following  this,  there  is  a  discussion  ol  the  Maxwell 
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Demon,  and  some  models  of  it  are  presented.  (Con¬ 
tractor's  abstract,  modifted) 


CHI.  05:001 

Chicago  U.  [Dept,  of  Mathematics]  Ill. 

PROBLEMS  RELATED  TO  CHARACTERISTIC  SUR¬ 
FACES,  by  M.  Rlesz.  Technical  rept.  June  15,  1954, 
26p.  [  AFOSR-TN-54-186]  (AF  18(600)659)  AD  499)2 

Unclas  sifted 

Also  published  In  Proc.  of  the  Conference  on  Differ¬ 
ential  Equations,  Maryland  U.  .College  Park  (Mar.  17- 
19,  1955),  1956,  p.  57-71. 

Multiple  tntegrals  of  the  Rtemann-Ltouville  type  are 
tntroduced  which  depend  on  a  parameter  a  and  whtch 
converge  for  sufftctently  large  values  of  a.  The  Cauchy 
problem  for  the  wave  equatton  with  a  space- like  boundary 
ts  given  by  a  unique  formula  which  ts  the  same  for  odd 
or  even  dimensional  space- lime;  the  formula  implies 
an  analytic  continuation  with  respect  to  a.  After  the 
analytic  continuation  is  carried  out,  quite  different 
formulas  are  obtained  kr  odd  or  even  dltnenstont;  the 
one  relative  to  even  dtmenstons  ts  ruled  by  the  Huygens 
prtnctple.  A  geometrtc  Interpretation  of  the  solution 
Is  given  relative  to  ordinary  4-dlmenstonal  space- ttme. 

A  solution  of  the  wave  equation  ts  given  for  a  very  gen¬ 
eral  class  of  characteristic  boundaries  in  whtch  the 
restrictions  are  of  a  topological  nature.  In  the  3- 
dtmenstonal  case,  a  specialization  of  the  solutton  for¬ 
mula  leads  to  a  case  of  curvatura  Integra  for  twisted 
curves.  A  sequence  of  spectal  functions  ts  constructed 
whose  me. ubers  are  related  to  a  given  Characteristic 
surface  In  the  same  way  as  different  powers  of  the 
Lorentz  distance  are  related  to  a  characteristic  cone. 

An  explicit  solution  is  given  of  the  homogeneous  wave 
equation  which  becomes  infinite  on  the  characteristic 
surface  tn  the  same  way  as  the  classtcal  elementary 
solution  does  on  a  characteristic  cone.  This  provtdes 
a  complement  to  Delassus  theorem.  One  of  the  special 
functions  furnishes  a  formula  of  curvatura  Integra  In  the 
even-dlmenslonal  case. 


CHI.  05:002 

Chicago  U.  [Dept,  of  Mathematics  ]  III. 

ON  CONSERVATION  LAWS,  by  It.  Osborn.  June  15, 

1954.  5p.  (AF  t8(600)659)  ([  AF  OSR-TN- 54  262] 

AD  49911  Unclassified 

A  first  order  quasi-steady  homogeneous  partial  differ¬ 
ential  equation  In  the  Independent  vartables  x1,  1  =-  1, 

....  n.  and  dependent  variables  ul,  J=  1 . p 

Is  a  conservation  law  if  It  Is  of  the  form 

t  • 0 

1-  1 

Since  It  Is  of  Interest  to  know  when  conservation  laws 
can  be  formed  by  linear  combination  of  the  members  of 

100 
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a  given  system  of  partial  differential  equations,  some 
examples  are  given. 


CHI.  05:003 

Chicago  U.  [Dept,  of  Mathematics ]  Ill. 

JORDAN  ALGEBRAS  OF  CHARACTERISTIC  TWO,  by 
E.  C.  Paige,  Jr.  June  15,  1954,  lp.  [AFOSR-TN- 
54  -  263]  (AF  18(600)659)  Unclasslfted 

The  author  has  concluded  hits  Investigations  of  Jordan 
algebras  of  characteristic  two,  and  has  deduced  a 
partial  structure  theory  for  a  spectal  class  of  stmple 
algebras  whtch  are  designated  as  stngle  strtng  con¬ 
nected  algebras.  The  dimensions  and  partial  multipli¬ 
cation  tables  for  these  algebras  were  obtained.  More¬ 
over,  spectal  examples  of  these  algebras  were  dertved 
conststing  of  several  tnflnlte  classes  of  stmple  Jordan 
algebras.  Finally,  in  ftndlng  these  spectal  examples, 
the  author  was  able  to  develop  a  new  proof  for  the 
multilinear  Jo. dan  Identity.  Tills  method  may  also  be 
applied  to  the  proof  of  other  multilinear  Identities,  and 
It  Is  hoped  that  the  author  will  be  able  to  use  it  very 
oooti  lr  lie  study  of  simple  Lie  algebra*  of  character¬ 
istic  p.  (Contractor's  summary) 


CHI.  05:004 

Chtcago  U.  Dept,  of  Mathematics,  ni. 

THE  EXISTENCE  OF  CONSERVATION  LAWS,  by 
H.  Osborn.  Oct.  28,  t954  ,  70p.  (Technical  rept.  no. 
27)  (sponsored  Jointly  by  Office  of  Naval  Research 
under  Nonr-22511  and  [  Air  Force  Office  of  Scientific 
Research]  under  AF  18(600)659)  AD  46283 

Unclassified 

A  first- order  quast-llnear  homogeneous  partial  dif¬ 
ferential  equation  In  the  Independent  vartables  xl, 
t  =  1,  ....  n  and  the  dependent  variables  uJ,  J  -  1,  . . . 
p  ts  said  to  be  a  conservation  law  If  ft  ts  of  the  form 

♦  •••  ♦  JJL 1  *  C 
9*  1  d*n 

for  some  d*  ’vhlch  are  functions  of  x  -  and 

u  =  {UH  •  If  a  Klv*n  system  Is  equivalent  to  a 
system,  one  of  whose  equations  Is  a  conservation  law, 
the  original  system  ts  said  to  contain  the  conservation 
law.  The  problem  is  lhat  of  determining  the  number  of 
conservation  laws  contained  In  a  given  system.  The 
problem  of  when  a  system  Is  equivalent  to  another 
system  ccnststlng  entirely  of  conservation  laws  and  In 
how  many  ways  such  a  representation  can  be  found  Is 
also  treated.  One  result  Is  dial  even  If  those  repre¬ 
sentations  which  can  be  obtained  from  one  another  by 
ltnear  combination  with  constant  coefficients  are  In¬ 
cluded  In  the  same  equivalence  class,  there  Is  still  a 
wide  variety  of  systems  which  can  be  represented  by 
infinitely  many  equivalence  classes.  The  problem  ts 
first  reduced  to  that  of  solving  an  over  determined 
system  of  linear  homogeneous  partial  differential 
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equations.  An  existence  theorem  ts  given  for  thts  sys¬ 
tem  under  certain  lntegrabtllty-condltlon  restrictions. 
The  more  general  problem  ts  then  stated  In  therms  of 
extertor  differential  forms  In  order  to  utilize  the  exis¬ 
tence  theorem  of  E.  Cartan  (Les  systemes  dlff^rentlels 


Systeme  von  Dlfferentlalgletchungen,  Letpztg,  1934). 


(ASTIA  abstract) 


CHI.  06:003 


Chicago  U.  Dept,  of  Mathematics,  HI. 


ALGEBRAS  OF  CERTAIN  SINGULAR  OPERATORS, 


by  A.  P.  Calderdn  and  A.  Zygmund.  Jan.  1956,  17p. 
(Technical  rept.  no.  2)  (Also  bound  with  Its  Technical 
rept.  no.  1;  AFOSR-TN-56-470,  Pt.  I)  ( AFOSR-TN- 
56-470,  Pt.  II)  (AF  18(600)1111)  AD  97354(a) 

Unclassified 


CHI.  06:001 

Chicago  U.  Dept,  of  Mathematics,  HI. 

RESEARCH  ON  THE  HILBERT  TRANSFORMS  AND 
RELATED  TOPICS,  by  A.  P.  Calderbn  and  A.  Zygmund. 
Jan.  1956  [  54  ]  p.  tncl.  refs.  (AFOSR-TN-56-470) 

(AF  18(600)1111)  AD  97354  Unclassified 

Thts  paper  consists  of  three  technical  reports:  (1)  A. 
Note  on  the  Interpolation  of  Subllnear  Operations.  This 
Is  abstracted  as  item  CHI.  06:002;  (2)  Algebras  of 
Certain  Singular  Operators.  Thts  is  abstracted  as  Item 
no.  CHI.  06:003;  (3)  On  Stngular  Integrals.  This  Is  ab¬ 
stracted  as  ttem  no.  CHI.  06:004. 


Also  published  In  Amer.  Jour.  Math.,  v.  78:  310-320, 
Apr.  1956. 

Let  x  =  (C  ,  •  •  • ,  £  n)  be  an  element  of  Euclidean  n- 
space,  and  |x|  =  (Cj2  +  ***  +  Cn2)'A-  Let  K(x)  be  a 
homogeneous  function  of  degree  — n,  such  that  K(Xx)  = 
\"nK(x)  for  every  x  and  every  X>  0,  and  let  J  K(x)do  = 
0,  1  |  K(x)Pdc?  <  ay  p  >  1,  where  the  integrals  are 
taken  over  the  unit  sphere  |  x  |  =  1,  and  do  denotes  the 
area-element.  Then,  according  to  the  previous  work 
of  the  authors  (Acta  Math. ,  v.  88:  85  139,  1952;  Amer. 
Jour.  Math.,  v.  78l  289-309,  1956)  ftir  f  e  Lr  one  can 
consider 

f t(x)  -  J  |  x-y |  >  c  K(*  -  yWy)dy. 


CHI.  06:002 

Chicago  U.  Dept,  of  Mathematics,  111. 

A  NOTE  ON  THE  INTERPOLATION  OF  SUBUNEAR 
OPERATIONS,  by  A.  P.  Calderdn  and  A.  Zygmund. 
Jan.  1956,  8p.  (Technical  rept.  no.  1)  ( AFOSR-TN- 
56-470,  Pt.  1)  (AF  18(600)1111)  AD  97354 

Unclassified 

Also  published  In  Amer.  Jour.  Alath. ,  v.  78:  282-288, 
Apr.  1956. 

Let  (uj,  ilj),  (dj,  be  two  points  of  the  square 
0  \_u  $.1,  0  ijS  1 1.  Let  R  be  a  measure  space  and 
let  T  be  simultaneously  a  bounded  operator  from  L1/u  1 
to  L*  *’ 1  and  from  L1  a2  to  L1  '  ^  defined  on  R  and 
having  the  following  properties,  (a)  If  f  »  fj  ♦  f,  and 

Tfj,  Tfj  are  defined,  then  Tf  Is  defined,  (b)  If  Tf  Is 
leflned  T(kf)  Is  defined  for  any  scalar  k, 

(c)  Tfj  .  Tf2  <  I!  Tf  j  *  Tf2  , 

(d)  T(kf)  |  k  |  •  | !Tf I ! -  Let  T  ,=  M,  for  T  con¬ 
sidered  as  an  operator  from  L*^11 1  to  L*/t* 1,  and 

T  2  m2  for  T  considered  as  an  operator  from 

L1  aJ  to  L1  ‘  2.  Then  If  0  v  t  1,  a  (l-t)u,  . 
tu2,  p  (1  -  t),  j  *  t,  2,  T  Is  also  a  bounded  operator 

from  L1  a  to  L1  *’  with  norm  M  Mj  Tnls 

Is  a  generalization  of  a  theorem  of  M.  Rlesz  (Acta 
Math. .  v.  49  465-497,  1927)  who  proved  the  result  for 
bounded  Lnea  -  operators.  (Math.  Rev.  abstract) 


and  show  that  tt  converges  polntwtse  almost  cerv- 
where,  and  In  the  mean  of  order  r,  as  i  ->  0.  L-  t  ‘he 
limit  be  denoted  by  f.  The  authors  consider  cpero:ors 
K(f)  of  the  form  K(f)  =  of  +  f,  a  being  a  complex 
constant.  Lei  A  be  the  class  of  operators  K  with 
K(x)  In  ClA  for  |  x|  >0,  and  Ap  (p >  1 )  the  class  of  oper¬ 
ators  K  for  which 

<•)  llK||p  -  !a|  eIJ|x(  .  j  |  K(x)|  ^dc  jl/p  <  co¬ 
lt  Is  proved  that  A  Is  closed  under  addition  and  oper¬ 
ator  multiplication,  while  Ap,  with  the  norm  (•),  Is  a 

commutative,  seml-slmple  Banach  algebra,  under 
operator  multiplication.  A  Fourier  transform  of  the 
operator  K  Is  defined,  and  some  of  Its  properties 
estrbllshed.  An  operator  In  A  (or  Ap)  has  an  Inverse 
In  A  (or  Ap)  If  and  only  'J  Its  Fourier  transform  does 
not  vanish.  The  space  of  maximal  Ideals  of  Ap  Is 
homeomorphlc  to  the  sphere  i  1.  (Math.  Rev. 
abstract) 

CHI.  06  004 

Chicago  U.  Dept,  of  Mathematics,  111. 

ON  SINGULAR  INTEGRALS,  by  A.  1\  Calder6n  and 
A.  Zygmund.  Jan.  1956,  28p.  (Technical  rept.  no.  3) 
(Also  bound  with  Its  Technical  rept.  no.  1:  AFOSH-TN- 
56-470,  l*t.  1)  (AFOSH-TN-56-470,  l’t.  HI)  (AF  18 
(600)1111)  AD  97  3  54(b)  Unclassified 

Also  published  In  Amer.  Jour.  Math.,  v.  78:  289-209, 
Apr.  1956. 


■  101 


AIR  FORCE  SCIENTIFIC  RESEARCH 


CHI.  06:005  -  CHI.  06:006 


As  in  a  previous  paper  (Acta  Math.  ,  v.  88:  85-139, 

1952)  the  authors  deal  with  extensions  of  Hilbert  trans¬ 
forms  to  the  n-dlmenslonal  space  En.  Let  x,  y,  x,  •  •  • 
be  vectors  In  the  length  of  x,  and 

M*)=J  |  x-y  |  >e  K(x,y)f(y)dy, 

where  dy  Is  the  element  of  volume  In  En.  The_method 
which  the  authors  use  to  deduce  properties  of  f  c  is 
entirely  different  from  their  previous  procedure.  It  Is 
based  on  the  classical  theory  of  Hilbert  transforms  In 
Ej  (where  the  kernel  K(x,y)  Is  ir"'(x  -  y)-l);  and  It 
yields,  except  for  some  cases  Including  f  c  L,  their 
previous  results  under  far  less  restrictive  assumptions. 
In  Theorem  1,  the  kernel  Is  K(x,y)  =  N(x  —  y),  where 
N(x)  Is  homogeneous  of  degree  -n;  In  Theorem  2, 

K(x,y)  =  N(x,x-y),  where  N(x,y)  Is  homogeneous  In  y; 

In  Theorems  3  and  4,  K=  N(x,  x- y)<|'(|  *—  yl  ).  where 
Jr(t)  Is  an  even  or  odd  Fourler-Stleltjes  transform,  while 
N(x,  y)  Is  odd  or  even,  respectively,  and  homogeneous 
In  y  and  Its  modulus  Is  majorlsed  by  a  homogeneous 
function  F(y).  In  each  case,  f(x)  £  LP,  and  N  satisfies 
some  condltlons  of  lntegrablllty.  Then,  as  In  the 
classical  case,  fe(x)  tends  to  a  function  f(x)  both  In  the 
mean  of  order  p,  and  polntwlse  almost  everywhere,  as 
t  ->  0,  provided  that  p  exceeds  1  and  Is  subject  to  some 
further  restrictions  In  Theorems  2  and  4.  Again 
r°°  (supi  ft  (X)l  )Pdx  g  AP  f00  |f(x)]pdx, 
i  .  t  "  J-on 

where  A  Is  Independent  of  f(x).  Two  other  kernels  are 
dealt  with  In  Theorems  6  and  7,  while  In  Theorem  5  the 
convergence  to  f,  In  the  mean  of  order  p,  of  the  spheri¬ 
cal  means  of  order  '/in  (n  -  1)  of  the  Fourier  Integral 
representation  of  f<  l.p  (n  variables,  n  odd;  1  <  p  <  2)  Is 

stated,  which  Is  proved  at  the  end  of  the  paper.  First 
the  Theorems  3,  4,  6  and  7  are  deduced  from  the 
classical  case  and  by  Interesting  technique;  while  the 
proofs  of  1  and  2  are  more  complicated:  they  depend  on 
vector  valued  functions  and  are  hased  on  theorems  3  and 
4  and  on  the  transforms 

H(x-y)F(y)dy,  "  .  H(x-y)F(y)d(|y|)dy, 

J  ,  x-y |  -  1 x - y |  > t 

where  H(x)  Is  the  (vector  valued  and  odd)  ltlesz  kernel 
R(x)  T'''(n  *  1)  r  ('in  «  'i)x|  x|  n‘*,  F(x)  Is  even, 
homogeneous  and  satisfies  some  condition  of  Integra 

blllty,  and  where  ^  (1)  (0  _ t  )  Is  some  continuously 

differrntlable  function.  (Math.  Rev.  abstract) 


C1U.  06:005 

Chicago  U.  lXqit.  of  Mathematics,  111. 

PRIMITIVE  OPERATORS  OF  DEFICIENCY  (m,  in),  by 
11.  L.  Hamburger,  A.  tlrowr.,  and  S.  Sternberg. 
Technical  rept  July  1956,  59p  (AFOSll  TN  56  500) 
(AF  18(600)1111)  AD  110315  Unclassified 

The  following  topics  are  discussed.  Notations:  Pre 
ltmlnarles;  linear  transformations  and  their  graphs; 
elementary  combinations;  Inverse  of  linear  Iransforma 


tlons;  matrix  representation  of  a  closed  operator;  an 
example;  spectrum  and  resolvent;  deficiency  Indices 
of  a  Hermltlan  transformation;  extensions  cf 
Hermltlan  operators  and  the  Cayley  transform;  the 
spectral  theorem.  Problem:  when  a  given  self- 
adjoint  extension  of  a  closed  Hermltlan  transformation 
with  deficiency  Indices  (m,m)  has  a  spectrum  con¬ 
sisting  only  of  Isolated  eigenvalues;  some  fundamental 
relations;  Hermltlan  contractions;  necessity;  suf¬ 
ficiency;  a  supplementary  theorem;  on  prescribing  the 
eigenvalues  of  a  self-adjoint  Hermltlan  operator,  H. 


CHI.  06:006 


Chicago  U.  [  Dept,  of  Mathematics  ]  111. 

ON  A  THEOREM  OF  MARCINKIEWICZ  CONCERNING 
INTERPOLATION  OF  OPERATIONS,  by  A.  Zygmund. 
[  1956]  [  26  ]p.  lncl.  refs.  r  AF  18(600)1  111] 

Unclassified 


Published  In  Jour.  Math.  Pures  Appl.,  v.  35:  223-248, 
1956. 


To  M.  Rlesz  and  G.  O.  Thorln  (Thorln,  Kungl.Fyslogr. 
SSllsk.  1.  Lund  Forh.  ,  v.  8:  166-170,  1938)  Is  due  the 
following  theorem.  Let  T  be  a  linear  bounded  operator 
from  La(p)  to  Lb(v),  ||fi|a>(l  -  f  K I  f  I  adu  j1/a  and 
Ma  jj  Its  bound.  Then  the  assertion  Is  that  If  T  Is  a 
bounded  operator  for  aj,  bj  and  a2,  b2,  then  It  Is  a 
bounded  operator  for  a3,  bj,  where 


1_ 

a3 


rL 

a2  b3  b]  b2 


M 


J3b3 


M 


;llbl 


Oelow  Is  given  the  definition  of  "weak  boundedness" 
(reviewer’s  term)  which  Is  such  that  If  T  Is  weakly 
bounded  for  a(,  bj  and  for  a2,  b2>  tlien  T  Is  bounded 

for  a3,  b3  given  as  above.  In  tills  case  T  may  not  even 
be  linear,  but  satisfy  only  ||T(fj  ♦  f2),i  i  k(| | Tf j| [ 

♦  ! Tf 2  ),  k  Independent  of  f(.  Also 

Ma^>3  ±  KMa1b1tMa2h2'  where  K  depends 
only  on  a(,  b(,  k  and  stays  bounded,  If  t  stays  away 

from  O  and  1.  This  Is  the  theorem  of  Marclnklewlcx  In 
a  form  given  and  proved  In  this  paper.  It  remains  to 
give  the  definition  of  weak  boundedness.  T  will  be 
called  weakly  bounded  with  respect  to  a,  b.  If  there 
exists  an  Mab  such  that 


*{t|  i  Tf(i)i  >  y}  ;  (M„(  f.  a  y)b. 


Numerous  corollaries  are  given,  especially  some  to 
spaces  whose  norm  Is  of  the  form  j  ,(,  f  i  )dx,  and  to 
Fourier  expansions  Into  orthonormal  series.  If  T  Is  a 
Hilbert  transform,  '.tien  K  Is  well  known,  that  11  Is 
bounded  p,  p  for  all  p  :•  1.  It  Is  Interesting  to  note 
that  It  Is  weak.  t>ounded  1,  1.  (Math.  ltev.  abstract) 
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CHI.  08:007  -  CKI.  08:002 


Cffl.  06:007 

Chicago  U.  [Depl.  of  Mathematics]  III. 


Theoretical  applications  of  rectangular  and  Abel 
methods  of  summation  are  considered  with  respect  to 
multiple  Fourier  series  and  power  series. 


ON  THE  LITTLEWOOD-PALEY  FUNCTION  g»  (6),  by 
A.  Zygmund.  [Feb.  10561  [5]p.  (AF  18(600)1111) 

Unclassified 


Published  In  Proc.  Nal’l.  Academy  Sciences,  v.  42: 
208-212,  Apr.  1956. 

Lei  <}>  (z)  =  Z^*  cnzn  be  regular  for  |  z  |  <1  and  of 

class  h\  0  <  X,  and  6(e10)  =  Urn  $(re10).  Let 
1  r  -»  1 

0na(6)  be  the  nth  (C,  a)  mean  of  the  series  Z^  cneln0 
and  lei 


Ma(f)=  Ma(f(0  ))  =  |  (2m)-1 


u(9)  iadQ  ]i/a. 


Among  the  functions  concerning  which  Integral  In¬ 
equalities  are  obtained  are  the  following: 

g*(0)  =  {  J1  (i  -e)  x2<e,  e >d 
x(^,  e)  =  (  -1-  rl  C1  -e2)l^'(gg1^9t'))l2di} " 

l  2n  0  (1  -  2p  COS  t+l2)  J 


where 


el<9+‘> 

(1  -  2g  cos  t+12) 

Among  the  new  Inequalities  obtained  are 


CM.  07:001 

Chicago  U.  Depl.  of  Mathematics,  Ill. 

SOME  ALGEBRAIC  ASPECTS  OF  LOGIC,  by  M.  H. 
Stone.  Technical  rept.  July  1,  1955- June  30,  1956. 
Sepl.  1956,  78p.  refs.  (AFOSR-TN-56-434)  (AF  18- 
(600)1125)  AD  96517  Unclassified 

An  analysis  Is  made  of  those  algebraic  aspects  of 
logic  which  may  conveniently  be  studied  In  terms  of 
certain  free  algebras,  with  emphasis  on  the  algebraic 
treatment  of  lhe  predicate  calculus.  The  symbolism 
employed  Is  essentially  that  Introduced  by  E.  L.  Post 
(Amer.  Jour.  Math.  ,  v.  65:  197-215,  1943).  A 
method  Is  given  for  constructing  algebras  of  arbitrary 
type  generated  by  an  arbitrary  number  of  elements. 
Each  algebra  Is  obtained  as  a  homomorph  of  a  free 
algebra  of  the  same  nature.  The  analysis  Is  completed 
by  an  Isomorphism  theorem  which  shows  that  any 
algebra  whatever  Is  Isomorphic  to  such  a  canonical 
algebra. 


Cm.  08:001 


Mu(g*)  1  A^M,(f(eie))  (O  <  U  <  1), 


Chicago  U.  Dept,  of  Mathematics,  111. 


Mj(g* )  ^  A  ['jjTT$(e13)|log*|$(e10)|dd  (B, 

where  In  the  last  relation  It  Is  assumed  that  $  belongs 
to  H  log+  11.  Also  obtained  are  the  Inequalities 

M Vl  [  y  ]  (C{>),  a  =  X  - 1  -  1  (0  <  X  L  1), 

MXfy1  <  Cx  |  "2n  |<f(e1J)|  logM<j>(el0)|d0  *  lj  l/ 
for  ill  log*  H,  which  have  also  been  observed  by 

Sunouchl  ( Tohoku  Math.  Jour.,  v.  7:  96-109,  1955  ). 
These  are  applied  to  partially  settle  the  conjecture  of 
the  author  ( I  roc.  London  Math.  Soc. .  v.  47:  326  350, 
1942  )  that  supr  1  r  r“(u  )  |  Is  In  L^  for  0  <.  X  _  '»  for 
4  In  11*  log*  H.  The  case  '»  •  X  <  1  remains  open. 
(Math.  ltev.  abstract) 


CU1.  06:008 

Chicago  U.  Dept  of  Mathematics,  111. 

FOURIER  SERIES  AND  POWER  SERIES  IN  SEVERAL 
VARIABLES,  by  A.  Zygmund  July  1956,  13p. 

(Do mid  til  Cornell  L'.  Dept,  of  Matli. ,  ltliaca,  N.  Y. 
Final  tech  rept  on  the  Symposium  on  Harmonic 
Analysis  and  Related  Integral  Transforms,  Volume  H; 
AF  18(600)12))  (AF-  18(600)1111)  Unclassified 


SLIDE  AND  TORSION  PRODUCTS  FOR  MODULES,  by 
S.  MacLane.  Oct.  1956  [29]p.  (AFOSR-TN- 56-488) 
(AF  18(600)1383)  AD  110303  Unclassified 

Also  published  In  Unlv.  e  Polllec.  Torino.  Rend.  Sem. 
Mat.  ,  v.  15:  281-309,  1955-56. 

A  direct  definition  of  the  functor  Tor  (C ,  G)  by  gener - 
ators  and  relations  Is  compared  with  that  Introduced 
by  Cartan- Ellenberg  who  defined  Torf)  (C,G)  as  the 
nth  homology  group  with  coefficients  In  G  of  an  arbi¬ 
trary  free  resolution  of  the  module  C.  This  Invariant 
definition  Is  an  application  of  the  method  used  In  finding 
generators  for  the  group  Tor  (C,G)  which  repairs  an 
Inexact  sequence  by  describing  the  sources  of  In¬ 
exactitude  by  generators  and  relations.  With  lhe  aid 
of  new  slide  products,  a  functor  Is  defined  which  satis 
Res  an  exact  sequence  theorem  and  coincides  with  the 
n'h  torsion  product  rf  C  and  G.  Some  examples  and 
problems  were  formulated  concerning  the  possible  In¬ 
dependent  Interest  '’elated  lo  the  slide  products  them¬ 
selves. 

CHI.  08:002 

Chicago  U.  Dept,  of  Mathematics,  111. 

SOME  THEOREMS  AND  l’RODLEMS  ON  EXTENSIONS 
OF  ABELIAN  GROUPS]  Quelques  th£oremes  et 
problemes  Bur  le  groupe  des  extensions  des  groupes 
abillens,  by  S.  MacLane.  May  7,  1956,  1 2p. 

AF  18(600)1383  Unclassified 
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CHI.  08:003  -  CHI.  10:001 


Present.*!  at  the  Algebra  Seminar  of  the  Sorbonne, 

Paris  (France),  May  7,  1956. 

A  number  of  theorems  and  problems  on  extensions  of 
abelian  groups  are  presented.  The  following  are  con¬ 
sidered:  (1)  construction  of  the  extensions;  (2)  the  group 
of  extensions;  (3)  the  series;  (4)  the  theorem  of  Nunke; 

locally  common  extensions;  (6)  double  series  of 
groups;  and  (7)  the  stmeture  of  extensions  for  primary 
groups. 


CHI.  08:003 

Chicago  U.  Dept,  of  Mathematics,  Ill. 

l  HuMuLGGY  uF  hlNGS  AMD  MOlA/LEh  j  Homologle 
des  anr-.eaux  et  des  modules,  by  S.  MacLane.  June  1956, 
26p.  Incl.  refs.  [  AF  18(600)1383  ]  Unclassified 

1  ublldlunl  in  Cottutfoe  dv  Tupulogla  Algfebrlqiie,  56  -  ho , 
June  11-13,  1956. 

Study  Is  made  of  the  extensions  of  various  algebraic 
structures  for  which  there  exists  a  theory  of  homology 
and  cohomology.  Attention  Is  focused  on  rings  and 
modules.  Several  theorems  are  discussed  and  a  number 
of  problems  are  analyzed. 


CHI.  09:00t 

Chicago  U.  [  Enrico  Fermi  Inst,  for  Nuclear  Studies,  111. 

NEGATIVE  1’ION  ACTIVATION  OF  DltOMINE,  by 
T.  T.  Suglhara  and  W.  E.  Lihby.  1952  ]  (  2  ]  p.  lncl. 
tables.  AF  33(038)t 80t 3  ,  Unclassified 

FubllaUedin  1-hys.  ltev.  .  v.  88:587-588.  Nov.  1,  1952. 

Radlocnemlcal  studies  of  the  reactions  of  r' mesons 
with  bromine,  silver,  and  the  light  elements  present  In 
photographic  emulsions  should  assist  considerably  In 
the  Interpretation  of  data  obtained  with  photographic 
plates.  The  results  for  bromine  with  t'zl-Mev  negative 
pious  expending  their  full  range  In  the  e'ement  Include: 
Peak  yield  of  about  7  percent  for  A s  b  (ejection  of  1 
proton  and  2  or  4  neutrons  depending  on  which  Dr  Iso- 
tofie  absorbs  the  plon);  the  ra’ln  ol  number  of 
neutrons  to  the  number  of  protons  ejected  was  three  to 
four  In  the  most  probable  cases,  the  distribution  of 
radioactivities  appears  to  be  reconcllahle  with  photo 
graphic  plate  data  if  one  guesses  that  the  silver  data 
will  resemble  those  for  bromine.  (Contractor’s  ab¬ 
stract) 


Clll.  09:002 

Chicago  l  Enrico  Fermi  Inst  for  Nuclear  Studies  111. 

NATUKAl.  TRITIUM  ASSAY.  ROUTINE  METHOD  FOR 
Atl.Sdl.UTE  ASSAY  OF  11  ET  A  RADIO  ACTIVITY.  AND 
THE  REACTIONS  OF  NEGATIVE  IT  MESONS  WITH 
Et.EMENTAllY  llltOMINE,  by  W.  E  l.tbby  Final 
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repl.  Dec.  1,  1952,  107p.  lncl.  dlagrs.  tables,  refs. 
(AF  33(038)18013;  continued  by  AF  18(600)564) 

AD  13700  Unclassified 

In  this  study,  the  abundance  of  H3  (tritium)  In  natural 
waters  Is  determined.  It  is  pointed  out  that  about 
200  g  of  H3  appear  to  be  present  In  the  atmosphere  at 
any  given  time.  Some  15  kg  are  estimated  to  make  up 
the  total  world  assay.  It  Is  suggested  that  the  H3  In 
the  atmosphere  offers  a  means  of  dating  trganlc 
materials  on  a  12.  5-yr  halflife  basis.  A  routine 
metnod  Is  described  for  obtaining  an  absolute  assay  ol 
P  "radioactivities”,  which  are  pure  p  emitters  and  do 
not  emit  y  radiations  or  possess  complicated  decay 
spectra.  An  error  of  not  more  than  5  -  10%  Is  ex¬ 
pected.  Reactions  Involving  the  emission  of  neutrons 
art  measured  U  dutidale  Hie  l  eltUuni  ol  t< 
with  photographic  plate  materials.  Br  Is  Irradiated, 
and  radioactivities  are  produced  for  Se,  As,  Ge,  Ga, 
and  Zn.  Absolute  yields  of  the  elements  are  deter- 
hAned  t,  f  assays,  Mid  «.  atscAit*.  mc*M*eTi<erA  ot 
the  number  of  mesons  entering  the  Br  target  ts  made. 
Measurements  Indicate  that  neutron  emission  Is  more 
probable  than  charged- particle  emission.  For  Br, 
the  most  probable  occurrence  Is  the  emission  of  about 
3  neutrons  and  1  proton  which  corresponds  to  a 
mountain  peak  on  the  yield  map  at  a  height  of  about  8%. 
The  slope  of  the  yield  peak  is  steep  tn  all  directions 
from  the  peak.  The  lowest  slope  corresponds  to  about 
3  neutrons  for  each  proton.  (ASTIA  abstract,  modi¬ 
fied) 
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THE  1’OTENTIAI,  USEFU1.NESS  OF  NATURAE 
TRITIUM,  by  W.  F.  l.lbby.  (1953  )  5p.  refs. 

(AF  18(600)564;  continuation  of  AF  33(038)18013) 

Unc  lasstfled 

Alt»  SUbll6!l£d  In  l’roc.  Nat’l.  Acad.  Sciences,  v.  39- 
24  5,  1953. 

11  has  been  established  that  rainwater  contains  tritium 
(T)  In  amounts  corresjwndlng  to  values  ranging  from 
5  x  10- 18  up  to  40  x  tO  18  T  atoms/ 11  atom.  In  this 
study,  the  possible  applications  of  natural  T  measure 
mente  are  considered.  They  Include:  (1)  age  estlma 
Hon  of  rain  and  agricultural  products;  (2)  hydrology 
and  identification  of  water  sources:  (3)  meterology  and 
test  of  vertical  mixing  in  air  masses  and  source  of  the 
moisture  in  air  masses;  and  (4)  rate  of  escape  of  lie3 
(the  isotope  formed  by  T  during  its  radioactive  decay) 
from  the  earth's  atmosphere  An  equation  Is  present 
ed  for  determining  the  residence  lime  of  sea  moisture 
air  masses.  It  ts  expressed  as:  ,  (T,  )  470  Qt, 

where  ,  is  the  moisture  content  of  the  air  masses  (a  sq 
cm).  T,  ts  the  tritium  content  of  the  rain  (10  18  T 
atoms  11  atom).  Q  Is  the  tritium  production  rate 
(T  atoms  '  sq  cm  sec),  and  t  is  the  time  (yr)  spent  by 
the  moisture  In  the  air  mass  since  it  left  Uie  ocean. 
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Chicago  U.  [Enrico  Fermi]  Inst,  for  Nuclear  Studies,  Ill. 

RESEARCH  TO  ASSAY  RAIN  AND  SURFACE  WATER 
FOR  NATURAL,  TRITIUM  CONTENT,  by  W.  F.  Libby. 
Final  rept.  June  1,  1954,  26p.  lncl.  tables,  refs. 

([  AF]OSP-TN-54-142)  (AF  18(600)564)  AD  34458 

Unc  lasslfted 

The  method  used  (or  the  quantitative  measurement  of 
tritium  In  natural  waters  consisted  of:  (1)  electrolytic 
concentration  of  water  samples;  (2)  measurement  of  the 
deuterium  concentration  In  the  final  product;  and  (3)  de¬ 
termination  of  the  tritium  content  of  the  concentrate  by 
placing  It  as  gaseous  !1  In  a  Geiger  counter.  The  re¬ 
sults  obtained  are  expressed  as  units  of  the  number  of 
tritium  atoms/1018  H  atoms  present  In  the  original 
sample.  The  data  obtained  were  In  accord  with  an 
average  cosmic-ray  production  rate  of  about  0.  14 
tritium/ sq  cm/sec.  Essentially,  all  of  this  tritium 
Is  passing  Into  water  without  decaying  Into  He,  and  the 
trlllated  water  Is  ruined  out  and  goes  Into  the  sea.  The 
average  tritium  content  of  oceanic  rain  appeared  to  be 
about  1;  the  continental  rains  have  higher  assays.  The 
Mississippi  Valley  shows  about  6,  and  the  western 
coasl  of  Europe  shows  about  2.  5.  Changes  In  the 
natural  tritium  manufacturing  rate  are  discussed  in  re¬ 
lation  to  old- water  examination.  Accumulation  of  He3 
In  the  atmosphere  from  the  decay  of  cosmic- ray  tritium 
Indicated  that  He  must  leave  the  earth  In  a  time  not  in 
excess  of  about  50,000,000  yr. 
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NATURAL  DISTRIUUTION  OF  COSMIC-RAY- PRODUCED 
TRITIUM  II,  by  II.  von  Dultlar  and  W.  F.  Libby. 

Nov.  1954,  33p.  lncl.  tables.  (  AF  ]OSH-TN-54-338) 
(AF  18(600)564)  AD  5U9H3  Unclassified 

Also  published  In  Jour,  lnorg.  and  Nuclear  Client. , 
v.  1:  75-91,  Mar.  1955. 

The  measurement  of  the  abundance  of  tritium  in  natural 
waters  has  been  continued  during  the  last  eighteen 
months.  The  method  used  consists  of  the  electrolytic 
concentration  of  the  water  samples,  the  measurement 
of  the  deuterium  concentration  in  the  final  product  from 
which  the  enrichment  factor  for  any  trlllum  present  In 
the  original  sample  car,  be  calculated,  follow?!  by  the 
determination  of  the  tritium  content  of  the  concentrate 
by  piui  lng  It  as  gaseous  hydrogen  In  a  Geiger  counter. 

It  Is  shown  that  the  data  are  in  agreement  with  an  aver 
age  cosmic  ray  production  rate  of  about  0.  K  tritium 
atoms  cm*  sec  of  the  earth's  surface  on  the  assump 
tton  that  essentially  all  of  tins  tritium  passes  Into 
water  wtthout  decaying  Into  helium,  anl  the  titrated 
water  Is  precipitated  out  and  goes  Into  (he  sea.  The 
average  tritium  content  of  oceanic  ratn  appears  to  te 
about  1  trtttum  atom  per  1018  hy'  ,-ogen  atoms,  whereas 
the  continental  rains  have  htghei  assays.  The  great 
Mississippi  Valley  shows  abaut  6.  The  western  coast 


of  Europe  runs  about  2.  5.  Several  hot  springs  have 
been  tested  and  most  found  to  be  rain  water.  Tests  on 
wells  agreed  with  expectations.  As  yet  there  Is  no 
significant  meterological  understanding  of  the  erratic 
fluctuations  In  the  tritium  assays  for  rain  In  a  given 
location.  It  probably  Is  due  to  variation  In  air  mass 
trajectories,  origins,  and  water  contents.  (Con¬ 
tractor’s  abstract) 


CHI.  10:004 

Chicago  U.  [  Enrico  Fermi]  Inst,  for  Nuclear  Studies, 
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THE  NATURAL  DISTRIBUTION  OF  TRITIUM,  by  S. 
Kaufman  and  W.  F.  Libby.  [  1954  ]  8p.  lncl.  dlagr. 
tables.  [  AF  18(600)564  ]  Unclassified 

Published  In  Phvs.  Rev.,  v.  83:  1337-1344.  Mar.  15, 
1954. 

The  abundance  of  cosmic -ray-produced  tritium  has 
been  measured  In  a  variety  of  natural  waters  In  the 
Mississippi  Valley,  the  Chicago,  Ill.  area,  and  In  a 
few  places  elsewhere  In  the  northern  hemisphere. 
Contents  ranglnr  between  0.  5  and  67  tritium  atoms  per 
1018  hydrogen  atoms  have  been  found.  These  corre¬ 
spond  to  an  average  cosmic- ray  production  rate  of 
about  0.  12  tritium  atoms/cmVsec  If  the  total  rate  o/ 
transfer  of  tritium  Into  the  oceans  by  oceanic  rain  and 
snow  and  by  rivers  carrying  continental  water  Is  taken 
as  being  equal  to  the  total  production  rate.  This  Is 
equivalent  to  assuming  short  land  storage  time  In  terms 
of  eighteen  years,  the  tritium  average  life.  This  pro¬ 
duction  rale  corresponds  to  an  Inventory  of  about  1800  g, 
with  only  about  one  percent  of  this  In  the  atmosphere. 
The  trttlum  contents  of  vintage  wines  appear  to  agree 
with  the  time  el  used  since  bottling.  Indicating  the 
tritium  abundances  over  the  last  eighteen  years  to  have 
been  essentially  equal  to  the  present  ones.  Some  of 
the  possible  applications  of  natural  tritium  to  problems 
of  hydrology  and  meterology  are  discussed.  The  pres¬ 
ent  production  rate  for  trltl-m  corresponds  to  an  He3 
escape  rate  from  the  earth  of  about  5  x  10  years  or 
less.  (Contractor's  abstract) 
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Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  111. 

CONTINENTAL  WATER  BALANCE,  GROUND  WATER 
INVENTORY  AND  STORAGE  TIMES,  SURFACE  OCEAN 
MIXING  RATES  AND  WORLD-WIDE  WATER  C1RCULA 
TION  PATTERNS  FROM  COSMIC  RAY  AND  BOMB 
TRITIUM,  by  F.  Begemann  and  W.  F.  Libby.  Nov.  15, 
1956  [33,p.  lncl.  dlagrs.  tables,  refa.  (AFOSR-TN- 
56-561)  (AF  18(600)564)  AD  110381  Unclassified 

Also  published  in  Geochinilca  et  Cosmochtmlca  Acta, 
v.  12:  277- 296,  1957. 

The  trttlum  (T)  produ.  ^d  during  the  Castel  Operation 
In  the  spring  of  1954  was  used  to  study  the  ctrculatory 
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rates  of  waters  In  the  Northern  Hemisphere,  particu¬ 
larly  In  the  northern  Mississippi  Valley.  Observations 
indicated  thal  rains  following  the  Castle  Operation  were 
lower  In  T  content  than  the  ground  water,  and  this  dif¬ 
ference  revealed  that  about  67%  of  the  rain  in  the 
Mississippi  Valley  Is  ocean  water  and  about  33%  re¬ 
evaporated  ground  water.  The  total  Inward  transport 
of  ocean  waler  was  calculated  as  about  1.  00  m/yr. 

The  average  T  residence  half-life  was  delermtned  as 
6  yr  on  continental  North  America.  Waler  from  the 
oceans  slays  an  average  of  15  yr  In  the  northern 
Mtsstsstppt  Valley.  Data  on  the  northern  Mississippi 
Valley  Indicated  thal  aboul  8  m  of  ground  water  are 
available  for  mixing  wtth  the  rainfall,  about  0.  28  m  of 
-valer  runs  off  annually  tn  rtvers,  and  0.  24  m/yr  Is 
carried  back  lo  the  oceans  by  winds.  The  almosphertc 
residence  time  for  the  Castle  T  was  aboul  40  days. 
Evidence  suggests  thal  the  residence  time  for  mixing  of 
water  above  and  below  the  thermocltne  may  be  as  short 
as  5  yr.  The  direct  measurement  of  T  production  cross 
sections  and  calculation  of  Q  from  cosmic  ray  Intensities 
predict  that  the  average  cosmtc-ray  production  rale  for 
T  ts  0.  7  T-atoms/sq  cni/sec  averaged  over  the  whole 
world,  the  Intensity  varying  strongly  as  the  costne  of 
the  lalttude  with  a  factor  of  4  tn  lntenstty  between  the 
equator  and  the  poles.  Studies  of  the  ctrculatory  pat¬ 
tern  of  hoi  sprtngs  showed  thal  the  sprtng  water  ts 
mainly  rainwater  whtch  was  stored  for  brief  periods. 
(ASTI A  abstract) 
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Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  111. 

DI ST ttl BUTION  OF  ARTIFICIALLY  PRODUCED 
1UTIUM  IN  NATURE,  by  F.  Begemann.  [  1956’  (6]p. 

Uagrs.  table.  [  AF  18(600)564  J  Unclassified 

i_UUi  d  In  Proc.  Second  Conference  on  Nuclear 
l’roce-  s  in  Geologic  Sellings,  July  31,  1956,  p.  166- 
171. 

Previous  detailed  measurements  on  the  occurrence  of 
tritium  tn  nature  had  shown  that  there  was  an  equlllb 
rlum  amount  of  about  t800  g  of  cosmic  ray-produced 
trttlum  present  on  the  earth.  As  a  consequence  of  the 
lest  of  thermonuclear  weapons  In  the  Pacific  tn  Spring 
1954,  the  situation  has  changed  completely.  Now  the 
equilibrium  amount  of  tritium  produced  by  cosmic 
radtatlon  Is  onty  about  10%  of  the  total  trttlum  present 
on  the  earth.  In  the  basic  nuclear  reactions  leading  to 
the  production  of  thts  "excess  tritium, "  It  Is  produced 
as  atomte  tritium.  Immediately  following  tn  the  more 
moderate  temperature  zones  of  the  fireball  of  the  ex 
ploston,  11  is  burned  completely  to  HTO.  The  further 
history  of  the  tritium  Is  that  of  the  water  vapor  In  the 
atmosphere.  11  wilt  be  carrted  around  the  earth,  dis¬ 
tributed  more  or  less  homogeneously  tn  the  northern 
hemisphere,  and  finally  ratned  out  of  the  atmosphere 
and  carried  Into  the  oceans. 

C1U.  !  t:00t 
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DIRECT  PRODUCTION  OF  RADIOACTIVE  ALlPhATIC 
HYDROCARBONS  BY  PILE  IRRADIATION,  by  A.  G. 
Schrodl  and  W.  F.  Libby.  May  5,  1954  ,  3p.  lncl. 
table.  (Technical  nole  no.  1)  ([  AFlOSR-TN-54-121) 
(AF  18(600)663)  AD  106914  Unclassified 

Alan  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  78: 
3100,  June  5,  1954. 

A  5- mole  solution  of  aniline  In  normal  penlane  was 
enclosed  In  a  quarlz  tube  and  Irradiated  In  the  heavy- 
waler  pile  al  the  Argonne  National  Lab.  for  one  week 
ala  flux  of  1011  neulrons/cm^/sec.  The  Irradiation 
yielded  radiocarbon  in  the  form  of  normal  pentane 
(25%),  lsopeniane  (less  than  1%),  hexane  (15%),  and 
heavier  hydrocarbons  (remainder).  Stmtlarly,  radio¬ 
active  hydrocarbons  were  produced  by  irradiation  of 
ethyl  amine  In  pentane.  It  ts  concluded  thal  a  hlgh- 
veloclty  C14  on  colliding  with  the  liquid  altphallc  hydro¬ 
carbon  has  a  good  chance  of  entering  the  chain.  The 
possibility  Is  mentioned  thal  thts  process  could  also 
serve  lo  Introduce  hydrocarbons  into  heavy  lubricating 
oils. 


CHI.  11:002 

Chicago  U.  Enrico  Fermi  lnsl.  for  Nuclear  Studies,  Ill. 

HOT  ATOM  CHEMISTRY  OF  CARBON,  by  A.  G. 

Schrodt  and  W.  F.  Ltbby.  Dec.  1954  [36]p.  lncl. 
dlagrs.  tables,  refs.  ([  AF  ]OSR-TN-54-368) 

(AF  18(600)863)  AD  53028  Unclassified 

The  reactions  of  radioactive  C*4  atoms  moving  wtth 
the  high  velocities  corresponding  to  energies  up  to 
40,000  ev  were  studied  In  PhNHj,  CgHg,  CjHjj, 

MeOH,  l'h^N,  PhNHj,  HF.  EtNHj,,  and  MeNlij.  HF, 

all  at  room  temperature.  The  hot  C14  atoms  were 
generated  by  the  reaction  of  thermal  neutrons  with  N14 
and  N*4(n,p)Cf4.  For  hydrocarbons  not  containing  N, 
about  5  mol-%  of  a  nitrogenous  material,  such  as 
PhNHj.  was  dissolved  in  the  hydrocarbon  and  the  solu¬ 
tion  Irradiated  and  studied.  The  nature  of  the  C  hot 
atom  reactions  was  essentially  Independent  of  the  choice 
of  nitrogenous  solute.  The  radioactive  C  atoms  were 
Incorporated  Into  the  solvent  molecule  In  htgh  yields 
in  the  case  of  saturated  compounds,  such  as  CjHj2 
for  whtch  about  25%  of  the  radiocarbon  appeared  as 
C 5H 1 21  while  the  aromatic  compounds,  such  as  CgHg 
and  l’hNIIj,  gave  low  yields  of  1  or  2%.  In  all  cases  a 
variety  of  products  differing  from  the  molecules  struck 
by  the  high- velocity  C  atom  were  produced,  ranging 
from  light  gases  to  heavy  molecules,  with  a  tendency 
lo  yield  heavy  materials  In  the  case  of  aromatic  com¬ 
pounds  and  solid  phases.  In  the  case  of  aliphatic 
hydrocarbons,  the  radical  produced  by  the  collision 
stopptng  the  C,4alom  ts  not  so  reaettve  and  merely 
combines  with  the  netghbortng  C*4  atom  resulting  from 
the  coltlston  and  reforms  the  original  molecule  with 
high  yteld.  Oth:ri  processes  also  occur  tn  tower  ytetd, 
resulting  In  a  wide  distribution  tn  molecular  weights 
peaked  a,  the  parent  motecute. 
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NATURAL  RADIOACTIVITY  OF  RHENIUM,  by  A.  D. 
Suttle,  Jr.  and  W.  F.  Libby.  Aug.  1,  t954  [  2  ]  p. 

[  AF  18(600)663  ]  Unclassified 

Published  in  Phvs.  Rev.,  v.  95:866-867,  Aug.  t,  t954. 

Gaseous  compounds  of  rhentum  such  as  rhenium  oxy¬ 
chloride  and  rhenium  hexafluoride  are  considered  use¬ 
ful  In  proportional  counters  to  determine  the  half-life 
and  the  energy  of  radiation  of  rhenium.  Reference  Is 
made  to  the  shell  model  and  beta  decay  systematlcs 
which  Imply  that  Rn187  should  have  an  ft  value  of  about 
10t0  and  be  only  first- forbidden  with  a  spin  change  of  2. 
This  Indicates  that  a  one-kev  transition  could  corre¬ 
spond  to  a  half-life  of  about  t0'**  years. 

Cm.  tt:004 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  111. 

ABSOLUTE  ASSAY  OF  BETA  RADIOACTIVITY  tN 
THICK  SOI  JDS.  APPLICATION  TO  NATURALLY 
RADIOACTIVE  POTASSIUM,  by  A.  D.  Suttle,  Jr.  and 
W.  F.  Libby.  June  t955  [  8  ]  p.  lncl.  dlagrs.  tables, 
refs.  [  AF  1 8(600)663]  Unclassified 

Published  In  Anal.  Chem. ,  v.  27:  02" -927,  June  1955. 

The  method  of  absolute  measurement  of  beta  radio¬ 
activity  In  solids  has  been  found  reliable  within  about 
5%.  The  simplicity  of  this  method  and  the  scarcity  of 
other  practical  absolute  assay  techniques  led  to  this 
study.  A  wide  variety  of  simple  beta  emitters  display 
exponential  absorption  curves  when  the  sample,  ab¬ 
sorber,  and  counter  are  placed  close  In  cylindrical 
geometry.  The  absorption  coefficient  for  the  material 
constituting  the  sample  can  be  used  to  calculate  the 
absolute  specific  radioactivity  of  the  solid  sample.  The 
absorption  coefficients  for  a  given  absorbing  material 
vary  smoothly  with  the  energy  of  the  beta  radioactivity 
transition,  so  that  reltahle  values  of  the  energies  of 
such  radioactivities  can  be  obtained  form  the  absorption 
coefficients.  The  coefficients  vary  with  the  atomic 
weight  of  the  absorber.  This  effect  Is  only  partially 
elucidated.  (Contractor's  abstract) 


Clll.  11:005 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  111. 

ABSOLUTE  CROSS  SECTIONS  FOR  DELTERONS  ON 
BERYt.l JUM,  by  R.  E.  Heft  and  W.  F.  Libby.  Mar.  1. 
1955  t5  ]  p.  lncl.  dlagrs.  tables,  refs.  (AFOSR  TN 
56  55)  (AF  18(600)663)  AD  8  1  047  Unclassified 

AifiO  pubilBlltdiEl  l'hys.  ttev. ,  v.  107:799  813,  Nov.  1, 
1955. 

The  absolute  cross  section  for  the  reactions  of  deuterons 


on  Be  which  produce  tritium  and  Be10  have  been  meas¬ 
ured  up  to  energies  of  t7  to  20  mev.  Data  of  Dejong, 
Endt,  and  Simons  show  no  threshold  which  Is  as  ex¬ 
pected  for  exothermic  (d,p)  and  (d,t)  processes.  For 
the  reaction  productng  Be  10,  whtch  Is  equivalent  to  the 
Introduction  of  a  neutron  into  the  Be  nucleus  by  the 
bombarding  deuteron,  the  cross  section  rtses  to  a  peak 
value  of  about  0.  34  barn,  at  about  4  mev.  It  then  falls 
almost  linearly  to  the  low  value  of  0.  08  barn  at  20  mev. 
There  are  evtdences  of  fine  structure  tn  the  curve,  but 
It  ts  possible  that  these  are  not  really  significant.  The 
reaction  producing  tritium  rises  to  a  peak  value  of 
about  0.  23  barn  at  about  5  mev,  and  then  falls  to  a  low 
value  of  about  0.  03  barn  at  13  mev.  The  reaction  cross 
section  appears  to  remain  essentially  constant  at  this 
low  value,  although  It  may  rise  slightly  as  the  energy 
is  raised  to  about  20  mev.  A  new  reaction  producing 
tritium  begins  at  t7.47  mev,  namely  one  which  pro¬ 
duces  both  tritium  and  Be7  simultaneously.  This  cor¬ 
responds  to  the  ejection  of  both  a  triton  and  a  neutron 
as  a  result  of  the  deuteron  Be9  collision.  This  cross 
section  rises  from  zero  at  the  threshold  linear  1,  to  a 
value  of  8  x  10'9  barn  at  21.  5  mev.  (Contractor’s 
abstract) 


CHI.  lt:006 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  Ill. 

TRITIUM  PRODUCTION  BY  HIGH  ENERGY  PROTONS, 
by  L.  A.  Currie,  W.  F.  Libby,  and  R.  L.  Wolfgang. 
Nov.  1945  :29]p.  lncl.  dlagrs.  tables,  refs.  (AFOSR- 
TN-58-58)  (AF  1 8(600)663)  AD  81048  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  lot:  1557- 1563, 

Mar.  1,  1956. 

The  cross  sections  for  tritium  production  In  various 
substances  by  450  mev  and  2.05  bev  protons  have  been 
measured  and  the  data  tabulated.  The  N,  and  Oz  cross 
sec  Rons  25  t  4  nib  and  30  *  4  mb,  respectively,  at 
2.05  bev  lead  to  a  world  wide  average  tritium  produc¬ 
tion  rate  by  cosmic  rays  of  0.  14  *  tritons/ sq 
cm/sec  In  good  agreement  with  the  observed  value. 
The  F e  ctobs  section  53  t  8  mb  at  2.05  bev  suggests 
a  rate  of  production  of  8.  8  x  10'*  tritons  'gm/  sec  near 
the  surface  of  a  large  meteorite  In  outer  space.  For 
the  small  Mt.  Ayllff  Fe  meteorite  an  age  of  1  4  x  to® 
yr  was  calculated  from  the  observed  He9  content. 
Finally,  the  results  for  tritium  production  have  been 
compared  to  those  for  other  tight  parttcles.  (Con¬ 
tractor’s  abstract) 


CHI.  11:007 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  111. 

HOT  ATOM  CHEMISTRY  OF  C  AJtBON;  PAItTICU  - 
t.ARLY  IN  AROMATIC  SYSTEMS,  by  A.  G.  Schrodt 
and  W.  F.  Libby.  Dec.  16,  t954  7^p.  lncl.  dlagr. 

tables,  refs.  ( AFOSR-TN- 56- 216)  (AF  i8(600)663) 
AD  86022  Unclassified 
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Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  78: 
1267-1273,  Apr.  5,  1956. 

The  reactions  of  radtoactive  C 14  carbon  atoms  movtng 
wllh  the  high  velocttles  corresponding  to  energies  up  to 
40,000  ev  have  been  studted  tn  aniline,  benzene, 
methanol,  trtphenylamtne,  aniline  hydrofluoride,  eth- 
ylamtne  and  methylamlne  hydrofluoride  at  about  room 
temperature.  The  hot  C*4  atoms  were  generated  by 
the  reaction  of  thermal  neutrons  with  nitrogen  14, 
N14(n,p)C*4.  For  those  substances,  such  as  hydro¬ 
carbons,  whtch  do  nol  contain  N  to  serve  as  a  source 
of  C14,  about  5  mol  %  of  a  nitrogenous  material  such  as 
anlltne  was  dissolved  In  the  substance  and  lhe  solution 
Irradiated  and  studted.  It  was  demonstrated  thal  the 
nature  of  the  C*4  hot  atom  reactions  ts  essentially 
Independent  of  the  chotce  of  nitrogenous  solute  and 
therefore  most  probably  ts  characteristic  of  the  solvent 
hydrocarbon.  The  lrradtatlons  were  performed  In  the 
reactors  al  the  Argonne  National  Laboratory.  In  all 
cases,  a  variety  of  products  differing  from  the  mole¬ 
cules  struck  by  the  high  velocity  C*4  atom  was  produced 
ranging  from  Ughl  gases  to  heavy  molecules,  with  a 
marked  tendency  lo  yield  heavy  malertals  In  the  case  of 
aromatic  compounds  and  solid  phases.  It  Is  supposed 
that  In  the  case  of  aromallc  compounds,  the  opened  ring 
formed  by  the  collision  of  the  recoiling  C*4  atom  with 
one  of  the  ring  CH  groups  Is  so  reactive  thal  11  combines 
nol  only  with  the  C*4  atom  which  struck  bul  avidly  with 
lhe  surrourdlng  molecules  of  the  uyslem  productng  a 
highly  aromallc  substituted  derivative  of  hexane.  (Con¬ 
tractor's  abstract) 

CHI.  11:008 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  111. 

NEGATIVE  HON  ACTIVATION  OF  SILVER,  by  W. 

Golshl  and  W.  F.  Libby.  Aug.  1,  1956  [  5  ] p.  lncl. 
table.  ( AFOSR-  TN-  56-350)  (AF  18(600)663)  AD  95436 

Unclassified 

Also  published  In  l’hys.  Rev. ,  v.  104:  1717,  Dec.  15, 
1956. 

A  sludy  v.'as  made  of  lhe  reaction  with  Ag  of  w-  mesons, 
using  a  collimated  5  sq  *m  beam  of  122  mev  negative 
plons  on  2  to  4  kg  of  powdered  Ag  large  Is  thicker  than 
the  plon  range.  Irradiation  was  conducted  for  7-12  hr 
at  Intensities  of  about  5000  mesons  sec.  The  %  yields 
of  some  Isotopes  of  Pd,  Kh,  and  Ru,  determined  radio- 
chemically  on  the  basis  of  their  half-lives  were: 

103  101  100 

I’d  ,  4.9  »  0.8;  I’d  ,6  8.  0.6;  I’d  .  1.9  t  0.3; 

Rh*05,  0.9  »  0.  1;  1th102,  3.8  ,  0.4;  Rh101.  -0.2  .  1.2; 

1th100,  1.  8  t  0.  3;  Ru103,  1.  1  »  0.  2;  and  llu97,  0.  8  »  0.  2. 
The  %  yields  signify  the  fraction  of  the  Incident  mesons 
which  produced  the  given  nuclide.  The  yield  of  I'd*0, 
appeared  to  be  too  high,  that  of  Rh*®*  too  low,  possibly 
because  some  activity  should  be  assigned  to  l’d'°9.  The 
total  elemental  yields  were  estimated  at  22*1,  for  I’d,  16% 
for  fUi,  and  22%  for  Hu.  Considering  the  rather  large 
uncertainties  In  the  present  work,  rough  agreement  was 


found  wtth  published  data. 


CHI.  11:009 

Chicago  U.  Enrico  Fermt  Inst,  for  Nuclear  Studies,  Ill. 

RADIOCHEMICAL  RESEARCHES,  by  E.  A.  Martell. 
Ftnal  rept.  Aug.  31,  1956,  29p.  lncl.  tables,  refs. 
[AFOSR-TR- 56-35]  (AF  18(600)663)  AD  96501 

Unclasslfted 

Studies  were  made  of  (1)  reaction  rates  of  slow  re¬ 
actions,  (2)  hoi  atom  chemistry  of  radiocarbon,  and 
(3)  negative  ir- meson  activation  of  Ag.  Under  study  1, 
a  general  method  was  developed  for  measuring  the 
rales  of  very  slow  rate  reactions.  A  study  of  the 
HT-HTO  reaction  Indicated  that  the  reaclton  Is  0  order 
with  respecl  lo  O  pressure  and  ftrst  order  with  respect 
lo  H  pressure  and  the  amount  of  surface  present.  From 
373  to  569°K,  the  reaction  rale  Is  Independent  of  the 
nature  of  the  surface  of  the  reaction  vessel.  The  de¬ 
carboxylation  of  dl- a -alanine  was  studied.  Results 
showed  about  the  same  activation  energy  between  154 
and  118°C  as  Abe  Ison  obtained  (~-40  kcal  compared 
with  41  kcal)  with  a  factor  of  ~4  difference  tn  half- 
life.  Below  118°C,  a  side  reaction  apparently  occurs 
which  results  In  considerable  variations  between  ex¬ 
perimental  results  and  the  extrapolated  values  of 
Abelson  (Science,  v.  119:  576,  1954).  Sludy  2  resulted 
In  the  dlrect-plle-trradlatlon  production  of  a  wide 
variety  of  useful  alkyl  radioactive  compounds.  The 
method  used  was  thal  of  Irradiating  nonntlrogenouB 
aliphatic  compounds  In  the  presence  of  amines  with  the 
purpose  of  lagging  the  aliphatic  compound  by  the 
N*4(n,  p)C14  reaction.  In  lhe  hoi  range,  any  C  of  the 
bombarded  compound  can  slop  a  recoiling  C14.  Only 
those  products  are  formed  which  can  be  formed  by 
dtrecl  H  substitution.  Under  study  3,  the  absolute 
yields  are  presented  for  Fd,  Rh,  and  Ru  Isotopes  which 
resulted  from  122-mev  negative  n- meson  bombardment 
of  Ag.  The  4. 5-hr  Ru105  was  nol  observed.  Plols  of 
smooth  single -reaction  yield  curves  show  the  strong 
preference  for  the  emission  of  5  lo  6  neutrons.  A  com¬ 
parison  Is  made  between  a  combination  of  the  results 
for  Br  research  by  Suglhara  and  Libby  (Fhys.  Rev.  , 
v.  88:  587,  1952)  and  for  Ag  with  the  heavy  slar-prong 
distribution  deduced  by  Menon,  Mul'head,  and  Rochat 
(Phil  Mag. ,  v.  41:  583,  1950). 


Clll.  12:001 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  111. 

RECURRING  DAILY  CYCLES  OF  NUCLEONIC  COM 
PON  ENT  INTENSITY  (Abstract),  by  W.  H.  Fonger, 

J.  W.  Flror,  and  J.  A.  Simpson.  Nov.  28,  1952  1  1  p. 
AF  18(600)666  '  Unclassified 

Presented  at  meeting  cl  the  Amer.  I’hys.  Soc.  ,  St. 
Louis,  Mo.  ,  Nov.  28  29,  1952. 
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A  variation  of  neutron  Intensity  wtth  a  period  of  one 
sotar  day  was  found  by  averaging  data  over  a  pertod  of 
~-65  days.  The  detectors  were  tead-paraffln  piles 
containing  DFj  proportional  counters  to  measure  the 
local  neutron  production  from  the  nucteonic  component. 
Measurements  were  obtained  at  geomagnetic  latitudes 
48°N  0.  5°S  at  an  atmospheric  depth  of  680  g-cm  .  The 
mean  counting  rates  at  48°N  and  0.  5°S  were  620  and 
380  counts  per  min, respectively.  After  pressure  cor¬ 
rection  the  averaged  cyctes  were  simitar  to  stne 
functions  with  peak  to  peak  amptttude  ~1  percent  and 
with  maxima  near  local  noon.  Ustng  the  data  at  48°  N, 
significant  departuies  Loin  the  average  cycle  were 
found  for  Individual  days.  It  was  also  found  that  these 
departures  persist  for  Intervals  of  2-3  days  and  re¬ 
occur  The  result*  are  U.se  titles  tti  rWte  A  baro¬ 
metric  coefficient.  (Contractor’s  abstract) 


CHI.  12:002 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuctear  Studies,  Itt. 

COSMIC  RADtATION  tNTENSITY- TIME  VARIATIONS 
AND  THEIR  ORIGIN,  t.  NEUTRON  tNTENSITY  VARI¬ 
ATION  METHOD  AND  METEROLOGtCAL  FACTORS, 
by  J.  A  Simpson,  W.  H.  Fonger,  and  S.  D.  Trelman. 
Dec.  1952,  66p.  Inct.  dlagrs.  tabtes,  refs.  \  AF  t8- 
(600)666 1  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  90:  934-950,  June  t, 
1953. 


records  of  both  types  of  detectors.  Therefore,  tt 
seems  reasonable  to  ascrtbe  correlated  neutron  and 
Iontzation  Intensity  variations  to  a  common  origin, 
tt  has  been  shown  that  27-day  neutron  lntenstty  varia¬ 
tions  are  produced  by  primary  tntenslty  vartatlons. 

The  magnitude  of  these  vartatlons  must  be  greater  for 
low  energy  prtmartes  as  27-day  neutron  Intensity  vart¬ 
atlons  at  Climax  are  =5  times  targer  than  correspond¬ 
ing  Ionization  lntenstty  variations  at  Fretburg, 
Cheltenham,  and  Huancayo.  These  vartatlons  must 
extend,  however,  to  high  energy  primartes  as  thetr 
effects  are  observed  at  the  geomagnetic  equator. 

Ftoui  the  »3.1  ielatlve  *  espouse  (Climax  neutron, 
northern  sea  level  Ionization  detector)  1  parameter 
describing  the  energy  dependence  of  27-day  primary 
Intensity  variations  car  be  evaluated  empirically 
Assuming  a  power  taw  stmttar  to  that  descrtbtng  the 
energy  dependence  of  the  time  average  prtmary 
Intensity  spectrum,  tt  Is  found  that  the  amplitude  of 
27-day  orlmary  intensity  vartatlons  Is  required  to  de¬ 
crease  with  increasing  primary  energy  approximately 
I  power  of  energy  more  rapidly  than  the  time  average 
prtmary  spectrum  Itself.  The  etectrlc  ftetd  accelera¬ 
tion  process  hypothests  predtets  primary  Intensity 
variations  with  approximately  this  energy  dc;;c  -rice. 
24 -hr  neutron  (Cltmax)  and  ionization  (Freiburg)  tnten¬ 
slty  variations  are  correlated  in  tocal  time.  It  Is  not 
certain  that  these  variations  are  produced  by  primary 
Intensity  variations.  Even  If  thlB  were  the  case,  the 
retative  response  (Ctimax:  Freiburg)  to  such  primary 
Intensity  variations  cannot  be  determined  accurately 
from  the  data  studied  here.  (Contractor’s  abstract) 


tn  this  cosmic -radiation  study,  the  fottowlng  probtems 
are  considered:  (1)  the  use  of  the  nucteonic  component 
for  lntenstty- variation  determinations;  (2)  ths  examina¬ 
tion  of  the  quantitative  probtem  of  relating  secondary 
Component  Intensity  measurements  deep  In  the  atmos¬ 
phere  to  the  primary  variations;  (3)  the  determination 
of  the  Influence  of  the  terrestrlat  atmosphere  upon 
Intensity  vartatlons;  and  (4)  the  design  and  operation  of 
a  series  of  detectors  at  setected  geomagnetic  tatitudes 
for  experimental  purposes. 


CHI.  12:003 

Chicago  U.  Enrico  Fermi  Ini't.  for  Nuclear  Studies,  ttt. 

COSMIC  RADIATION  INTENSITY-TIME  VARIATIONS 
AND  THEIR  ORIGIN,  tt.  ENERGY  DEt’ENDENCE  OF 
27  DAY  VARIATIONS,  by  W.  II.  Fonger.  Mar.  1953, 
40p.  lncl.  dlagrs.  refs.  '  AF  18(000)666  1 

Unclassified 

Also  published  In  I'hvs  Rev.,  v.  91:351-381,  July  15, 
1953. 

In  this  study,  cosmic  ray  Intensity  time  variations, 
recorded  In  the  lower  atmosphere  by  1  neutron  detector 
(D  1,  Climax,  Colorado)  and  3  Ionization  detectors 
(lrelburg.  Germany;  Cheltenham,  Marytand:  and 
lluancay  J'eru)  are  compared  Irregular  tntenslty 
variations,  characterized  by  time  parameters  of  27  days 
and  24  hr  are  shown  to  occur  coincidentally  In  the 


CIH. t2:004 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuctear  Studies,  Ill. 

COSMIC- HAY  NEUTRON  PRODUCTION  IN  ELEMENTS 
AS  A  FUNCTION  OF  LATITUDE  AND  ALTITUDE,  by 
J.  A.  Simpson  and  R.  H.  Uretz.  Apr.  1,  1953  [7  Ip. 
lncl.  dlagrs.  tabtes,  refs.  (Sponsored  Jointly  by 
Office  ot  Naval  Research  and  '  Air  Force  1  Office  of 
Scientific  Research  under  [  AF  t8(600)666  ] ) 

Unclassified 

Published  In  Phvs.  Rev.,  V.  90:44-50,  Apr.  1,  t953. 

The  relative  rates  of  tocat  neutron  production  In  Al, 

Cu,  Sn,  and  Pb  were  obtained  at  geomagnetic  latitudes 
X  *  40“  and  54°  at  atmospheric  depth  312  g-cm 
(30,000  ft  pressure  altitude).  The  tatitude  and  altitude 
dependence  of  local  neutron  production  In  carbon  and 
lead  were  measured  In  the  latltud-  Intervat  0°  -  54° 
with  pile  geometries  containing  HFj  proporttonal 
counters,  From  these  observations  several  resutts 
were  obtained:  (1)  the  relative  neutron  muttlpttclttes  In 
etements  were  measured  and  found  to  be  In  good  agree¬ 
ment  with  reported  low  attitude  observations;  (2)  a 
neutron  transition  maximum  In  tead  ai~20  g-cm'^  I’b 
was  obtained  at  33,000  ft  pressure  attitude;  (3)  the  ab¬ 
sorption  mean  free  path  for  the  neutron  producing  radla 
tion  tn  lead  was  350  g-cm  2;  !1)  an  anomatous  air 
absorption  mean  free  path  for  the  nucleonic  Co miKi'-.ent 
has  been  found  for  measurements  derived  from  local 
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neutron  production  In  lead  at  40°;  (5)  aside  from  the 
absorption  anomaly  In  elements  of  htgh  atomtc  wetght 
A,  local  neutron  production  In  elements  of  high  A  as  a 
function  of  X  Is  In  fair  agreement  with  the  free  air 
neutron  latitude  effect;  and  (6)  local  production  in  carbon 
as  a  function  of  X  and  altitude  Is  tn  agreement  with 
corresponding  free  air  neutron  measurements.  (Con¬ 
tractor's  abstract) 


CHI.  12:005 

Chicago  U.  I  bnrlco  Fermi]  Inst,  for  Nuclear  studiee,  ill.- 

PROPERTIES  OF  THE  LOW  ENERGY  NUCLEONIC 
OJ  MI UN ENT  AT  LAROE  ATMOSPHERIC  DEI  TKS.  hy 
J.  A.  Simpson  and  W.  C.  Fagot.  [  1953]  [  5  ]  p.  lncl. 
dlagrs.  tables.  [  AF  18(600)666  ]  Unclassified 

Published  In  Phvs.  Rev.,  v.  90:  1068-1072,  June  15, 
1953. 

TI.Ib  is  a  report  or.  the  absorption  properties  uf  the 
cosmic  radiation  low  energy  nucleonic  c  imponent  meas¬ 
ured  by  detectors  of  disintegration  product  neutrons  as 
the  nucleonic  cascade  develops  deep  within  the  atmos- 
rlitre  The  sdt  absorption  mean  free  path  L  u*  the  star- 
or  neutron-producing  radiation  was  measured  as  a 
function  of  atmospheric  depth  x  (In  g-cm2  atmosphere) 
at  the  geomagnetic  latitudes  X  =  0°,  41°,  52°.  L(x,  X) 
was  obtained  for  carbon  or  free  atmosphere  and  for  a 
lead  plus  carbon  pile  geometry.  As  reported  earlier, 
for  small  x  the  absorption  mfp,  L,  Is  dependent  upon 
X  (L  Is  a  function  of  the  average  energy  of  the  primary 
nucleons  whtch  tnttlate  the  nucleonic  chain  or  cascade. 
However,  It  Is  shown  by  the  present  measurements  that, 
for  X  >  600  g-cm  ,  L  -4~>I40  g-cm'2  Independent 
of  IatitudeX.  The  latitude  dependence  of  neulron  com¬ 
ponent  Intensity  was  measured  at  x  =  680  g-cm'2 
(11,200  ft)  between  X  =  0°  and  58°N.  The  latitude 
factor  of  Intensity  Increase  Is  2.  55.  In  view  of  the  In¬ 
dependence  of  L(x)  on  X  at  large  atmospheric  depths 
Ihts  Ialttude  effect  Is  nearly  constant  down  to  sea  level 
,x  -  1030).  It  Is  shown  that  al  large  atmospheric  depths 
neutron  production  ts  observed  from  primary  protons 
with  energies  as  low  as  — I  bev.  The  specific  yield  of 
neutrons  at  tl,  200  ft  has  been  computed  by  taking  Into 
account  protons,  alpha  particles,  and  heavter  primary 
nuclei.  These  measurements  resolve  discrepancies 
reported  In  the  Itterature  between  high  altitude  meas 
urements  ana  measurements  between  sea  level  and 
mountain  altitudes  for  the  low  energy  nucleonic  Com 
ponent.  (Contractor’s  abstract) 

C11I.  1 2:006 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  Ill. 

CHANGES  IN  AMPLITUDE  OF  THE  COSMIC  RAY  27 
DAY  INTENSITY  VAiUATION  WITH  SOLAR  ACTIVITY, 
by  P.  Meyer  and  J.  A  Simpson.  1954  .  8p.  lllus 
tables,  refs.  (  AF  OSH  TN-54-I98)  AF  t8(600)666 ' 

Unclassified 

Also  ItUbUAlied  in  Phys.  Itev.,  v.  96:  10H5  t088, 


Nov.  15,  1954. 

Both  cosmtc  ray  neutron  and  Ionization  chamber  in¬ 
tensity  observations  reveal  that  the  amplttude  of  the 
27-day  recurring  Intensity  vartation  has  been  changing 
over  an  interval  of  several  years.  A  method  of  study¬ 
ing  thts  phenomenon,  using  lonizatton  chamber  data  for 
the  period  1936-1946  and  neutron  tntensity  data  for 
1951-53,  ts  described  whtch  not  only  selects  prefer¬ 
entially  the  27-day  variations,  but  also  selects  the 
variations  which  are  worldwide.  The  amplitude  of  the 
27-day  intenstty  variation  over  these  years  displays 
minima  and  a  maxima  closely  related  In  time  co  the 
minima  and  maxima  of  the  approximately  11 -year  cycle 
in  general  solar  activity.  These  results,  thus,  provide 
additional  and  i  Sdapanteat  ssttbra  Uv>|  «. dir  irlive 
regions  are  responsible  for  producing  the  mechanism 
which  controls  the  27-day  cosmic  ray  primary  intensity 
variations.  (Contractor’s  abstract) 


CHI.  12:007 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  Ill. 

SOLAR  MAGNETIC  MOMENT  AND  DIURNAL  VARIA¬ 
TION  IN  COSMIC  RAY  INTENSITY,  by  J  W.  Ftrvr, 

F.  S.  Jory,  and  S.  B.  Trelman  Feb.  1,  1954  [3  p. 
lncl  diagrn.  refs.  [  AF  18(600)666  ]  Unclassified 

Published  In  Phvs.  Rev.,  v.  93:  551-553,  Feb.  I, 

1954. 

The  expected  diurnal  variation  In  cosmic- ray  inlenslly 
at  geomagnetic  latitude  60°  has  betn  calculated  assum¬ 
ing  a  solar  magentic  dipole  moment  of  6.  5  x  1033 
gauss-cm3.  The  calculation  Is  based  on  new  estimates 
of  the  Intenstty  of  cosmic  radiation  In  the  trapped  orbits 
of  the  solar  dipole  fteld.  The  method  of  Dwight  Is 
followed,  but  wllh  an  tmportant  modification.  The 
magnitude  of  the  expected  dturnal  variation  turns  out  to 
be  about  12  percent.  (Contraclor's  abstract) 


CHI.  12:008 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies.  III. 

COSMIC •  RADI  ATION  INTENSITY-  TIME  VAItl  ATIONS 
AND  THEJR  ORIGIN.  III.  THE  ORIGIN  OF  27-DAY 
VARIATIONS,  by  J.  A  Simpson.  1954,  15  p.  lncl. 

dlagrs.  tables,  refs.  AF  1 8(600)666  Unclassified 

Published  In  I'hvs.  Rev.,  v.  94:  426  440,  Apr.  t5, 

1954. 

Experimental  observations  of  variations  In  cosmic  ray 
Intensity  measured  by  means  of  neutron  Intensity 
monitor  plies  over  a  19-month  period  (t95t  tJ52)  show 
a  27-day  cycle  of  vartatton  In  primary  radiation  Intern 
slty,  associated  with  geomagnetic  Held  disturbances 
which  usually  occur  about  2  days  after  the  27-day 
maxima  of  cosmic  ray  intensity.  Occasionally  radiation 
Intensity  changes  of —3 -6  percent  are  not  followed  by 
geomagnetic  disturbances.  These  results  suggest  a 
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common  mechanism  producing  both  cosmic-ray  particle 
acceleration  and,  Indirectly,  the  geomagnetic  distur¬ 
bances.  Investigation  of  various  terrestrial  fields 
whereby  the  Incoming  radiation  would  undergo  accelera¬ 
tion  or  deceleration  either  before  entering  the  field, 
within  the  field,  or  after  passing  through  It,  show  that 
neither  these  possibilities  nor  a  combined  geomagnetlc- 
geoelectrlc  field  storm  can  accou”'  for  all  established 
experimental  facts.  The  accelerating  mechanism  Is 
concluded  to  be  probably  of  nonterrestrlal  origin.  The 
27-day  cycle  corresponds  In  time  to  the  proper  rotation 
of  the  solar  equatorial  latitudes;  since  active  solar  re¬ 
gions  at  these  latitudes  are  associated  with  the  27-day 
cosmic -radiation  Intensity  variations,  the  required 
accelerating  mechanism  Is  probably  controlled  by  solar 
processes  and  may  be  located  near  the  sun. 


CHI.  12:009 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  Ill. 

COSMIC  RADIATION  INTENSITY-TIME  VARIATIONS 
AND  THEIR  ORIGIN.  IV.  INCREASES  ASSOCI  AT  ED 
WITH  SOLAR  FLARES,  byJ.  W.  Firor.  [  1954  ]  [  12 Ip. 
ind.  dlagrs.  tables,  refs.  .  AF  18(600)666] 

Unclassified 

Published  In  Phvs.  Rev.,  v.  94:  1017-1028,  May  15, 
1954. 

The  distribution  on  the  earth  of  the  impact  points  for 
particles  of  magnetic  rlgldllles  1  to  10  Dv,  which 
originally  approach  the  earth  from  the  dlrecllon  of  the 
sun,  Is  derived,  using  principally  the  published  results 
of  numerical  integrations  of  cosmic-ray  orbits  and 
model  experiments  on  the  motion  of  chafed  particles 
in  a  dipole  magnetic  field.  Three  Impact  zones  for  such 
particles  are  discussed.  Two  of  these  zones  'nclude 
only  a  small  range  of  local  times,  and  for  the  special 
rase  of  lhe  sun  In  the  plane  of  the  geomagnetic  equator, 
arc  centered  near  4  AM  and  9  AM.  The  Inlrd  zone  has 
no  strong  local  time  dependence  Assuming  the  source 
of  charged  particles  to  subtend  a  finite  angle  at  the 
earth,  lhe  relative  counting  rates  for  detectors  In  the 

3  zones  are  estimated.  The  counting  rate  due  to  par¬ 
ticles  from  the  sun  Is  expected  to  be  3  to  7  times  larger 
in  the  morning  zones  than  In  the  background,  or  non- 
locnl-tlme-dependent  zone.  The  morning  Impact 
zones  are  shown  to  have  a  seasonal  motion  of  several 
hr  In  local  time.  Reports  of  observations  made  during 

4  large  Increases  of  cosmic-ray  Intensity  at  the  times 
of  solar  flares  are  compared  with  the  distribution  pre 
dieted  for  particles  from  (lie  sun.  The  observed  In¬ 
creases  agree  with  the  predicted  distribution  and  count¬ 
ing  rate  except  at  very  high  latlludes  on  (he  earth.  A 
ixisstlile  reason  for  this  discrepancy  Is  suggested. 
Cosmic -ray  data  from  the  Climax,  Colorado,  neutron 
detectors  are  analyzed  for  possible  Increases  associated 
with  small  solar  flares.  An  Increase  of  csl'{  is  found 
for  flares  occurring  when  the  detector  Is  In  a  morning 
Impact  zone  for  particle.,  from  the  sun.  No  Increase  of 
more  th.maO.  3'(  Is  found  for  flares  occurring  when  the 
detector  is  not  In  these  zones.  The  mean  dally  cycle  of 
cosmic  ray  intensity  Is  also  shown  to  depend  on  the  rate 


of  flares  occurring  on  the  sun.  The  Intensity  curve  is 
peaked  during  the  early  morning  hr  for  flare  periods 
relative  to  periods  In  which  few  or  no  flares  occurred, 
In  agreement  with  the  supposition  that  new  particles 
approach  the  earth  from  the  direction  of  the  sun  at  the 
times  of  flares.  (Contractor's  abstract) 


CHI.  12:010 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  ni. 

COSMIC  RADIATION  INTENSITY-TIME  VARIATIONS 
AND  THEIR  ORIGIN.  V.  THE  DAILY  VARIATION  OF 
INTENSITY,  by  ,1.  W.  Firor,  W.  H.  Fonger,  and  J.  A. 
Simpson.  [  1954]  [  6  ]  p.  lncl.  dlagrs.  tables,  refs. 

[  AF  18(600)666]  Unclassified 

Published  In  Phvs.  Rev.,  v.  94:  1031-1036,  May  15, 
1954. 

Properlles  of  the  24  hr  Intensity  variations  which  were 
established  by  Ion  chamber  and  counter  telescope 
measurements  at  high  primary-particle  energies  have 
now  been  extended  lo  the  low-energy  portion  of  the 
primary  spectrum  by  measurements  with  hlgh-altltude 
neutron  piles  at  geomagnetic  lallludes  0°  and  48°.  The 
observations  demonslrate  that  the  peak-to-peak  ampli¬ 
tude  of  the  24  hr  variaiion  Increases  with  latitude  and, 
hence,  Is  dependent  on  primary-particle  rigidity.  The 
latitude  ratio  for  the  peak-lo-peak  variation  Is  — 1.4 
t  0.  2,  and  the  amplitude  at  48°  Is  of  the  order  1%. 

These  facts  preclude  primary  neutrons  or  a  general 
solar  dipole  field  as  the  origin  of  this  Intensity  varia¬ 
tion.  It  is  shown  that  although  the  amplitude  of  the 
variation  changes  from  day  to  day,  the  amplitudes  of 
the  Intensity  variations  of  particles  at  low  and  at  high 
energy  are  related.  It  Is  further  shown  that  the  ampli¬ 
tude  on  1  day  persists  for  only  the  next  1  or  2  days, 
and  that  there  Is  not  a  strong  27-day  recurrence  tend¬ 
ency.  The  general  features  of  the  change*  In  peak-to- 
peak  amplitudes  of  the  monthly  average  24  hr  variations 
appear  In  both  neutron  deteclors  and  In  the  Freiburg 
Ionization  chamber.  Arguments  based  on  the  experi¬ 
mental  observations  are  presented  to  exclude  meteoro¬ 
logical  factors,  the  terrestrial  magnetic  field  varla- 
iions,  and  simple  geoelectric  field  accelerations  as  the 
origin  of  the  variation.  Since  It  Is  shown  that  the 
particles  which  produce  the  24  hr  variation  are  charged 
and  have  their  highest  Intensity  near  or  after  noon  local 
time,  11  does  not  appear  probable  that  they  come  from 
the  direction  of  the  sun.  Although  It  Is  doubtful  that 
this  variation  Is  of  terrestrial  origin,  no  proof  has  yet 
been  given  that  ttie  variaiion  is  of  extra  terrestrial 
origin.  (Contractor's  abstract) 

CHI.  12.011 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  111 

SOLAR  MAGNETIC  MOMENT  AND  COSMIC -It  AY 
EFFECTS  ASSOCIATED  WITH  SOl.AR  FLARES,  by 
S.  H.  Trelman  1954'  2  p.  AF  18(600)666  1 
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iPhys.  Rev.,  v.  94:  1029-1030,  May  15, 


A  close  correlation  between  solar  flares  and  small 
cosmic-ray  Intensity  Increases  has  recently  been  estab¬ 
lished  by  the  Climax,  Colorado,  neutron  monitor  data. 
The  correlation,  however,  Is  restricted  only  to  those 
flares  which  occur  when  the  station  lies  within  a  certain 
Interval  of  local  solar  time.  This  has  been  explained  by 
supposing  that  the  new  cosmic-ray  particles  approach 
the  eaith  preferentially  along  the  ear  Hi- sun  line,  before 
deflection  In  the  terrestrial  magnetic  field  takes  place. 
In  the  present  paper,  this  evidence  Is  used  to  establish 
an  upper  limit  to  a  possible  solar  magnetic  dipole  field. 
Allowance  Is  made  for  the  fact  that  the  dipole  field  may 
be  seriously  perturbed  by  local  fields  near  the  sun;  but 
on  the  assumption  that  the  dipole  field  predominates  far 
from  the  sun  (at  distances  greater  than  one- fifth  the 
earth-  sun  distance),  the  upper  limit  on  the  solar  dipole 
moment  Is  5  x  1033  gauss- cm3.  (Contractor's  abstract) 


CHI.  12:012 


Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  111. 


In  this  study  evidence  is  presented  that  the  fluctuations 
In  the  amplitude  of  the  24-hr  variation  of  cosmic-ray 
intensity  have  a  recurrence  tendency  of  27-28  days. 
Recurrence  tendencies  of  the  same  period  are  known  to 
exist  In  the  mean  dally  Intensity  of  cosmic  rays;  how¬ 
ever,  at  present  there  does  not  appear  to  be  any  unique 
relationship  between  the  mean  daily  intensity  and  the 
amplitude  of  the  24-hr  vailation.  Phase  relationships 
with  the  27-day  recurrence  phenomenon  in  the  intensity 
of  geomagnetic  disturbances,  represented  by  worldwide 
Indices,  have  also  been  Studied,  tn  general,  it  is 
not  possible  to  identify  a  phase  relationship  of  alt  the 
Kp  maxima  with  either  the  dally  mean  cosmic- ray  in¬ 
tensity  or  the  amplitude  of  the  24-hr  variation.  Never¬ 
theless  it  seems  to  be  true  for  particular  27-day 
sequences  of  Kp  maxima  that  the  dally  mean  cosmic- 

ray  intensity  precede  the  K  maxima  by  about  3  days, 
whereas  the  maxima  of  the  amplitude  of  the  24-hr 
variation  of  cosmic- ray  Intensity  coincide  with  the 
maxima  of  Kp  values.  This  latter  relation  Is  In  agree¬ 
ment  with  the  increase  found  In  the  amplitude  of  the 
24-hr  variation  of  cosmic-ray  Intensity  on  magnetically 
disturbed  days. 


PRODUCTION  OF  COSMIC  RADIATION  AT  THE  SUN, 
by  J.  W.  Flror,  J.  A.  Simpson,  and  S.  D.  Trelman. 

[  ]  I7p.  feitl  Ulus  (AF  U,(V>:  )%*.) 

Unclassified 

Published  In  Phvs.  Rev.,  v.  95:  1015-1019,  Aug.  15, 
1954. 

A  calculation  Is  made  of  the  average  production  rate  M 
4-Bv  cosmic-ray  particles  at  the  sun.  The  calculation 
is  based  upon  the  recent  experimental  evidence  that  the 
frequently  occurring  small  solar  flares  produce  tempo¬ 
rary  increases  of  neutron  Intensity  In  suitably  located 
neutron  pile  detectors.  This  production  rate,  averaged 
over  the  11- yr  solar  cycle,  Is  somewhat  in  excess  of 
the  absorption  rate  of  4-Bv  particles  by  bodies  In  the 
solar  system.  If  the  production  at  the  sun  is  to  account 
for  most  of  the  observed  cosmic  radiation  Intensity,  a 
trapping  magnetic  field  Is  required.  Limits  on  the  size 
of  such  a  trapping  volume  are  estimated  by  considering 
the  limits  of  cosmic  ray  lifetime;  the  requirement  of  a 
high  degree  of  radiation  Isotropy  at  the  earth  Is  satis¬ 
fied.  The  existence  of  high  energy  particles  tn  the 
cosmic  radiation  .  nposes  the  principal  difficulty  for  any 
solar  origin  hypothesis.  (Contractor's  abstract) 


Clll.  12:013 

Chicago  U.  Enrico  Fermt  Inst  for  Nuclear  Studies,  Ill. 

RECURRENCE  PHENOMENON  IN  THE  24  HOUR  YARIA 
TION  OF  COSMIC  RAY  1NTENSTY,  by  R.  P.  Kane. 

'  Doc.  1,  1954  25  p.  lncl  diagrs.  table.  AF  18- 

(500)006  Unclassified 

Alau il'JilUiitied ill  l’hys.  Rev.,  v.  98  130  135,  Apr.  1. 
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Chlrapj  U  Enrlr-.  Frrml  Inst,  fee  Nurli-ar  Studies,  Ill 

GEOMAGNETIC  COORDINATES  DERIVED  FROM 
COSMIC  RAY  OBSERVATIONS,  by  J.  A.  Simpson,  K. 

B.  Fenton  and  others.  [  1955]  [20]p.  lncl.  diagrs. 
tables,  refs.  [  In  cooperation  with  National  Research 
Council  of  Cicada ]  (Sponsored  jointly  by  Air  Force 
Office  of  Scientific  Research  under  AF  18(600)666  and 
AFCRC  Geophysics  Research  Directorate) 

Unclassified 

Presented  at  the  International  Conference  on  Cosmic 
Rays,  Guanajuato  (Mexico),  Sept.  1955. 

The  distribution  of  the  geomagnetic  field  extending  far 
from  the  surface  of  the  earth  Is  Investigated  by  using 
cosmic  ray  particles  as  probes.  Since  for  any  longi¬ 
tude  the  cosmic- ray  Intensity  reaches  a  minimum  at 
the  effective  geomagnetic  equator  of  this  outer  fteld,  a 
series  of  determinations  of  the  minimum  Intensity  at 
several  longitudes  defines  Its  effective  equatorial  plane. 
Measurements  using  the  neutron  Intensity  from  the 
nucleonic  component  prove  that  large  discrepancies 
exist  between  experimental  observations  and  the 
presently  accepted  geomagentlc  coordinates  derived 
from  surface  magnetic  field  measurements.  It  Is  also 
found  that  meson  Intensity  data  from  the  past  20  yr  or 
more  may  be  used  to  determine  minima  at  other  longl 
tildes.  The  results  Indicate  that  the  effective  geomag 
nettc  equator  for  cosmic  rays  Is  represented  by  a  west¬ 
ward  shtft  of  the  Inclined  magnetic  dipole  of  the  earth 
by  about  40°  45°,  without  requiring  an  appreciable 

change  in  the  angle  of  Inclination.  Several  anomalous 
results,  which  have  been  reported  at  Intermediate  and 
equatorial  latitudes  for  primary  a  particles  and  heavy- 
stripped  nuclei  detected  in  photoemulstons,  are  readily 
explalned  by  this  shift  in  coordinates,  supporting  the 
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view  that  the  discrepancies  are  worldwide  In  character. 
Since  the  surface  magnetic  field  measurements  do  not 
account  for  this  large  scale  effect,  it  is  suspected  that 
the  explanation  may  be  found  from  the  interaction  of 
the  rotating  and  Inclined  magnetic  dipole  field  with  the 
highly  ionized  interplanetary  medium.  (Contractor’s 
abstract) 


CHI.  12:015 

Chicago  U.  Enrico  Fermi  inst.  for  Nuclear  Studies,  HI. 

ON  THE  TRANSITION  EFFECT  OF  COSMIC  RAY 
NEUTRONS,  by  P.  Meyer.  [  1955]  8p.  incl.  tllus. 

(AF  18(000)666)  Unclassified 

Published  in  Zelt.  f.  Phys.  ,  v.  141:  28-32,  Apr.  25, 
1955. 

The  altitude  dependence  of  neutron  intensity  In  the 
atmosphere  had  been  determined  for  different  mean 
neutron  energies.  For  neutrons  below  0.4  ev  the  in¬ 
tensity-  maximum  has  been  obtained  by  Yuan  at  a  pres¬ 
sure  of  83  mm  Hg.  For  energies  above  0.  4  ev  we  find 
the  intensity  maximum  at  50  mm  Hg  and  for  energies 
above  — -1  kev  at  35  mm  Hg.  This  shift  in  the  position 
of  the  maximum  is  predicted  by  the  slowing  down 
theory  of  neutrons  in  the  atmosphere.  A  comparison 
with  work  on  the  altitude  dependence  of  nuclear  dislnte 
grations  shows  a  coincidence  between  the  position  of  the 
maximum  for  these  processes  and  that  for  fast  neutrons. 
(Contractor’s  abstract) 
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Chicago  U.  [  Enrico  Fermi]  Inst,  for  Nuclear  Studies, 

Ill. 

THE  COSMIC  RADIATION  AND  SOLAR- TERRESTRIAL 
RELATIONSHIPS,  by  J.  A.  Simpson.  [  1955]  [25]p. 
inch  illus.  diagrs.  refs.  [  AF  18(600)666  ] 

Unclassified 

Presented  at  meetings  of  the  Special  Committee  for 
the  I.  G.  Y.  and  U.  G.  G.  I.,  Assoc,  of  Geomagnetism 
and  Aeronomy,  Rome  (Italy),  Sept.  1954. 

Published  ir  Ann,  de  Geophysique,  v.  11:305-329, 

July- Sept.  1955. 

A  brief  review  of  the  properties  of  cosmic  radiation, 
and  the  association  of  cosmic  ray  phenomena  with 
solar  and  geophysical  processes,  introduces  a  survey 
of  recent  experimental  methods  developed  to  study  the 
low  energy  cosmic  ray  particles  which  have  been 
hitherto  inaccessible  to  continuous  observation.  These 
low  energy  particles  which  contribute  to  the  main 
effects  are  found  to  be  associated  with  solar  processes; 
namely,  variations  of  primary  Intensity  and  energy. 

The  low  energy  cosmic  radiation  may  be  used  to  in¬ 
vestigate,  for  example,  the  existence  and  limits  of 
geoelectric  fields,  the  magnitude  of  interplanetary  mag¬ 
netic  fields,  properties  of  solar  initiated  ionic  beams, 
and  the  role  of  solar  flares  in  producing  temporary 
Increases  of  cosmic  ray  intensity  at  the  earth.  (Con¬ 
tractor’s  abstract) 


CHI.  12:016 


CHI.  12:018 
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ASSOCIATION  OF  A  ’’UNIPOLAR"  MAGNETIC  REGION 
ON  THE  SUN  WITH  CHANGES  OF  PRIMARY  COSMIC 
RAY  INTENSITY,  by  J.  A.  Simpson.  H.  W.  flabcock, 
and  H.  D.  Babcock.  1955  19p.  lncl.  illus.  tables. 

(in  cooperation  with  Carnegie  Inst,  of  Washington  and 
Calif.  Inst,  of  Tech. )  (AF  18'Q00)666)  Unclassified 

l'ubl!shed.in  Phys.  Rev.  ,  v.  98:  1402  1400,  June  1, 

1955. 

A  new  Instrument  for  observing  weak  magnetic  fields 
on  the  photosphere  of  the  sun  has  recently  revealed  the 
presence  of  an  unusual  area  on  the  solar  surface  which 
may  be  called  a  "unipolar"  magnetic  (UM)  region  be 
cause  the  field  is  of  one  sign  and  no  magnetic  flux  lias 
been  found  returning  to  the  sun.  This  UM  region  was 
ihserved  at  central  snlai  meridian  on  seven  consecutive 
solar  rotations  in  1953.  in  the  present  paper  it  is  shown 
that  Uiere  is  a  striking  association  of  Oils  UM  region 
with  (I)  times  of  maximum  primary  cosmic  ray  inten 
sity  as  measured  by  neutron  detectors  and  an  ionization 
chamber;  and  with  (2)  the  recurring  geomagnetic 
slorms,  the  geomagnetic  disturbances  being  most  pro 
nounced — 3  4  days  after  both  the  central  meridian  pas¬ 
sage  of  the  UM  region  and  the  ume  of  maximum  cosmic 
ray  intensity.  (Contractor's  ahstract) 


CHANGES  IN  THE  LOW  ENERGY  PARTICLE  CUTOFF 
AND  PRIMARY  SPECTRUM  OF  COSMIC  RADIATION, 
by  P.  Meyer  and  J.  A  Simpson.  [1955  [7  ip.  lncl. 

diagrs.  |  AF  18(000)666  ]  Unclassified 


Published  in  l'hys.  Ilev.,  v.  99:  1517-1523,  Sept,  i, 
1955. 

The  low  rigidity  cutoff  for  particles  in  the  primary 
cosmic  ray  spectrum  has  decreased  within  the  period 
1948  through  1951.  This  decrease  corresponds  to  a 
3a  change  (northward)  in  the  "knee”  position  of  the 
geomagnetic  latitude  curve  for  the  nucleonic  compo¬ 
nent  The  phenomenon  is  accompanied  by  both  a  change 
in  the  primary  spectrum  for  particle  rigidities  less 
than  approximately  4  Bv  and  by  an  Increase  in  total 
primary  intensity.  The  spectral  change  is  such  that 
if  the  differential  primary  intensity,  j.  at  low  rigldi 
ties  in  1948  was  )  C(p  t)  ^  then  the  new  spectrum 
for  1851  through  1954  is  approximately  j  C'(p/z) 

The  total  change  of  intensity  arising  from  the  changes 
in  spectrun  and  low  rigidity  cutoff  Is  more  than  131- 
The  measu  ements  were  obtained  in  194  8  and  1951, 
and  have  been  confirmed  anti  extended  in  November 
1954  using  nucleonic  component  detectors.  Tiie  verti 
cal  charged  particle  Intensity  was  also  measured  and 
displays  changes  e  pnvulent  to  those  refilled  lor  the 
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nucleonic  component.  Three  regions  of  space  are  con¬ 
sidered  for  the  location  of  the  mechanism  producing  the 
low  energy  cutoff;  namely,  the  vicinity  of  the  earth,  the 
region  of  the  solar  system,  and  regions  of  the  galaxy 
oulside  our  solar  syslcm.  Although  the  general  solar 
dipole  moment  ts  al  least  an  order  of  magnitude  too 
small  to  account  for  the  observations,  11  ts  concluded 
that  the  mechanism  is  operative  within  the  solar  syslem 
and  Is  nol  a  terrestrial  phenomenon.  (Contractor's 
abstract) 


CM.  1 2:019 

Chicago  U.  !  Enrico  Fermtl  lnsl.  for  Nuclear  Studies,  tit. 

ON  DERIVING  GEOMAGNETIC  DIPOLE  FIELD 
COORDINATES  FROM  COSMIC  RAY  OBSERVATIONS, 
by  J.  A.  Simpson,  F.  Jory,  and  M.  pyka.  [  1956  ] 

[24  Ip.  lnct.  diagrs.  refs,  f  AF  18(600)666  1 

Unclassified 

Published  in  Jour.  Geophysical  Res. ,  v.  61:  11-22, 

Mar.  1956. 

11  is  pointed  out  that  the  earth’s  external  magnetic  field, 
extending  far  beyond  the  Ionosphere,  Is  presently  In¬ 
accessible  to  direct  observation.  Dy  measuring  the 
nucleonic  component  tongitude  and  latitude  effects  In  the 
region  of  the  geomagnetic  equation,  however,  the  co¬ 
ordinates  of  an  equivalent  geomagnetic  dipole  may  be 
determined  which  represents  this  externat  field.  The 
method  of  measurement  and  the  theory  relating  cosmic 
ray  Intensity  changes  to  the  geomagnetic  coordinates  are 
outlined  for  deriving  the  two  angles  which  determine  the 
orientation  of  the  dipole,  and  the  three  coordinates  giving 
the  position  of  the  magnetic  center  with  resect  to  the 
earth's  center.  In  appendtxes,  the  effect  of  local  mag 
netic  surface  anomalies  upon  the  trajectories  of  cosmic 
ray  partirtes  moving  In  the  magnetic  dipole  field  of 
the  earth  are  evaluated  and  the  effect  of  an  overhead 
horizontal,  electric  current  system  in  the  upper  atmos 
pile  re  (Ionosphere)  is  discussed. 


CI11.  12.020 

Chicago  U.  i  Enrico  Fermi  Inst,  for  Nuclear  Studies  III. 

THE  tNFLUKNCK  OF  GEOMAGNETIC  QU  ADtCPOl.E 
FIELDS  UPON  COSMIC  RAY  INTKNSTY,  by  F.  S. 

Jory  t956  '  !  7  ]  p.  AF  18(600)666  ! 

Unclassified 

Published  in  Pi  ys.  ttev. ,  v.  t02.  1 167  tt73.  May  15. 
t95G. 

The  effect  ujxin  cosmic  ray  particles  of  the  quadruple 
part  of  the  earth's  magnetic  field  has  been  calculated, 
using  the  results  of  the  magnetic  survey  of  t94  5,  The 
effect  predicted  from  the  zxmat  quadrupole  term  is  a 
northern  shift  of  the  cosmic  ray  latitude  curve.  The 
1945  magnetic  center  was  calculated,  using  Schmidt's 
method,  and  it  is  0  0629  earth  radii  from  the  center  of 
the  earth,  as  compared  to  0.0636  earth  radii  in  ti)22. 


The  shift  tn  magnetic  cenler  results  in  an  Increase  in 
the  predicted  longitude  effecl.  The  residual  or  sec- 
tortal  quadrupole  effecl  upon  cosmic- ray  Lnlenstty  ts 
predteted  lo  be  a  2- period  sine  curve  in  the  longitude 
effecl.  (Contractor's  abstract) 


CHI.  12:021 

Chicago  U.  Enrtco  Fermi  tnsl.  for  Nuclear  Studies,  HI. 

THE  EFFECTIVE  GEOMAGNETIC  FIELD  COORD! 
NATES  FOR  COSMIC-RAY  PARTICLES,  by  J.  A. 
Simpson.  Feb.  t,  1956  T4]p.  tncl.  diagrs.  table. 

[  AF  18(600)666 1  Unclassified 

Presented  at  Conference  on  Theoretical  Geophysics, 
Washington,  D.  C. ,  Feb.  1-3,  195C. 

Published  in  Jour.  Geophysical  Res. ,  v.  61:  364-367, 
June  1 956. 

The  location  of  the  geomagnetic  equatortal  plane  de¬ 
rived  from  cosmic -ray  observations  is  studded,  and 
the  Implications  of  this  study  are  considered  tor  a 
world  wtde  system  of  cosmic-ray  geomagnetic  coordi¬ 
nates  effective  for  cosmic-ray  particles.  The  tocatron 
of  cosmic- ray  Intensity  minima  (derived  from  latitude 
curves)  around  the  earth  Is  examined;  and  measurement 
by  use  of  a  neutron- Intensity  monitor  carried  across 
the  geomagnetic  equator  of  the  secondary  component  of 
cosmic  radiation  generated  within  the  atmosphere  Is 
analyzed. 


CIB.  12:022 

Chicago  U.  Enrico  Fermt  Inst,  for  Nuclear  Studtes.  til. 

EFFECTIVE  GEOMAGNETIC  EQUATORS  FOR  COSMIC 
RAIXATtON,  by  J.  A.  Simpson,  K.  D.  Fenton  and 
others.  (  1956!  |  6  ) |>.  tncl.  diagrs.  tables,  refs. 

[  tn  cooperation  with  National  Research  Councit  of 
Canada  1  (Sponsored  jointly  by  Air  Force  Office  of 
Scientific  Research  under  [  AF  18(600)666  1  and  AFCRC 
Geophysics  Research  Dlrectorale)  Unclassified 

Presented  at  International  Conference  on  Cosmic  Rays, 
Guanajuato  (Mexico),  Se|>t.  1955. 

published  in  l’hys.  llev.,  v.  102:  1648  1653,  June  15, 
1956. 

The  distribution  of  the  geomagnetic  field  extending  far 
from  the  surface  of  the  earth  is  investigated  by  using 
cosmic  ray  partlctes  as  probes.  Since  for  any  longitude 
toe  cosmic  ray  intensity  reaches  a  minimum  at  the 
effective  geomagnetic  equator  of  this  outer  field,  a 
series  of  determinations  of  the  minimum  intensity  at 
several  longitudes  defines  l»s  effective  equatorlat  plane. 
Measurements  using  the  neutron  Intensity  froui  the 
nucleonic  conqxment  prove  that  large  discrejsincies 
exist  between  experimental  observations  and  the  pres 
ently  accepted  geomagnetic  coordinates  derived  from 
surface  magnetic  field  measurements.  '1  :c  also  found 
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that  meson  intensity  data  from  the  past  20  years  or  more 
may  be  used  to  determine  minima  at  other  longitudes. 
The  results  Indicate  that  the  effective  geomagnetic 
equator  for  cosmic  rays  Is  simulated  by  a  westward 
shill  of  the  inclined  magnetic  dipole  of  the  earth  by  about 
40°  45°,  without  requiring  an  appreciable  change  In  the 

angle  of  inclination.  Several  anomalous  results  which 
have  been  reported  al  intermediate  and  equatorial 
latitudes  for  primary  alpha  particles  and  heavy  stripped 
nuclei  delected  In  pholoemulsions  are  readily  explained 
by  this  shift  In  coordinates,  supporting  the  view  that  the 
discrepancies  are  world-wide  in  character.  Since  the 
surface  magnetic  field  measurements  do  not  account  for 
this  large-scale  effect,  11  is  suggested  that  the  explana¬ 
tion  may  be  found  from  the  interaction  of  the  rotating 
and  inclined  magnetic  dipole  field  with  a  highly  ionized 
interplanetary  medium.  (Contractor's  abstract) 


CHI.  12:023 

Chicago  U.  Enrico  Fermi  lnsl.  for  Nuclear  Studies,  ni. 

SELECTED  COSMIC  RAY  ORBITS  IN  THE  EARTH'S 
MAGNETIC  FIELD,  by  F.  S.  Jory.  [  19561  [  8  1  p. 
inch  tables,  refs.  (Sponsored  jointly  by  Air  Force 
Office  of  Scientific  Research  under  [  AF  18(600)666  1 
and  AFCUC  Geophysics  Research  Directorate) 

Unclassified 

ruhUsbed to  Phys.  Rev.,  v.  103:  1068-1075,  Aug.  15, 
1950. 

A  set  of  663  charged -particle  orbits  In  the  earth's 
dipole  magnetic  field  has  been  obtained  by  Integration, 
using  the  AVIDAC  computer  of  the  Argonne  National 
Laboratory,  l.emont,  111,  The  orbits  integrated  were 
selected  according  to  their  usefulness  in  the  analysis  of 
cosmic  ray  Intensity  increases  associated  with  solar 
flares.  The  calculation  of  intensity  increases  for  dif¬ 
ferent  locations  on  the  earth  is  discussed  using  the  orbit 
results.  Tabular  data  are  presented  for  values  of  X<XJ , 
asymptotic  latitude,  and  asymptotic  longitude, 

for  orbits  with  0°,  10°,  20°,  30°,  40°,  50°,  60°,  70°, 
and  80°  Impact  latitudes,  XQ.  (Contractor's  abstract, 
modified) 


CHI  12:024 

Cf'iragii  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  ill. 

Till:  SOLAR  COSMIC  RAYS  OF  FEBRUARY  1956  AND 
171131!  PROPAGATION  THROUGH  INTERPLANETARY 
SPACE,  by  P.  Meyer,  E.  N.  Parker,  and  J.  A. 
Simplon.  June  1956  56!p.  incl.  dlagrs.  tables,  refs 

(Sponsored  jointly  by  Air  Force  Office  of  Scientific  He 
search  under  AF  ln(600)666  and  AFCUC  Geophysics 
Research  Directorate)  Unclassified 

Also  published  ill  l’hys  Rev  .  v  104:  768  783, 

Nov.  I  1956 

The  data  from  6  neutron  Intensity  monitors  distributed 
over  a  wide  range  of  geomagnetic  latitudes  have  been 
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useu  to  study  the  large  and  temporary  Increase  of 
cosmic  ray  intensity  which  occurred  on  Feb.  23,  1956, 

In  association  with  a  solar  flare.  During  the  period  of 
enhanced  Intensity  a  balloon-borne  neutron  detector 
measured  the  absorption  mean  free  path  and  intensity 
of  the  P~jrc  particles  al  high  altitudes.  From  these 
experiments,  the  primary  particle  Intensity  spectrum 
as  a  function  of  parUcle  rigidity,  over  the  range  <  2 
to  >  15-30  Dv  rigidity,  has  been  deduced  for  different 
times  during  the  period  of  enhanced  intensity.  II  Is 
shown  that  the  region  between  the  sun  and  the  earth 
must  be  free  of  magnetic  fields  greater  than~10  ® 
gauss,  and  that  the  Incoming  radiaUon  was  practically 
isotropic  for  more  than  16  hr  foUowing  maximum  flare 
particle  intensity.  The  decline  of  particle  intensity  as 
a  function  of  Ume  I  depends  upon  the  power  law  l  -’/2, 
except  for  high  energy  particles  and  lale  Umes,  where 
the  Ume  dependence  approaches  an  expoientlal.  The 
experiments  lead  to  a  unique  model  for  the  inner  solar 
system  which  requires  a  field-free  cavity  of  radius 
greater  than  the  sun-earth  distance  enclosed  by  a  con¬ 
tinuous  barrier  region  of  Irregular  magnetic  fields 
[  B  (rms)^lO'5  gauss  ]  through  which  the  cosmic-ray 
particles  must  diffuse  to  reach  Interstellar  space.  This 
barrier  is  also  invoked  to  scatter  flare  particles  back 
tnto  the  field-free  cavity  and  to  determine  the  rate  of 
declining  intensity  observed  al  the  earth.  The  diffusion 
mechanism  is  strongly  supported  by  the  fact  that  the 
Ume  dependence  1~3/2  represents  a  special  solution  of 
the  diffusion  equation  under  initial  and  boundary  con¬ 
ditions  required  by  experimental  evidence.  The  co¬ 
efficient  of  diffusion,  the  magnitude  of  the  magneUc 
field  regions,  the  dimensions  of  the  barrier  and  cavity, 
and  the  total  kinetic  energy  of  the  high-energy  solar- 
injected  particles  have  been  esUmated  for  this  model. 
Recent  studies  of  Interplanetary  space  indicate  that  the 
model  prescribed  by  the  experiments  may  be  established 
from  time  to  Ume  In  the  solar  system.  The  extension 
of  the  model  to  the  explanation  of  earlier  cosmic  ray 
flare  observations  appears  to  be  satisfactory.  The 
solar  flare  event  was  superposed  by  chance  upon  a 
large  bul  typical  intensity  decrease  of  nonsolar  cosmic 
rays  which  began  several  days  prior  to  Feb.  2J,  1956. 
Hence,  the  flare  particles  have  been  used  as  probes  to 
explore  the  Intensity  modulaUon  mechanism  responsible 
(or  th's  decrease  of  background  cosmic -ray  intensity. 
(Contractor's  abstract) 


CHI.  12:025 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  111. 

LATITUDE  EFFECT  OF  THE  COSMIC-RAY  NUCLEON 
AND  MESON  COMPONENTS  AT  SEA  LEV  El.  FROM 
THE  ARCTIC  TO  T11K  ANTARCTIC,  by  D  C.  Hose, 

K.  B.  Fenton  and  others.  1956  (  17  p.  incl.  dlagrs. 
table  [  In  cooperation  with  National  Research  Coun 
ctl  of  Canada  (Sponsored  jointly  by  Air  Force  Office 
of  Scientific  Research  under  AF  18(600)666  and  AFCUC 
Geophysics  Researili  Directorate)  Unclassified 

Presented  at  the  International  Conference  on  Cosmic 
Rays,  Guanajuato  (Mexico),  Sepl.  I9a5. 
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Published  In  Canad.  Jour.  Phys. ,  v.  34:968-984, 

Sept.  1956. 

Results  are  presented  of  cosmic  ray  measurements 
taken  at  eea  level  during  1954-55  from  the  Arctic  to 
the  Antarctic.  The  equipment  consisted  of  a  neutron 
monitor  and  a  meson  telescope.  Latitude  effects  of 
1.  77  for  tlie  nucleonic  component  and  1.  15  for  the  meson 
component  were  measured.  The  longitude  effect  at  the 
equator  was  much  less  than  expected  on  the  basis  of  the 
geomagnetic  eccentric  dipole,  and  the  longitude  effect 
at  intermediate  northern  latitudes  shows  that  the  longi¬ 
tude  of  the  effective  eccentric  dipole  is  considerably 
west  of  that  of  the  geomagnetic  eccentric  dipole.  In  a 
previous  paper  by  the  same  authors,  the  positions  of  the 
equatorial  minima  were  combined  with  other  published 
cosmic  ray  measurements  to  calculate  a  new  cosmic 
ray  geomagnetic  equator.  In  this  paper  new  coordinates 
are  derived  on  the  assumption  that  these  equatorial  co¬ 
ordinates  apply  to  a  new  eccentric  dipole,  and,  there¬ 
fore,  that  the  equatorial  coordinates  may  be  extended  to 
high  latitudes.  When  the  complete  results  are  plotted 
on  these  coordinates,  it  is  found  that  an  eccentric  dipole 
representation  of  the  earth's  magnetic  field  is  incon¬ 
sistent  with  the  combined  observations  at  all  latitudes. 
(Contractor’s  abstract) 


CHI.  12:026 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear  Studies,  Ill. 

MODULATION  OF  PRIMARY  COSMIC- RAY  INTENSITY, 
by  E.  N.  Parker.  [1956]  [I6]p.  incl.  diagrs.  refs. 
(Sponsored  jointly  by  Air  Force  Office  of  Scientific  Re¬ 
search  under  [  AF  18(600)666]  and  AFCRC  Geophysics 
Research  Directorate)  Unclassified 

Published  in  Phys.  Rev.,  v.  103:  1518-1533,  Sept.  1, 
1956. 

The  cosmic -ray  particles  observed  at  the  earth  are 
assumed  to  be  of  galac.,c  origin,  except  for  the  occa¬ 
sional  bursts  from  solar  flares.  With  this  interpretation 
the  11  -year  va-latlon  of  the  cosmic- ray  Intensity  and 
the  Forbush  decreases  represent  depressions  of  the 
steady  galactic  intensity.  The  observed  rigidity  de 
pendence  of  the  depression  indicates  that  magnetic  fields 
are  responsible.  A  quantitative  investigation  of  the 
possible  motion  and  configuration  of  magnetic  fields 
capable  of  producing  the  observed  effects  is  carried  out. 
it  is  shown  that,  within  the  limitations  imposed  by  what 
we  think  we  know  today  of  the  galactic  magnetic  field,  of 
solar  activity,  and  of  interplanetary  fields.  serious 
difficulties  are  encountered  by  any  mechanism,  such  as 
Morrison's  interplanetary  cloud  model,  modulating  the 
galactic  cosmic  ray  intensity  throughout  the  solar  sys 
tern.  It  is  proposed  that  the  modulation  of  the  Intensity 
is  produced  locally,  within  a  few  earth's  radii,  by  inter¬ 
planetary  magnetic  gas  clouds  captured  by  the  terres 
trial  gravitational  field.  Such  a  model  seems  to  pro 
duce  ttie  observed  effects  on  the  basis  of  the  known 
facts  alsiut  solar  activity  The  most  straltditforward 
test  of  tins  geocentric  model,  independent  of  Inferences 
from  cosmic-  ray  effects,  is  tile  question  of  wtiether  the 


absorption  of  the  captured  magnetic  hydrogen  gas  can 
be  detected  as  a  narrow  line  in  the  center  of  the  broad 
solar  L  a  emission  line.  (Contractor’s  abstract) 


CHI.  13:001 

Chicago  U.  Inst,  for  the  Study  of  Metals,  IU. 

SELF-  DIFFUSION  IN  SODIUM  NEAR  THE  MELTING 
POINT,  byR.  E.  Meyer  and  N.  H.  Naclitrteb.  [  1955] 
[l]p.  incl.  table.  [  AF  18(600)1489]  Unclassified 

Published  in  Jour.  Chem.  Phys. ,  v.  23:  405,  Feb. 

1955. 

Self -diffusion  coefficients  for  solid  Na,  previously  re¬ 
ported  for  the  0°-94.5°C  temperature  range  (Jour. 
Chem.  Phys.,  v.  20:  1185,  1952)  are  determined  for 
temperatures  to  within  0.  10°C  of  the  melting  point  of 
polycrystalline  and  single  crystal  states  of  the  metal. 
Spectrographic  examination  of  the  once-distilled  metal 
revealed  0.  05  percent  K,  0.  001  percent  SI,  and  less 
than  0.  001  percent  of  Fe,  Mg,  and  Cu.  Its  melting 
point  was  determined  to  be  97.  91  i  0.  06°C  by  means 
of  a  cooling  curve  taken  in  vacuum  with  a  chromel- 
alumel  thermocouple  calibrated  at  the  steam  point  and 
several  other  standard  thermometric  points.  Cylinders 
of  radioactive  and  ordinary  Na  of  very  coarse  grain 
size  (—2  mm  diam)  were  pressure- welded  together 
at  liquid  nitrogen  temperatures  and  diffusion  was  al¬ 
lowed  to  proceed  in  an  oil  thermostat  which  was  con¬ 
trolled  to  i  0.  015°C.  The  composite  cylinder  was  then 
sectioned  in  a  microtome  and  the  diffusion  coefficient 
calculated.  The  results  of  four  runs  are  tabulated, 
together  with  values  of  D  calculated  for  94.4°  and  the 
melting  point  from  the  empirical  equation  resulting 
from  the  earlier  study.  The  newer  values  are  slightly 
higher,  but  the  agreement  is  to  within  the  limits  of 
error.  Diffusion  coefficients  for  the  liquid  were 
measured  from  9B.  0“  to  226°  by  the  capillary  reser¬ 
voir  technique.  The  results  of  these  runs  may  be 
represented  by  the  equation:  D  1.  10  x  10‘3  exp 
(-  2450  TIT).  The  values  found  just  above  the  melting 
point,  alBo  tabulated,  deviate  only  slightly  from  the 
value  of  4. 06  x  10  7  cm2Bec  1  calculated  for  98.  0“  by 
means  of  tills  equation.  It  appears  that  the  transition 
from  the  rate  of  Bolld  state  Bell-diffusion  to  the  rate  of 
liquid  state  self  diffusion  is  as  discontinuous  in  Na  as 
the  melting  process,  Itself 


CHI.  13:002 

Chicago  U.  Inst,  for  the  Study  of  Metals,  111. 

SELF  D1FFUSON  OF  SILVER  IN'  SILVER  PALLADIUM 
AL1.0Y3.  by  N.  11.  Naclitrieb.  Feb.  27,  1956  17  p. 

incl.  diagrs  table,  refs.  (AFOSH  TN  56 -89)  (AF  18 
(600)1489)  AD  82003  Unclassified 

Also  published  In  Jour.  Chem.  Phys  .  v.  20:  106  109, 
Jan  1957. 

The  self  diffusion  of  Ag  has  been  studied  in  alloys 


116  ■ 


•  • 


•  •  • 


•  •  • 


•  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 


CHI.  13:003  -  CHI.  13:005 


containing  0.  00,  1.49,  3.69,  9.87,  and  21. 84  at-%  Pd 
at  4  temperatures:  715.4°,  799.4°,  861.8°,  and 
942.  0°C.  The  rate  decreases  with  increasing  Pd  atom 
fraction  according  to  the  relation: 


D.  =  0.270  e 
Ag 

ternatl.e  expression  is 


-8.  20X  e-43,  700/RT  M  ^ 
0^=  0.  270  e"17' 75Tn/T. 


Within  experimental  error,  the  activation  energy  is  in¬ 


dependent  of  Pd  content.  The  rate  of  self-diffusion  of 
Ag  is  related  to  the  solidus  line  of  the  Ag-Pd  phase 


diagram,  and  a  simple  corresponding  states  explanation 


is  given.  (Contractor's  abstract) 


CHI.  13:004 

Chicago  U.  Inst,  for  the  Study  of  Metals,  Ill. 

AN  EXPERIMENTAL  STUDY  OF  THE  OPTICAL 
PROPERTIES  OF  LIQUID  HG  AND  LIQUID  GA  IN  THE 
WAVELENGTH  RANGE  OF  0.  23p  TO  13m .  by  L.  G. 
Schulz.  Nov.  30,  1956  [21]p.  incl.  dlagrs.  tables, 
refs.  (AFOSR-TN- 56-468)  (AF  18(600)1489) 

AD  97352  Unclassified 


Jan.  1957. 


i  Jour.  Opt.  Soc.  Amer.  ,  v.  47:  64-69, 


CHI.  13:003 

Chicago  U.  Inst,  for  the  Study  of  Metals,  Ill. 

THE  EFFECT  OF  HIGH  PRESSURES  ON  THE  RATES 
OF  ATOM  MOVEMENTS  IN  CRYSTALS,  by  N.  H. 
Nachtrleb.  Apr.  30,  1956  [  24  ]  p.  incl.  dlagrs.  table. 
(AFOSR-TN- 56- 174)  (AF  18(600)1489)  AD  86594 

Unclassified 


Presented  at  Third  International  Meeting  on  the  Re¬ 
activity  of  Solids,  Madrid  (Spain),  Apr.  3-7,  1956. 

Also  published  in  Trans.  Third  International  Confer 
ence  on  the  Reactivity  of  Solids,  Madrid  (Spain),  1957, 
p.  545-564. 

Also  published  in  its  Forty-first  Quarterly  rept.  to 
sponsors  of  the  Inst,  for  the  Study  of  Metcls,  June  1956, 
p.  137  148;  AD  103589. 

The  significance  of  diffusion  measurements  as  a  function 
of  pressure  is  considered  for  the  provision  of  informa 
tion  about  the  volume  of  the  activated  state.  The  basic 
assumption  is  that  diffusing  atoms  pase  through  a  tran 
sition  state  whose  existence  is  sufficiently  well  defined 
to  have  meaningful  thermodynamic  functions  AF,  AH, 

AS,  AV,  etc.  Two  crystalline  solids  (Na  and  P)  were 
studied.  Curves  are  presented  which  -how  (1)  the 
effect  of  pressure  on  90°C  diffusion  profiles  for  Na  for 
pressures  up  to  12,000  kg/ sq  cm'  2;  (2)  the  variation 
of  In  D  (diffusion  coefficient)  with  pressure  for  Na  at 
90°C  and  for  P  at  30°  and  41.30°C;  and  (3)Vac,  (actl 
vated  volume)  as  a  function  of  pressure.  Results  indi¬ 
cate  that  the  volume  of  the  defect  (presumably  a  moving 
lattice  vacancy)  is  not  greater  than  half  the  atomic  or 
molecular  volume  which  implies  an  Inward  relaxation 
of  atoms  toward  a  lattice  vacancy.  Experiments  showed 
no  temperature  dependence  in  the  enthalpy  of  activation 
for  self  diffusion  and  a  significant  variation  of  ».H  with 
pressure.  The  simularity  of  the  ratio  of  the  enthalpies 
of  activation  and  fusion  to  the  ratio  of  the  volumes  of 
actlvuiion  and  fusion  suggests  that  the  fusion  mechanlsn: 
is  the  same  as  the  self -diffusion  mechanism.  The 
proposition  is  being  examined  that  an  atom  neighboring 
a  vacancy  in  a  solid  must  surmount  the  same  activation 
barrier  as  in  the  liquid  state. 


Modifications  were  used  of  methods  previously  de¬ 
veloped  for  studying  the  optical  properties  of  solid 
metals.  Reflectlv'ties  were  measured  at  an  angle  of 
incidence  of  45°  at  glass-metal,  quartz-metal  and 
NaCl-metal  Interfaces  In  the  wavelength  range  of  0.  23p 
to  13p.  In  a  2nd  type  of  experiment  the  phase  change 
accompanying  reflection  at  normal  Incidence  at  a  mica- 
metal  interface  was  measured  in  the  range  0. 4p  to 
0.  87p.  In  this  range  the  measured  quantities  reflec 
tivitv  and  phase  change  were  used  to  compute  the 
optical  constants  n  and  k.  The  values  thus  obtained 
agreed  to  within  the  experimental  accuracy  with  those 
calculated  with  the  Drude  free  electron  theory.  The 
fact  that  the  experimentally  determined  reflectivity  for 
the  complete  range  of  0.  23 p  to  13p  agreed  closely  with 
that  predicted  by  the  Drude  theory  strongly  suggests 
that  the  theory  applies  throughout  this  entire  wavelength 
range.  (Contractor’s  abstract) 


CHI.  13:005 

Chicago  U.  Inst,  for  the  Study  of  Metals,  111. 

COMPARISON  OF  CALCULATED  AND  EXPERIMENTAL 
VALUES  FOR  THE  OPTICAL  REFLECTIVITY  OF  THE 
LIQUID  ALLOYS  Hg-In,  Hg-Tl,  Ga-In  AT  25°C,  by 
L.  G.  Schulz.  Nov.  30,  1956  [13  Ip.  incl.  dlagrs. 
(AFOSR-  TN-56-469)  (AF  18(600)1489)  AD  97353 

Unclassified 

■Man  published  in  Jour.  Opt.  Soc.  Amer.  ,  V.  47: 

70  72,  Jan.  1957. 

The  alloys  (Hg  In),  (Hg  Tl)  and  (Ga  In)  are  inspected 
for  optical  reflectivity  in  the  wavelength  range  of  0.  3  u 
to  10p.  The  results  from  the  alloys  with  components 
of  different  valences  can  possibly  be  explained  by 
chemical  union  in  the  alloy.  The  experimental  results 
on  reflectivity  measurements  are  Insufficient  for  n  or 
k  (n  -  n  ■  I  k  wlthn  the  complex  index  of  refraction), 
but  they  are  adequate  for  indicating  die  extent  of  agree 
ment  with  the  Drude  theory.  Different  valence  com 
binatlons  gave  disagreement  of  experimental  and  cal 
culated  values  for  the  reflectivity  Ga  and  In  combined 
gave  agreement  of  experiment  and  theory  apparently 
due  to  the  agreement  In  valence. 
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CHI.  13:006 

Chicago  U.  Inst,  (or  the  Study  o(  Metals,  HI. 

THE  EXPERIMENTAL  STUDY  OF  THE  OPTICAL 
PROPERTIES  OF  METALS  AND  THE  RELATION  OF 
THE  RESULTS  TO  THE  DRUDE  FREE  ELECTRON 
THEORY,  by  L.  G.  Schulz.  Nov.  30,  1956  [86  ip. 
tnd.  diagrs.  tables,  rels.  (AFOSR-TN-56-499) 

(AF  18(600)1489)  AD  110335  Unclassified 

Also  published  in  Advances  in  Phys.  ,  v.  8:  102-144, 

Jan.  t957. 

Better  experimental  values  ot  the  index  of  refraction 
and  the  absorption  Index  were  sought  to  find  (1)  the 
tlmits  of  validity  of  the  free  electron  theory  of  metals 
proposed  by  Drude  and  (2)  experimental  procedures 
yielding  Information  of  interest  to  solid  state  physics. 
The  Drude  theory  was  valid  to  wmiln  the  experimental 
accuracy  from  X  0.4  to  C.  G7(i  fjr  both  liquid  Hg  and 
liquid  Ga  at  room  temperature  (25°C).  Reflectivity 
measurements  alone  suggest  that  the  theory  is  valid 
down  to  X  0.  25p.  Beyond  about  2 p  the  Drude  theory 
passes  into  that  for  the  classical  skin  effect  where  the 
cumber  of  free  electrons  Is  of  no  significance  and  only 
the  dc  conductivity  of  the  metal  determines  the  optical 
properties.  For  X  >  2q,  good  agreement  with  theory 
resuited  for  solid  Ag  and  Au  when  the  mass  ( n)  of  the 
electron  equalled  Its  effective  mass  (m* )  and  fur  solid 
Cu  when  m*/m  1.45.  The  liquid  tig  tn  and  ltg-Tt 
alloys  showed  no  agreement  with  the  Druie  theory.  The 
reflectivity  of  a  liquid  Ga  In  altoy  was  Independent  of 
the  composition.  Preliminary  reftectlvlty  measure 
menu  on  pure  liquid  tn  agreed  with  the  Drude  theory  to 
the  limits  of  the  experimental  accuracy.  When  2  tlquid 
metals  which  follow  the  Drude  theory  are  combined  the 
resulting  alloy  does  nol  necessarily  follow  the  theory. 
Values  of  m*/m  are  tabulated  for  Ag,  Au,  Cu,  and  A1 
and  compared  with  previous  literature  values  obtained 
from  optical  experlmenU  and  from  electronic  specific 
heat  determinations.  Agreement  Is  sufficiently  close 
to  show  that  the  respective  values  are  concerned  with 
the  same  quantity. 


CtU.  13.007 

Chicago  U.  Inst,  for  the  Study  of  Metals,  lit. 

EVIDENCE  FOR  VACANCY  MECHANISM  IN  INTER 
META1.LIC  UFFUaON,  by  L.  Sllfkln  and  C.  T. 
Tomizuka.  i  1 956  J  2  Ip.  lncl.  diagr.  (Sponsored 
jointly  by  Atomic  Energy  Commission  and  [  Air  Force 
Office  of  Scientific  Research  under  AF  18(600)1489]) 

Unclassified 

PubUilicd  in  Phys.  ltev. .  v.  104:  1803  1804,  Dec.  15. 
1956. 

An  analysis  Is  made  of  recent  data  (Kuper,  el  al,  l’liys 
l<ev.,  v  104  t536  1541.  Dec.  15.  1956)  of  self 
diffusion  in  47  48  atomic  %  An  cojper  zluc  (beta  brass) 
with  regard  to  the  ratio  (G)  of  the  coefficients  of  self 
diffusion.  Atomic  movement  by  a  vacancy  mechanism 


Involving  nearest  neighbor  jumps  would  result  in  equal 
diffusion  coefficients  for  both  species  whereas  migra¬ 
tion  of  atoms  interstitially  would  not.  Comparison  of 
the  experimental  results  and  the  calculated  dependence 
of  G  on  the  long-range  order  parameter  8  for  beta  brass 
indicate  a  satisfactory  agreement  between  lhe  experi¬ 
mental  and  predicted  results.  The  experimental  re¬ 
sults  on  the  diffusion  of  antimony  in  the  beta  brass, 
which  are  explainable  in  terms  of  the  lnterstltlalcy 
mechanism,  appear  to  require  further  experimental 
confirmation.  Investigation  of  the  diffusion  of  other 
impurities  is  also  required  before  definite  conclusions 
can  be  made  as  to  the  behavior  of  the  impurity  atoms 
in  the  ordered  talticc.  It  is  proposed  that  the  experi¬ 
ments  on  beta  brass  constitute  convincing  evidence  for 
(he  vacancy  mechanism. 


C1U. 14:001 

Chicago  U.  Inst,  of  Radiobiology  and  Biophysics,  HI. 

CONCERNING  THE  USE  OF  HIGH  ENERGY  PARTI 
CLES  AND  QUANTA  tN  THE  DETERMINATION  OF 
THE  STRUCTURE  OF  LIVING  ORGANISMS,  by  R.  J. 
Moon.  I  1953  ]  7p.  lllus.  diagr.  (Sponsored  jointly  by 
[  Air  Force]  Office  of  Scientific  Research  under 
AF  18(600)566,  Public  Health  Service,  and  Office  of 
Naval  Research  under  N6orl-02029)  Unclassified 

Presented  at  the  l.R.  E.  Convention,  New  York,  Mar. 
26,  t953. 

The  Important  basic  principles  for  the  determination 
of  the  structure  of  living  organisms  by  meanB  of  high 
energy  quanta  and  particles  arc  developed.  Primary 
emphasis  Is  put  upon  obtaining  the  lnfoi-malton  rela¬ 
tive  to  structure  of  the  organisms  with  a  minimum 
amount  of  damage  to  it  and  a  maximization  of  the 
amount  of  information  derived.  Several  instruments 
are  considered  with  reference  in  their  ability  to  fulfill 
these  conditions.  Systems  which  emptoy  "thick  de¬ 
tectors”  and  derive  their  Information  in  serial  time 
sequence  seem  to  fulfill  these  conditions  best.  Experi¬ 
mental  work,  with  a  scanning  x-ray  system,  which  has 
been  performed  with  regard  to  these  principles  Is 
described.  (Contractor’s  abstract) 

CHI.  14:002 

Chicago  U.  Inst,  of  ttadtobiotogy  and  Biophysics,  Ut. 

THE  SCANNING  X  RAY  SYSTEM  AS  A  FLUOttOSCOPE 
AND  MICROSCOPE,  by  It.  J.  Moon.  [  1953  1  9p.  Ulus, 
diagrs.  (Sponsored  jointly  by  [  Air  ForcelOffice  of 
Scientific  Research  under  AF  18(600)566,  Public 
Health  Service,  and  Office  of  Naval  Research  under 
N6ori  02029)  Unc  .asslfied 

Presented  at  the  Seventh  International  (  ongress  ol 
Radiology,  Copenhagen  (Denmark),  1953. 

The  development,  characteristics,  and  use  are 
described  of  an  x  ray  scanning  system  employing 
single  large  fluorescent  crystal  detectors  to  study 
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microscopic  and  macroscopic  objects,  including  Uving 
tissue,  with  minimal  distortion.  X-ray  quanta  trans¬ 
mitted  from  the  intense  scanning  micro  be  am,  are  con¬ 
verted  by  the  thick  detector  ir.to  proportional  fluores¬ 
cent  Ught  which  is  converted  into  electrical  Impulses 
by  a  photomultiplier  tube,  then  amplified  and  passed 
through  a  pulse  sorter  to  produce  ’’color  x-ray  Images" 
on  a  kinescope.  When  quantum  yields  are  low,  a  mem¬ 
ory  tube  driven  by  the  timing  device  of  the  scanning 
x  ray  tube  produces  a  sharp  image  which  is  then  read 
out  by  the  kinescope. 


CHI.  14:003 

Chicago  U.  Inst,  of  Radiobiology  and  Biophysics,  IU. 

ELECTROSTATIC  POTENTIAL  PLOTTING  FOR  USE 
IN  ELECTRON  OPTICAL  SYSTEMS,  by  K.  -C.  Ho  and 
R.  J.  Moon.  [  1953]  '27  Ip.  incl.  illus.  diagrs.  tables. 
[  Sponsored  jointly  by  Air  Force  Office  of  Scientific  Re¬ 
search  under  AF  18(600)560,  Public  Health  Service, 
and  Office  of  Naval  Research  under  N6orl-02029  ] 

Unclassified 

Also  published  in  Jour.  Appl.  Phys. ,  v.  24:  1 1 8G  1193, 
Sept.  1953. 

A  non- iterative  numerical  method  has  been  found  for 
solving  a  partial  differential  equation,  when  its  bounda  ry 
conditions  arc  not  known,  on  the  entirety  of  a  closed 
boundary.  Under  such  conditions,  the  iterative  numer¬ 
ical  methods  which  are  generally  used,  such  as  the 
relaxation  technique,  are  not  applicable.  As  an  ex¬ 
ample,  this  non-iterative  numerical  method  has  been 
used  to  calculate  the  shapes  of  a  pair  of  beam- forming 
electrodes  for  use  in  an  electron  gun  in  which  rectilinear 
flow  is  desired.  The  calculated  shapes  are  in  almost 
complete  agreement  with  Pierce's  experimental  results. 
Equijxitenttal  surfaces  calculated  by  this  method  have 
been  checked  by  means  of  an  electrolytic  trough  which 
employs  a  semi-automatic  detecting  and  plotting  system. 
(Contractor’s  ahstract) 


cm.  14:004 

Chlcagu  U.  Inst,  of  Rjdiobialogy  and  Biophysics,  111. 

THE  SCANNING  ROENTGEN  SYSTEM  AS  A  KLUOKO 
SCOl'K  AND  MICROSCOPE,  by  U.  J.  Moon.  (  1954  I 
i  9  ]  p.  incl.  illus.  diagrs.  (AF  18(600)506) 

Unclassified 

Also  published  jn  Acta  Radiologies  (Stockholm), 
Supplementum  116:  479  487,  1954. 

The  scanning  roentgen  system  has  b-en  used  for  the 
study  of  structure  of  microscopic  and  macroscopic 
objects.  The  resolution  of  the  Instrument  has  been 
measured.  An  extrapolation  of  the  results  so  far 
achieved  indicates  that  a  microscope  with  10  to  100 
times  resolving  power  of  the  usual  ojitlcal  nucroscoj>e 
may  be  achieved  with  sufficiently  minute  ptnhules.  If  a 
Patterson  li  screen  is  placed  between  the  ohject  and  the 


detector  and  Its  brightness  photometeied  whilr  the 
object  is  being  scanned,  and  this  brightness  compared 
with  the  photometered  brightness  of  the  kinescope 
screen,  the  brightness  gain  Is  found  to  be  of  the  order 
of  a  million  to  one.  Useful  magnifications  of  several 
hundred  times  have  been  achieved.  (Contractor*  s 
summary) 


CHI.  15:001 

Chicago  U.  Lab.  of  Molecular  Structure  and  Spectra,  111. 

[  COMPUT  ATIONS  IN  QUANTUM  CHEMISTRY  ] ,  by 
R.  S.  Mulliken,  C.  W.  Scherr  and  others.  Technical 
rept.  1953-1954,  Partn,  454p.  Incl.  Ulus,  diagrs. 
tables,  refs.  [  AFOSR- TN- 55-94  ]  (Sponsored  jotntly 
by  (  Air  Force  1  Office  of  Scientific  Research  unler 
AF  18(609)471,  Otficeof  Naval  Research  under  N6orl- 
20,  T.  O.  9,  and  Office  of  Ordnance  Research  under 
BA-1 1-022-ord- 1002)  AD  62123  Unclassified 

This  report  is  issued  under  contract  AF  18(600)471 
with  the  Air  Force  Office  of  Scientific  Research 
(AFOSR),  contract  N6orl-20,  task  order  9  with  the 
Office  of  Naval  Research  (ONR),  and  contract  DA- 11- 
022  -ord  1002  with  die  Off  tee  of  Ordnance  Research 
(OOH).  It  covers  approximately  the  period  of  Oct.  1, 
1952  to  Sept.  30,  1954  for  the  AFOSR  contract,  and  the 
period  of  Apr.  1,  1954  to  Sept.  30,  1954  for  the  ONR 
and  OOR  contracts.  The  following  technical  papers, 
prepared  by  the  Laboratory  of  Molecular  Structure  ami 
Spectra,  Department  of  Physics,  University  of  Chicago 
staff  members  under  the  above  AFOSR  contract,  are 
presented: 

(1)  AN  SCF  [  SELF  CONSISTENT  FIELD!  LCAO 

[  UNEAR  COMBINATION  OF  ATOMIC  ORBITALS  I 
STUDY  OF  N2,  byC.  W.  Scherr.  n.d.  i  23  1  p. 

Incl.  tables,  diagrs. 

(2)  STRUCTURES  OF  THE  HALOGEN  MOLECULES 
AND  TliE  iTTRENGTHS  OF  SINGLE  BONDS,  l)y 
R.  S.  Mulliken,  n.d.  |  10  ]p. 

(3)  BOND  ANGLES  IN  WATER  TYPE  AND  AMMONIA 
TYPE  MOLECULES  AND  THEIR  DERIVATIVES, 
by  R.  S.  Mulliken.  n.d.  I  17  ip.  incl.  tables, 
diagrs. 

(4)  A  STUDY  OF  TWO-CENTER  INTEGRALS  USEFUL 

IN  CALCULATIONS  ON  MOLECULAR  STRUCTURE. 
IV.  THE  AUXIUAHY  FUNCTIONS  Cu  ,  '  (pa|>0) 

for  a  >  0,  by  C.  C.  J.  ltoathaan.  n.d.'  [  32  !p. 
incl.  tables,  diagrs. 

(5)  ELECTRONIC  I'OPUl.ATION  ANALYSIS  ON 
LCAO  MO  MOLECULAR  WAVE  FUNCTIONS,  by 
K.  S.  Mulliken.  n.d.  |  43  Ip.  incl.  (ahles,  diagrs. 

Each  of  the  above  jiapers  Is  abstracted  and  subject 
Indexed  individually. 

Clll.  15:002 

Chicago  U.  Lab.  of  Molecular  Structure  and  Spectra,  111. 

STRUCTURES  OF  T11E  11A1XX1EN  MOLECULES  AND 
THE  STRENGTHS  OF  SNGl.K  BONDS,  by  It.  S. 
MulUketi.  (  1955  1  1  10  Ip.  refs.  (Hept.  no.  1) 

(LVliasl  wiiil  ili  Technical  rejit.  1953  1954  Part  11, 
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Unclassified 


!  Jour.  Amer.  Chem.  Soc. ,  v.  77: 
884-887,  Feb.  20,  1955. 


between  H  atoms,  In  the  higher- row  hydrides.  Sig¬ 
nificant  factors  affecting  the  bond  angles  In  the  halides 
of  fifth-column  and  sixth-column  atoms  are  also  sur¬ 
veyed.  (Contractor’s  abstract) 


'n  this  study,  It  Is  pointed  out  that  a  very  low  dissocia¬ 
tion  energy  for  F^  is  consistent  with  the  exceptionally 
large  observed  reduced  Interatomic  distance  and  with 
other  empirical  properties  of  F„.  Theoretical  reasons 
for  a  low  value  are  discussed  tn'terms  of  MO  (molecu¬ 
lar  orbital)  and  VB  (valence-bond)  theory.  In  MO 
theory,  the  fact  that  anttbonriing  MO’s  are  more  power¬ 
fully  antibonding  than  bonding  MO’s  are  bonding  provides 
a  reasonable  explanation.  In  view  of  the  fact  that  F, 
contains  3  pairs  of  antibonding  as  against  4  pairs  of 
bonding  electrons.  The  corresponding  explanation  tn 
VB  theory  Is  that  the  numerous  lone-pair  and  other 
nonbonded  repulsions  largely  cancel  out  the  effect  of  the 
1  bonding  electron  pair.  In  CI2  and  higher -row  halogen^ 
on  the  other  hand,  even  rather  small  amounts  of  dj  and 
d2  hybrtdlzatlon  should  suffice,  tn  MO  theory,  to 
strengthen  the  bonding  MO’s  and  to  weaken  the  antlbond- 
lng  MO’s  very  considerably.  Thus  d  hybrtdlzatlon  may 
reasonably  account,  In  spite  of  the  adverse  factor  of 
Increased  tnner-shell:  outer- shell  nonbonded  repulsions 
In  VB  theory,  or  "forced  hybrldizatton”  In  MO  theory, 
for  the  observed  relatively  much  smaller  reduced  inter¬ 
atomic  distance  and  larger  dissociation  energy  In  Clj 
than  In  F2-  In  VB  theory,  d  hybrtdlzatlon  Involves  a 
considerable  amount  of  multiple  bond  character  In  the 
Cl  Cl  "single"  bond,  thts  being  absent  in  Fj.  Similar 
considerations  apply  to  other  second- row  (e.  g. ,  P-P 
and  S-S)  and  analogous  htgher  row  single  bonds.  In 
connection  with  the  dlscurslon  nf  Cl,,  it  is  shown  how 
the  use  of  "unnatural"  d  orbitals  with  Increased  'L 
values  can  be  legitimate  and  important  in  p  d  hybridtza- 
tlon.  (Contractor's  abstract) 


CHI.  15:003 

Chicago  U.  Lab.  of  Molecular  Structure  and  Spectra,  111. 

BOND  ANGLES  IN  WATER  TYPE  AND  AMMONIA 
TYPE  MOLECULES  AND  THEllt  DERIVATIVES,  by 
K.  S.  Mulllken.  I  1955!  [  13  ]p.  incl.  diagrs.  tables, 
refs.  (Kept.  no.  2)  (Bound  with  Its  Technical  rept. 

19  53-  1954,  Part  II,  AFOSR  TN  5  5  94  1 ;  .AD  62123) 
(AF  18(600)471)  Unclassified 

AlBQ JJUbUfihcd.il  Jour.  Amer.  Chem.  Soc.  ,  v.  77’ 

B87  891,  Feb.  20,  1955. 

In  this  study,  the  factors  which  may  determine  the 
smaller  bond  angles  in  the  hydrides  of  the  hi^ier- row 
fifth  column  and  sixth-column  atoms  as  compared  with 
Nil,  and  lljO,  and  the  much  larger  energies  required 
tn  flatten  I’ll,  and  Anil,  to  planar  form  than  for  N'llj, 
are  discussed  using  LCAO  (linear  combination  of 
atomic  orbitals)  molecular  orbital  and  valence  bund 
theory.  It  is  shown  that  the  observed  differences  can 
reasonably  be  understood  as  a  result  of  d  hybridization 
1:1  the  e-type  or  b2  type  bonding  molecular  orbitals, 
together,  perhaps,  with  smaller  nonbonded  repulsions 
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Chicago  U.  Lab.  of  Molecular  Structure  and  Spectra,  Ill. 


A  STUDY  OF  TWO-CENTER  INTEGRALS  USEFUL  IN 
CALCULATIONS  ON  MOLECULAR  STRUCTtTtE.  IV. 
THE  AUXILIARY  FUNCTIONS  C  0uY6E(pa,  pb)  FOR 
a  |  O,  by  C.  C.  J.  Roothaan.  [T955]  [3?]p.  Incl. 
tables.  (Rept.  no.  3)  (Bound  with  Its  Technical  rept. 
1953-1954,  Part  II,  [  AFOSR- TN- 55-94 1 ;  AD  62123) 
(AF  18(600)471)  Unclassified 


Also  published  In  Jour.  Chem.  Phys. ,  v.  24  :  947-960, 
May  1956. 

A  new  method  is  developed  for  the  numerical  computa¬ 
tion  of  the  auxiliary  functions  CQ  „  £(pa,  p^)  which 

are  used  in  Technical  rept.  1953-1954,  Part  n, 
p.  137  (I)  tn  this  series,  for  the  case  a  _>  0.  The 
present  method  is  suitable  for  all  valuesT of  the  param¬ 
eter  -  =  (pa  -  pb)/(pa  +  pb).  avoiding  the  excessive 

loss  of  significant  figures  which  occurs  In  the  methods 
developed  In  the  earlier  report  (I)  for  the  physically 
Important  case  of  small  i.  (Contractor’s  abstract) 
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ELECTRONIC  POPULATION  ANALYSIS  ON  LCAO 
MO  MOLECULAR  WAVE  FUNCTIONS,  by  R.  S. 
Mulllken.  1955  1  [43 ’p.  incl.  diagrs.  tables,  refs. 
(Rept.  no.  4)  (Bound  with  11b  Technical  rept.  1953 
1954,  Part  H,  AFOSR- TN-55- 94  AD  62123) 

(AF  18(600)471)  Unclassified 


AlfiS  JJUbUfillMLin  Jour.  Chem.  Pliys.  ,  v.  23:  1833- 
1846:2338  2346.  Oct.,  Dec.  1955. 

In  this  study,  it  Is  pointed  out  that  with  the  Increasing 
availability  of  good  all -electron  LCAO  MO  (linear 
combination  of  atomic  orbital- molecular  orbttal)  wave 
functions  for  molecules,  a  systematic  procedure  for  ob 
tabling  maximum  insight  from  such  data  lias  become  de¬ 
sirable.  A  useful  analysis  In  quantitative  form  can  be 
made  in  terms  of  various  breakdowns  of  the  electronic 
population  into  parttal  and  total  "gross  atomic  popula¬ 
tions,"  nr  Into  parttal  and  total  "net  atomic  populations'' 
together  with  "overlap  populations."  Gross  atomic 
{xipulatlons  are  so  defined  as  to  distribute  the  electrons 
almost  perfectly  among  the  various  AO’s  (atomic  orbtt 
als)  of  the  various  atoms  m  the  molecule.  From  these 
numbers,  a  definite  figure  is  obtained  for  the  amount 
of  promotion  (e.  g.  ,  from  2s  to  2p)  or  (wliat  Is  the  same 
thing)  of  "gross  hybrtdtratinn,"  in  each  atom,  and 


120 


•  •  • 


•  • 


•  •  • 


•  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 


CHI.  15:006  -  CHI.  15:008 


l 


n 


u 


also  for  the  gross  charge  Q  on  each  atom  tf  the  bonds 
are  polar.  The  total  overlap  population  for  any  pair  of 
atoms  In  a  molecule  Is  tn  general  made  up  of  positive 
and  negative  contributions.  If  the  total  overlap  popula¬ 
tion  for  2  atoms  is  positive,  they  are  bonded;  if  negative, 
they  are  antibonded.  The  latter  sttuation  is  described 
in  the  language  of  AO-VB  [valence-bond]  (generaUzed 
Heitier- London)  theory,  by  saying  that  there  ts  a  non- 
bonded  repulsion  between  them.  In  LCAO-MO  theory, 
besides  gross  hybridization,  "forced"  and  "free" 
hybridization  must  be  distinguished.  The  formet  makes 
negative  and  the  latter  postttve  contributions  to  overlap 
populations  and  covalent  resonance  energies.  The  nega¬ 
tive  contributions  from  forced  hybridization  in  LCAO 
theory  correspond  to  various  nonbonded  repulsions 
which  occur  even  between  bonded  atoms  in  AO-VB 
theory.  Free  hybridization  in  LCAO  theory  corresponds 
to  ordinary  hybridization  in  AO-VB  theory.  Its  effect 
can  he  determined  from  the  gross  atomic  populations, 
and  expressed  as  amount  of  promotion  or  gross  hy¬ 
bridization.  Overlap  populations  give  in  gaieral  more 
flexible  and  probably  better  measures  of  covalent  res¬ 
onant  and  bond  energies  than  do  bond  orders,  since  they 
reflect  directly  the  effects  of  both  forced  and  free  by 
bridization,  as  well  as  of  conjugation  or  mesomerism. 
Bond  orders  are,  essentially,  covalent  resonance  en 
ergles  expressed  In  units  of  LCAO  parameters  (L 
arious  kinds  of  bond  orders  are  discussed  in  die  ap¬ 
pendix.  In  general,  If  all  ja  ’ s  are  assumed  to  be  pro¬ 
portional  to  corresponding  overlap  Integrals  S  times 
suitable  hreM*  a  ton, It  l„.rtlatl  at.  energies  f,  a  simple 
approximate  formula  for  covalent  resonance  energies 
Is  obtained  In  terms  of  partial  overlap  populations  and 
Ts,  Including  1  or  2  empirical  coefficients.  This 
formula  Indicates  that  forced  hybridization  resulting 
from  Inner  shells  should  make  Important  negative  con 
tributlons  to  bond  energies.  The  application  of  the 
formula  to  H2,  CO,  and  1120  Is  discussed.  The  assump 
tlon  of  proportionality  of  values  to  Sf  values  may  also 
he  useful  in  estimating  unknown  ,  values.  Tables  of 
gross  atomic  populations,  overlap  populations,  and 
gross  atomic  charges  Q  computed  from  SCF  (self- 
conslstent-fteld)  LCAO-MO  data  on  CO  and  HjO,  are 
given.  The  degree  of  s-p  promotion  or  gross  lsovalent 
hybridization  is  found  to  he  nearly  the  same  for  the  O 
atom  In  CO  and  tn  11,0  ( 14  a  In  CO  and  15%  In  H20). 

For  the  C  atom  In  CO  It  Is  50%.  For  the  N  atom  In  N2 
U  Is  20',  according  to  calculations  by  Scherr.  In  spite 
of  very  strong  polarity  In  the  :>  bonds  In  CO,  the  and 
overlap  populations  are  very  similar  to  those  In  N2. 

In  CO  the  total  overlap  population  for  the  "  electrons 
Is  about  twice  that  of  the  electrons.  The  most  easily 
Ionized  electrons  of  CO  are  in  a  MO  such  that  the  gross 
atomic  imputation  Is  94%  localized  on  the  C  atom.  These 
electrons  account  tor  the  (weak)  electron  donor  proper 
ties  of  CO.  A  comparison  between  changes  of  bond 
lengths  observed  on  removal  of  an  electron  from  one  or 
another  MO  of  CO  and  U2  and  corresponding  changes  In 
computed  overlap  populations  shows  good  correlation. 
(Contractor's  abstract,  modified) 
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Chicago  U.  Lab.  of  Molecular  Structure  and  Spectra,  Ill. 

AN  SCF  LCAO  MO  STUDY  OF  N2,  by  C.  W.  Scherr. 

[  1955]  [23]p.  incl.  diagrs.  tables,  refs.  (Bound 
with  Its  Technical  rent.  19  53-1954,  Part  D;  [  AFOSR- 
TN-55-94  ] ;  AD  62123)  (Sponsored  jointly  by  [  Air 
Force]  Office  of  Scientific  Research  under  AI  ^(hOO)- 
471,  and  Office  of  Naval  Research  under  N6ort-20, 

T.  O.  9)  Unclassified 

Also  published  In  dour.  Chem.  Phys.,v.  23:569-578, 
Mar.  1955. 

The  self-consistent-field  molecular  orbital  (SCF  MO) 
method  In  the  LCAO  (linear  combination  of  atomic 
orbit  ils)  approximation  is  applied  to  the  ground-state 
configuration  of  the  N2  moljcule  at  the  observed  equi¬ 
librium  internuclear  separation.  No  other  approxima¬ 
tions  are  used.  Ail  electrons  are  included.  The  forms 
of  the  resulting  molecular  orbitals  are  discussed.  The 
s-p  hyoridization  Is  computed  to  be  26. 1%  in  agree¬ 
ment  with  Mulliken's  Magic  Formula  estimation  of  21%. 
The  quadrupole  moment  is  computed  to  be  -1.87 
atomic  units  (experiment,  1.11  atomte  units  of  unde¬ 
termined  sign).  The  ratio  of  the  computed  to  the  ex- 
perlme  ilwl  tutal  molecular  energy  le  found  to  He  .9906. 
Ionization  potentials  and  single-electron  excitation  en¬ 
ergies  are  computed,  and  compared  with  experimental 
<pertn  sroplr  values  The  spectral  resultr  are  more 
encoui  aging  than  have  been  hitherto  reported  from 
calculations  by  the  LCAO  MO  method.  The  approxima¬ 
tion  o!  neglecting  the  Inner-outer- shell  mtxing.  as  tt 
has  usually  been  done  In  computations  of  this  type, 
changes  the  present  results  and  Is  not  recommended. 
(Contractor’s  abstract) 
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CORRIGENDA:  AN  SCF  LCAO  MO  STUDY  OF  N2 
THIS  TECHNICAL  REPORT,  19  5  3-  1954,  PART11, 
p.  241  263  by  C.  W.  Scherr.  1955  [l]p.  incl. 

diagrs  (Pound  with  Its  Technical  rept.  1955,  lAFOSR- 
T.N-56  79  ;  AD  81531)  (Sponsored  jointly  by  Air  Force 
Office  of  Scientific  Research  under  AF  18(600)471  and 
Office  of  Naval  Research  under  NOori  20,  T.O.  9) 

Unclassified 

Corrections  arc  presented  on  item  no.  Clti.  15:006. 

They  Include  corrections  to  the  orbital  energies 
(Ionization  potentials)  and  single  electron  excitation 
energies  found  on  page  254  of  the  original  report,  and 
to  an  equation  found  on  page  262, 

(ill.  15:008 

Chicago  U.  l.ab  of  Molecular  Structure  and  Spectra,  111. 

COMPUTATIONS  IN  QUANTUM  CHEMISTRY  .  by 
R.  s.  Mulliken,  C.  W.  Scherr  a. id  others  Technical 
left  1955,  25ap,  Incl  diagrs  i.diies.  refs. 
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[  A.FOSR-TN-56-79  ]  (Sponsored  jointly  by  [Air  Force  J 
Office  of  Scientific  Research  under  AF  18(600)471, 

Office  of  Naval  Research  under  N6ori-20,  T.O.  9, 

Office  of  Ordnance  Research  under  DA-H-022-ord- 
1002,  and  AFCRC  Geophysics  Research  Directorate 
under  AF  19(604)1019)  AD  81531  Unclassified 

This  report  Is  issued  jointly  under  contract  AF  18(600)- 
471  with  the  Air  Force  Office  of  Scientific  Research 
(AFOSR),  contract  AF  19(600)1019  with  the  Air  Force 
Cambridge  Research  Center  (AFCRC),  contract  N6ori- 
20,  task  order  9  with  the  Office  of  Naval  Research 
(ONR),  and  contract  DA-ll-022-ord-1002  with  the 
Office  of  Ordnance  Research  (OOR).  It  covers  approxi¬ 
mately  the  period  Oct.  1,  1954  to  Sept.  30,  1955  for 
the  AFOSR,  ONR,  and  OOR  contracts,  and  the  period 
January  26,  1954  to  Sept.  30,  1955  for  the  AFCRC 
contract.  The  following  item  is  the  only  one  concerning 
an  AFOSR-sponsored  project  contained  in  this  report- 


Chicago  U.  Lab.  of  Molecular  Structure  and 
Spectra,  111. 

AN  SCF  LCAO  MO  STUDY  OF  N2  THIS 
TECHNICAL  RETORT,  1953-54,  PART  11 
[P.  1  219  CORRIGENDA,  by  C.  VV. 
Scherr.  n.d.  [l'p.  incl.  diagrs. ,  item 
no.  CUl.  15:007. 
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Cincinnati  U.  Applied  Science  Research  l.ah.  ,  Ohio. 


A  STUDY  OF  SELECTIVE  OXIDATIVE  CLEAVAGE  OF 
OLEFINIC  BONDS,  by  W.  Soller,  C.  E  Frank  and 
others.  Final  rept.  Oct.  1,  1954,  22p.  incl.  tables, 
refs.  |  AFOSR -TR- 55  2  (AF  18(600)351) 

Unclassified 

Research  was  conducted  to  define  conditions  such  that 
oxidative  attack  by  atmospheric  oxygen  would  occur  at 
tile  double  bond.  Cyclohexene  was  employed  as  a 
model  compound  in  the  hope  of  achieving  the  following 
transformation:  Cli^ClI^CIl^CHjCH  *  Cl  1 - > 

UCX>CCH2CII2C1I2CH2C0011. 

In  the  flrsi  series  of  experiments,  homogeneous  free 
radical  conditions  were  employed.  A  stream  of  air  was 
parsed  through  a  solution  of  the  hydrocarbon  in  the 
presence  of  free  radical  initiators,  ultraviolet  light,  and 
transition  metal  catalysts,  When  the  reaction  was  con 
ducted  in  the  presence  of  Ci  I  jCOOl  1  -  (C  H  3  CO)  20 ,  it  was 
IHisslble  to  ioslate  3-cycIohexenol  acetate  and  1,2-cyclo 
hexanedtol  diacetate.  Neither  adipic  acid  nor  its  ester 
could  be  isolated.  The  original  objective  was  abandoned, 
and  attempts  weit  made  t"  devise  alternate  processes  of 
producing  dibasic  acids,  preliminary  studies  with 
uislecylenic  acid,  utilizing  an  alkaline  fusion  technique, 
gave  pelargoulc  acid  undei  extreme  conditions.  The 
only  Identifiable  products  were  3-cycluhexeiud  aceiate, 
ami  1,2  cyclohexanediol  diacetate  Adipic  acid  could 
not  he  f  lund  in  the  und!  suitable  residue. 


CIN.  02:001 

Cincinnati  U.  Applied  Science  Research  Lab.  ,  Ohio. 

DIELECTRIC  DISPERSION  IN  VISCOUS  POLAR 
LIQUIDS  (Abstract),  by  J.  W.  Winslow,  R.  J.  Good, 
and  P.  E.  Berghauson.  [Dec.  17,  19531  [ 4  1  p.  incl. 
diagrs.  tables,  refs.  (AFOSR-TN-56-290)  'AF18- 
(600)1318)  AD  90001  Uncls  .iifled 

Presented  at  the  National  Research  Council  Conference 
on  Electrical  Insulation,  Schenectady,  N.  Y. , 

Oct.  8-10,  1956. 

Also  published  in  Jour.  Chem.  Phys.  ,  v.  27:  309-312, 
July  1957. 

The  low-frequency  dielectric  dispersion  of  tolyl  xylyl 
sulfone,  pentachlcroblphenyl  and  hexachloroblphenyl 
follow  the  Davidson-Cole  equation  for  "skewed  arc": 

t  -  t 

o 


(1  a  I  o-q). 

rather  than  the  Cole-Cole  equation  for  "semicircular 
arc  with  depressed  center.  "  ,i  lay  in  the  range  0.  50- 
0.  65.  This  behavior  (with  ,  in  the  range  0.  50-0.  65) 
had  previously  been  observed  only  for  glycerol  and 
propylene  glycol.  O11  dilution  with  o- terphenyl,  obedi¬ 
ence  to  equation  with  low  values  of  ;<  was  maintained 
rather  than  the  expected  approach  of  ,  to  unity  ("Debye 
hehavlor").  It  Is  concluded  that  departure  from  "Debye 
behavior"  Is  not  directly  related  to  chemical  structure 
or  to  tlie  effect  of  dljioles  on  the  internal  field.  (Con¬ 
tractor’s  ahntract) 
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Cincinnati  U.  Dept,  of  Mathematics,  Ohio. 

Ql  ESTIONS  OF  SIGNS  IN  POWER  SE1UES,  by  W.  B. 
Jurkat.  Sept.  30.  1953,  12p.  (AF  18(500)691) 

Unclassified 

Published  in  l’roc.  Amer.  Math.  Soc. ,  v  5:  964-970, 
Dec.  1954. 

This  pa;>er  deals  wiili  Uie  signs  of  the  (real)  coefficients 
of  a  i«>wer  series  k(x)  v  q  kyXv,  which  is  the  quotient 
of  the  two  power  series  q(x)  ..v  q  qvxv  amt  p(x) 
v  Q  Pvx’  Questions  of  this  type  have  been  previously 

treated  by  Kaluza  (192S)  and  Szego  (1926)  in  the  special 
case  of  q(x)  1.  By  consideration  of  a  general  lower 
series  q(x)  instead  of  q(x)  I.  il  is  lossible  lo  include 
tlie  known  results  of  this  subject  in  a  single  theorem. 
Moreover  tlie  method  of  proof  used  allows  us  lo  estab 
lish  a  second  type  of  theorem  using  simpler  conditions. 
For  tills  second  type  of  theorem  tlie  introduction  of  a 
general  g(x)  is  essential  for  applications,  because  ttie 
results  are  still  trivial  for  g(x)  1.  There  are  two 
different  principles  to  generalize.  Thereby  tlie  second 
kind  of  theorem  becomes  also  applicable  in  tlie  case  of 
|(x)  1.  The  statements  now  obtained  can  even  be  used 
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conversely  for  a  second  proof  of  the  theorems  first 
obtained.  The  results  of  tills  paper  are  fundamentally 
for  application  to  inclusion  of  Nfjrlund  means  and  re¬ 
lated  questions.  (Contractor's  abstract,  modified) 
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Cincinnati  U  Dept,  of  Mathematics  Ohio. 

ON  RELATIONSHIPS  HETVVEEN  NORLUND  MEANS 
FOR  DOUBLE  SERIES,  by  C.  N.  Moore.  [  1954  ] 

[  7  1  p.  (AFOSR-TN-54  - 1)  (AF  18(600)691)  AD  36739 

Unclassified 


Proc.  Amer.  Math.  Soc.  ,  v.  5:  957- 


Certain  llieo rents  concerning  relationships  between 
Norlund  means  for  single  series  are  generalized  to 
double  series.  If  j,  (jj.  are  two  Infinite  sequences  of 


non- negative  numbers,  the  author  writes 

m,  n  ni,n 


Ninn (s)  jSij  Pmn 

i  o7  j-  o 

(and  p,  P  replaced  by  q,  Q),  where  the  Sjj  are  the  par¬ 
tial  sums  of  a  double  series  .  ujj,  which  remain  bounded 
for  all  (1.  j).  Necessary  and  sufficient  conditions 
for  tlie  regularity  of  Norlund  means  for  such  double 
series  have  been  given  by  the  author  In  his  lxiok  (Sum- 
niable  Series  and  Convergence  Factors.  Amer.  Math. 
Soc.  Colloq.  I’ubl.  ,  v.  22,  New  York,  1938,  Ch.  11, 

Til.  II).  It  is  now  shown  that  any  two  regular  Norlund 
methods  for  summing  double  series  where  each  row 
and  each  column  furnishes  a  regular  method  for  simple 
series  are  consistent.  Next,  if  (N,  pmn)  and  (N, qmn) 
are  two  such  regular  Norlund  methods,  necessary  and 
sufficient  conditions  are  found  in  order  that  (N,  qmn) 
should  include  (N,pmn).  Finally,  necessary  and  suf 
ficient  conditions  are  obtained  in  order  that  (N,  pmll) 
and  (N.qmI1)  should  be  equivalent  (mutually  consistent). 
(Math.  Rev.  abstract) 
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FUNCTIONAL.  NORLUND  METHODS,  1,  by  K.  Knopp 
anil  D.  Yamlerburg.  Mar.  1954.  45p.  (Rept.  no.  6) 

(  AF  WILTS  54-06)  (AF  18(600)691)  Al)  29030 

Unclassified 

Also  published  in  Rend  Ore.  Mat,  Palermo,  V.  4: 

5  32.  1955. 

Hie  treatment  o.  B.  Kutlner  (I’roc.  London  Math.  Sor.  , 
v.  47:  142  173.  I  “S'  1941)  of  the  Norland  methods  for 

t  ie  sun  li  ability  f  series  or  the  llmitalulity  of  se- 
luences  is  extended  to  a  consideration  of  integrals  and 

123 


functions.  Special  Inclusion  theorems  are  proved, 
and  proofs  are  presented  for  the  functional  case  of  the 
analogs  to  the  theorem  of  M.  Rlesz  for  series  (Proc. 
London  Math.  Soc.,  v.  22:412-419,  Feb.  1924).  Nec¬ 
essary  and  sufficient  conditions  are  given  for  the  ln- 

cluston  N  ?  N_  and  the  equivalence  N  -»N  ;  N  and 
p  9  p  q  p 

Nr)  denote  different  Ndrlund  methods.  The  proofs 
contain  weaker  hypotheses  than  those  of  Kuttner  and 
remain  In  the  real  domain. 
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FUNCTIONAL  NORLUND  METHODS,  D,  by  K.  Knopp. 
Apr.  1954  ,  21p.  (Repl.  no.  7)  ( [  AF  ’OSR-  TN  54 - 
100)  (AF  18(600)691)  AD  32359  Unclassified 

Two  general  theorems  are  proved  about  integral  trans- 

c- 

formations  j  (x)  -  a(x,t)s(t)dt  with  sufficient  con- 
0 

itions  given  to  transform  a  function  s(t)  of  bounded 
variation  into  a  function  •  (x)  of  the  same  kind  or  into 
a  convergeni  function.  Based  on  these  theorems,  2 
theorems  on  absolute  Inclusion  and  3  theorems  on 
multiplication  are  given;  the  latter  are  analogs  of  cer 
tain  theorems  proved  by  FI.  M.  Mears  for  series. 

The  3  theorems  correspond  to  known  theorems  on 
series  by  Cesaro,  Belinfante,  and  Mertens.  (ASTIA 
abstract) 
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AN  EXTENSION  PROBLEM  FOR  FUNCTIONS  WITH 
MONOTONIC  DERIVATIVE,  by  W.  B  Jurkat.  May 
1954,  14p.  (Rept.  no.  8)  ( ;  AF  OSH-TN-  54-118) 

(AF  13(600)691)  AD  32470  Unclassified 

The  problem  Is  to  find  a  fur.ction  fix),  that  Is  the  n^1 
integral  of  a  nondec l  easing  function  for  all  x(-oo  x  ,-o), 
with  the  property  f(x)  F(x)  for  all  large  positive  x 
and  f(x)  0  for  all  large  negative  x.  F(x)  is  the  nlh 
integral  of  a  j-ositlve  nondecreasing  function  for  all 
large  |iisllive  x.  A  complete  solution  Is  given  by 
means  of  the  theory  of  moment  problems,  and  for  a 
large  class  of  functions  F( x)  the  problem  can  easily 
be  settled. 


CIN.  03:006 
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ON  CONVERCIENCE  FIELDS  OF  NORLUND  MEANS, 
by  A.  l'eyerlmlioff.  June  1954.  lip.  (Rept.  no.  9! 

(  AF  OSlt  TN  54  136)  (AF  18(600)091)  Al)  35483 

Unclassified 
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Also  published  In  Proc.  Amer.  Math.  Soc.  ,  v.  7: 
335-347,  June  1956. 

Given  a  function  p(z)  =  z  Pnzn,  regular  for  j  z  |  <  1 , 

and  corresponding  to  a  Norlund  mean,  the  convergence 
fields  of  p(z)  and  £  (z);(z),  where  £  (z)  Is  a  polynomial, 
are  compared.  The  following  result  Is  obtained.  If 


Pn=  °<Pn>  <V 


and  If  £  (z)  /  O  for  |  z  | 


the  convergence  field  corresponilng  to  £  (z)p(z)  Is  ob 
tamed  by  adding  the  sequences  of  the  convergence  fields 
corresponding  to  p(z)  and  £  (z).  A  similar  result  is 
ohtained  for  absolute  Norlund  summabllity.  The  con¬ 
vergence  fields  of  some  Cesaro  and  discontinuous  Riesz 
means  are  compared. 

CIN.  03:007 

Cincinnati  U.  [Dept,  of  Mathematics  1  Ohio. 

THE  CONSISTENCY  OF  NORLUND  AND  HAUSDORFF 
METHODS  (SOLUTION  OF  A  TROBLEM  OF  E. 

ELI  RICH),  by  W.  B.  Jurat  and  A.  Peyerlmhoff  June 
1954,  lip.  (Rept.  no.  11)  ( [  AF  1OSR-TN-54- 145) 

(AF  18(600)691)  AD  75436  Unclassified 

Also  published  In  Ann.  Math.,  v.  62:498-503,  Nov. 


Two  summabllity  methods  are  said  to  be  consistent  If 
they  cannot  sum  the  same  series  to  different  sums.  It 
Is  well-known  that  all  regular  Hausdorff  methods  are 
consistent,  as  well  as  all  regular  (real)  Ndrlund  meth¬ 
ods.  It  Is  the  problem  of  E.  Ullrich  whether  these  two 
classes  of  methods  together  are  consistent.  The  paper 
gives  an  affirmative  answer  to  this  question,  and  the 
corresponding  question  for  functional  methods.  In  the 
course  of  our  proof  we  obtain  a  result  concerning  the 
analytic  extension  by  Hausdorff  methods  which  is 
Interesting  In  Itself.  A  special  case  of  tills  result  was 
previously  obtained  by  Agnew.  (Contractor's  abstract) 


CIN.  03:009 

Cincinnati  U.  [Dipt,  of  Mathematics  1  Ohio. 

ON  THE  PROOF  OF  THE  MAIN  TAUBERIAN 
THEOREM  FOR  THE  CR_  AND  Hfc_  METHODS,  by 
K.  Knopp.  [  1954  1  4p.  (AF  18(600)691)  AD  35966 

Unclassified 

Also  published  In  Proc.  Amer.  Math.  Soc.  ,  v.  5: 
571-573,  Aug.  1954. 

An  Inductive  proof  Is  given  of  the  following  theorem: 

C Kl 

If  the  a^  art  real,  k>0,  and  (1)  Z  a^  =  s  (C^)  (2) 

va^  <  M,  (v  -  0,  1,  2,  .  .  .  ),  where  M  Is  independent 

of  v,  then  (3)  £a  =  s.  The  theorem  for  k  =  1,  the 
fundamental  Hardy-Landau  theorem  (Hardy,  G.  H.  , 
Divergent  Series,  p.  145,  Oxford,  1949),  Is  assumed 
to  be  true.  The  theorem  is  first  proved  for  the  H^- 
method,  and  then  proved  again  more  directly  with  the 
aid  of  the  fact  that  Implies  CjC^.  j.  The  following 
result  Is  also  given:  Let  (B)  a  =  ‘  b  a  ,  (n  =  0, 

1,  2,  . .  . ),  be  a  serles-to-serles  transform  of  the 
series  Z  a  into  the  series  i!o  .  Let  (4)  a  =  0(c  ) 

be  a  Tauherlan  condition  for  the  summation  method  B. 
Then  condition  4  Is  also  a  Tauberlan  condition  for  the 
method  B-  B  =  B^  and  therefore  for  all  Iterated  methods 

flk  =  B-Bk-1,  (k  =  2,  3,  .  . .  ),  If  I  b  c  I  =  0(c  ). 

nv  v  '  n 

If  B  Is  regular  and  4  Is  a  best  Tauberlan  condition  for 
the  method  B,  then  It  Is  also  a  best  condition  for  the 
method  Bk.  This  theorem,  and  the  last  addition  to  It, 
are  true  for  a  1- sided  Tauberlan  condition  av  =  0,{(cv) 

for  real  a  if  the  b„  are  >  0  and  t.  b„  c  0t!(c  ). 

v  nv  =  ..  n v  v  K'  n 
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THEORY  OF  NORLUND  MEANS  by  C.  N.  Moore. 

K.  Knopp  and  o tiiers.  June  15,  1954,  12p.  (  AF  OSR- 
TR  54  16)  (AF  *8(600)091)  Unclassified 


SOME  DERIVATIVES  OF  2*  AMINO  -  3- DUO  MOT  ETRA- 
11YDROPYR  AN,  by  E.  F.  Godefrol,  J,  S.  Meek,  and 
J.  R.  Ciopton.  Nov.  20,  1954  ’  2  p.  r  AF  18(600)648 

Unclassified 

Published  in  Jour.  Amer.  Ciiem.  Soc.,  v.  76:  5788- 
5789.  Nov.  20,  1954. 


investigations  are  rej>orted  concerning  the  theory  of 
Norlund  means  applied  to  summation  of  series.  The 
report  is  comprised  of  hriet  separate  summaries  by 
(1)  C.  N.  Moore  on  relationships  of  Norlund  means 
for  double,  triple,  and  multiple  series;  (2)  K.  Knopp 
and  1).  Vanderimrg  on  various  properties  of  functional 
Norlund  means,  as  well  as  a  proof  of  the  main 
Tauberlan  theorem  for  the  and  1!^  methods  of 
Kiiopp;  (3)  51.  D.  Llpsich  on  Norlund  transformations 
and  convergence  of  series,  and  (4)  W.  Jurkat  and  A. 
Peyerlmhoff  concerning  establishment  of  various  m 
elusion  theorems. 


During  the  course  of  investigation  of  the  preparation  of 
nucleotide-like  comjKjunds  a  number  of  derivatives  of 
2- amino- 3- hro  motet  rahyd  ropy  ran  were  prepared. 
Dihydropyran  was  quantitatively  converted  to  2,  3 
dibromotetrahydropyran  (1).  Treatment  of  1  with  sliver 
cyanatt*  resulted  In  a  92%  yield  of  3- bromo- 2-tetru- 
hydropyranyi  Isocyanate  (11).  The  action  of  aqueous 
ammonia  on  U  gave  the  corresponding  urea  (111);  the 
dlsubstituted  urea,  1.2.bis  (3  bromo  2- tetrahydro  - 
pyranyi)- urea  (IV),  could  be  obtained  by  the  hydro¬ 
lysis  of  11,  whereas  the  reaction  of  U  with  absolute 
ethyl  alcohol  afforded  the  urethan  (V).  Furthermore, 
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when  n  reacted  with  ethyl  glyclnale,  ethyl-3-bromo-2- 
tetrahydropyranylhydantoate  (VI)  was  obtained.  The 
reaction  of  2,  3-dlbroniotetrahydropyran  with  silver 
thiocyanate  gave  upon  distillation  the  thiocyanate  (VC). 
The  reaction  of  2,  3-dlbromotetrahydropyran  and  o- 
bromoaniline  gave  N-(3-bromo-2-tetrahydropyranyl)- 
o-bromoanlline  (VIII),  in  good  yield.  (Contractor's 
abstract,  modified) 
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THE  OXIMES  OF  9- ANTHRALDEHYDE,  by  J.  S.  Meek 
and  J.  R.  Dann.  Dec.  20,  1955  [2 Ip.  [AF  18(600)- 
648  ]  Unclassified 

Published  in  Jour.  Amer.  Chem.Soc.,  v.  76:6677- 
6678,  Dec.  20,  1955. 

NH2OH.  HC1  (I)  (7  g)  and  15  g  9  anthraldehyde  (II)  gave 
15.  5  g  syn-9-anthraldoxlme  (III),  long  yellow  needles, 
nip  165  6°  (from  EtOH).  U  (5  g)  and  5  g  I  in  25  cc 
pyridine  and  25  cc  absolute  EtOH  heated  1.5  hr  on  the 
steam  bath,  the  pyridine  and  EtOH  removed  during  4  hr 
on  the  steam  bath  under  an  air  jet,  and  the  solid  residue 
ground  with  25  cc  H2O,  filtered,  and  washed  with  10  cc. 
H2O  gave  5.2  g  antl-9-anthraldoxlme  (IV),  mp  218-20° 
(from  EtOH).  IV  (2  g)  heated  on  the  steam  bath  0.  '  hr 
in  50  cc  5%  aq  NaoH  was  dissolved  only  to  a  trace 
amount,  til.  (0.  200  g)  In  10  cc.  EtOH  containing  2 
drops  concentrated  HC1  heated  17  hr  at  75°  and  cooled 
gave  0.  150  g  IV,  mp  218-20°.  RI  and  IV  (0  22  g  each) 
warmed  to  min  on  the  steam  bath  in  2  cc  AC2O,  and 
solution  basified  wttti  2  ?  Na2COj  tn  10  cc  HzO,  and 
filtered  gave  from  111  the  acetate,  mp  132-3°,  whtch 
refluxed  t5  min  with  Ac20  gave  9- cyanoanthracene  (V); 
IV  gave  V,  mp  173-4°,  directly.  CH2:CHC112C1 
(0.  5  cc)  and  0.  2  g  NaOH  in  2  cc  HzO  and  10  cc  EtOH 
heated  to  80°  with  t.  1  g  111,  cooled,  treated  with  an 
additional  0.  5  cc  CH2:C11CH2C1,  heated  again  to  70°, 
cooled,  and  diluted  with  25  Cc  H20  gave  0.  4  g  o-allyl- 
syn-9  anthraldoxlme  (VI),  mp  85-6°,  and  a  low-melttng, 
pjlymerlc  material.  VI  (0.  1  g)  heated  10  min  at  200° 
was  converted  partially  to  an  oil,  0.  04  g  was  recovered 
unchanged.  IV  (1.  1  g),  2  cc  CH2'- CllCHjCl,  and  0.  2  g 
NaOlI  In  2  cc  HzO  and  50  cc.  EtOlI  refluxed  20  min  and 
diluted  hot  with  tO  cc  H20  gave  0.  90  g  crude  solid  which 
crystallized  gave  0.  55  g  V.  HI  heated  wtth  CH2: 
CHC1I201I.  C11 2:  CIICOjH  In  aq  NaOH,  CH2:C11CH2C1, 
CIi.>:CtiCOCl,  and  refluxed  with  CH2'.ClICONH2  in 
zylene  gave  little  evidence  of  adduct  formaUon.  Ltl 
(1.1  g)  In  10  cc  5%  aq  NaOlI  and  6  cc.  Cli2:Cl!ClI201I 
refluxed  21  hr  gave  1.  1  g  V.  mp  175-6°  cc.  Either 
III  or  IV,  treated  with  CH2:CIICOCi,  gave  V. 

|C.  A..  t956:9362a) 
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THE  SYNTHESIS  OF  -CYCLOPROPYL- a  - 
AMINOPROPIONIC  ACID,  by  J.  S.  Meek  and  J.  W. 
Rowe.  Dec.  20,  1955  [2  Ip.  [  AF  18(600)648  ] 

UnclassHied 

Published  in  Jour.  Amer.  Chem.  Soc. ,  v.  76:  6675- 
6677,  Dec.  20,  1955. 

Cyclopropylcarblnol  (72g)  In  300  cc  dry  Et2Otreated 
with  cooling  with  dry  ice-Me2CO  and  stirring  slowly 
with  35  cc  PBrj,  the  mixture  warmed  to  room  tem¬ 
perature,  diluted  with  10  cc  HzO.  and  the  Et20  layer 
worked  up  gave  357  g  cyclopropylcarbinyl  bromide  (I), 
b627  101.  5-102°,  d2g  5  1. 433  .  0KCNHCH(C02Et)2 
(II)  (101. 5  g)  refluxed  5-10  min  with  11.  5  g  Na  In 
500  cc.  Absolute  EtOH,  treated  with  70.  2  gl,  refluxed 
20  hr  filtered,  and  worked  up  gave  68.  2  g.  Et  cyclo- 
propylcarblnyUormamldomalonate  (HI),  white  crystals, 
mp  65-6°  (from  30%  EtOH).  CH2:CHCH2  CH2OH  (from 
CH2:  CHCH2C1  with  Mg  and  paraformaldehyde)  treated 
with  PBr3  gave  CH2:CHCH2CH2Br  (IV),  b61091-2o 
n^  1.4607.  IV  (9.  5  g)  condensed  with  H  yielded 
10.  8  g  CH2:CHCH2CH2C  (NHCHO)  (C02Et)2  (V), 

mp  94-4. 5°  (from  aqueous  EtOH).  V  in  EtOH).  V  In 
EtOH  hydrogenated  under  ambient  conditions  over  a 
catalyst  yielded  OHCNHCBu(COzEt)2,  mp  82.  5-83°. 

Ill  (25.  7  g)  refluxed  8  hr  with  250  cc  10%  HBr  and 
evaported  to  dryness  in  vacuo  on  the  water  bath,  the 
residual  solid  dissolved  in  500  cc  H20  and  passed 
through  Duollte  A- 2  anion  exchange  resin,  and  the 
eluate  worked  up  gave  6.  5  g.  p  -cyclopropyl- u- 
amlnopropionlc  add  hemlhydrate  (VI),  mp  227°  (de¬ 
composition)  (from  EtOH),  white  solid  with  a  sweetish 
taste;  recrystalltzed  from  EtOH  mp  239°  (decomposi¬ 
tion)  (Cor.  ).  VI  heated  wtth  phthaUc  anhydride  gave 
the  phthaloyl  derivative,  mp  140.  5-4 1°  (from  50% 
EtOH).  HI  (25.  7  g)  refluxed  6  hr  with  250  cc  15% 
aqueous  KOH,  diluted  with  one  1  HzO,  run  through 
Duollte  C-10,  and  evaporated  In  vacuo  gave  14  g 
cyclopropylcarbinylamlnomalonlc  add  (VII),  decom¬ 
posing  with  gas  evolution  at  210°.  VU  gave  a  weak 
nlnhydrin  test.  Vn  refluxed  with  10%  HBr  gave  with 
C02  evolution  VI  (purified  with  Duollte  A- 2).  VI  was 
a  potent  antagonist  to  Escherichia  coll  A.  T.C.C.  9723. 
(C.A.,  1 956: 930 1 1) 
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REACTION  HEATS  OF  ORGANIC  HALOGEN  COM¬ 
POUNDS.  PART  VU.  THE  HEATS  OF  HYDROGENA¬ 
TION  OF  MONOC1ILOHOT1UFLUORO ETHYLENE, 
t.  t  DR'lll AiKODtFLUOHO ETHYLENE,  AND  MONO 
CHLOHODIFLUORO ETHYLENE,  by  J.  R.  Lacher, 

A.  Klanpour,  and  J.  D.  Park.  Aug.  t,  1955,  6p.  inch 
dlagr.  tables.  (Technical  note  no.  t)  (  AF'OSH-TN 
55 -390)  (Sponsored  jointly  by  Atomic  Energy 
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Commission  under  AT(29-1)  and  Air  Force  Office  of 
Scientific  Research  under  AF  18(600)1151)  AD  82076 

Unclassified 

In  this  study,  the  heats  of  hydrogenation  of  CF2  = 

CFC1,  CF  CH2,  and  CF2=CCl2  were  obtained  using 
a  low  temperature  calorimeter  whose  accuracy  had  been 
determined  hy  measuring  the  known  heat  of  formation 
of  gaseous  HC1  over  5%  Pd  on  C  catalyst.  A  summary 
is  presented  of  the  preparation  of  the  various  fluorinated 
organic  compounds  used.  In  addition,  the  physical 
properties  and  1R  spectra  of  the  reactants,  and  their 
products  are  reported.  The  heats  of  hydrogenation  are 
presented  in  tables. 
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REACTION  HEATS  OF  ORGANIC  HALOGEN  COM 
POUNDS.  PART  VIE.  CALORIMETRIC  STUDIES  OF 
HEATS  OF  CHLORINATION  OF  PERFLUORINATED 
BUTENE-1,  PENTENE-1,  AND  ISOBUTENE,  by  J.  R. 
Lacher,  A.  Kianpour,  and  J.  D.  Park.  Oct.  1,  1955 
r  5  !p.  lncl.  diagrs.  tables.  (Technical  note  no.  2) 

( [  AF  lOSR-TN-55-390  [  a  1 )  (AF  18(600)1151) 

AD  82075  Unclassified 

Also  published  in  Jour.  Phys.  Chem. ,  v.  61:  584-586, 
May  1957. 

The  heats  ot  thiol  nation  ol  peifiuoiobuiene- 1,  pel  - 
fluorisobutene  and  perfluoropentene-1  were  found 
to  be  -44,966,  -42,222  and  -44,966  cal/ mole  respec¬ 
tively.  The  physical  properties  of  the  adducts  were 
also  determined,  and  the  Infrared  spectra  of  the  com¬ 
pounds  determined.  (Contractor’s  aostract) 
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NEW  ANALYTICAL  METHOD  FOR  CALORIMETRIC 
STUDY  OF  HYDROGENATION  OF  SOME  FLUORO 
ORGANIC  COMPOUNDS,  by  J.  R.  Lacher,  A. 

Kianpour,  and  J.  D.  Park.  Oct.  1,  1955  [6’p.  inch 
diagr.  (Technical  note  no.  3)  ( [  AF  ’OSR-TN-55-442) 
(AF  16(600)1151)  AD  82074  Unclassified 

The  weighing  method  for  measuring  the  rate  of  hydro¬ 
genation  of  halogen-free  olefins  was  unsatisfactory:  the 
term  halogen  is  applied  only  to  Cl,  llr,  and  I  in  this 
study.  An  analytical  method  was  developed  which  uses 
11  as  an  unlimited  reactant  with  a  constant  rate  flow 
throughout  the  run  with  the  olefin  as  the  limiting  re¬ 
actant.  The  method  involves  passing  11  at  a  constant 
rate  through  the  reaction  chamber  of  the  calorimeter 
containing  5'(,  I'd  on  a  C  catalyst  into  a  trap  containing 
activated  C;  the  H  reacts  with  an  excess  of  Cl  in  a 
Monel  catalyst  chamber  containing  3  (  I’d  on  asbestos. 
The  products,  1101  and  excess  Cl,  are  washed  by  cold 
1120  in  a  scrubbing  tower  and  are  collected  in  a  beaker 
containing  3  M  cold  K1  solution.  The  free  1  and  11C1  are 


•  •••••• 


analyzed  by  means  of  known-normality  Na2S2C>3  and 
KOH  solution.  The  H  passing  through  the  calorimeter 
is  determined  and  part  of  it  reacts  in  the  reacting 
chamber  of  the  calorimeter.  The  product  and  excess 
H  enter  a  trap  containing  activated  charcoal.  All  of 
the  products  are  assumed  to  be  adsorbed  on  the  sur 
face  of  the  charcoal.  The  excess  H  enters  the  second 
catalyst  chamber  and  reacts  with  an  excess  of  Cl,  and 
a  determination  of  the  quantity  of  HC1  yields  the  amount 
of  H  consumed  in  the  reaction. 
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PREPARATION  AND  PROPERTIES  OF  THE  ISOMERS 
OF  1,  2-  DI FLUORO- 1,  2-D1CHLOROETHYLENE,  by 
J.  R.  Lacher,  R.  Sullivan,  and  J.  D.  Park.  [1956] 
6p.  lncl.  diagrs.  table.  [  Technical  note  no.  41 
(AFOSR-TN-56- 107)  (AF  18(600)1151)  AD  82501 

Unclassified 

The  separation  of  the  cis  and  trans  isomers  of  1,2- 
difluoro-1,  2-dichloroethylene  was  first  attempted  by 
Locke,  Erode,  and  Henne  (Jour.  Am.  Chem.  Soc.  ,  v. 
56:  1726,  1934).  No  attempt  was  made  to  determine 
the  purity  of  the  resulting  fractions.  The  lower  boiling 
Isomer  was  assigned  the  cis  configuration,  apparently 
because  it  showed  the  lower  melting  point.  The  freez¬ 
ing  points  are  - 105.  5°  and  - 128.  7°C  for  the  cis  and 
trans  isomers,  respectively.  The  boiling  points  are 
14.  lor  the  cis  isomer,  and  15.  5*C  for  The  trans 
isomer  at  630  mm  pressure.  The  object  of  the  present 
research  program  was  to  separate  the  cis  and  trans 
isomers  of  CFC1-CFC1  bv  means  of  fractional  distilla¬ 
tion,  to  determine  their  purity  by  means  of  time- 
temperature  freezing  point  curves,  to  study  their 
magnetic  susceptibilities,  and  by  means  of  the  Infrared 
spectra  to  make  a  positive  assignment  of  configuration. 
(Contractor’s  abstract,  modified) 


COL.  02:005 

Colorado  U.  [Dept,  of  Chemistry1  Boulder. 

REACTION  CALORIMETRY:  THE  HYDROGENATION 
OF  ORGANIC  FLUORIDES  AND  CHLORIDES,  by  i. 

H.  Lacher,  A.  Kianpour  and  others.  [Mar.  19561 
[I9  p.  lncl.  diagrs.  tables,  refs.  Technical  note 
no.  5  AFOSR-TN-56- 128  ’  (AF  18(600)1 151) 

AD  86005  Unclassified 

Also JUbUshedin  Trans.  Faraday  Soc.,  v.  52:  1500 
1508,  Nov.  1956 

Calorimeters  are  described  which  permit  direct  meas 
urement  of  the  heats  of  va|>or  phase  reactions.  They 
operate  in  an  isothermal  fashion  by  having  the  reaction 
heat  transferred  to  a  surrounding  volatile  liquid  which 
Is  simultaneously  heing  cooled  by  bubbling  an  inert  gas 
through  it.  A  steady  state  is  obtained  when  tills  cooling 
just  balances  the  heat  produced  by  the  reaction.  In 
order  to  be  useful,  a  reaction  must  take  place 


•  •••••• 
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practically  quantitatively  In  the  catalyst  chamber.  Using 
a  Pd-on-C  catalyst,  the  hydrogenation  of  the  following 
compounds  was  studied: 

ch3ci,  c2h5ci,  c2h3ci,  ch3f,  c2h5f,  ji-c3h7f, 

1SSJ-C3H7F,  CF2=CF2,  CF2=CFC1,  CF2*CC12, 
CF2=CH2,  CF2  =  CHC1,  CF2-CF2-CF-CF,  CF2C12, 
CF2C1-CF2C1,  and  CF2C1-CFC12.  It  was  found  that: 

(1)  the  lower  members  of  an  homologous  series  were 
more  difficult  to  hydrogenate  than  the  members  of  higher 
molecular  weight;  (2)  F  is  more  difficult  to  replace  by 
H  than  C1-;  and  (3)  in  an  ethylenic  compound,  the  Cl 
is  first  substituted  by  H  and  then  saturation  of  the 
double  bond  takes  place.  Thermochemical  data  on  the 
heats  of  hydrogenation  of  the  following  compounds  are 
given:  CHjCl,  CjHgCl,  CjHjCl,  H-C3H7F, 

i£SL-C3H7F,  CF2«CFC1,  CF2=CHC1,  and  CF2=CC1,,. 
(Contractor's  abstract) 


COL.  03:001 

Colorado  U.  [Dept,  of  Mathematics  1  Boulder. 

ON  DISCRIMINANTS  OF  BINARY  QUADRATIC  FORMS 
WITH  A  SINGLE  CLASS  IN  EACH  GENUS,  by  S.  Chowla 
and  W.  E.  Briggs.  Jan.  1954  [  12 1  p.  (Rept.  no.  C-l) 
([  AF1OSR-TN-54-15)  (AF  18(600)758)  AD  35964 

Unclassified 

Also  published  in  Canad.  Jour.  Math.,  v.  6:  463-470, 
1954. 

Consideration  is  given  binary  quadratic  forms  a*2  + 
bxy  +  cy2  0  with  discriminant  d-  b2  -  4ac  <  0, 
letting  L,  =  -d.  Use  is  made  of  the  L  series  L|j(s)  = 

x(n)n"s,  where  throughout  x(n)  is  real  non-principal 

1 

character  modulo  k  and  lt(s)  >  0,  to  prove  that  (1)  with 
the  assumption  that  Lj£(53/  54)^:  0  for  k  >  lo’E  there 
are  no  discriminants  with  a  single  class  in  each  genus 
for  10*'*;  and  (2)  without  this  assumption,  there  is 
at  most  1  fundamental  discriminant  with  a  single  class 
in  each  genus  with  >  10®**. 


COL.  03:002 

Colorado  U.  .  Dept,  of  Mathematics  Doutder. 

ON  THE  NUMBER  OF  POSITIVE  INTEGERS  _  X  ALL 

OP  WHOSE  PRIME  FACTORS  ARE  _  Y, 

by  S.  Chowla  and  W.  E.  Briggs.  Mar.  1954,  Cp. 

(Rept.  no.  C  2)  (  .  AF  OSR  TN  54-63)  (AF  18(300)758) 
AD  30865  Unclassified 

Also  published  in  Proc.  Anter.  Math.  Soc.  ,  v.  6: 
558-562,  Aug.  1955. 

Simplified  proofs  a:e  presented  of  2  special  cases  of 
esttn  ates  given  by  N.  G.  de  Bruljn  (Koninkl.  Ned. 

Altad.  Wetenschap,  Proc.,  Ser.  A.,  v.  53:  803-812, 


1950  and  v.  54:  50-60,  1951)  of  the  functions  f(x,y) 
and  g(x,  y);  the  first  function  denotes  the  number  of 
positive  integers  £  x,  all  of  whose  prime  factors  are 
<  y;  the  second  function  represents  the  number  of 
positive  Integers  £  x,  all  of  whose  prime  factors  are 
>  y.  The  special  cases  are  the  estimates 

(!)  f  |  x,  (log  x)h  1=  o(x*  ^  ),  and  (2) 

ha  -1  +  2  +  e 

g  x,  (log  X)  I  =  xn(l-p‘*)+0  X1  h  h2 
J  p  <  (log  x)h 

where  e  is  an  arbitrarily  small  positive  number,  p 
denotes  primes,  and  hi  2. 
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Colorado  U.  Dept,  of  Mathematics,  Boulder. 

ON  SOME  INFINITE  SERIES,  by  W.  E.  Briggs,  S. 
Chowla  and  others.  Apr.  1954,  3p.  (Rept.  no.  C-3) 

( [  AF  1OSR-TN-54-92)  (AF  18(600)758)  Unclassified 

Published  in  Scrlpta  Math. .  v.  21:  28  30,  Mar.  1955. 


The  following  two  formulas  are  proved: 


1 

1-t-U  +  ..  .  +  - 

r. 


1(3) 


E 


i 


i 

n 


1  1 

(n  *  l)2  (n  t-  2)2 


These  formulas,  the  second  in  a  slightly  different 
form,  had  been  stated  as  problems  by  M.  S.  Klamkln, 
Amer.  Math.  Monthly,  V.  59:471,  1952.  (Math.  Rev. 
abstract) 


COL.  03:004 

Colorado  U.  Dept,  of  Mathematics  1  Boulder. 

T1IE  POWER  SERIES  COEFFICIENTS  OF  (s),  by 
W.  E.  Driggs  and  S.  Chowla.  June  1954,  4p.  (Rept. 
no.  C-4)  (  AF  OSU-TN- 54 - 137)  (AF  18(600)758) 

AD  34008  Unclassified 

Also  published  In  Amer.  Math.  Monthly,  v.  62:  323 - 
325.  May  1955. 

Two  proois  are  given  of  the  following  theorem:  If  the 
Hlemann  zeta  function  is  reduced  to  the  form 

.(b)  1 _  <  .  Aj^s-  l)n.  then  Au  (  *)  \i  where 

s  -  1  n  o  n! 

•n  latbkn  lilgEl1*  •  ■  v  *  os  1 ). 
a  1  n  k.l  K 
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COL.  03:007 


Colorado  U.  [Dept,  of  Mathematics!  Boulder. 


Colorado  U.  [Depl.  of  Mathematics 1  Boulder. 


ON  A  THEOREM  OF  S.  BERNSTEIN,  by  N.  C.  Ankeny 
and  T  J.  Rivlin.  Sepl.  1954,  5p.  (Repl.  no.  C-5) 

(In  cooperation  with  Johns  Hopkins  U. ,  Baltimore,  Md. ) 

( [  AF IOSR-TN-54-184)  (AF  18(600)758)  AD  82067 

Unclassified 

The  following  result  Is  slaled.  If  p(z)  Is  a  polynomial 
of  degree  n  sucl.  thal  [  max|  p(z)|  ,  |  z  |  =  li  =  1,  and 
p(z)  has  no  zero  within  the  unit  circle,  then 

fmaxlp(z)  |  ,  |  z  |  =  R>1]1  1  -t  R  with  equality  only  for 

p(z)  =  ^  *  z  ,  Where  |  X  |  =  1.  The  converse  is  false, 

5 

bul  the  following  result  is  proved.  If  p(z)  is  a  poly- 
nomlnal  of  degree  n  such  that 

p(l)  =  [  max|  p(z)|  ,  |  z[  =  1  ]  r  1  and 

max  I  p(z)  |  ,  |  z  I  =  R>  1  ]  1.  1  t  ^  for  U<  R  -  1  <  6. 
2 

where  6  is  any  positive  number,  then  p(z)  does  not  have 
all  11s  roots  within  the  unit  circle. 


COL.  03:006 

Colorado  U.  [Depl.  of  Mathematics  1  Boulder. 

EQUATIONS  IN  FINITE  FIELDS,  by  N.  C.  Ankeny. 

Sept.  1954  ,  2p.  (Repl.  no.  C-6)  ( r  AF  [OSR- TN- 54- 189) 
(AF  18(600)758)  AD  82068  Unclassified 


Also  published  in  Proc.  Nat'l.  Acad.  Sciences,  v.  40: 
1072  1073,  1954. 

The  paper  Is  concerned  with  the  equation 
niy  mj  m- 

(*)  U0X0  *  alxl  *  •"  *  \Xr  0 
In  the  finite  field  GF  (p),  where  the  a^  are  different  front 
zero  and  ntj '  p- 1).  1.  If  N(p)  denotes  the  number  of  solu 
tlons  of  (•)  then  N(p)  pr  *  A0pp(r*H  where  the  con¬ 
stant  A  depends  only  on  the  mi's,  '  p  1  for  all  p 
and  11  m  sup  1.  Moreover,  I  p  Is  everwhere 

dense  In  the  unit  Interval.  11.  l.et  tn  l.c.  m.  of  my, 
nij,  '  • ,  mr>  and  let 


(a.,  p)  -  ext> 
j  1  'ntj 


((2ri  rnjlj  }, 


wliere  the  1^  are  fixed  integers  and  (a '  l>)mj  denotes  the 

number  of  solutions  of  (•)  subject  to  these  conditions. 
Then  N’(p)  pr  ♦  A'p^  pr  wliere  A’  Is  a  constant  de¬ 
pending  only  on  die  L's.  1  for  all  p  and 

lint  suj  o  1.  The  proofs  ol  these  tlieorenis  are  not 
given.  (Math.  Rev.  abstract) 


THE  POWER  SERIES  COEFFICIENTS  OF  L-SERIES, 
by  W.  E.  Briggs.  Nov.  1954  ,  3p.  (Repl.  no.  C-7) 
([  AF'IOSR-TN- 54-333)  (AF  18(600)758)  AD  55657 

Unclassified 

The  results  of  a  previous  paper  on  the  power  series 
coefficients  of  C(s)  are  generalized  lo  Dlrlchlet  L- 

oo 

series,  L^(s)  X(n)n's,  R(s)  >0,  where  X(n)  Is  a 


nonprincipal  charader  modulo  k,  arid  s  Is  a  complex 
variable.  The  expansion  about  s  -  1  is  given  by 


a  =  (-1)’ 

n  — r 

ni 


-  Z  *wv  k  t 

/ — |  n,  k,  1. 
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Colorado  U.  [  Dept,  of  Malhemalics  1  Boulder. 

A  NOTE  ON  THE  NUMBER  OF  LATTICE  POINTS  IN  A 
REGION  BOUNDED  BY  HYPER-PLANES,  by  S.  Chowla 
and  W.  E.  Mlenlka.  Jan.  1955,  3p.  (Rept.  no.  C-8) 

([  AF^SR-TN-SS-SD)  (AF  18(600)758)  AD  100908 

Unclassified 

An  exienslon  is  given  of  a  result  of  C.  11.  Hardy 
(Ramanujan.  Cambridge  University  Press,  1940)  which 
gives  the  number  of  lattice  points  in  a  triangle  bounded 
by  the  lines  Xj  =  0,  =  0,  aX.  ♦  bXj  =  where  a  and 

b  are  coprims  Integers.  The  extension  Is  an  expression 
for  the  number  of  lattice  points  bounded  by  the  hypor- 
planes  Xj  =  0,  Xj  =  0,  ....  Xjj  =  0,  ajX,  +  a2X2  + 

...  ♦  a^X,,:  r,  where  the  a  lulu  n,  arc  Integers 
and  coprlns  In  pairs.  By  defining  A  s  $  ^  Aj  and 
W  =  the  formula  can  be  expressed  as 


N*(  r)  =  B  Wn  ♦  B  Wn 
n'  n  n-1 


♦  BjW  *  Bp,  where 


the  Bj  are  polynomials  In  the  a(  ( 1  <  1  o),  and  Bp,  given 

by  an  Infinite  series,  is  a  function  of  •  and  the  aj  with 
period  A  in  t;  and  Is  bounded  as  ■  -*  i>  .  (AST1A  ab¬ 
stract) 

COL.  03:009 

Colorado  U.  Dept,  of  Mathematics  ’  Boulder. 

n  NOTE  ON  THE  NUMBER  OF  LATTICE  POINTS  IN  A 
REGION  BOUNDED  BY  A  CERTAIN  RIGHT-  ANGLED 
TRIANGLE,  by  S.  Chowla  and  W.  E.  Mientka.  Feb. 
1055.  5p.  (Rept.  no.  C-9)  ( [  AF  ’OSR- TN-  55- 55) 

(AF  18(600)758)  .AD  100909  Unclassified 

Proofs  are  given  for  the  following  theorems.  UteoTfiiu 
J:  If  •  is  a  positive  integer  which  is  a  multiple  of  ab. 
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and  If  a,  b  are  relatively  prime  odd  positive  Integers, 
then 

L*(n)=  * b2  *  3ai> -v  J _ I_f(a, b) 


2ab  2a  2b 

12ab 

12ab  4a 

1  f(b,  a),  where  f(a,b)  = 

a-1 

X 

cot 

.  trgb 

cot  _ ,  and 

4b 

g=l 

a 

a 

b-1 

f(b,  a)=  X  cot  ffgcot  TT^a.  Theorem  2:  If(a,  b) 
g^l  b  b  a 

2  2 

+  *  f  (b,  a)  =  a  +  b  t  1  -  3ab  .  (ASTIA  abstract) 
b  3ab 


COL.  03:010 

Colorado  U.  [  Depl  of  Mathematics  1  Boulder. 

THE  NUMBER  OF  LATTICE  POINTS  IN  AN  n- 
DIMENSONAL  TETRAHEDRON,  by  a  Chowla  and 
W.  E.  Mientka.  Feb.  1955,  5p.  (Rept.  no.  C-10) 

([AF  lOSR-TN-55-60)  (AF  18(600)758)  AD  100907 

Unclassified 

Also  published  In  Proc.  Amer.  Math.  Soc. ,  v.  7:  51-53, 
Feb.  1956. 


NU»4-  6HaO,  N1C12-  6H20,  HjBOj,  and  HjO.  After  a 
small  portion  of  the  N1  was  removed,  the  bath  became 
acid,  making  11  difficult  to  obtain  a  satisfactory  plate. 
The  second  bath  contained  NISO^-  6H20,  HjBOj,  and 

HjO,  while  the  third  bath  contained  NIClj-  6H20.  and 

H20.  Baths  containing  the  latter  and  a  radioactive 
tracer  solution  are  being  Investigated.  PI  electrodes 
were  used  in  the  Initial  experiments  on  plating  tech¬ 
nique.  Since  the  Nt  would  not  adhere  well  lo  the  Pt 
sheets,  the  Pt  was  used  for  the  anode  only.  Cu  planch- 
ets  0. 010  in.  thick  were  used  as  cathodes.  The  Pt 
electrodes  were  made  of  0.  001-ln.  foil  with  a  Cu 
planciiet  for  backing  to  give  it  mechanical  strength.  A 
description  is  given  of  the  apparatus  for  counting 
Nl63  p  -rays.  Sample  preparation  and  the  mechanical 
problems  in  counting  are  discussed  extensively. 


COL.  04:002 

Colorado  U.  Engineering  Experiment  Station,  Boulder. 

SEPARATION  OF  ISOTOPES  BY  ELECTROLYSIS,  by 
F.  A.  Rohrman,  W.  J.  Utlaut,  and  I.  Ceresna.  Final 
technical  rept.  Sept.  13,  1954  [13]p.  incl.  dlagrs. 

[  AFOSR-TR-54  -  27]  (AF[  18  1(600)440;  AD  43734 

Unclassified 


Proof 8  are  given  of  the  following  theorems.  Theorem  1: 
If  r)  =  0  (mod  A),  the  number  of  solutions  of 


n 


1  1 


ajXj  %  i],  xj  >  0  (1  C  1  £  n)  is  a  polynomial  with 


rational  coefficients  in  the  quant1  ties  q/A  and  the  a^. 
Theorem  2:  If  q  =  0  (mod  A),  the  number  of  solultons  of 


n 

X 

1=1 


*1*1 


t] ,  each  Xj  >  0,  is  a  polynomial  with  rational 


coefficients  in  the  quantities  rj/  A  and  the  a^.  In  both 
theorems,  A  denotes  the  product  of  the  aj,  and  the  a1 
Kiln,  are  positive  Integers,  no  2  of  which  have  a 
common  factor. 


COL.  04:001 

Colorado  U.  Engineering  Experiment  Station,  Boulder. 

SEPARATION  OF  ISOTOPES  BY  ELECTROLYSIS,  by 
F.  A  Rohrman,  J.  H.  Andrews  and  others.  Yearly 
rept.  [1953]  lv.  incl.  iUus.  dlagrs.  table.  (AF  18- 
(600)440)  AD  37533  Unclassified 

investigations  were  undertaken  to  determine  the  feasi¬ 
bility  of  electrolytic  Isotope  separation  for  isotopes 
other  than  K.  Aqueous  solutions  of  various  piateable 
elements  were  used.  A  porttou  of  the  material  in  the 
solution  was  plated  onto  a  cathode,  and  this  material 
was  checked  to  see  tf  the  isotopic  abundance  ratios  were 
changed  during  the  plating  process.  9uch  a  change  would 
indicate  a  partial  separation  of  the  isotopes.  Three 
plating  baths  were  prepared  with  Nl  solutions  containing 
no  radioactive  tracer.  The  first  bath  contained 


A  standard  Q-  gas  counter,  model  165,  was  employed 
for  (i  counting.  The  leakage  of  gas  around  the  irriga¬ 
tion  area  was  stabilized  through  the  instaUatlon  of  a 
special  clamp  on  the  Geiger  boltom  plate.  This  modi¬ 
fication  made  the  readings  more  uniform.  Attempts 
at  separating  any  of  the  Isotopes  of  U  were  unsuccess¬ 
ful.  Continued  research  on  Nl-NI63  electrolysis  and 
plating  tests  showed  by  counting  technlqies  that  some 
separation  of  the  isotopes  was  being  effected.  The 
condition  which  seemed  to  favor  the  separation  of  the 
heavier  Isotopes  of  Ni  was  a  low  current  density  which 
further  indie  aled  that  the  Nl63  responded  more  like  a 
metal  lower  in  the  electromotive  iable  of  the  elements. 
Attempts  were  made  to  separate  Ag1 10  and  Agl11  from 
natural  Ag.  The  electrolyte  used  for  plating  Ag  con¬ 
sisted  of  AgNOj,  NaCN,  KN03,  HjO,  and  CSj-  The 
radioactive  Ag  Isotopes  were  added  as  the  nllrate. 
Samples  were  plated  on  1-ln.  stainless- steel  cylinders 
acting  as  cathodes,  and  a  weight- vs- count  curve  was 
plotted.  A  number  of  plates  were  deposited  at  dlfferenl 
temperatures,  current  densities,  and  circulation  rates. 
Data  evaluation  indicated  that  no  Ag  separations  were 
made.  Further  work  on  Cd  separation  was  indicated. 
The  need  of  a  mass  speclromeler  capable  of  handling 
the  heavier  elements  was  considered  desirable. 


COU.  01:001 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

BROADENING  OF  MICROWAVE  ABSORPTION  LINES 
DUE  TO  WALL  COLLISIONS,  by  M.  Danos  and  S. 
Geschwlnd.  [  1953]  [  4  1  p.  incl.  dlagrs.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
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[  Air  Force  Office  of  Scientific  Research  under  DA  36- 
039-SC-425191)  Unclassified 

Published  in  Phvs.  Rev.,  v.  91:  1159-1162,  Sept  1, 
1953. 

The  broadening  of  microwave  absorption  lines  due  to 
wall  collisions  is  calculated  using  a  method  correcting 
the  error  in  previous  rough  estimates  which  assumed 
the  line  broadening  to  be  Lorentz-  shaped.  Two  types 
of  absorption  cell  are  studied,  1.  e. ,  infinite  plane 
parallel  plates  and  a  circular  cylinder,  each  in  a  region 
of  uniform  microwave  field.  The  usual  assumption  that 
the  half-power  half-width  is  given  by  Av  =  1/2  wi , 
where  t  is  the  mean  time  between  collisions  is  in  good 
agreement  with  the  detailed  calculations  of  the  present 
work  which  shows  that  the  error  in  the  line  width  as 
calculated  by  the  above  expression  is  not  larger  than 
30  percent.  Experimentally  observed  line  widths  agree 
with  the  predicted  values.  (Contractor's  abstract, 
modified) 


COU.  01:002 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

Cerenkov  effect  at  microwave  frequencies, 

by  M.  Danos,  S.  Geschwind  and  others.  [  1953  ]  [2]p. 
incl.  diagr.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Nava!  Research,  and  [  Air  Force  Office  of  Scientific 
Research]  under  DA  3S-039-8C-42519)  Unclassified 

Published  ill  I'hvs.  Rev.,  v.  92:  828-829,  Nov.  t,  1953. 

Cerenkov  radiation  at  microwave  frequencies  was 
experimentally  detected.  The  radiation  was  excited  by 
a  flat  electron  beam  which  passed  as  ciosely  as  possible 
over  the  surface  of  a  dielectric  material  after  having 
been  bunched  at  a  K-band  frequency.  The  radiation 
left  the  dielectric  through  a  quarter-wave  matching 
plate  and  was  then  picked  up  by  a  microwave  horn  and 
detected  with  a  tN2G  crystal.  Approximately  10 "2  watt 
of  Cerenkov  radiation  at  a  wavelength  of  t.  25  cm  was 
obtained. 


COU.  01:003 

Columbia  U.  Columhia  Radiation  1-ab.  ,  New  York. 

MICROWAVE  SPECTRA  OF  CsF,  CsCl,  AND  Csfir, 
by  A.  llonig,  M.  L.  Stitch,  and  M.  Mondel.  [  1953  I 
2]p.  Inch  'able.  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  [  Air  Force  Office  of 
Scientific  Research  under  DA  36-039  sc  42519  ') 

Unclassified 

PubUtilied  In  Rhys.  Rev. ,  v.  92.  90  1  902,  Nov.  15,  1953. 

Molecular  constants  ft  i  CsF,  CsCl,  and  Csllr  were 
determined  from  measurements  of  their  pure  rotational 
spectra  in  the  microwave  region.  These  and  other  data 
allow  a  test  of  the  constancy  of  Ionic  bonding  radii. 
Measurements  of  Isotopic  sjiecies  of  these  molecules 


give  the  mass  ratios  of  the  ctabie  Cl  and  Br  Isotopes. 
(Contractor’s  abstract) 


COU.  01:004 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

SPIN  OF  Si29  AND  MASS  RATIOS  OF  THE  STABLE  SI 
ISOTOPES,  by  R.  L.  White  and  C.  H.  Townes.  [  1953  ] 
f  2  ]p.  (Sponsored  jointly  by  Atomic  Energy  Commis¬ 
sion,  [  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36- 
039-sc -42519  1)  Unclassified 

Published  in  Phys.  Rev.,  v.  92:  1256-1257,  Dec.  1, 
1953. 

The  J  0  ->  I  microwave  transition  of  Sz®DjF  was 
examined  under  high  resolution  for  hyperfine  structure 
due  to  Slz®.  No  hyperfine  structure  was  found,  which 
sets  an  upper  limit  of  1  x  10“z®cmz  to  the  quadrupole 
moment  of  Slz®.  This  is  good  evidence  that  the  Slz® 
spin  Is  ‘-j.  The  measurement  also  allows  an  accurate 
determination  of  mass  difference  ratios  for  the  Si 
Isotopes. 


COU.  01:005 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York- 

NUCLEAR  MOMENTS  OF  Se79,  by  W.  A.  Hardy, 

G.  Si  Ivey  and  others.  [  1 953  ]  [6]p.  Incl.  dlagrs. 
tables,  refs.  (Sponsored  jointly  by  Sgnal  Corps, 

Office  of  Nava]  Research,  Atomic  Energy  Commission 
and  [  Air  Force  Office  of  Scientific  Research  under 
DA  36  039- sc  42519])  Unclassified 

Published  In  i’hvs.  Rev.,  v.  92:  1532-1537,  Dec.  15, 
t953. 

Microwave  measurements  of  the  J  =  2  ->  3  rotational 
transition  of  OCSe  containing  the  radioactive  nucleus 
Se79  have  established  the  Se79  spin  as  7/2  and  the  Se79 
quadruple  moment  as  0.  7  x  10  z*cmz  »  20  jiercent. 
The  quadrupole  coupling  constant  eqQ  is  7.  52.  09  < 

0.  05  me/  sec.  The  magnetic  moment  of  Sc2®  has  been 
determined  as  1.015  i  0.015  nuclear  magielons  by 
observation  of  the  Zeeman  splitting  of  one  hyperfine 
component.  The  7/  2  spin  and  the  large  positive  Q  are 
Inconsistent  with  the  single-particle  nuclear-shell 
model,  but  suggest  the  configuration  (gO'2)2  7/2.  ThL 
assignment  Is  substantiated  by  the  negative  magnetic 
moment  Measurement  of  Isotopic  shifts  gives  a  value 
for  the  Se2®  mass,  and  an  odd  even  mass  difference  of 
2.4  milllmass  units  for  this  nucleus.  (Contractor's 
abstract) 

COU.  0I:0OC 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

AJVSOUPTION  OF  MICROWAVES  HY  OXYGEN  IN  THE 
M11.1JMETER  WAVELENGTH  REGION,  by 
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J.  O.  Artman.  Special  tecb.  rept.  June  1,  1953,  84p. 
ind.  illug.  dlagrs.  tables.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research  and  ( Air  Force 
Office  of  Scientific  Research]  under  DA  36-039- sc - 
42519)  AD  21111  Unclassified 


s.  Rev.  ,  v.  96:  1237-1245,  Dec.  1, 


second  dielectric  Is  added  so  as  to  sandwich  the 
electron  beam  between  the  two  dielectrics  the  behavior 
ts  similar  to  the  cylindrical  case.  An  experiment  has 
been  performed  to  detect  the  Cerenkov  radiation  at 
microwave  frequencies.  The  power  observed  ts  In 
reasonable  agreement  with  the  theoretical  predictions. 
(Contractor's  abstract) 


The  spin  reorientation  spectrum  of  0  In  the  millimeter 
wave  length  region  was  Investigated  at  high  and  low 
pressures  with  the  untuned  cavity  spectrometer.  The 
resolved  0  lines  observed  at  low  pressures  corresponded 
to  values  of  the  rotational  quantum  number  K  extending 
from  1  to  19.  The  line  breadth  parameters  were  found 
to  be  falrty  Independent  of  the  values  of  K,  averaging  to 
1.  94  mc/mm  Hg.  For  several  lines  both  the  peak 
tnlensity  and  the  line  breadth  parameter  Av/P 

were  Independently  determined.  The  product  v.Av/P 
agreed  to  i  5%  with  theoretical  values  expressed  tn 
terms  of  known  matrix  elements  and  physical  constants. 
The  ratio  of  the  O-N  broadening  parameter  to  the  O 
self-broadening  parameter  was  determined  by  observa¬ 
tions  on  a  number  of  individual  lines  to  be  0.  90  *  15%. 
The  absorption  of  O  In  dry  air  was  measured  of  1/4, 

1/2,  and  1  atm.  At  these  pressures,  adsorption  was 
attributed  to  the  addition  of  the  many  overtapping 
Individual  lines.  The  data  obtained  and  formulas  pre¬ 
sented  are  useful  tn  predicting  atmospheric  adsorption 
of  O  under  various  conditions.  This  Is  tllustrated  by 
the  presentation  of  O  absorption  In  air  computed  at 
223°K  and  1/4  atm  pressure. 

COU.  01.007 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

Cerenkov  radiation  from  extended  electron 

DEAMS  (Abstract),  by  M.  Danos.  [1954  1  [lip- 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  [  Air  Force  Office  of  Scientific  Research 
under  DA  36-039-SC-42519 1)  Unclassified 

Presented  al  annual  meeting  of  the  Amer.  Phys.  Soc. , 
Cotumbla  U.  New  York,  Jan.  28-30,  1954. 

Published  in  Phys.  Rev. ,  v.  94  :  758,  May  1,  1954. 


COU.  01:008 

Columbia  U.  [  Columbia  Radiation  Lab.  ]  New  York. 

DETERMINATION  OF  ATOMIC  MASSES  BY  MICRO- 
WAVE  SPECTROSCOPY,  byS.  Gescbwlnd,  G.  R. 
Gunther- Mohr,  and  C.  H.  Townes.  [1954]  [12]p. 
IncL  dlagrs.  tables,  refs.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  [Air 
Force  Office  of  Scientific  Research  under  DA  36-039- 
sc-42519])  Unctassifled 

Published  In  Rev.  Modem  Phys. ,  v.  26:  444-455, 
Oct.  1954. 


Micro wa-e  spectroscopy  gives  Information  about  atomic 
masses  from  the  isotopic  shift  tn  the  pure  rotational 
spectrum  of  molecules.  Improvements  In  techniques 
allow  measurement  of  frequency  Intervals  to  0.  002  me 
bo  that  future  mass  measurements  may  give  an  accuracy 
near  0.  02  in  mass  units.  This  compares  favorably 
with  the  best  mass  spectrographlc  and  nuclear  reaction 
measurements  recently  obtained.  The  theory  involved 
In  the  determination  of  masses  from  rotational  spectra 
of  diatomic  molecules  and  of  molecules  that  are  linear 
or  symmetric  rotors.  Is  presented,  including  a  discus¬ 
sion  of  results.  Wtth  the  exception  of  Ge73  and  Tel  20 
mass  Information  has  been  obtained  from  microwave 
spectra  for  all  the  stable  isotopes  of  LI,  C,  O,  SI,  S, 


Cl,  K,  Br,  Ge,  Se,  Rb,  and  Te  as  well  as  of  the  radio¬ 
active  tsotopes  ll3,  S3®,  Cl36,  Se75,  and  Se79.  Mass 


ratios  obtained  from  diatomic  molecules  and  mass 


difference  ratios  obtained  from  polyatomic  motecules 


are  i  lllected.  The  microwave  results  are  compared 


with  those  obtained  from  mass  spectrometers. 


COU.  01:009 


The  energy  emitted  by  a  flal  etectron  beam  having  the  Columbia  U.  [  Columbia  Radiation  Lab.  ]  New  York, 

charge  density  p=  p0  11  ♦  u  cos[(to/v)  (z-vt)]  »  and 

moving  with  the  vetoclty  v  -  c[i  at  a  distance  d  over  the  EXAMINATION  OF  METHODS  FOR  DETECTING  OH, 

surface  of  a  dielectric  wtth  dletectricity  constant  i  is  by  T.  M.  Sanders,  Jr.,  A.  L.  Schawlow  and  others, 

given  by  [  1954  ]  [2]p.  lncl.  dlagrs.  table.  (Sponsored  jointly 

I"  "I  2  2  .y,  by  Signal  Corps,  Office  of  Naval  Research,  and  [Air 

P  18912u2  expl  -  fl-P2M  -  li :i(— )-L'. I':.1)  x  Force  Office  of  Scientific  Research  under  DA  36-039- 

L  X  •  J  [!  (C[*1)  .  t2(1-02)  SC-42519  1)  Unclassified 


it  watts 'cm2  if  the  beam  current  t  is  measured  in  ma; 
\  in/  2  ir  c  is  the  free  space  wavetength.  The  depend 

ence  of  the  radiated  energy  on  v  1c  here  qvalitatlvely 
different  than  In  the  wett  known  case  of  cylindrical 
geometry  (V.  L.  Glnsburg  and  1.  M.  Frank,  Doklady 
Akad.  Nauk,  v.  56:  699,  1947),  where  the  radiation 
reaches  a  maximum  al  v  -»  c.  If  in  lhe  plane  case  a 


Published  in  Jour.  Chem.  Phys.,  v.  22:  245-246,  F.b. 
1954. 

The  microwave  spectrum  of  OH  affords  a  new  method 
of  determining  the  abundance  of  Olt  in  a  low-pressure 
gas  mixture.  This  method  applied  lo  the  products  of 
a  discharge  In  H2O  shows  that  certain  previous  methods 
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COU.  01:010  -  COU.  01:013 


lor  detecting  the  presence  of  OH  radicals  In  fact  are 
not  sensitive  to  OH,  but  to  some  other  reactive  com¬ 
ponents  of  a  discharge  in  H20.  OH  radicals  are  obtained 
from  a  discharge  in  concentrations  near  10  percent  and 
with  a  lifetime  of  approximately  1/3  sec.  (Contractor's 
abstract) 


COU.  01:010 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

HARMONICS  AT  MILLIMETER  WAVELENGTHS,  by 
.V  H.  Nethercot,  Jr.  [1954  1  [ 4  ] p.  lncl.  diagrs. 

[  Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36-039-SC-425I9  ]  Unclassified 

Published  In  1.  R.  E.  Trans,  on  Microwave  Theory  and 
Techniques,  v.  MTT-2:  17-20,  Sept.  1954. 

Two  techniques  for  obtaining  millimeter  waves  with 
sufficient  power  to  physical  measurements  were  Investi¬ 
gated.  One  technique  ts  to  use  the  harmonics  of  the 
fundamental  frequency  directly  emitted  by  a  magnetron 
when  It  Is  In  oscillation.  Harmonics  up  to  t.  25  mm 
have  been  observed.  The  only  advantage  of  the  magne¬ 
tron  Is  In  the  ease  of  adjustment.  A  moderately  experi¬ 
enced  operator  could  probably  produce  t.  5  mm  radiation 
within  a  few  hours  using  this  method.  The  other  tech 
nlque  Is  to  frequency  multiply  the  power  emitted  by  a 
klystron  by  means  of  a  silicon  tungsten  contact  used  as 
a  non  linear  device.  This  method  has  produced  1. 5  mm 
wavelength  radiation,  tt  has  the  advantages  that  the 
radiation  Is  stable  In  power  and  frequency,  is  mono¬ 
chromatic,  and  also  Is  tunabte.  A  distinct  disadvantage 
Is  In  the  time  involved  In  adjustment  and  alignment. 
Magnetron  harmonics  and  frequency  multipliers  are  not 
the  best  methods  of  obtaining  the  shorter  wavelengths, 
bul  they  are  the  onty  ones  available  for  lunger  wave¬ 
lengths.  Some  quantitative  data  are  given  on  the  per 
furmance  of  these  devices  as  various  parameters  are 
changed. 


COU.  01 :0t  t 

Columbia  U.  Columbia  Radiation  l.ab.  ,  New  York. 

A  HIGH  TEMPERATURE  MICROWAVE  SPEC¬ 
TROMETER.  by  M.  L.  Stitch.  A.  llonlg,  and  C.  11. 
Townes.  [  1954  1  6  p.  lncl.  diagrs.  table,  refs. 

(Sponsored  Jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  t)A  36  039  sc  42519  )  Unclassified 

Published  Ul  Rev  Sclent.  Instruments,  v.  25  :  7  5  9  7  04, 
Aug.  1954. 

A  spectrometer  for  measurement  of  microwave  absorp 
lion  by  gases  at  temperate: es  as  high  as  1000°C  Is 
described.  Microwaves  pass  through  a  5  ft  nickel 
absorption  cell  Absorption  lines  are  modulated  by 
Stark  effect  to  give  sensitive  detection.  The  sj>ectroni 
eter  has  been  used  to  stuoy  sjiectral  lines  of  some  alkali 


halides  and  several  other  high  boiling  point  diatomic 
molecules  between  300°C  and  775°C.  (Confactor’s 
abstract) 


COU.  01:012 

Columbia  U.  [  Columbia  Radiation  Lab.  ]  New  York. 

HYPERFINE  STRUCTURE  IN  DCCC1,  DCN,  AND  HCN 
DUE  TO  DEUTERON  QUADRUPOLE  COUPLING  AND 
HELD  ASYMMETRIES  (Abstract),  by  R.  L.  White. 

[  1954  1  [  1  Ip.  (Sponsored  jointly  by  Signal  Corps, 
Offtce  of  Naval  Research,  and  [  Air  Force  Office  of 
Scientific  Research  under  DA  36-039-SC-42519  1) 

Unclassified 

F*  sce..ied  at  annual  meeting  of  the  Amer.  Phys.  Soc. , 
Columbia  tJ. ,  New  York,  Jan.  28-30,  1954. 

PubUshed  tn  Phvs.  Rev.,  v.  94  :  789,  May  t,  1954. 

Published  tn  Dull.  Amer.  Phys.  Soc. ,  v.  29:  52, 

Jan.  28,  1954. 

The  spectrum  arising  from  ih-  1  I  -t  2  transition  in 
deuterated  chloroacetylene  h.  s  been  observed  in  a  htgh- 
resolution  spectrometer  and  hyptrfine  structure  due 
to  the  quadrupote  coupling  of  the  deuteron  detected.  A 
value  for  the  coupling  of  (eqQ)D  =  +  175  i  20  kc/sec 
was  obtained,  to  be  compared  with  -  114  i  t  kc  in  HD 
obtained  by  molecular  beam  methods.  The  deuteron 
quadrupole  coupling  was  also  observed  In  transitions 
between  1-type  doublets  In  DCN  where  an  unresolved 
hyperflne  structure  resulted  tn  line  broadening.  Com¬ 
parison  with  unbroadened  lines  from  HCN  gave  the  less 
accurate  but  consonant  evaluation  (eqQ)u  i  145  t  60 
kc/  sec.  Since  the  deuteron  quadrupole  moment  is 
known,  (eqQ)^  yields  an  experimental  value  of  the  Held 
gradient.  The  value  thus  obtained  was  compared  with 
the  gradient  calculated  from  a  Heitter  London  molecular 
model.  The  calculated  value  was  too  targe  and  of  wrong 
sign,  Indicating  the  Inadequacy  of  the  model  for  this 
calculation.  Arymmetry  In  the  quadrupole  coupling  of 
In  the  t  -tyj>e  doublet  transitions  of  HCN  and  DCN 
also  produced  hyperflne  structure.  From  this  struc 
ture,  variations  In  the  C-  N  bond  due  to  bending  can  be 
detected.  (Contractor's  abstract) 


COU.  01:013 

Columbia  U.  [  Columbia  Radiation  Lab.  New  York 

MAGNETIC  INTERACTIONS  IN  '  MOLECULES 
(Abstract),  by  R.  L.  White.  [  1954  t  'p.  (S)wnsored 
jointly  by  i  Signal  Corps,  Office  of  Naval  Research  and 
Air  Force  Office  of  Scientific  Research  under  DA  36 
039  sc  42519'  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  ,  Seattle. 
Wash. ,  July  7  10.  1954. 

Published  in  Phys  ltev.,  v.  96  :  845.  Nov.  1.  1954. 
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In  a  second-order  approximation  the  electronic  angular 
momentum  of  a  rotating  'Y.  molecule  Is  not  zero.  The 
associated  magnetic  field  Is  on  the  same  order  of  magni¬ 
tude  as  the  field  arising  from  the  rotation  of  the  posi¬ 
tively-charged  nuclear  frame.  The  total  resultant  field 
Interacts  with  the  magnetic  moments  of  the  nuclei  of  the 
molecule  to  produce  an  Interaction  of  the  form  Wma_  = 
fcj  +  (c2  -  Cj)K2J_1(J  +  1)"*]I.J  for  a  nucleus  on  the 
symmetry  axis  of  a  symmetric  top  molecule.  The  Cj 
may  be  of  either  sign,  depending  upon  both  nuclear  mid 
molecular  parameters.  The  algebraic  values  of  Cj  for 
the  molecules  017CS,  OCS33,  OCSe79  C135CN14, 
C135CN15,  CHjCI,  SiHgCl  and  GeHjCl  have  been  meas¬ 
ured  on  a  high  resolution  bridge- type  microwave  spec¬ 
trometer.  A  correlation  between  measured  and  theo¬ 
retical  Cj  for  these  molecules  and  for  a  number  of  others 
for  which  ct  is  known  (primarily  from  molecular  beams 
data)  will  be  given.  The  molecular  parameters  thus 
obtained  will  be  compared  with  those  inferred  f-om 
molecular  g  factors  and  diamagnetic  susceptibilities. 
(Contractor’s  abstract) 


COU.  01:014 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

MAGNETRON  RESEARCH  AT  COLUMBIA  RADIATION 
LABORATORY,  by  M.  J.  Bernstein  and  N.  M.  KroU. 

[  1954  1  [5  Ip.  lncl.  dlagrs.  table.  [Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research  under  DA  36-039-sc- 
42519  1  Unclassified 

Published  in  1.  R.  E.  Trans,  or.  Microwave  Theory  and 
Techniques,  v.  MTT-2:  33-37,  Sept.  1954. 

Current  magnetron  research  and  development  at 
Columbia  Radiation  Laboratory  Is  principally  directed 
towards  the  production  of  the  shortest  wavelengths  in 
the  millimeter  region;  the  development  of  high  power  In 
the  millimeter  region;  the  development  of  wide  range 
tunable  tubes;  and  the  Investigation  of  low  field  magnetron 
operation.  Two  methods  have  been  employed  to  produce 
short  wavelengths,  by  means  of  conventional  magnetron 
techniques  and  by  use  of  ’low-field"  operation. 


COU.  01:015 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

MICROWAVE  ABSORPTION  SPECTRA  OF  MnO,F  and 
ReOjCl.  by  A.  Javan  and  A.  Kngelbrecht.  1954  '  [10  p. 
lncl.  dtagrs.  tables,  refs.  Sponsored  Jointly  by  Signal 
Corps,  Office  of  Naval  Research,  Air  Force  Off»ce  of 
Scientific  Research, and  Atomic  Energy  Commission 
under  DA  36  039  sc  42519  Unclassified 

Published  Ln  Phys.  Rev.  ,  v.  96  :  649-658,  Nov.  1,  1954. 

The  microwave  spectra  of  MnOjF  and  ReOjCI  near  1  cm 
wavelength  have  been  studied  From  the  spectra  of  the 
first  molecule  and  Its  Isotopic  species  Mn  (0*®)j0l®F, 


COU.  01:014  -  COU.  01:017 


the  structural  parameters  were  determined  as: 

Mn  -  C  =  1.  586A,  Kn  -  F  =  1.  724A,  l  (O,  Mn,  F)  = 
108°27'.  The  nuclear  quadrupole  coupling  constant  of 
Mirj5  was  measured  as  eqQ  =  16.  8  me/' sec.  Because 
of  the  spin  and  statistics  of  O16  nuclei  not  all  of  the 
rotational  states  are  allowed.  It  was  found  that,  where¬ 
as  In  the  ground  vibrational  states  only  states  with  K 
a  multiple  of  three  are  permissible,  In  the  excited  vi¬ 
brational  states  of  the  perpendicular  normal  modes 
the  states  with  K-l  ?  multiple  of  three  can  occur.  For 
K  =  1  =  t  1  appreciable  1-type  doubling  was  observed. 
The  amounts  of  1  doubling  and  their  corresponding  values 
of  a  y  were  determined  for  MnOjF.  The  molecular 

dipole  moment  of  this  molecule  was  found  to  be  p  =  1.  5 
Debye  units.  The  hyperflne  structure  of  RgOjCl  gives 
for  the  ratio  of  quadrupole  moments  of  the  two  abundant 
Isotopes  of  Re  a  value  of  Qpe*87/QRe*83  =  1-  067  t 
0  .  045  and  for  the  quadrupole  coupling  constant  of  Re*®7 
eqQ  =  253  me/ sec.  This  coupling  constant  and  the 
known  optical  value  of  the  quadrupole  moment  of  Re187 
give  some  Information  about  the  electronic  structure  of 
the  molecular  bonds,  from  which  an  approximate  value 
of  the  nuclear  quadrupole  moment  of  Mn33  was  obtained 
as  Q  =  0.55  X  10_24cm2.  (Contractor’s  abstract) 


COU.  01:016 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

MICROWAVE  SPECTRA  OF  THE  ALKALI  HALIDES,  by 
A.  Honig,  M.  Mandcl  and  others.  [1954  ]  [  14  ]  p.  lncl. 
tables,  refs.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  [  Air  Force  Office  of  Scientific 
Research  under  DA  36-039-SC-42519  ] )  Unclassified 

Published  In  Phys.  Rev.,  v.  96:  629-642,  Nov.  1,  1954. 

Data  from  the  microwave  spectra  of  all  alkali  halides 
excepting  L1F,  NaF,  KF,  RbF,  and  L1C1  are  given  and 
analyzed  in  terms  of  molecular  and  nuclear  constants. 
These  yield  lnternuclear  distances  and  Ionic  radii  for 
the  gaseous  alkali  halides,  molecular  dipole  moments, 
potential  constants  Including  four  constants  for  some 
molecules,  amount  of  covalent  character  from  quadru- 
pote  coupling  constants  and  from  rotational  effects,  and 
mass  ratios  for  isotopes  of  LI,  K,  Rb,  Cl,  and  Hr. 
(Contractor’s  abstract) 


COU.  01:017 

Columbia  U.  [  Columbia  Radiation  l.ab.  New  York. 

MICROWAVE  SPECTRUM  OF  THE  FREE  OD  RADICAL 
(Abstract),  by  G.  <".  Dousmanls.  1954  1  ’p. 

(Sponsored  Jointly  by  Signal  Corps,  Office  of  Naval  Re 
search,  and  [  Air  Force  Office  of  Scientific  Research 
under  DA  36  039-  sc  -42519  ’ )  Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Phys.  Soc., 
Columbia  U. ,  New  York,  Jan.  29  3  0,  1954. 

1’qbUlitlthl  111  l’hys,  ltev.,  v.  94  :  7  8  9,  May  1,  1954. 
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Published  in  Bull.  Amer.  Phys.  Soc. ,  v.  29:  52,  Jan. 
28,  1954. 

A  microwave  spectrum  resulting  from  the  free 
radical  has  been  found  with  a  Zeeman  spectrometer 
similar  to  tbe  one  with  which  OH  spectrum  had  been 
observed  {Phys.  Rev. ,  v.  89:  1158,  1953).  The  lines 
are  due  to  transitions  between  the  two  members  of  the 
doublet  resulting  from  the  A -type  splitting  of  each  J- 
level  in  the  ground  paramagnetic  state  of  the  radical. 
The  observed  frequencies  and  their  assignments  are 
as  follows: 


K 

J 

Frequency  (Megacycles) 

5 

5Vj 

867.  36  t  0. 10 

6 

6',4 

12,918.  Ot 

7 

7Va 

18,009.60 

8 

8'/i 

23,907. 12 

The  parameters  describing  the  A- type  doubling  have 
been  obtained  as  4  £  ( — 1)“  (H  |  Aly  +  2BLy  I  5-) 

( £  |  BI,y  =  2096  i  16mc  and  4X  (-1)8| 

(H  BLyl  =  149.3  t  0.4  me.  These  are  tn 

agreement  with  the  values  found  in  OH.  The  magnetic 
hyperftne  structure  In  OD,  in  contract  to  that  tn  OH,  ts 
too  smalt  to  be  resolved  (<  3  me  for  K  -  8).  This  gives 
some  Information  about  the  source  of  hyperflne  structure 
tn  OH  and  OD.  {Contractor's  abstract) 


COU.  01:018 

Columbia  U.  [  Columbia  Radiation  Lab.  1  New  York. 

THE  MICROWAVE  SPECTRUM  OF  ReOjF  (Abstract), 
by  J.  F.  laitspetch,  A.  Javan,  and  A.  Engelbrecht. 

[  1954  1  [  1 1  p.  [  Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36-039- sc-42519  ] 

Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Phys.  Soc. , 
Columbia  U. ,  New  York,  Jan.  28-30,  1954. 

EublUlUXLll!  Phys.  Rev.,  v.  94:  789,  May  1,  t954. 

The  microwave  absorption  spectrum  of  ReOjF  has  been 
observed  for  the  rotational  transitions  2  -»  3  and  3  -»  4. 
In  addition  to  the  lines  originating  from  the  ground  vt 
bratlonal  stale,  a  number  of  degenerate  and  nondegen¬ 
erate  excited  vibrational  state  lines  were  found  from 
which  were  obtained  the  vibrational  and  t-  tyj*'  doubling 
constants.  The  quadrupole  hyperflne  structure  due  to 
Re  was  resolved.  The  following  quantities  have  been 
calculated:  Uu  3566.  75t  t  0.050  me;  eqQjj  -53  t 
4  me.  The  Isotopic  change  of  11Q  and  of  eqQ  aue  to  the 
two  lie  isotopes  1 85  and  187  Is  within  the  quoted  errors. 
The  1  type  doubling  constants  of  two  of  the  three  de 
genera  •  vibration  modes  were  found  to  be  1.  82  and 
tO.  35  m_;  their  corresponding  uy  values  are  *2.64 
and  10.  5  me,  re  spec  lively.  A  value  of  uy  'or  a  non- 
degenerate  mode  was  measured  as  ♦  t2.4  me.  (Con 
tractor's  abstract) 


COU.  01:019 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

MILLIMETER  WAVE  GENERATION  BY  CERENKOV 
RADIATION,  by  M.  Danes  and  H.  Lashinsky.  [  1954  ] 

[  5  ]  p.  tncl.  diagrs.  L  Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  DA36-039- sc -42519] 

Unclassified 

Published  in  I.  K.  E.  Trans,  on  Microwave  Theory  and 
Techniques,  v.  MTT-2:  21-22,  Sept  1954. 

An  electron  moving  through  a  refractive  medium  with 
a  velocity  greater  than  the  phase  vetocity  of  itght  in 
that  medium  emits  radiation  with  a  continuous  spec¬ 
trum.  If  one  uses  a  bunched  electron  beam,  not  only 
is  tne  radiated  power  greatly  Increased  but  the  radiated 
spectrum  now  1  s  a  line  spectrum  consisting  of  the 
bunching  frequency  and  tts  harmonics.  It  is  actually 
not  necessary  that  the  electrons  pass  through  the 
medium.  It  Is  sufficient  that  the  beam  be  located  at  a 
small  distance  from  the  dielectric.  An  experiment  was 
conducted  tn  which  a  flat  electron  beam  was  passed 
through  a  klystron- type  bunching  cavity.  After  an 
appropriate  drifting  time  density  bunches  were  formed 
and  the  beam  passed  over  a  dielectric  at  a  close  dis¬ 
tance.  The  emitted  radiation  passed  through  a  quarter 
wave  matching  plate  and  was  collector!  by  a  horn.  With 
this  set-up  radiation  of  roughly  10  ^W  was  obtained. 
The  beam  current  was  C.  4mA,  the  beam  width  4  mm, 
the  length  over  the  dtelectrtc  1.7  cm;  the  klystron  was 
squarewave  modulated  at  6  kc/  s;  and  the  beam  was 
switched  on  and  off  at  a  rate  of  20  c/  s.  A  modulation 
of  6  kc  was  employed  to  enable  the  use  of  a  narrow 
band  6  kc  amplifier  system;  by  switching  the  beam  on 
and  off  it  was  posslbte  In  distinguish  between  leakage 
and  radiation  associated  with  the  electron  beam. 


COU.  0t:020 

Columbia  U.  [  Columbia  Radiation  Lab.  ]  New  York. 

MOLECULAR  MICROWAVE  OSCILLATOR  AND  NEW 
HYPEKFINE  STRUCTURE  IN  THE  MICROWAVE 
SPECTRUM  OF  Nllj,  by  J.  P.  Gordon,  H.  J.  Zeiger, 
and  C.  11.  Townes.  I  t954  ]  [3lp.  lncl.  lltus.  diagrs. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  1  Air  Force  Office  of  Scientific  Research 
under  DA  36-039- sc-42519  j)  Unclassified 

Published  in  Phys  Rev.,  v.  95:  282-284,  July  1,  t954. 

A  high- resolution  microwave  spectrometer  is  de  - 
scribed.  The  hyperflne  structure  of  the  Nltj  inversion 
transitions  J  K  -  2  and  J  K  3  were  examined, 

>nd  a  previously  unresolved  structure  due  to  the  re¬ 
orientation  of  the  II  spins  were  observed.  (C.  A. , 
t954.9808h) 
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COU.  01:021 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

THE  RATIOS  OF  QUADRUPOLE  COUPLING  CONSTANTS 
OF  ISOTOPES  AND  THEIR  VARIATION  WITH  TEMPER- 
TURE  (Abstract),  by  T.  C.  Wang  and  C.  H.  Townes. 
[1954]  [l]p.  (Sponsored  jointly  by  Signal  Co rps. 

Office  of  Naval  Research,  and  [  Air  Force  Office  of 
Scientific  Research  under  DA  36-039-SC-42519] ) 

Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Phys.  Soc. , 
Columbia  U.,  New  York,  Jan.  28-30,  1954. 

Published  in  Phvs.  Rev.,  v.  94:  767,  May  1,  1954. 

Published  In  BuU.  Amer.  Phys.  Soc. ,  v.  29:  30, 

Jan.  28,  1954. 

Measurements  on  nuclear  quadrupole  resonances  In 
solids  show  the  ratio  of  coupling  constants  for  Cl^S  and 
Ct37  in  any  molecule  to  vary  with  temperature  as  well 
as  with  molecular  environment  (Phys.  Rev. ,  v.  86:  809, 
1952);  the  ratio  ts  not  solely  dependent  on  nuclear 
properties  as  might  be  expected.  A  decrease  of  temper¬ 
ature  from  300°K  to  78°K  decreases  the  ratio 
eqQ^ijjj/eqQ^?  by  as  much  as  0. 02  percent.  Measure¬ 
ment  of  the  quadrupote  coupling  ratio  of  Kb '23  to  that  of 
Sb'21  in  several  antimony  halides  and  in  stibnite  shows 
similar  effects.  This  ratio  ranged  from  1.27414  to 
t.  274770  depending  on  molecular  environment.  The 
asymmetry  parameter  t)  for  the  two  antimony  t  so  topes 
agrees  to  teas  than  0.  01  percent.  The  change  of  ratio 
can  be  attributed  largely  to  molecular  vibrations.  Ex¬ 
tending  Bayer's  discussion  (Zeitschr.  Phystk,  v.  130: 
227,  t95t)  of  thermal  vil rations,  the  variation  tn  coup- 
ting  ratio  can  be  calculated  for  the  case  of  p-Cgtl^Clg 
where  the  vibrational  frequencies  are  known.  The 
calculated  change  tn  ratio  between  300°K  and  78°K  is 
2.  2  x  !0"5  whereas  the  measured  value  is  (4.  7  i  1)  x 
10" 5.  (Contractor's  abstract) 

COU.  0t:022 

Columbta  U.  Columbta  Radiation  Lab.  1  New  York. 

ROTATIONAL  SPECTRA  OF  ltbCl  BY  THE  MOLECULAR 
BEAM  ELECTRIC  RESONANCE  METHOD,  by  .1.  W. 
Trischka  and  R.  Braunstetn.  [t354  ]  f  5  ]  p.  lncl. 
tables,  refs.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research  and  1  Air  Force  Office  ot  Scientific 
Research  under  DA  36- 039  sc  425t9!) 

Unc  lassified 

Published  In  Phys.  Rev.,  v.  96:  968-072,  Nov.  t5, 
t954. 

The  rotational  transitions  for  which  J  0  -i  t  were 
studied  by  the  molecular  beam  electric  resonance  method 
for  tlie  first  three  vibralional  stales,  v  0,  t,  2.  of 
ttb®^Cl^^  and  the  ground  vibrational  state,  v  0.  of 
ithK7C|3'a.  The  molecutar  constants  are: 


COU.  01:021  -  COU.  01.023 

Rb85Cl35 

Rh87Cl35 

.  .  *  " 

Y01  (mc/sec) 

2627.394*0. 002 

2609.  799*0.  003 

• 

• 

-Yn«ae 

•  "  , 

(mc/sec) 

13.601*0.  005 

13.464*0.  005 

“*.**/• 

Y21  ^re 

(me/  sec) 

0.  021*0. 002 

0.021*0.002 

Be  (mc/sec) 

2627.414*0.010 

• 

• 

re<A) 

2. 78670*0. 00006 

The  quadrupole 

(eqQ)  and  spin  rotation  (c)  interaction 

constants  of  Rb®®C1^5  are: 

v  -  0 

v  -  1 

.  /.• 

(eqQ)^  (me/  sec)  -  52.  675*0.  005 

-52.306*0.  030 

• 

• 

(eqQ)cl  (mc/sec)  +  0.774*0.009  +  0.612*0.013 

CjyjJkc/sec)  +0.3  *0.3 

cci  (kc/  sec)  0.  0  *0.  8 


(eqQJijb  (mc/sec)  -51.903*0.040 

(eqQ)cl  (mc/ser.)  +  0.470*0.0t7 

(kc/sec) 
ccl  (kc/sec) 

For  the  v=  0  state  of  Rb87Cl35,  (eqQ)Rb  =  -25.485* 

0.  006  me/  sec.  The  ratio  of  the  Rb  quadrupole  mo¬ 
ments  ts  Q85/Q87  -  0669*0.  0005.  The  mass  ratio 

of  the  Rb  isotopes  ts  M85/M87  0.  9770t63*0.  0000045. 

(Contractor’s  abstract) 


COU.  0t:023 

Columbta  [  Columbia  Radiation  Lab.  1  New  York. 

SOME  OBSERVATIONS  OF  DOUBLE  AND  TRIPLE- 
QUANTUM  TRANSTIONS,  by  P.  Kusch.  1  t954  ! 

1  4  Ip.  inct.  dtagrs.  tables.  [  Sponsored  jotntly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  t)A  36-039-sc- 
42519]  Unclassified 

PubllSlleiin  Phys.  Rev.,  v.  93:  1022-t025,  Mar.  t, 
t954. 

Data  are  presented  which  show  that  It  ts  possible  to 
observe  transitions  for  which  AJ  0,  A nrij  *  2  or  *  3 
in  a  molecule  characterized  by  a  total  angular  J.  It 
is  alBO  possible  to  observe  transitions  for  which  at  0, 
\ m *2  or  *3  in  an  atom  characterized  by  a  lotat 
angular  momentum  F.  tn  each  case  the  process  occurs 
by  the  absorption  or  stimulated  emission  of  two  or 
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* 


three  eqiiieuergeUc  quanta.  (Contractor's  abstract) 


COU.  01:024 

Columbia  U.  [  Columbia  Radiation  Lab.  ]  New  York. 

THE  SPIN  AND  QUADRUPOLE  MOMENT  OF  Se75 
(Abstract),  by  L.  C.  Aamodt,  P.  C.  Fletcher  and 
others.  [1954]  [  1  ]  p.  [  Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  DA  36-039 -sc -42519] 

Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Phys.  Soc. , 
Columbia  U.  ,  New  York,  Jan.  28-30,  1954. 

Published  in  Phvs.  Rev.,  v.  94:  789,  May  1,  1954. 

The  spin  and  nuclear  quadrupole  moment  of  radioactive 
Sc25  have  been  determined  from  the  microwave  spec¬ 
trum  of  OCSe25.  The  Se25  was  produced  by  the  re¬ 
action  As25(d,  2n)Se25  using  22-  mev  deuterons  from  the 
Brookhaven  National  Laboratory's  cyclotron.  The 
presence  and  abundance  of  Se25in  OCSe  was  determined 
by  observing  characteristic  y  rays  of  this  nucleus. 

Three  lines  of  the  quadrupole  hyperfine  structure  of  the 
J=  2-y  3  transition  of  OCSe75  were  observed.  Their 
measured  frequencies,  relative  intensities,  and  Stark 
patterns  agree  with  a  spin  of  5/  2  for  Se75  and  a  quad¬ 
rupole  constant  of  946  me.  This  spin  is  not  consistent 
with  predictions  from  the  single  particle  version  of  the 
shell  model.  The  quadrupole  coupling  constant  Indicates 
the  large  positive  quadrupole  moment  of  0.  9  x  10_24cm2 
for  Se75.  (Contractor's  abstract) 


COU.  01:025 

Columbia  U.  Columbia  Radiation  Lab.  ,  New  Ycrk. 

SULFUR  BONDS  AND  THE  QUADRUPOLE  MOMENTS 
OF  O,  S,  AND  Se  ISOTOPES,  by  G.  R.  Bird  and  C.  li. 
Townes.  [  1954]  [  6  ]  p.  incl.  tables,  refs.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
;  Air  Force  Office  of  Scientific  Research  under  DA  36- 
039 -sc -42519 1 )  Unclassified 

Published  In  Phys.  Rev.,  v.  94:  1203-1208,  June  1, 
1954. 

Quadrupo'e  couplings  ol  S'*5  in  HDS,  SOj  and  ClljSH 
have  been  measured.  These  and  previously  measured, 
quadrupole  couplings  of  S22  in  OCS,  11NCS,  CS,  and  Sg 
are  examined  to  determine  the  nature  of  sulfur  bonds 
and  the  best  value  for  the  S22  quadrupole  moment; 
s  -  p  hybridization  Is  found  to  be  common,  but  not  uni¬ 
versal,  in  sulfur  binds.  The  S22  quadrupole  moment 
is  -0.  064  1  0.  01  x  10  2^cm2.  If  O  and  Se  bonds  are 
assumed  to  be  similar  to  those  of  S,  the  quadrupole 
moments  of  O17  and  Se75  are  -0.004  x  10  2^cne 
and  0.  9  x  10'2:*cm5,  respectively. 


COU.  01:026 

Columbia  U.  [  Columbia  Radiation  Lab.  ]  New  York. 

VACUUM  POLARIZATION  IN  A  STRONG  COULOMB 
FIELD,  by  E.  H.  Wichmann  and  N.  M.  Kroll.  [1954  ] 
[3]p.  incl.  diagr.  (Sponsored  jointly  by  Atomic 
Energy  Commission,  [  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36-039-SC-42519])  Unclassified 

Published  in  Phvs.  Rev.,  v.  96:  232-234,  Oct.  1,  1954. 

The  polarization  current  is  the  trace  of  times  the 
electron  external  field  propagator.  This  is  expressed 
as  a  sum  over  the  solutions  to  the  Dirac  equation,  the 
sum  ov  er  angular  momentum  being  carried  out  by 
means  of  a  contour  integral.  An  exact  double  integral 
for  the  polarization  charge  density  in  a  static  field  is 
thus  obtained,  in  a  form  which  can  be  completely  re¬ 
normalized.  Expansion  in  Za  gives  the  Uehling  term, 
and  corrections  to  it.  These  prove  to  be  very  small  for 
small  r,  even  for  lead.  The  expansion  is  proved  to 
converge  for  Za  <  1. 

COU.  01:027 

Columbia  U.  [  Columbia  Radiation  Lab.  ]  New  York. 

VARIATION  OF  THE  1-TYPE  DOUBLING  CONSTANT 
INHCN,  by  J.  F.  Westerkamp,  [  1954]  [l]p.  incl. 
table.  [  Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039-BC-42519]  Unclassified 

Published  in  Phys.  Rev. ,  v.  93:  716,  Feb.  15,  1954. 

Microwave  measurements  on  six  transitions  between 
the  1-type  doublets  of  HCN  show  that  the  1-type  doubling 
constant  depends  on  rotational  angular  momentum  J  as 
follows:  q  -  224.471  -  0.002613J(J  +  l)mc/sec.  (Con¬ 
tractor's  abstract) 


COU.  01:02b 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

Cerenkov  radiation  from  extended  elec¬ 
tron  beams,  bv  M.  Danos.  [1955]  [  6  ]  p.  Incl. 

dlagi-s.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Force  i  Office  of  Scientific 
Research  under  [  DA  36-039-  sc -42519  ' ) 

Unclassified 

Presented  at  spring  meeting  of  the  Amer.  Phys.  Soc.  , 
Washington,  D.  C. ,  Apr  29  May  1.  1954. 

Published  in  Jour.  Appl.  Phys.,  v.  26:  2-7,  Jan.  1955, 

The  Cerenxov  radiation  emitted  by  a  bunched  electron 
beam  passing  along  a  dielectric  material  at  a  close 
distance  Is  calculated  for  a  flat  beam  near  a  plane 
surface,  a  flat  beam  between  two  plane  surfaces  and 
for  a  circularly  cylindrical  hole. 
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COU.  01029 

Columbia  U.  Columbia  Radiation  Lab.  ,  New  York. 

FINE  STRUCTURE  OF  SINGLY  IONIZED  HELIUM,  by 
R.  Novlck,  E.  Lipworth,  and  P.  F.  Yergln.  [  1955] 

[  21  ]  p.  incl.  diagrs.  tables,  refs.  (Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  [  Air  Force 
Office  of  Scientific  Research]  and  National  Science 
Foundation  under  [  DA  36-039- sc -42519] ) 

Unclassified 

Presented  at  spring  meeting  of  the  Amer.  Phys.  Soc.  , 
Washington,  D.  C.  ,  Apr.  28-30,  1955. 

Published  ill  Phys.  Rev.,  v.  10C:  1153-1173,  Nov.  15, 
1955. 

2  2 

The  energy  difference  (§}  between  the  2  Sj  /2  and  2  pl/2 
states  of  ionized  helium  has  been  measured  by  a  pulsed 
microwave  method.  Helium  atoms  are  excited  to  the 
metastable  22Sjy2  state  of  the  ion  by  a  microsecond 
pulse  of  electrons  of  about  250-ev  energy.  After  bom¬ 
bardment  and  after  the  atom3  and  ions  excited  to  non¬ 
metastable  states  have  decayed  to  their  respective 
ground  states,  a  pulse  of  microwave  power  is  applied 
to  induce  the  22Sj,2  -  22pi/2  transition.  This  transition 
is  followed  immediately  by  spontaneous  emission  of  a 
40.  8-ev  photon  associated  with  the  22Pjy2  -  12Sj/2 
transition.  The  photons  are  observed  by  counting  photo- 
electrcns  with  high- speed  counters  gated  on  synchro¬ 
nously  with  the  pulses  of  microwave  power.  Two  dif¬ 
ferent  levels  of  rf  power  are  used  alternately  to  provide 
a  means  of  normalizing  the  data  for  variations  in  the 
population  of  the  22Sj/2state.  The  present  value  of  <5 
for  He+  Is  14,043  ±  13  mc/sec.  The  stated  uncertainty 
is  equal  to  three  times  the  standard  deviation  plus  an 
estimated  3  mc/sec  for  the  uncertainty  in  the  corrections 
for  systematic  effects.  This  result,  consistent  with 
previous  results,  is  in  agreement  with  tho  best  available 
theoretical  value  of  14, 043.  2  t  3.0  mc/sec.  (Con¬ 
tractor's  abstract) 

COU.  01:030 

Columbia  U.  Columbia  Radiation  Lab.  ,  New  York. 

FOURTH  ORDER  RADIATIVE  CORRECTIONS  TO 
ATOMIC  ENERGY  LEVELS,  II,  by  U.  L.  Mills  and  N. 

M.  Kroll.  1955  12  p.  inci.  refs.  (Sponsored 

jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36- 
039  sc  42519  )  Unclass'Ted 

Published  In  Phys.  Rev.,  v.  98:  1489-1500,  June  1, 

1955. 

A  rigorous  method  is  described  for  treating  the  problem 
of  the  hydrogen  like  atom  In  quantum  electrodynamics 
by  the  separation  of  integrals  into  parts  which  can  be 
evaluated  with  relativistic  aid  nonrelativlstic  approxi¬ 
mations.  The  method  is  bused  on  that  developed  by 
Ilaranger,  I)ethe.  and  Feynman  for  the  second  order 
problem,  and  is  applied  here  to  the  problem  of  the 


fourth-order  radiative  energy  level  displacement.  It 
is  shown  that  the  result  inferred  by  Weneser,  Bersohn, 
and  Kroll  from  the  study  of  fourth- order  radiative 
corrections  to  elastic  scattering  by  a  given  external 
potential  is  correct  to  order  a2(az)4mc2  for  a  hydro- 
genic  atom.  It  Is  also  shown  that  the  a  Z corrections 
to  this  result  can  be  obtained  using  this  method,  just 
as  was  done  In  the  second -order  problem  by  Baranger, 
Bethe,  and  Feynman.  (Contractor’s  abstract) 


COU.  01:031 

Columbia  U.  Columbia  Radiation  Lab.  ,  New  York. 

MAGNETIC  HYPERFINE  EFFECTS  AND  ELECTRONIC 
STRUCTURE  OF  NO,  by  G.  C.  Dousmanis.  [  1955] 

[  4  ]p.  incl.  table,  refs.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force 
Office  of  Scientific  Research  under  DA  36-039-sc- 
>2519])  Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Phys.  Soc.  , 
New  York,  Jan.  27,  1955. 

Published  in  Phvs.  Rev.,  v.  97:  967-970,  Feb.  15, 
1955. 

The  theory  of  magnetic  hyperfine  structure  In  diatomic 
molecules  is  briefly  reexamined.  Previously  reported 
hyperfine  effects  in  the  N14Oie  molecule,  both  mag¬ 
netic  and  electric  quadrupole,  are  Interpreted  with 
corrected  theoretical  expressions  in  terms  of  an  elec¬ 
tronic  structure  consisting  of  65  percent  N  =  O  and  35 
percent  N‘  =  0+.  The  unpaired  electron  Is  shown  to  be 
The  umpaired  electron  is  shown  to  be  essentially  In  a 
2pr r  orbital  but  with  2.  5  percent  s  character.  Dis¬ 
crepancies  of  about  8  percent  betweer  experimental 
and  calculated  values  of  the  magnetic  hyperfine  con¬ 
stants  indicate  limitations  In  the  use  of  atomic  wave 
function  approximations  for  electronic  orbitals.  (Con¬ 
tractor's  abstract) 


COU.  01:032 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

MAGNETIC  MOMENT  AND  MASS  OF  CHLORINE-36, 
by  L.  C.  Aamodt  and  P.  C.  Fletcher.  [  1955  7  p. 

incl.  diagrs.  tables,  refs.  (Sponsored  jointly  by 
Atomic  Energy  Commission,  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039-SC-42519  )  Unclassified 

Published  In  Phvs.  Rev.,  v.  98:  1317-  1323,  June  1, 
1955. 

The  magnetic  moment  of  the  Cl2®  nucleus  was  meas¬ 
ured  by  observing  the  Zeeman  splitting  of  the  F  2  ->  2 
line  tn  the  electric  quadruple  hyperfine  pattern  of  the 
moiecule  C1I,C12®  (J  O  -*  1,  K  O  transitions).  It 
was  found  tone  1.  32  t  0.  08  nuclear  magnetons.  The 
magnitude  of  the  magnetic  moment  was  measured  by 
using  a  rectangularly  cross-  sectioned  absorption  cell 
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with  plane  polarized  microwave  radiation,  and  observ¬ 
ing  the  oM  =  ±1  transitions.  The  sign  of  the  magnetic 
moment  was  measured  by  using  a  circularly  cross- 
sectioned  abSulptluft  cell  with  cirCUUrlj.  pulaliced 
microwave  radiation.  This  allowed  the  AM  -  1  and  the 
aM  -  1  transitions  to  be  observed  separately.  The 
magnetic  field  was  calibrated  by  obs  irvlng  the  Zeeman 
splitting  of  the  spectrum  of  CHgCl3^.  This  value  of 
magnetic  moment  Indicates  a  nuclear  configuration 


<'d3/2>  N  *d3/2* 


.  Measurements  of  the  quadrupole 


spectrum  without  the  Zeeman  perturbation  gave  the 
following  additional  Information:  the  spin  of  Cl36  was 
confirmed  to  be  2,  the  mass  difference  ratio  [  m(Cl3®)- 
m(Cl^5)]/ [  m(Cl3^)-m(Cl3®)]  was  found  to  be  1.00168 
i  0.  04  percent,  the  molecular  rotational  constant  of  the 
CHjTl38  mcleculs  was  fcuid  to  be  13187  6D4  *  U  015 
mc/sec,  and  Its  quadrupole  coupling  constant  to  be 
- 15.  83  ±0.  20  mc/sec.  (Contractor's  abstract) 


COU.  01.033 

Columbia  U.  Columbia  Radiation  Lab.  ,  New  York. 

MICROWAVE  SPECTRA  OF  TRITIUM  IODIDE  AND 
TRITIUM  BROMIDE,  by  B.  Rosenblum  and  A.  H. 
Nethercot,  Jr.  [  1955’  [  2  j  p.  incl.  table.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Aif  Force  Office  of  Scientific  heseurcn  under  IjA  jo- 
039-  sc-42519  ] )  Unclassified 

Published  In  Phvs.  Rev.,  v.  97:  84-85,  Jan.  1,  1955. 

The  J  =  1  4—  0  rotational  transitions  In  TI  and  TBr 
have  been  observed.  A  tritium-deuterium  mass  ratio 
has  been  determined,  and  electronic  effects  which  cause 
errors  In  this  ratio  considered.  (Contractor's  abstract) 


COU.  01:034 


Columbia  U.  Columbia  Radiation  Lab.  ,  New  York. 


and  six  equivalent  protons  on  methyl  groups  (Inter¬ 
action  constant  b).  Agreement  between  the  calculated 
and  experimental  positions  of  the  21  components  Is 
witliin  the  experimental  erroT,  and  the  lntei. allies, 
which  have  not  been  measured,  are  in  qualitative  agree¬ 
ment  with  the  theory.  The  sequence  of  the  line  Intensi¬ 
ties  shows  b  to  be  greater  than  a.  The  spectrum  of  the 
p-tolusemlqulnone  Ion  can  be  fitted  approximately  by 
assuming  that  two  of  the  ring  protons  are  equivalent 
(aj  =  a2  =  a)  and  cause  a  larger  splitting  than  the  third, 
ring  proton  (a>a2),  and  that  the  three  equivalent 
methyl-  group  protons  give  rise  to  a  splitting  that  is 
the  average  of  the  splitting  due  to  the  ring  protons, 

1.  e. ,  b  =  1/2)-  (a  +  a3).  This  model  predicts  twenty 
lines  In  7  groups.  The  Intensities  of  one  half  of  the 
spectrum  are  calculated  lobe:  (7,3),  (1,6,  5, 3),  (2,3,1) 
and  (1),  where  the  tines  :.re  enumerated  from  the 
center  of  the  spectrum  outwards.  A  more  precise  fit 
than  predicted  by  this  model  can  be  obtained  by  allowing 
b  to  differ  slightly  from  the  mean  of  a  and  aj  if  the  In¬ 
complete  resolution  of  the  components  Is  taken  into 
account.  Values  of  a,  b,  and  a^  are  tabulated.  If  the 
values  of  the  interaction  constants  for  protons  situated 
In  similar  position  In  the  same  or  different  molecules 
can  be  Interpreted  as  being  proportional  to  the  mean 
density  of  the  unpaired  electron  at  the  protons,  relative 
values  of  a  and  relative  values  of  b  should  be  propor¬ 
tional  to  the  densities  of  the  unpaired  electron  respec¬ 
tively  at  ring-  and  methyl- group  protons.  Such  electron 
densities  are  not  to  be  confused  with  the  total  tr- electron 
density. 


COU.  01:035 

Columbia  U.  Columbia  Radiation  Lab.  ,  New  York. 

PURE  NUCLEAR  QUADRUPOLE  SPECTRA  OF 
CHLORINE  AND  ANTIMONY  ISOTOPES  IN  SOLIDS,  by 
T.  C.  Wang.  [  1955  ’  [  1 2  ? p.  Inch  lllus.  dlagrs. 
tahles,  refs.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039- sc-42519  )  Unclassified 


PARAMAGNETIC  RESONANCE  OF  METHYL  SUPSTI 
TUTED  p-BENZOSEMIQUINONES,  by  D.  Venkataraman 
and  G.  K.  Fraenkel.  1955  ’  [2’p.  Inch  table. 

Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039- sc-42519  Unclassified 


Mar.  1955. 


Jour.  Chem.  Phys.  ,  v.  23:  588-589, 


Investigation  is  reported  of  the  paramagnetic  resonance 
absorption  spectra  of  the  semiqulnone  ions  of  p  and 
of  m  xj  ioquinone  as  well  as  the  spectrum  of  Ihe  p- 
tolusemlqulnone  Ion.  The  spectra  of  the  two  xyloseml- 
qulnone  Ions  contain  9  major  lines  split  Into  from  19  to 
21  Incompletely- resolved  components,  while  the  spec¬ 
trum  of  the  tolusemtquinone  Ion  consists  of  7  major  lines, 
split  Into  20  components.  The  spectra  of  the  xylosemt 
quinoue  ions  are  readily  interpreted  by  assuming  that  the 
structure  is  due  to  hyperflne  interaction  with  two  euuiva 
lent  protons  on  the  benzene  ring  (interaction  constant  a; 


Published  in  Phvs.  Rev.,  v.  99:  586-577,  July  15,  1955. 

Experimental  measurements  on  nuclear  quadruple 
resonances  of  chlorine  and  antimony  Isotopes  tr.  solids 
have  been  made  to  an  accuracy  of  about  0.001  percent. 
The  results  are  compared  In  detail  with  theoretical 
results  for  (1)  nuclear  quadrupole  Interaction,  (2)  Inter¬ 
action  between  quadrupole  coupling  and  thermal  vibra¬ 
tions,  and  (3)  effects  of  a  nuclear  hexadecapole.  The 
ratio  (eQq)g^i35  (eQq)(-i37  varies  between  1.268736  and 
1.  268973  while  (eQq)sbl23  (eQq)ghl21  varies  from 
1.  274714  to  1.  274770.  These  variations  may  be  attrib¬ 
uted  to  zero- point  vibrations  and  to  thermal  vibrations, 
so  that  no  clear  evidence  is  found  for  nuclear  |x>larl7.a 
tlon  by  surrounding  electric  fields.  For  p-dlchloro- 
henzene,  the  temperature  coefficient  of  the  coupling 
constant  of  Cl  and  the  variation  of  isotopic  coupling  ratio 
with  temperature  are  shown  to  he  In  fair  quantitative 
agreement  with  the  extension  of  Bayer's  theory  of  vl 
brational  effects,  Relaxation  times,  Zeeman  effects, 
and  certain  effec's  due  to  crystal  structure  are 
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examined.  Small  discrepancies  in  the  measured  ratios 
of  frequencies  of  transitions  in  Sb121  and  Sb123,  which 
can  be  attributed  to  nuclear  hexadecapole  interactions 
are  found.  These  indicate  a  hoxadecapoie  coupling  con¬ 
stant  in  Sb123  of  24  kc/sec  and  a  ratio  of  the  Sb123 
hexadecapole  coupling  to  that  of  Sb121  of  0.  8  j  0.  3.  A 
convenient  high- sensitivity  circuit  for  observation  of 
nuclear  resonances  in  solids  has  been  developed  and  is 
discussed.  (Contractor's  abstract) 


COU.  01:036 

Columbia  U.  ’  Columbia  Radiation  Lab.  ]  New  York. 

RADIATIVE  CORRECTIONS  TO  ELECTRON  SCATTER 
1NG,  by  M.  Chretien.  1955  2  p.  Sponsored 

jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific.  Research  under  DA  36- 
039-SC-425191  Unclassified 


,  l’hys.  Rev.,  v.  98:  1515-1516,  June  1, 


Phys.  Rev.,  v.  100:  703-722,  Oct.  15, 


A  method  is  developed  for  calculating  the  effects  of  a 
strong  oscillating  field  on  two  states  of  a  quantum 
mechanical  system  which  are  connected  by  a  matrix 
element  of  the  field.  Explicit  approximate  solutions 
are  obtained  for  a  variety  of  special  cases,  and  the  re¬ 
sults  of  numerical  computations  are  given  for  others. 
The  effect  of  an  rf  field  on  the  J  =  2-4  1  1-type  doublet 
microwave  absorption  lines  of  OCS  has  been  studied  in 
particular  both  experimentally  and  theoretically.  Each 
line  was  observed  to  split  into  two  components  when  the 
frequency  of  the  rf  field  was  near  12.  78  me  or  38.  28 
me,  which  are  the  frequencies  separating  die  J  =  1  and 
J  =  2  pairs  of  levels,  respectively.  By  measuring  the 
rf  frequency,  vQ,  at  which  the  microwave  lines  are 
split  into  two  equally  intense  components,  one  may 
determine  the  separation  between  the  energy  levels. 

The  measured  value  of  v0  depends  upon  the  intensity  of 
the  rf  field  and  the  form  of  this  dependence  ha6  been 
calculated  and  found  to  be  in  good  agreement  with  the 
experimental  results.  (Contractor’s  abstract) 


Radiative  corrections  in  lowest-order  Born  approxima¬ 
tion  terms  in  InE/m-  but  not  in  ln2E/m  or  higher 
powers  -  occur.  This  conclusion  is  valid  for  any  static 
potential. 
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COU.  01:037 

Columbia  U.  Columbia  Radiation  Lab.  ]  New  York. 

REDETERMINATION  OF  THE  HYPERFINE  SPLITTINGS 
OF  HYDROGEN  AND  DEUTERIUM  IN  THE  GROUND 
STATE,  by  P.  Kusch.  1955  3  p.  incl.  dlagr. 

(S|xmsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  Air  Force  Office  of  Sclendflc  Research 
under  DA  36  039- sc -42519  )  Unclassified 

Published  in  I’hvs.  Rev.,  v.  100:  1188-1190,  Nov.  15, 

1955. 

The  hyperflne  splittings  of  hydrogen  and  deuterium  In 
the  l2Sj  2  state  have  been  remeasured  by  the  atomic 
beam  method.  It  is  found  that:  ,  (H)  (1420.405,73 

t  0.000,05)  x  10®  sec  l;  and  „v  (D)  (327.384,302  l 

0.000,030)  x  10®  sec1.  The  result  for  hydrogen  Is  in 
agreement  with  a  recent  measurement  of  Wlttke  and 
Dicke.  It  is  in  significant  disagreement  with  an  earlier 
atomic  beam  measurement.  (Contractor's  abstract) 


PURE  ROT  VTIONAL  SPECTRA  OF  THE  THALLIUM 
HALIDES  (Abstract),  by  M.  Mandel  and  A,  II.  Barrett. 
Jan.  27,  1955  [  1  ]  p.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  ’  Air  Force 
Office  of  Scientific  Research  under  DA  36-039- sc - 
42519  1  )  Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Phys.  Soc. , 
New  York,  Jan.  27-29,  1955. 

Published  in  Bull.  Amer.  Phys.  Soc.,  v.  30:  20, 

Jan.  27,  1955. 

Ti  e  pure  rotational  spectra  of  the  thallium  halides  have 
been  observed  using  a  high- temperature  microwave 
spectrometer,  lnternuclear  distances,  vibratljn- 
rotatlon  Interactions,  and  mass  ratios  of  the  chlorine 
and  bromine  Isotopes  have  been  determined 
Molecule  r„(A)  d_(mc/sec) 


Tl205Br79 

Tl205! 


2.  0344  i  0.  0001 
2.  4848  »  0.  0001 
2.  6181  .  0.  0001 
2.  8136  .  0.  0001 


u^mc/  sec) 

44. 98  l  0.  05 
11.  90  ,  0.  01 

3.  927  i  0.  005 
1. 985  i  0.  005 


COU.  01:038 

Columbia  U.  Columbia  Radiation  l  ab.  ,  New  York. 

STARK  EFFECT  IN  RAPIDLY  VARYING  FIELDS,  by 
fc.  II.  .-' utler  and  C.  H.  Townes.  1955  .20  p.  incl. 

dlagrs.  refs.  (Sjxinsored  jointly  by  Signal  Corps, 
Office  f  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36  039  sc -4  25 11,’  ) 

Unclassified 


The  thallium  chloride  results  revealed  a  discrepancy 
in  the  previous  work  on  T1C1  where  the  Isotope  ldentl  - 
fled  as  Tl^Cl33  Is  In  reality  T12113C137.  The  electric 
qu.ulrui«ile  coupling  constants  of  Tl203Br79  and  Tl2®'^! 
in  the  v  0  state  were  found  to  be  *  130  »  5  me  and 
-550  t  20  me,  respectively,  and  the  electric  dipole 
moment  of  T12®3F  to  be  approximately  7  debye  ’-nits. 
The  results  give  evidence  aboul  the  Ionic  character  of 
these  molecules  and  the  electronegativity  of  Tl.  (Con¬ 
tractor's  .distract) 
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COU.  01:040 

Colombia  U.  [  Columbia  Radiation  Lab.  ]  New  Yo ; 

HYPER  FINE  STRUCTURE  OF  MET  AST  ABLE  HYDRO¬ 
GEN  (Abstract),  by  H.  A.  Reich,  J.  W.  Heberle,  and 
P.  Kusch.  Jan.  29,  1955,  [  1  ] p.  (Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force  Office  of  Scientific  Research  under  DA  36-039-sc- 
42519])  Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Phys.  Soc.  , 
New  York,  Jan.  27-29,  1955. 

Published  in  Bull.  Amer.  Phys.  Soc.,  v.  30:  55, 

Jan.  2t,  1955. 

O 

The  hyperflne  structure  fiv  (2S)  of  the  2  S,/;  state  has 
been  measured  by  a  new  atomic  beam  method.  The 
frequency  vj4  of  the  transition  F  =  mp  =  1  -*  F  =  mF 
=  0  is  given  by  a  v  +  1. 40  me  sec-1  gauss' the  fre¬ 
quency  V24  of  the  transition  F  =  1,  mF  =  0  -»  F  and 
mF  =  0  Is  given  by  Av  +  0.  022.  2  me  sec'1  gauss'2. 

To  determine  Av  (2S)  both  v  14  and  v.,i  were  measured 
In  a  field  of  0.  19  gauss.  The  line  width  W=sv/2L  (v  Is 
the  average  velocity  of  the  atoms)  was  reduced  to  5.  5 
kc/  sec  by  making  the  separation  L  between  the  two  rf 
regions  as  large  as  40  cm.  it  has  been  found  that  A v 
(2S)exp  =  177,  556.  6  t  0.  3  kc/  sec.  Theoretically  Av 
(2S)  is  related  to  av  (IS)  of  the  ground  state  by  av  (2S) 

=  av  (IS)/ (8  -  5a2).  From  the  two  existing  values  of 
av  (IS)  one  obtains  Av  (ZSJ^ggrgt,  -  177,  556.  55  t  0.  03 
and  177,  556.  634  i  0.  007  kc/ sec,  respectively.  Addi¬ 
tional  measurements  are  being  made  to  investigate  pos¬ 
sible  systematic  errors  and  to  improve  the  accuracy  to 
3  parts  In  107.  (Contractor's  abstract) 

uOU.  01:041 

Columbia  U.  [  Columbia  Radiation  Lab.  ]  New  York. 

NEW  METHOD  FOR  INVESTIGATING  THE  HFS  OF  A 
METASTADLE  STATE  (Abstract),  by  J.  W.  Heberle,  H. 
A.  Reich,  and  P.  Kusch.  Jan.  29,  1955  [1  ] p.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36- 
039- sc- 42519  )  Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Phys.  Soc.  , 
New  York,  Jan.  27-29,  1955. 

Published  in  Hull.  Amer.  Phys.  Soc.  ,  v.  30:  55, 

Jan.  27,  !Sa5. 

A::  atomic-beam  method  has  been  developed  for  meas¬ 
urement  of  the  hfs  of  the  metastable  22S1.  state  of 
hydrogen.  The  Zeeman  levels  of  the  22s’1  state  are 
classified  as  o(m.  =  +  1)  or  ,’fm.  =  -  1)  according  to 
3  2  *  2 

the  high  field  value  of  mg.  Molecules  of  Hj  or  D2  are 
dissociated  in  a  hot  tungsten  oven.  An  il-ev  electron 
beam  excites  the  atoms  to  the  4  and  states  in  a  field 
of  approximately  580  gauss.  The  atoms  are  quenched 
immediately  after  formation  because  their  lifetime  in 


such  a  field  Is  only  about  5  x  10'8  sec.  The  remaining 
a  atoms  pass  through  two  successive  regions  of  rf 
magnetic  field  of  variable  frequency  where  transitions 
to  a  p  state  are  induced.  The  atoms  pass  on  Into  a 
second  field  of  580  gau68  where  the  newly  formed  p 
atoms  are  quenched.  The  a  atoms  that  remain  strike 
a  metal  detector  plate.  Electrons  ejected  from  the 
detector  are  collected.  A  resonance  is  observed  as  a 
decrease  In  detector  current.  (Contractor's  abstract) 


COU.  01:042 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

NUCLEAR  QUADRUPOLE  INTERACTION  IN  HCN  AND 
DCN  IN  THE  BENDING  VIBRATIONAL  MODE,  by 
R.  L.  White.  Feb.  1955  [3  Ip.  incl.  dlagrs.  table, 
refs.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Force  Office  of  Scientific 
Research  under  DA  36-039- sc-42519] )  Unclassified 

Published  In  Jour.  Chem.  Phys.,  v.  23:  249-252, 

Feb.  1955. 

The  aJ  =  0,  AF  =  0  transition  In  HCN  and  DCN  In  an 
excited  bending  mode  of  vibration  was  observed  to 
possess  structure  due  to  an  asymmetry  In  the  electric 
field  gradient  at  the  nitrogen  nucleus  coupling  to  the 
quadrupole  moment  of  that  nucleus.  A  selective  break¬ 
ing  of  the  n  bond  perpendicular  to  the  plane  of  bending 
when  the  molecule  assumes  Its  Ionic  structure  Is  sug¬ 
gested  as  the  source  of  the  asymmetry.  (Contractor's 
abstract) 


COU.  01:043 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

QUADRUPOLE  COUPLING  OF  THE  DEUTERON  IN 
DCCCl  AND  DCN,  by  R.  L.  White.  Feb.  1955  [  3  J  p. 
Incl.  dlagrs.  tables,  refs.  (Sponsored  jointly  by 
Atomic  Energy  Commission,  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Force  Office  of  Scientific 
Research  under  DA  36-039-SC-42519] )  Unclassified 

Published  in  Jour.  Chem.  Phys.,  v.  23:  253-255, 

Feb.  1955. 

The  quadrupole  coupling  of  the  deuteron  (eqQ)y  was 
measured  In  DCCCl  where  it  was  found  to  be  +  175  t 
20  kc  /  sec.  A  less  accurate  determination  of  the  abso¬ 
lute  value  (eqQjp  In  DCN  yielded  approximately  290 
kc'sec.  The  field  gradient,  q,  at  the  deuterium  nucleus 
In  DCCCl  Is  ♦  8.85  1  lO^  x  iO'^esu.  A  calculation  of 
q  baaed  on  a  liund-Mulliken  molecular  model  yields  a 
q  of  the  same  sign  as  that  observed  but  approximately 
twice  as  large,  indicating  the  Insufficiency  of  the  model 
for  such  detailed  calculations.  (Contractor's  abstract) 
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COU.  01:044 

Columbia  U.  [  Columbia  Radiation  Lab.  ]  New  York. 

NUCLEAR  MAGNETIC  MOMENT  AND  MASS  OF 
CHLORINE- 36  (Abstract),  by  P.  C.  Fletcher  and  L.  C. 
Aamodt.  Apr.  28,  1955  [lip.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research  and  [  Air  Force 
Office  of  Scientific  Research  under  DA  36-039- sc  - 
42519])  Unclassified 

Presented  at  spring  meeting  of  the  Amer.  Phys.  Soc. , 
Washington  D.  C. ,  Apr.  28-30,  1955. 

Published  in  Bull.  Amer.  Phys.  Soc. ,  v.  30:  13, 

Apr.  28,  1955. 

The  magnetic  moment  of  the  C1JD  nucleus  was  measured 
by  observing  the  Zeeman  splitting  in  the  electric  quadru- 
pole  hyperfine  pattern  of  the  molecule  CHjCl3**  (J  - 
0  -*  1,  K  =  0,  F  =  2  -*  2).  Its  magnitude,  as  measured 
in  a  rectangularly  cross- sectioned  absorption  cell,  was 
found  to  be  1.32  i  0.08  nuclear  magnetons.  Its  sign, 
determined  in  a  circularly  cross- sectioned  absorption 
cell  allowing  circular  polarization,  was  found  to  be 
positive.  These  observations  favor  the  nuclear  con¬ 
figuration  (d  3/2N(d3/2)p  whlch  lB  expected  from 
tucle;.r  shell  theory.  Measurements  of  the  quadrupole 
spectrum  without  a  magnetic  field  gave  the  following 
information:  the  spin  of  Cl3®  was  confirmed  to  be  2, 
the  mass  difference  ratio  (M(;[36  -  Mcj35)/(Mci37  - 
MCi36)  was  found  to  be  1. 00168  t  0.  04  percent,  the 
molecular  rotational  constant  for  CH3Cl36was  found  to 
be  13,  187.  604  *  0.  015  me  and  its  quadrupole  coupling 
constant  to  be  - 15.  83  t  0.  20  me.  (Contractor's 
abstract) 

COU.  01:045 

Columbia  U.  I  Columbia  Radiation  Lab.  New  York. 

MICROWAVE  SPECTRA  OF  INDIUM  CHLORIDE  AND 
DROMIDE  (Abstract),  by  A.  H.  Barrett  and  M.  Mandel. 

Apr.  30,  1953  .  1  Ip.  (Sponsored  jointly  by  Signal  Corp$ 
Office  of  Naval  Research,  and  '  Air  Force  Office  of 
Scientific  Research  under  DA  36  039-SC-42519  ]) 

Unclassified 

Presented  at  spring  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  28  30,  1955. 

Published  in  Bull.  Amer.  Phys.  Soc.  ,  v.  30:  66,  Apr. 

23,  1955. 

The  pure  rotational  spectra  of  indium  monochloride  and 
indium  monobromide  have  been  observed  using  a  high- 
temperature  spectrometer,  lnternuclear  distances  and 
vibration- rotation  interaction  constants  determined  are 
Molecule  re; A)  ap(mc  sec) 

in1 1 5CI35  2  4012  k  0.0001  15.34  *  0.15 

1  1  S  7() 

in  Br  2.5408  *  0. 0001  5.706  *  0.025 

In113Ur81  5.  605  t  0.018 
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Since  the  nuclear  spins  of  In3'3,  ci33,3^,  and  Br’3®'  33 
are  9/2,  3/2,  and  3/2,  respectively,  the  spectra  are 
complicated  by  hyperfine  structure  resulting  from  the 
interaction  of  each  electric  quadrupole  moment  with  the 
molecular  field.  The  spectrum  of  In113Cp3  yielded 
values  of  -655  *  6  me  for  the  In113  coupling  constant 
and  -24  t  2  me  for  the  Cl35  coupling  constant.  The 
quadrupole  structure  was  not  sufficiently  resolved  to 
allow  a  determination  of  the  coupling  constants  in 
ln113Br.  Results  are  interpreted  in  terms  of  ionic 
character  and  bond  hybridization  of  these  molecules. 
(Contractor's  abstract) 


COU.  01:046 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

COLLECTED  PAPERS  ON  T11E  MASER  (MICROWAVE 
AMPLIFICATION  BY  STIMULATED  EMISSION  OF 
RADIATION),  by  J.  P.  Gordon,  H.  J.  Zeiger,  and  C. 

H.  Townes.  July  1,  1955,  85p.  incl.  Ulus,  diagrs. 
tables,  refs.  (Special  tech.  rept.  no.  Cu-11-55) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  [  Air  Force  Office  of  Scientific  Research] 
under  DA  36-039- sc-42519)  AD  77467  Unclassified 

This  report  is  made  up  of  the  following  reports  and  are 
abstracted  separately:  (1)  A  Molecular  Microwave 
Spectrometer,  Oscillator  and  Amplifier,  by  J.  P. 
Gordon;  (2)  The  Maser.  A  New  Type  of  Microwave 
Amplifier,  Frequency  Standard,  and  Spectrometer,  by 
J.  P.  Gordon,  H.  J.  Zeiger,  and  C.  H.  Townes;  and 
(3)  A  High  Resolution  Microwave  Spectrometer  and  New 
Hyperfine  Structure  in  the  Inversion  Spectrum  of  NHH3, 
by  J.  P.  Gordon. 

COU.  01:047 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

A  MOLECULAR  MICROWAVE  SPECTROMETER, 
OSCILLATOR  AND  AMPLIFIER,  by  J.  P.  Gordon. 
[July!,  19551  [  1 6 1  p.  incl.  lllus.  diagrs.  refs. 

(Part  I  of  its  Special  tech.  rept.  no.  CU-11-55; 

AD  77467)  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  [  Air  Force  Office  of  Scientific 
Research1  under  DA  36-039-SC-42519)  AD  77467(a) 

Unclassified 

A  description  is  presented  of  a  microwave  spectrometer 
and  oscillator  which  effects  an  emission  of  energy  from 
the  molecules  rather  than  an  absorption.  As  a  spec¬ 
trometer  It  has  an  extremely  high  resolution  an!  was 
used  to  reexamine  the  inversion  spectrum  of  NHj  near 
24  kmc.  The  operation  of  the  apparatus  is  based  on 
the  isolation  of  molecules  in  the  higher  energy  states. 
These  molecules  are  then  irradiated  so  that  the  incom¬ 
ing  microwave  signal  is  amplified  rather  than  attenu¬ 
ated.  Separation  of  the  higher  energy  states  is  accom¬ 
plished  In  a  beam  of  Nil 3  molecules  by  an  electrostatic 
focuser.  Transitions  of  these  molecules  back  to  the 
lower  inversion  states  are  then  produced  in  a  resonant 
cavity.  If  power  of  varying  frequency  is  transmitted 
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through  the  cavity  then  the  presence  of  the  beam  shows 
up  as  spectral  emission  Ones.  The  apparatus  acts  as 
a  narrow- band  microwave  amplifier  at  the  molecular 
transition  frequencies.  In  this  role  very  little  noise  is 
Introduced  by  the  beam;  its  noise  figure  can  theoreti¬ 
cally  be  made  close  to  unity  if  the  beam  is  sufficiently 
strong.  At  a  critical  beam  strength,  the  power  neces¬ 
sary  to  induce  transitions  in  the  beam  is  available  in 
the  beam  itself.  Microwave  oscillations  are  then  set  up 
in  the  cavity,  the  frequency  of  which  Is  determined  by 
the  molecules.  The  oscillation  is  very  stable.  Since 
the  radiation  emitted  from  molecules  through  induced 
transitions  is  coherent  with  the  exciting  radiation,  the 
oscillation  is  also  highly  monochromatic.  (ASTIA 
abstract) 


COU.  01:048 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

THE  MASER.  A  NEW  TYPE  OF  MICROWAVE  AMPLI¬ 
FIER,  FREQUENCY  STANDARD,  AND  SPECTROME - 
TER,  bv  J.  P.  Gordon,  H.  J.  Zeiger,  and  C.  H. 

Townes.  [July  1,  1955]  [26]p.  Incl.  dlagrs.  refs. 
(Part  2  of  its  Special  tech.  rept.  no.  CU-11-55; 

AD  774S7)  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  [  Air  Force  Office  of  Scientific 
research]  under  DA  36-039- sc-42519)  AD  77467(b) 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  99:  1264-1274, 

Aug.  15,  1955. 

A  type  of  device  Is  described  which  can  be  used  as  a 
microwave  amplifier,  spectrometer,  or  oscillator. 

The  device  utilizes  a  molecular  beam  in  which  molecules 
in  the  excited  state  of  a  mtcrowave  transition  are  se- 
lecled.  Interaction  between  these  excited  molecules 
and  a  microwave  fteld  produces  additional  radiation  and 
hence  amplification  by  stimulated  emission.  The 
apparatus  utilizing  this  technique  Is  called  a  maser, 
wldch  Is  an  acronym  for  microwave  amplification  by 
stimulated  emission  of  radiation.  When  operated  as  a 
spectrometer,  the  device  has  good  sensitivity,  and,  by 
eliminating  the  usual  Doppler  broadening,  a  resolution 
of  7  kc/sec  was  achieved.  Operated  as  an  oscillator 
the  device  produced  a  frequency  stable  to  at  least  four 
parts  In  10‘2  in  times  of  the  order  of  a  second,  and 
stable  over  periods  of  one  hr  or  more  to  at  least  a  part 
In  10*®.  The  device  was  examined  theoretically,  and 
results  are  given  for  the  expected  sensitivity  of  the  spec 
trometer,  the  stability  and  purity  of  the  oscillation,  and 
Uie  noise  figure  of  the  anp.ifier.  Under  certain  con¬ 
ditions  a  noise  figure  approaching  the  theoretical  limit 
of  unity  along  with  reasonably  high  gain  should  be  attain¬ 
able. 

COU.  01:049 

Columbia  U.  Columbia  Radiation  Lab.  ,  New  York. 

A  HIGH  RESOLUTION  MICROWAVE  SPECTROMETER 
AND  NEW  liYPElt FINE  STRUCTURE  IN  THE  INVER¬ 
SION  SPECTRUM  OF  NH1I3,  by  J.  P.  Gordon.  July  1, 


1955]  [  36 ]  p.  incl.  illus.  dlagrs.  refs.  (Part  3  of  its 
Special  tech.  rept.  no.  CU-11-55;  AD  77467)  (Spon¬ 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  [  Air  Force  Office  of  Scientific  Research] 
under  DA  36- 039- sc-42519;  continued  by  DA  36-039- 
sc -646301  AD  77467(c)  Unclassified 

Also  published  in  Phys.  Rev. ,  v.  99:  1253-  1263, 

Aug.  15,  1955. 

A  reexamination  was  made  on  the  hyperfine  structure 
of  the  inversion  spectrum  of  N14H3  with  an  ultra-high- 
resolution  spectrometer.  Lines  with  total  widths  at 
half  maximum  of  7  kc  were  obtained.  Such  narrow 
lines  allow  resolution  of  magnetic  hyperfine  structure 
due  to  reorientation  of  the  spins  of  the  hydrogen  nuclei. 
The  new  structure  was  satisfactorily  explained  to  within 
the  experimental  error  of  about  1  kc/sec  by  considering 
the  vartous  interactions  of  the  magnetic  moments  of 
the  hydrogen  nuclei  with  the  molecular  fields.  The  in¬ 
teraction  energy  of  the  nitrogen  nucleus  was  remeas¬ 
ured  with  higher  resolution  than  was  possible  previous¬ 
ly,  and  indications  were  found  that  |  eqQ  |  for  the  lower 
inversion  state  is  larger  by  about  0.  01%  than  that  for 
the  upper  state.  The  sign  eqQ  was  directly  determined 
to  be  negative.  A  theoretical  treatment  of  the  magnetic 
interactions  was  conducted  which  Is  slightly  different 
from  previous  treatments  and  allows  some  simplifica¬ 
tion  of  the  form  of  the  magnetic  Interactions.  (ASTIA 
abstract) 


COU.  02:001 

Columbia  U.  [  Columbia  Radiation  Lab.  ]  New  York. 

CONNECTIONS  BETWEEN  MOLECULAR  STRUCTURE 
AND  CERTAIN  MAGNETIC  EFFECTS  IN  MOLECULES, 
by  C.  H.  Townes,  G.  C.  Dousmanis  and  others. 

[  1955]  [9]p.  incl.  tables,  refs.  '  Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  DA  36  039- 
sc-64630;  continuation  of  DA  36- 039- sc-42519 

Unclassified 

Published  in  Faraday  Soc.  Discussions,  No.  19:56-34, 
1955. 

Several  types  of  magnetic  effecis  in  molecules  and 
their  relation  to  molecular  structure  are  discussed. 
Hyperfine  structure  in  molecules  wtth  electronic 
angular  momentum  can  give  experimental  determination 
of  3  Independent  parameters  of  the  distribution  of  elec 
tronlc  angular  momentum.  These  parameters  are 
rather  simply  and  directly  related  to  the  molecular 
electronic  structure  and  hence  afford  critical  tests  for 
pro[>o8ed  structures.  Fine  structure  for  such  mole 
cules  can  also  give  useful  information  on  electron  dis 
tributlons.  Oj,  NO  and  OH  are  examples  which  are 
discussed.  A  systematic  Investigation  has  been  made 
of  1  •  J  Interactions  tn  1  molecules.  Although  these 
2nd  order  effects  are  not  as  easily  interpretable  as  arc 
magnetic  interactions  in  molecules  with  electronic 
angular  momentum,  it  now  appears  jiossible  to  make 
an  approximate  prediction  of  the  magnitude  c!  1  •  J 
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Interactions  in  common  types  of  molecules.  The  inter¬ 
action  between  an  external  magnetic  field  and  rotatton 
of  a  1  molecule  may  be  used  to  determine  the  orienta¬ 
tion  (sign)  of  the  molecule's  electric  dtpole  moment. 

In  order  io  eliminate  obscurtng  effects  such  as  L- 
uncoupllng,  1*  is  necessary  to  measure  the  molecular 
g-factor  for  two  isotopic  species.  Determination  of  the 
sign  of  molecular  dtpole  moments  by  this  method  re¬ 
quires  rather  prectse  measurement  of  Zeeman  effects, 
but  appears  practical  for  certain  molecules.  (Con¬ 
tractor1  s  abstract) 


COU.  02:002 

Columbia  U.  Columbta  Radiation  Lab.  ,  New  York. 

EFFECTS  OF  THE  BENDING  MODE  OF  VIBRATION 
ON  THE  HYPERFINE  STRUCTURE  OF  ICN,  by  A. 

Javan.  [  1955]  [  5  ]  p.  incl.  tables.  (Sponsored  jointly 
by  Stgnal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force  Office  of  Scientific  Research  under  DA  36-039- 
sc- 64  6301)  Unclassified 

Published  in  Phvs.  Rev.,  v.  99:  13C2-1306,  Aug.  15, 
1955. 

The  bending  mode  of  vibration  in  ICN  introduces  an 
asymmetry  in  the  electric  field  gradient  at  the  iodine 
nucleus.  From  an  observed  variation  in  the  1-type 
doublet  splittings  of  various  hyperfine  components  for 
the  v2  -  i  state,  the  asymmetry  parameter  is  deter¬ 
mined  as  i)  -  0.0087.  It  Is  found  that  the  measured 
splittings  can  be  accounted  for  fully  by  including  second- 
order  perturballon  terms  arising  from  field  asymmetry. 
The  ratio  (eqQ)  v  -  0/(eqQ)  v2  =  11s  measured  as 
1. 0039.  This  ratio  and  the  observed  value  of  >|  are 
discussed  in  terms  of  the  molecular  bending  and  1-C 
bonding  electrons.  (Contractor’s  abstract) 


COU.  02:003 

Columbia  U.  :  Columbia  Radiation  l.ab,  !  New  York. 

MICROWAVE  SPECTRA  OF  THE  FREE  RADICALS 
Oil  AND  OD.  by  G.  C.  DousmaiUs,  T.  M.  Sanders,  Jr.  , 
and  C.  11.  Townes.  1955  20  p.  Incl.  dlagrs. 

tables,  refs.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039  sc-64630  )  Unclassified 

published  in  l'hys.  ltev  ,  v  100:  1 735-1754 ,  Dec.  15. 
1955. 

Free  Oil  and  OD  radicals  are  produced  in  concentrations 
near  10%  by  an  electric  discharge  at  pressures  of 
approximately  0.  1  mm  llg.  The  spectra  are  detected 
by  Zeeman  modulation.  They  are  due  to  direct  transi¬ 
tions  between  the  -doublet  levels  of  each  rotational 
slate  in  the  ground  vibrational  leve)  of  the  molecule. 
Spectra  due  to  0*®11.  0**11,  and0*bDinllj  2  a,Kl  *'3  2 
states  have  been  observed  in  tile  7.  7  to  37  kmc  sec 
region.  Intensity  of  the  lines  ranges  from  about  5  x 
10  6cm  *  to  5  x  10  *cm  Van  Vleck's  theory  of 


molecular  energies  in  2n  and  states  ts  extended  to 
include  terms  of  order  (Erot  or  Efg)2/  Egl2.  The 
experimental  results  are  in  agreement  with  theorettcal 
expectations  to  about  one  part  In  2000.  An  improved 
agreement  (to  one  part  in  3500)  is  obtained  by  allowing 
a  small  variation  of  the  electronic  wave  function  from 
one  rotational  state  to  the  next.  The  spectra  tnclude 
magnetic  hyperfine  struclures  which  give  values  for 
parameters  that  describe  the  unpaired  electron  distri¬ 
bution  in  the  molecule:  (i/r3)Av  (0.  75  *  0.  25)  x 
i024/cc  and  (sin2  */r3)Ay  =  (0.  49  i  0.  01)  x  1024/cc. 
The  hyperfine  structure,  the  molecular  magnetic 
moment  and  the  line  intensities  are  strongly  dependent 
on  the  extent  of  Intermediate  coupling  in  agreement  with 
theoretical  expectations.  The  mtcrowave  spectrum  can 
be  used  in  studying  chemical  properties  of  the  radical. 
Its  lifetime  was  determined  to  be  near  1/3  sec,  and  the 
effects  of  Cu,  graphite,  Nl,  Kovar,  Apiezon  wax, 

Teflon,  Glyptal,  KC1,  AI,  and  mtca  surfaces  on  radical 
concentrations  were  examined.  (Contractor’s  abstract) 

COU.  02:004 

Columbta  U.  Columbta  Radiation  Lab.  ,  New  York. 

SPACE-CHARGE  DISTRIBUTION  IN  A  STATIC  MAG¬ 
NETRON,  by  H.  C.  Nedderman.  [  1955]  [  1 1  ] p.  tncl. 
dlagrs.  table,  refs.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  DA  36-039- sc- 64  630) 

Unclassified 

Published  in  Jour.  Appl.  Phys. ,  v.  26:  1420-1430, 

Dec.  1955. 

The  space- charge  distribution  in  a  static  magnetron 
was  Investigated  by  a  method  lnvolvtng  measurement 
of  the  radiation  tntenstty  from  excited  gas  atoms  at 
low  pressure.  Results  of  the  measurements  show  that 
space  charge  extends  to  the  anode  under  all  conditions. 
Evidence  Is  presented  to  show  that  a  considerable 
fraction  of  the  space  charge  consists  of  electrons  that 
are  trapped  for  exceedingly  long  times  within  the  inter¬ 
action  space.  (Contractor’s  abstracl) 


COU.  02:005 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

NEW  METHOD  FOR  T11E  OBSERVATION  OF  HYPER¬ 
FINE  STRUCTURE  OF  Nllj  IN  A  ’’MASER"  OSCILLA¬ 
TOR,  by  K.  Shlmoda  and  T.  C.  Wang.  .  Sept.  13, 

1955  2  p.  incl.  dlagrs.  (Sponsored  jointly  by 

Signal  Corps.  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36-039  sc- 
64630)  Unclassified 

Published  In  Rev.  Sclent.  Instruments,  v.  26:  1148- 
1149,  Dec.  1955, 

Weak  hyperfine  satellites  have  been  observed  with 
very  large  si  gnal-tc- noise  ratios  when  microwave 
power  at  frequencies  corresponding  to  these  satellites 
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is  introduced  into  a  "maser"  which  is  oscillating  at  the 
frequency  of  the  main  inversion  line  of  NHj.  The  satel¬ 
lite  transitions  are  accompanied  by  a  reduction  of  the 
amplitude  of  oscillation  at  the  main-line  frequency.  A 
composite  oscilloscope  trace  showing  the  structure  of 
the  weakest  of  the  four  quadrupole  satellites  associated 
with  the  3-3  inversion  line  of  N14H3  is  presented.  (Con¬ 
tractor's  abstract) 


COU.  02:006 

Columbia  U.  [  Columbia  Radiation  Lab.  ]  New  York. 

ANTIFERROMAGNETIC  RESONANCE  IN  MnF2,  by  F. 

M.  Johnson  and  A.  H.  Nethercot,  Jr.  [  19561  [  2 1  p. 
incl.  diagr.  table,  refs.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force  Office 
of  Scientific  Research  under  DA  36-039-SC-64630]) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  ,  New 
Haven,  Conn.,  June  21-23,  1956. 

Abstract  published  in  Bull.  Amer.  Phys.  Soc. , 

Series  H,  v.  1:  283,  June  21,  1956. 

Published  in  Phvs.  Rev.,  v.  104:  847-848,  Nov.  1, 

1956. 

Antiferromagnetic  resonance  has  been  observed  in  a 
single  crystal  of  MnF2  at  temperatures  from  57°  to 

and  wavelengths  from  2.  2  to  2.  6  mm.  At  a  wave¬ 
length  of  2.  58  mm  the  temperature  at  which  the  peak 
absorption  occurred  at  zero  applied  magnetic  field  was 
62.  3  t  0.  5°K.  Further  observations  were  made  at  dif¬ 
ferent  frequencies  in  this  range.  A  magnetic  field  Hq 
variable  from  0  to  9000  gauss  was  used  to  tune  the 
resonance.  Frequencies  corresponding  to  both  signs  in 
(he  expression  to/y  (2IlgHA)'1  I  Hq  [  1  -  (a/ 2)1,  were 
observed.  The  observed  g  value  was  approximately  the 
expected  value  of  about  two.  These  results  are  in  rea 
sonable  agreement  with  the  predictions  of  Keffer  and 
Klttel.  These  resonances  were  characterized  by  ex¬ 
tremely  hroad  lines  (full  width  approximately  7000 
gauss).  (Contractor’s  abstract) 


COU.  02:007 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

CERENKOV  RADIATION  FROM  EXTENDED  ELECTRON 
BEAMS  NEAR  A  MEDIUM  OF  COMPLEX  INDEX  OF 
REFRACTION,  hy  11.  Lashlnsky.  1956  ’  5  p.  incl. 

dlagrs  (Sjxinsored  jointly  hy  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36- 039  sc  64630  )  Unclassified 

Published  in  Jour  Appl.  Phys.  ,  v.  27:631-035, 

June  1956. 

An  earlier  theoretical  treatment  of  the  Cerenkov  radla 
turn  excited  by  the  passage  of  a  bunched  electron  beam 
moving  parallel  to  a  dielectric  medium  at  a  small  dis 


tance  is  extended  to  the  case  of  a  medium  with  a 
complex  index  of  refraction.  It  is  found  that  under 
suitable  conditions,  the  U3e  of  a  ferrite  material  as  a 
medium  can  in  principle  enhance  the  radiated  power. 
This  effect  is  analyzed  in  terms  of  the  work  done  by  the 
beam  on  the  field  and  the  coupling  between  the  beam 
and  the  medium. 


COU.  02:008 

Columbia  U.  r  Columbia  Radiation  Lab.  ]  New  York. 

[  DISCUSSION  ON  THE  PRESENT  STATUS  AND 
FUTURE  OF  MICROWAVE  SPECTROSCOPY  1  [  In 
Japanese],  by  C.  H.  Townes,  M.  Kotani  and  others. 

[  Sponsored  jointly  by  Signal  Corps,  Office  of  Nava] 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039- sc- 64  630]  Unclassified 

Published  in  Kagaku.  v.  26:  567-572,  Nov.  1956. 

Dr.  C.  H.  Townes,  the  founder  of  microwave  spectros¬ 
copy,  came  to  Japan  as  a  Fulbright  exchange  professor 
at  Tokyo  University.  A  discussion  with  a  group  of 
Japanese  instructors  considers  the  use  of  microwave 
spectroscopy  in  the  study  of  molecular  structure  and 
its  applications  in  various  allied  fields  as  well  as  its 
future  possibilities. 


COU.  02:009 

Columbia  U.  f  Columbia  Radiation  Lab.  ]  New  York. 

FURTHER  OBSERVATIONS  OF  MULTIPLE-QUANTUM 
TRANSITIONS.  SATURATION  EFFECTS  IN  RADIO¬ 
FREQUENCY  TRANSITIONS,  by  P.  Kusch.  [  1956] 

[  10  1  p.  Incl.  dlagrE,  tables,  refs.  [Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36- 
039- sc- 64  639 1  Unclassified 

Published  In  Phvs.  Rev.,  V.  101:627-636,  Jan.  15, 
1956. 

Multiple -quantum  as  well  as  the  single- quantum 
transitions,  F  0,  Am  -  i  1,  2,  3,  4,  have  been 
ohserved  in  1<39.  In  the  neighborhood  of  the  rf  ampli¬ 
tude,  required  to  give  a  maximum  transition  probabil¬ 
ity,  the  lines  have  the  behavior  predicted  for  transitions 
induced  by  a  rectangular  rf  pulse.  For  higher  rf 
amplitudes,  the  line  width  becomes  a  constant  or  else 
decreases  after  having  reached  a  maximum  width,  the 
line  frequency  is  modified  less  rapidly  than  predicted 
and  anomalous  transition  probabilities  occur.  Ail 
these  effects  are  markedly  dependent  on  the  details  of 
construction  of  the  rf  circuit  in  which  transitions  are 
induced.  It  is  suggested  that  these  effects  may  arise 
from  the  end  regions  of  the  circuit  through  an  adiabatic 
traverse  of  the  circuit  by  the  atom.  (Coidractor's 
ahstract) 
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COU.  02:010  -  COU.  02:014 


COU.  02:010 


COU.  02:012 


Columbia  U.  [  Columbia  Radiation  Lab.  ]  New  York. 

Hfs  SEPARATIONS  AND  Hfs  ANOMALIES  IN  THE  2P.  ,, 
STATE  OF  Ga69,  Ga71,  Tl203,  AND  Tl205,  by  A.  ' 
Lurlo  and  A.  G.  Prodell.  [  19561  [5]p.  lncl.  dlagrs. 
tables,  refs.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  [  Air  Force  Office  of  Scientific 
Research  under  DA  36-039-SC-64630]) 

Unclassified 

Published  in  Phvs.  Rev.,  v.  101:  79-83,  Jan.  1,  1956. 

The  ground- state  hyperflne  structure  splittings  have 
been  measured  In  the  two  common  gallium  and  thallium 
Isotopes  by  use  of  the  atomic  beam  magnetic  resonance 
method.  The  measured  values  are:  Av  (Ga99)  = 


(2677.  9875  *  0.  0010)  x  106  sec'1 ,  Av  (Ga71)  = 

(3402.  6946  ±  0.  0013)  x  106  sec' !,  Av  (Tl203)  = 

(21,  105.447  ±  0.005  x  106  sec'1  Av  (Tl205)  = 

(21,  310.  835  i  0.  005)  x  10®  sec"  .  A  comparison  of  the 
ratio  of  the  dipole  coupling  constants  In  the  ground  state 
of  the  two  Isotopes  with  the  ratio  of  the  nuclear  gj  factors 
yields  the  hfs  anomaly.  Theoretical  and  experimental 
values  of  the  anomaly  are  compared.  (Contractor's 
abstract) 


Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

HYPERFINE  STRUCTURE  OF  THE  METASTABLE 
DEUTERIUM  ATOM,  by  H.  A.  Reich,  J.  W.  Heberle, 
and  P.  Kusch.  [  1956]  [  8  ] p.  incl.  dlagrs.  tables, 
refs.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Force  Office  of  Scientific 
Research  under  DA  36-039- sc- 64630  ] )  Unclassified 

Published  In  Phvs.  Rev.,  v.  104:  1585-1592,  Dec.  15, 


The  hyperflne  separation  Av  (2S;D)  of  the  metastable 
22Sj  <2  state  of  the  deuterium  atom  has  been  measured 
by  an  atomic-beam  magnetic- resonance  method.  It 
was  found  that  Av  (2S;D)  =  40,924.439  i  0.  020  kc/sec. 
This  result  and  the  ground- state  separation  Av  (1S;D) 
yielded  the  following:  R(D)  =  Av  (2S;D)/ Av  (1S;D)  = 
1/8  (1.  000,  034,  2  +  0.  000, 000,6).  Comparison  of  this 
value  with  the  corresponding  quantity  for  hydrogen, 
R(H)  -  1/8  (1.000,  034,6  i  0.000,  000,  3),  confirms 
within  experimental  error  the  theoretical  prediction 
that  R(D)  =  R(H).  (Contractor's  abstract) 


COU.  02:013 


COU.  02:011 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

HYPERFINE  STRUCTURE  OF  METASTABLE 
HYDROGEN  ATOM,  by  J.  W.  Heberle,  H.  A.  Reich, 
and  P.  Kusch.  [  1956]  { 9  ]  p.  lncl.  dlagrs.  tables, 
refs.  (Sponsored  jointly  by  Signal  Corps.  Office  of 
Naval  Research,  and  [  Air  Force  Office  of  Scientific 
Research  under  DA  36-039- sc-64  330  j) 

Unclassified 


Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

HYPERFINE  STRUCTURE  OF  THE  METASTABLE 
STATE  OF  SINGLY  IONIZED  He3,  by  R.  Novlck  and 
E.  Commlns.  [  1956]  [ 3  ] p.  incl.  dlagr.  refs. 
(Sponsored  jointly  by  National  Science  Foundation, 
Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force  Office  of  Scientific  Research  under  DA  36-039- 
sc-64  630])  Unclassified 

Published  In  Phys.  Rev.,  v.  103:  1897-1899,  Sept.  15, 


Publir.hed  in  Phvs.  Rev.,  v.  101:612-620,  Jan.  15, 

1956. 

The  hype. 'fine  separation  Av  (2S)  of  the  metastable 
22Sj  r\  state  has  been  measured  hy  a  new  atomic -beam 
magnetic -resonance  method.  Rf  transitions  were  de¬ 
tected  by  utilizing  a  property  peculiar  to  metastable 
hydrogen  atoms,  namely,  that  atoms  with  mj  =  -1/2 
decay  much  more  rapidly  In  passing  through  a  magnetic 
field  of  about  575  gauss  than  do  atoms  with  mj  =  +1/2. 

It  was  found  that  Av  (2S)  =  177556.  86  t  0.  05  kc/sec. 
This  result  and  the  very  accurately  known  hyperflne 
separation  Av  (IS)  of  the  ground  state  yielded  the  follow¬ 
ing:  R5  .v  (2S)/  Av  (IS)  =  1/8(1.000,034,6  + 

0.  000,  000,  3).  The  deviation  of  R  from  the  presently 
available  theoretical  value  suggests  the  existence  of  a 
Mgher-order  quantum -electrodynamic  term.  A  method 
of  velocity  selection  by  electron  impact  is  described. 
(Contractor's  abstract) 


A  beam  of  ions  In  the  2Sj/2<f  =  0)  state  are  obtained 
and  magnetic  dipole  transitions  to  the  2Sj/2(F  -  1) 
level  are  induced.  The  observed  frequency  allows  one 
to  separate  off  a  small  term  arising  from  nuclear 
structure  and  nuclear  interaction  currents.  (P.  A. 
abstract) 

COU.  02:014 

Columbia  U.  Columbia  Radiation  Lab.  ]  New  York. 

LOW-FREQUENCY  ELECTRODELESS  DISCHARGE 
TUBE,  by  G.  M.  Grosof  and  J.  C.  Hubbs.  [  1956] 
l  ’p.  (Sponsored  jointly  by  Office  of  Na\al  Research, 
'  Signal  Corps,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36- 039 -sc- 64630] )  Unclassified 


i  Rev.  Sclent.  Instruments,  v.  27:  171, 


Mar.  1956. 


In  the  tourse  or  an  investigation  of  the  hyperflne 
structure  of  Ne2 '  the  problem  of  rap.d  disappearance 
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COU.  02:015  -  COU.  02:017 


of  gas  Into  the  electrode  system  of  a  Woods  discharge 
tube  arose.  Although  good  results  have  been  experienced 
for  electrodeless  discharges  at  radio-frequencies,  the 
problem  of  shielding  appeared  to  be  formidable,  so  an 
alternative  solution  was  sought,  and  found,  In  an  elec¬ 
trodeless  discharge  at  frequencies  of  a  few  hundred 
cycles  per  second.  The  discharge  tube  consists  of  the 
usual  discharge  channel,  about  75  cm  long  and  7  mm  In 
diameter  with  a  Pyrex  sphere  7  cm  In  diameter  and  1 
mm  thick  at  either  end.  Connections  to  the  source  are 
established  through  an  Aquadag  layer  on  the  outer  sur¬ 
face  of  each  sphere.  A  current  of  20  ma  is  driven 
through  the  system  by  5000  v  rms  at  500  c;  the  current 
is  independent  of  pressure  from  30 p,  the  lower  limit  of 
operation,  to  several  cm  pressure.  No  operational 
difficulties  have  been  encountered  in  a  thousand  hours  of 
operation.  The  loss  rate  of  neon  Is  now  considerably 
less  than  1  pi  STP/hr;  this  may  he  compared  with 
losses  In  the  old  system  which  were  sometimes  as  high 
as  1  cc  STP/hr.  (Contractor's  abstract) 


COU.  02:015 

Columbia  U.  I  Columbia  Radiation  Lab.  ]  New  York. 

MICROWAVE  SPECTRA  OF  GALLIUM  CHLORIDE, 
BROMIDE,  AND  IODIDE  (Abstract),  by  M.  Mandel  and 
A.  II.  Barrett.  [  1956  (  1  p.  (Sponsored  jointly  by 

Signal  Corps,  Office  of  Naval  Research,  and  f  Air  Force 
Office  of  Scientific  Research  under  DA  30-039- sc - 
64630  )  Unclassified 

Presented  at  meeling  of  the  Amer.  Phys.  Soc. ,  New 
Haven,  Conn.,  June  21-23,  1966. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  II,  v.  1: 
294,  June  21,  1956. 

The  pure  rotational  spectra  of  GaCl,  GaBr,  and  Gal 
have  oeen  observed  using  a  high- temperature  spec¬ 
trometer.  Since  the  nuclear  spins  of  Ga,  C'„  Br  and  I 
are>  1 .  the  spectra  are  complicated  by  hyperfine 
2 

structure  resulting  from  the  interaction  of  each  electric 
quadruple  moment  with  the  molecular  fields.  Rotation, 
vihration  rotation  interaction,  and  quadruple  coupling 
constants  determined  are: 
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COU.  02:016 

Columbia  U.  Columbia  Radiation  Lab.  ,  New  York. 

ON  THE  INTERPRETATION  OF  Ilfs  IN  MOLECULES 
IN  TERMS  OF  MOLECULAR  STRUCTURE  AND 
NUCLEAR  MOMENTS,  by  C.  H.  Townes.  [  1956] 

[8 Ip.  incl.  diagrs.  tables.  [  Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36-039-sc- 
64630 1  Unclassified 

Published  in  Nuovo  Cimento.  Suppl. ,  V.  4:  1201-1208, 
1956. 

A  large  number  of  hyperfine  interactions  in  molecular 
spectra  have  been  measured  by  the  techniques  of  micro- 
wave  and  molecular  beam  spectroscopy.  The  interpre¬ 
tation  of  these  hyperfine  interactions  are  discussed  in 
terms  of  molecular  structure  and  the  nuclear  moments 
with  which  they  are  associated.  Some  of  the  difficulties 
encountered  in  determining  nuclear  quadrupole  moments 
are  indicated.  Hyperfine  structure  due  to  magnetic 
dipole  moments  is  also  mentioned.  Interaction  between 
a  nuclear  magnetic  moment  and  an  externally  applied 
magnetic  field  is  measured  and  the  magnetic  moment 
is  determined. 

COU.  02:01 7 

Columbia  U.  Columbia  Radiation  Lab.  1  New  York. 

PRODUCTION  OF  A  BEAM  OF  METASTABLE  HELIUM 
IONS  (Ahstract),  by  It.  Novick  and  E.  Commins. 

[  1 956  :  l]p.  (Sponsored  jointly  hy  Nalional  Science 

Foundation,  Signal  Corps,  Office  of  Naval  Research, 
and  Air  Force  Office  of  Scientific  Research  under 
DA  36-039-SC-64630  )  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
Haven,  Conn.,  June  21-23,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  11,  v.  1: 
288.  June  21,  1956. 

Preliminary  to  determination  of  the  hyperfine  splitting 
of  the  2Sj  2  state  of  ionized  helium- 3,  a  beam  of  meta- 
stahle  helium  4  ions  has  been  produced  and  detected. 
Helium  atoms  are  Ionized  and  excited  to  the  2Sj  j  state 
by  electron  bombardment.  The  ions  are  then  drawn 
out  of  the  bombardment  region  and  accelerated  to  20 
volts  energy.  After  traversing  a  path  of  30  cm  they 
enter  a  microwave  cavity  through  which  passes  radio- 
frequency  |M>wer.  The  radio-frequency  field  induces 
transitions  to  the  2I'(  2  state,  and  the  2P(  2  ions  decay 
almost  immediately  to  the  ground  state  with  the  ends 
slon  of  303.  8  A  photons.  These  photons  eject  electrons 
from  a  platinum  photosurface.  Photodetection  is  used 
In  place  of  surface  detection  in  order  to  avoid  the 
background  signal  which  would  result  from  ground-state 
ions.  The ^ihotoelec trie  current  Is  approximately 
4.4  x  10  'a  ampere  for  an  ion  beam  current  of  10 
ampere  and  electron  bombardment  energy  of  200  volts. 
These  currents  are  of  sufficient  intensity  and  stability 
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to  permit  a  precise  determination  of  the  hyperfine 
splitting  of  ionized  helium-3.  The  experiment  is  per¬ 
formed  in  a  bakeable,  stainless  steel  vacuum  system 
to  avoid  surface  charging  effects,  (Contractor’s 
abstract) 


COU.  02:018 

[  Columbia  U.  Columbia  Radiation  Lab.  ,  New  York.  ] 

[  RECENT  DEVELOPMENTS  REGARDING  THE 
MEASUREMENT  OF  TIME!  D4veloppements  r^cents 
&  propos  de  la  mesure  du  temps,  by  C.  H.  Townes. 

[  1956]  [  1 1 1  p.  lncl.  diagrs.  f  Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36-039- sc- 
64630]  Unclassified 

Published  in  Arch,  des  Sciences,  v.  9:  270-280,  1956. 

A  review  is  presented  of  time  measurement  methods 
developed  as  a  result  of  research  undertaken  between 
1952  and  1955;  5  references  of  international  authorship 
are  cited. 


COU.  02:019 

Columbia  U.  Columbia  Radiation  Lab.  1  New  York. 

VACUUM  POLARIZATION  IN  A  STRONG  COULOMB 
FIELD,  by  E.  H.  Wichmann  and  N.  M.  Kroll.  1956] 

17  !p.  incl.  diagrs.  tables,  refs.  (Sponsored  jointly 
hy  Signal  Corps,  Office  of  Naval  Research  and  [  Air 
Force  Office  of  Scientific  Research  under  DA  36-039- sc - 
64630  )  Unclassified 

Published  in  Phvs.  Rev.,  v.  101:  843-859,  Jan.  15, 

1956. 

A  study  is  carried  out  of  the  vacuum  polarization  in  a 
strong  Coulomb  field.  Radiative  corrections  are  neg 
lected.  A  perturbation  calculation  is  avoided  by  making 
use  of  the  explicit  solutions  of  the  Dirac  equation  in  a 
Coulomb  field.  The  Laplace  transform  of  the  polariza¬ 
tion  charge  density  times  r2  is  found  and  used  as  a  basis 
for  further  study.  It  is  proved  to  be  an  analytic  function 
of  the  strength  of  the  inducing  charge.  It  is  verified  that 
the  first  order  term  in  a  power  series  expansion  in  the 
strength  of  the  inducing  charge  just  corresponds  to  the 
Uohllng  potential.  The  third- order  term  is  studied  in 
some  detail.  The  leading  term  in  the  polarization 
potential  close  to  the  inducing  charge  and  the  space 
integral  of  the  induced  potential  divided  by  r  are  found 
1 1  ail  orders  in  the  strength  of  the  inducing  charge. 
Ambiguities  are  bandied  by  a  method  corresponding  to 
regularization.  Some  experimental  applications  are 
considered.  The  corrections  to  the  Uthling  term  In 
these  cases  are  found  to  be  small  (Contractor's 
abstract) 


COU.  02:020 

Columbia  U.  Columbia  Radiation  Lab. ,  New  York. 

COLLECTED  PAPERS  ON  THE  MASER.  FURTHER 
ASPECTS  OF  THE  THEORY  OF  THE  MASER,  by 
K.  Shimoda,  T.  C.  Wang,  and  C.  H.  Townes.  Mar.  1, 
1956,  39p.  incl.  diagrs.  tables.  (Special  tech.  rept. 
no.  CU-1-56)  (Sponsored  jointly  by  Signal  Corps, 

Office  of  Naval  Research,  and  [  Air  Force  Office  of 
Scientific  Research]  under  DA  36-039- sc-64630) 

AD  89059  Unclassified 

Also  published  in  Phvs.  Rev.,  v.  102:  1308-1321, 

June  1,  1956. 

The  theory  of  the  molecular  transitions  which  are 
induced  by  the  microwave  field  in  a  maser  and  the 
effects  of  various  design  parameters  are  examined  in 
detail.  It  is  shown  that  the  theoretical  minimum  de¬ 
tectable  beam  intensity  when  the  maser  is  used  as  a 
spectrometer  for  the  3-3  line  of  ammonia  is  about  10® 
mole/sec  under  typical  experimental  conditions.  Vari¬ 
ous  systematic  frequency  shifts  and  random  frequency 
fluctuations  of  the  maser  oscillator  are  discussed  and 
evaluated.  The  most  prominent  of  the  former  are  the 
"frequency- pulling”  effect  which  arises  from  detuning 
of  the  cavity  and  the  Doppler  shift  due  to  the  asym¬ 
metrical  coupling  of  the  beam  with  the  two  travelling 
wave  componenls  of  the  standing  waves  which  are  set 
up  in  the  cavity.  These  two  effects  may  produce 
fractional  shifts  as  large  as  one  part  in  10s.  If  ade¬ 
quate  precautions  are  taken,  however,  they  can  be  re¬ 
duced  to  one  part  in  101®  or  possibly  less.  The  random 
fluctuations  are  shown  to  be  of  the  order  of  one  part  in 
1012  under  typical  operating  conditions.  For  molecular 
beams  in  which  the  electric -dipole  transition  is  used, 
the  TM010  mode  is  usually  the  most  suitable  for  the 
maser;  while  in  atomic  beams  in  which  magnetic  tran¬ 
sitions  are  utilized,  the  TEqjj  mode  is  to  be  perferred. 
(Contractor's  abstract) 

COU.  02:021 

Columbia  U.  Columbia  Radiation  Lab.  ,  New  York. 

THE  DEVELOPMENT  OF  A  TUNABLE  CW  MAGNE 
TRON  IN  THE  K-BAND  REGION,  by  Z.  Fraenkel. 

June  1,  1956.  54p.  incl.  diagrs.  tables,  refs. 

(Special  tecli.  repi.  no.  CU-3-56)  (Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force  Office  o!  Scientific  Research  under  DA- 36-039- 
sc - 64630)  AD  103126  Unclassified 

The  development  of  a  low  field,  K-band,  tunable  CW 
magnetron  is  described.  The  major  characteristics 
of  the  device  are  presented  and  compared  lo  the 
characteristics  of  other  K-band  magnetrons.  The  re¬ 
search  leading  towards  the  development  of  the  magne¬ 
tron  is  outlined.  This  research  program  had  two 
major  objectives:  (a)  the  study  of  cathode  back- 
bombardnient  in  CW  magnetrons,  and  (b)  the  study  of 
low  field  operation.  The  cathode  back- bombardment 
was  found  to  be  closely  related  to  two  voltage  regions 
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at  which  large  anode  currents  were  drawn  without  any 
connection  to  magnetron  parameters.  The  research 
program  culminated  in  the  development  of  a  low  field, 
K-band,  tunable  CW  magnetron,  utilizing  capacitive 
Crown  of  Thorns  tuning.  At  a  fixed  operating  point  an 
output  power  exceeding  10  watts  at  an  efficiency  exceed¬ 
ing  5%  can  be  obtained  over  a  tuning  range  of  7%.  The 
tuning  range  can  be  doubled  by  lowering  the  output  power 
requirements  and  making  use  of  two  operating  points. 
(Contractor’s  abstract) 


COU.  02:022 

Columbia  U.  [  Columbia  Radiation  Lab.  1  New  York. 

MICROWAVE  DETERMINATION  OF  CARBON  AND 
OXYGEN  MASS  RATIOS  (Abstract),  by  B.  Rosenblum 
and  A.  H.  Nethercot,  Jr.  [  1956]  [lip.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research, 

T  Air  Force  Office  of  Scientific  Research],  and  Atomic 
Energy  Commission  under  [  DA  36  039-SC-64630]) 

Unclassified 

Paper  presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
New  York,  Jan.  30-Feb.  3,  1956. 

Published  in  Bull.  Amer.  Phys.  Soc.,  Series  II,  v.  1: 

13  14,  Jan.  30,  1956. 

Precision  measurements  of  the  J  O-^l  rotational 
transition  in  C^O16,  C13016,  and  C12Ola  have  been 
made  in  120,  000  me.  Accurate  atomic  mass  ratios  can 
be  determined  from  such  measurements  only  if  a  correc¬ 
tion  to  the  moment  of  inertia  of  the  molecule  is  made  for 
tlie  excitation  of  highei  elcCtcoi A C  states  by  the  rotation 
of  the  molecule.  It  has  been  shown  that  this  correction 
can  be  computed  from  the  magnetic  moment  resulting 
from  this  rotation -electronic  Interaction.  The  magnetic 
moment  of  the  CO  molecule  has  been  measured  by 
Cotifparison  with  the  knew*  mAgm-ltt  moment  of  Hie 
arsenic  nucleus  in  the  molecule  AsDj.  With  this  cor¬ 
rection  the  C^3/C12  and  o'^/O1®  ratios  were  deter¬ 
mined,  and  the  results  are  in  excellent  agreement  with 
nuclear  reaction  data.  The  magnitude  of  the  correction 
was  approximately  20  parts  per  million.  Work  is  in 
progress  to  further  improve  the  accuracy  of  these 
measurements  and  to  extend  them  to  include  C”  and 
O1'.  (Contractor’s  abstract) 


COU.  03:001 

Columbia  U.  Dept,  of  Chemistry,  New  York. 

THE  MICROWAVE  SPECTRUM  OF  ETHYL  BROMIDE, 
by  R.  S.  Wagner,  N.  Solimene,  and  B.  P.  Dailey. 

Jan.  3,  1955  13  p.  incl.  table.  (Rept,  no.  CU-7-55) 

[  AFOSR-TN-55-6  ]  (AF  18(600)1152)  Unclassified 


Mar.  1955. 


1  Jour.  Chem,  Phys.,  v.  23:  599, 


Several  rotational  transitions  for  C^ll^Dr  and 
C2li5Br8l  have  been  observed  and  identified  which  yield 


exact  values  of  B  and  C  for  both  species  and  an  esti¬ 
mate  of  eqQ  along  the  C-Br  bond  axis.  CjHgBr  is  a 
nearly  prolate  rotor  (Jf  =-0.  98)  with  the  dipole  moment 
having  components  along  the  A  and  B  principal  axes. 
From  the  assumed  structure,  a  reduced  moment  of 
inertia  of  5. 11  x  10"^®  g  sq  cm  was  calculated,  and  a 
sinusoidal  barrier  height  of  2800  cal/mole  was  obtained. 


COU.  03:002 

Columbia  U.  Dept,  of  Chemistry,  New  York. 

THE  MICROWAVE  SPECTRUM  OF  ETHYL  CHLORIDE, 
by  R.  S.  Wagner  and  B.  P.  Dailey.  Preliminary  rept. 
Jan.  3,  1955,  5p.  incl.  tables.  (Rept.  no.  CU-3-55) 
(AFOSR-TN-55-7)  (AF  18(600)1152)  Unclassified 


Aug.  1954. 


Jour.  Chem.  Phys.,  V.  22:  1459, 


DCOOI)  and  HC* 


COU.  03:004 


(Contractor’s  abstract) 


Columbia  U.  Dept,  of  Chemistry,  New  York. 

THE  INTERPRETATION  OF  QUADRUPOLE  SPECTRA, 
by  B.  P.  Dailey.  Jan.  3,  1955,  I3p.  incl.  refs. 

(Rept.  no.  CU -5-55)  (AFOSK-TN-55  9)  (AF  18(600)- 
1152)  Unclassified 


A  study  of  the  microwave  spectrum  of  C2H5CI  led  to  the 
identification  of  4  transitions  for  C2H5C135  and  2  tran¬ 
sitions  for  C2HsC137  on  the  basis  of  their  Stark  patterns 
and  quadrupole  hyperfine  structure.  These  transitions 
involve  the  dipole  component  along  the  A  axis.  From 
assumed  parameters,  calculation  of  the  moments  of 
inertia  indicated  that  C2H5CI  was  a  nearly  prolate  rotor 
(x  =  -0.  95)  with  the  dipole  moment  having  components 
along  the  A  and  B  principal  axes.  Calculated  and  ob¬ 
served  rotational  constants  are  given.  From  intensity 
ratio  measurements,  the  torsional  frequency  was  cal¬ 
culated  to  be  215  cm-1.  For  a  reduced  moment  of 
4.  76  x  10_40  g  sq  cm,  a  sinusoidal  barrier  height  of 

3u\ij  cal/inult  was  obtained. 


COU.  03:003 

CeltMi  blx  U,  IhqA  X  CbenUtry,  Hew  Y«rk. 

THE  STRUCTURE  AND  BARRIER  TO  INTERNAL 
ROTATION  OF  FORMIC  ACID  FROM  MICROWAVE 
DATA,  by  R.  G.  Lerner,  J.  I’.  Friend,  and  B.  P. 
Dailey.  Jan.  3,  1955,  4p.  incl.  tables.  (Rept.  no. 
CU-6-55)  (AFOSR-TN-55-B)  (AF  18(600)1152) 

Unclassified 

Also  published  in  Jour.  Chem.  Phys.  ,  v.  23:  210, 
Jan.  1955. 

The  structure  and  barrier  to  internal  rotation  of 
formic  acid  have  been  determined  from  a  study  of  the 
microwave  spectrum  of  HCOOH,  DCOOli,  liCOOD. 


•  • 


•  • 


•  • 
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Also  published  In  Faraday  Soc.  Discussions,  No.  19: 
255-260,  1955. 

The  Interpretation  of  the  nuclear  quadrupole  coupling 
constant  (eqQ)  obtained  by  the  analysis  of  several  types 
of  radio- frequency  spectroscopy  is  discussed.  It  was 
pointed  out  that  eqQ  for  an  Isolated  molecule  was  largely 
determined  by  the  number  of  electrons  which  occupy  p 
atomic  orbitals  in  the  valence  shell  of  the  atom  in  which 
the  quadrupolar  nucleus  is  located.  Several  approxi¬ 
mate  relations  between  the  quadrupole  coupling  constant, 
the  amount  of  ionic  character,  and  the  type  of  hybridiza¬ 
tion  occurring  in  the  bonding  orbitals  formed  by  an 
atom  in  an  Isolated  molecule  are  discussed.  The  views 
of  several  authors  on  the  role  of  the  overlap  Integral  in 
such  approximate  calculations  are  reviewed. 


COU.  03:005 

Columbia  U.  [Dept,  of  Chemistry  1  New  York. 

PROOF  OF  THE  STAGGERED  CONFIGURATION  OF 
ETHYL  CHLORIDE,  by  R.  S.  Wagner  and  B.  P.  Dailey. 
Apr.  28,  1955  [  3 ] p.  lncl.  tables.  (Rept.  no.  CU-8-55) 

[  AFOSR-TN-55-114  1  (AF  18(600)1152) 

Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  23:  1355, 

July  1955. 

The  addition  of  DC1  to  CH2  CH2  resulted  in  the  formation 
of  2  molecular  species,  both  having  the  structural  for¬ 
mula  CH2DCU2CI  (1).  One  deuterated  species  has  D  in 
the  plane  of  symmetry  of  the  molecule  and  Is  called 
trans.  since  D  Is  diagonally  opposite  the  Cl  atom  In  the 
symmetry  plane.  The  cig  species  has  the  D  atom 
occupying  either  of  2  equivalent  positions  not  In  the  sym¬ 
metry  plane.  The  moments  of  Inertia  of  these  2  forms 
of  1  depend  to  a  great  extent  on  whether  they  are  In  the 
staggered  or  eclipsed  configuration.  The  calculated 
moments  of  Inertia  of  trans  1  In  the  eclipsed  and  stag 
gered  configurations  are  given. 


COU.  03:006 

Columbia  U.  Dept,  of  Chemistry,  New  York. 

RELATIVE  ELECTRON  DENSITIES  IN  SUBSTITUTED 
BENZENES,  by  P.  L.  Corio  and  B.  P.  Dailey.  July  1, 
1956  28  p.  incl.  diagrs.  tables,  refs  (AFOSH-TN 

55  440)  (AF  18(000)1152)  AD  100825  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc.,  v.  78: 

3043  3048,  July  5,  1950. 

The  proton  magnetic  resonance  spectra  of  a  number  of 
nionosubstituted  benzenes  have  been  studied  in  an 
attempt  to  derive  values  of  the  relative  electron  density 
from  observations  of  the  chemical  shifts  of  the  ring 
protons,  and  the  effect  of  various  functional  groups  on 
t  lese  shifts  Shifts  are  assigned  to  the  protons  at  dif 
ferent  ring  positions,  and  these  indicate  differences  in 
the  electron  distribution  at  the  o,  m,  p  positions.  Tile 


observed  shifts  are  compared  with  data  from  other 
experimental  sources,  with  theoretical  calculations  of 
electron  densities  tn  substituted  benzenes  and  with  the 
electronic  theory  of  orientation  effects  In  benzene 
substitutions.  In  particular,  the  importance  of 
polarization  effects  in  aromatic  substitution  reactions 
Is  emphasized.  (Contractor's  abstract) 


COU.  03:007 

Columbia  U.  Dept,  of  Chemistry,  New  York. 

THE  ELECTRON  WITHDRAWAL  POWER  OF  SUB¬ 
STITUENT  GROUPS,  by  B.  P.  Dailey  and  J.  N. 
Shoolery.  [  1955]  [5]p.  lncl.  diagrs.  tables. 

[  AF  18(600)1152]  Unclassified 

Published  In  Jour.  Amer.  Chem.  Soc.  ,  v.  77:  3977- 
3981,  Aug.  5,  1955. 

A  study  of  chemical  shifts  In  the  nuclear  magnetic 
resonance  spectra  of  ethyl  and  methyl  derivatives  of  a 
number  of  organic  substituent  groups  has  been  made. 

It  was  desired  to  find  out  how  the  electronegativity  of 
an  atom  changes  when  It  forms  a  part  of  different 
substituent  groups  and  to  attempt  to  derive  a  table  of  the 
electron  withdrawal  power  of  the  substituent  groups. 

A  simple  relationship  between  proton  "chemical  shifts" 
and  the  ionic  character  of  the  chemical  bond  to  the  pro¬ 
ton  has  been  established  by  the  regularities  existing  In 
the  experimental  results  of  this  study.  It  Is  shown  that 
the  electron  withdrawal  power  of  a  substituent  group  ts 
largely  determined  by  the  electronegativity  of  the  first 
atom  in  the  group.  (Contractor’s  abstract) 


COU.  03:008 

Columbia  U.  i  Dept,  of  Chemistry  1  New  York. 

THE  IONIC  CHARACTER  OF  DIATOMIC  MOLECULES, 
by  B.  P.  Dailey  and  C.  H.  Townes.  Jan.  1955  T6lp. 
lncl.  diagrs.  tables,  refs.  [  AF  18(690)11521 

Unclassified 

Published  in  Jour.  Chem.  Phys.,  V.  23:  118-123, 

Jan.  1955. 

A  relation  between  the  electronegativity  difference  of 
two  bonded  atoms  and  the  Ionic  character  of  the  bond 
Is  obtained  for  singly  bonded  diatomic  molecules  In  the 
gaseous  state.  The  relation  Is  based  primarily  on  the 
wide  variety  of  nuclear  quadrupole  coupling  constants 
recently  measured  hy  microwave  techniques.  However, 
dl|>ole  moments  of  diatomic  molecules  are  also  used 
and  discussed.  Both  quadrupole  coupling  constants  and 
di|x>le  moments  indicate  strongly  that  bonds  Involving 
electronegativity  differences  greater  than  2  are  almost 
completely  ionic.  Certain  effects  of  hybridization, 
overlap,  and  polarization  on  considerations  of  ionlclty 
are  discussed.  (Contractor's  abstract) 
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COU.  03:009 


Columbia  U.  Dept,  of  Chemistry,  New  York. 


STRUCTURE  AND  BARRIER  HEIGHT  OF  METHYL 
MERCAPTAN  FROM  MICROWAVE  DATA,  by  N. 
Solimene  and  B.  P.  Dailey.  Jan.  19b5  [6]p.  lncl. 
diagr.  tables,  refs.  [  AF  18(600)1152  ] 

Unclassified 


Published  In  Jour.  Chem.  Phys. ,  v.  23:  124-129, 
Jan.  1955. 


The  C^q-  10]  rotational  transitions  of  several  isotopic 
species  of  methyl  mercaptan  were  observed.  This 
permitted  a  complete  determination  of  the  structural 
parameters  of  this  molecule.  The  torsional  energy 
levels  of  c12h3s32H  and  C  12d„S?2h  were  approximately 
determined  by  relative  Intensity  measurements.  A 
sinusoidal  barrier  height  was  determined  which  gave 
torsional  energy  levels  In  agreement  with  the  observed 
ones.  (Contractor’s  abstract) 


COU.  03:010 


Columbia  U.  Dept,  of  Chemistry,  Nee  York. 


MICROWAVE  SPECTROSCOPY,  by  B.  P.  Dailey. 

[  19561  [20]p.  lncl.  dlagrs.  table,  refs.  [  AF  18(600)- 
1152"  Unclassified 


Published  In  Physical  Methods  of  Chemical  Analysis, 
v.  3,  W.  G.  Berl,  ed.  Academic  Press,  Inc. ,  N.  Y. , 
1956,  p.  281-301. 


The  following  Items  are  outlined:  (1)  the  theoretical 
background  of  microwave  spectroscopy;  (2)  Its  applica¬ 
tion  to  qualitative  analysis;  (3)  problems  connected  with 
quantitative  analysis;  (4)  apparatus  employed;  (5)  the 
determination  of  electron  concentration  In  flames;  and 
(6)  paramagnetic  resonance  spectra. 


COU.  03:011 


Columbia  U.  Dept,  of  Chemistry,  Ne.v  York. 


MICROWAVE  SPECTRUM  AND  STRUCTURE  OF  FOR¬ 
MIC  ACID,  by  R.  G.  Lerner,  B.  P.  Dailey,  and  J.  P. 
Friend.  [Junel,  1956  [4lp.  lncl.  tables.  (AF  18- 

(600)1152)  Unclassified 


Published  In  Jour.  Chem.  Phys. ,  v.  26:  680-683, 
Mar.  1957. 


The  microwave  spectra  of  five  Isotopic  species  of 
formic  acid  have  been  Investigated,  and  values  of  the 
rotational  constants  B  and  C  have  been  ohtalned.  For 
llC12OOH,  B  12,055.1  me,  C  10, 416.  0  me;  for 
llC  OOD,  B  11,762.5  me,  C  9970.  1  me;  for  DC  OOU, 

B  12,055.  6  me,  C  9955.  8  me;  for  DC  OOD,  B  11,759.9 
me,  C-9534.  1  me,  and  for  11C130011,  B  12,053.7  me, 
f  10,378.9  me.  The  following  structural  parameters 


have  been  fitted  to  these  rotational  constants:  rc_jj= 

1.  085  A,  r,~_  q-  1.  245  A,  fQ-Q-  1-  3212  A,  Tq_^= 

0.95  A,  zOCO=  124°18\  z  COH=  107°48\  The  C  =  0 
bend  has  been  estimated  to  have  75%  double-bond 
character.  The  torsional  frequency  was  found  to  be 
667  i  41  cm'1  and  a  barrier  height  of  roughly  17  kcal/ 
mole  Is  indicated.  (Contractor's  abstract) 


COU.  03:012 


Columbia  U.  Dept,  of  Chemistry,  New  York. 


THE  MICROWAVE  SPECTRUM  AND  STRUCTURE  OF 
PROPIONITIULE,  by  R.  G.  Lerner  and  B.  P.  Dailey. 
[June  1,  19561  [3lp.  lncl.  tables,  refs.  AF  18(600)- 
1152  Unclassified 


Mar.  1957. 


Jour.  Chem.  Phys. ,  v.  26:  C70  680, 


Rotational  transitions  of  several  Isotopic  species  of 
proplonltrlle  have  been  observed.  This  has  permitted 
a  determination  of  the  structura.  parameters  of  the 
molecule.  For  C2H>;C12N,  B=4714.00  mc,  C=4235.07 
me;  and  for  C2H5C1*N,  B^4689.77  me  and  C=42l4.87 
me.  For  CD3CHDC12N,  D=  4169.  43  me  and  C=  3736.  83 
me.  The  following  model  reproduces  these  constants 
to  within  1. 5  me:  rj._c=  1.  5479  A  (ethyl),  rc-C= 
1.4735  A  (nitrile),  rc=N.  1.1566  A,  rc.H=  1.0914  A, 

Z  CCC=  110°32’,  zHCH=  109°19’.  The  height  of  the 
barrier  to  Internal  rotation  has  been  estimated  to  be 
1150  i  100  cm"1  or  3280  i  290  cal/ mole  for  a  torsional 
frequency  of  22C  cm'1.  (Contractor' ■=  abstract) 


COU.  03:013 


Columbia  U.  Dept,  of  Chemistry,  New  York. 


MICROWAVE  SPECTRUM  OF  ETHYL  DROMIDE,  by 
R.  S.  Wagner,  N.  Solimene,  and  D.  P.  Dailey. 

[  July  27,  19561  r 4  1  p.  lncl.  dlagr.  tables,  refs. 
(AF  18(600)1152)  Unclassified 


Published  In  Jour.  Chem.  Phys.,  v.  26:  1593-1596, 
June  1957. 


•  • 


•  • 


•  • 


0  • 


•  • 


•  • 


The  microwave  spectrum  of  ethyl  bromide  has  been 
Investigated  and  accurate  values  for  the  rotational 
constants  B  and  C  and  the  asymmetry  parameter  b  have 
been  obtained.  For  C2H5Br'9,  D=  3804.  5  me,  C  = 

3522.  5  me,  b=  -  0.  00487949  and  for  C2ll5Br81,  D  3781.5 
me,  C-  3503.0  me,  and  b? -0.  00522977.  The  following 
model  reproduces  these  constants  to  within  2  me: 

C-C^  1.  54  9  5  A,  C-ll  1.  110  A,  C-Br>l.  94  00  A, 

4  C-C-Hi  110°00',  )  C-C-Br  110°30'.  Arilysls  of  the 
quadruple  hyperfine  structure  indicates  that  cqQ  along 
the  C-Br  bond  axis  Is  537.5  me  for  C2ll5Br^®  and 
450.9  me  for  C2ll5Br81.  Two  transitions  have  not  been 
able  to  be  fitted  by  first-order  or  second-order  non 
degenerate  quadrupole  theory.  The  torsional  frequency 
Is  estimated  to  be  202  cm' 1  and  the  barrier  height  Is 
2. 80  kcal  '  mole.  (Contractor's  abstract) 
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COU  03:014 

Columbia  U.  Dept,  ol  Chemistry,  New  York. 

MICROWAVE  SPECTRUM  OF  ETHYL  CHLORIDE,  by 
R.  S.  Wagner  and  D.  P.  Dailey.  [  July  27,  19561 
[6]p.  diagr,  tables,  refs.  (AF  18(600)1152) 

Unclassified 

Published  in  Jour.  Chem.  Phys. ,  v.  26:  1538-1593, 

June  1957. 

The  microwave  spectrum  of  ethyl  chloride  has  been 
investigated  and  accurate  values  for  the  rotational 
constants  B  and  C  for  several  isotopic  species  have 
been  obtained.  For  C2H5CI33,  B=5493  8  me,  C=4962.  3 
me,  and  for  C2H5C13^,  B-5379.  1  me  and  C=4867.  1  me. 
Two  deuterated  species  have  been  studied.  For  trans 
CH2DCH2CI35,  B=5098.  8  me  and  C=4637.  5  me.  The 
rotational  constants  for  gauche  CH2DCH2C133  are 
B - 5297.  6  me  and  C-4784.  9  me.  The  following  model 
reproduces  these  constants  to  within  4  me:  dC-C= 

1.5495  A,  dC-H=l.  101  A,  dC-I>:l.  090  A,  f  HCH=110° 
00',  )  CCC1=110°30’,  dC-Cl=l.  7785  A.  From  the 
structural  data  obtained  for  the  deuterated  ethyl  chlorides 
it  has  been  possible  to  establish  the  staggered  con¬ 
figuration  as  the  equilibrium  configuration.  The  quad- 
rupole  analysis  shows  that  eqQ  along  the  C-Cl  bond  axis 
is  -70.07  me  for  Cl33  and  -55.03  me,  for  Cl37,  indicat¬ 
ing  an  ionicity  of  25%.  The  torsional  frequency  has 
been  estimated  to  be  236  cm-1  and  ihe  barrier  height  is 
3.4  kcal/mole.  (Contractor's  abstract) 


COU.  03:015 

Columbia  U.  Dept,  of  Chemistry,  New  York. 

INFLUENCE  OF  THE  SOLVENT  ON  THE  CHEMICAL 
SHIFTS  OF  MONOSUBST1TUTED  BENZENES,  by  P.  L. 
Corio  and  B.  P.  Dailey.  Dec.  1956  flip.  inci.  diagrs. 
table.  (AF  18(600)1152)  Unclassified 

Published  in  Jour.  Chem.  Phys.  ,  v.  25:  1291,  Dec. 
1956. 

Study  was  undertaken  of  the  concentration  dependence 
of  the  paraproton  shift  for  several  monosubstituted 
benzenes  in  acetone,  acetonitrile,  carbon  disulfide, 
carlxm  tetrachloride,  and  cyclohexane.  Representative 
plots  of  the  paraproton  shifts  are  presented  in  graphs. 

COU.  04:001 

Columbia  U.  Dept,  of  Chemistry,  New  York. 

PROTON  DEUTERON  HYPER  FINE  STRUCTURE  IN 
PARAMAGNETIC  RESONANCE:  A  t  ■  INTERACTION, 
by  It.  Venkatnraniar.  and  G.  K.  Frac::l:cl.  July  15, 

1955,  lip.  refs.  (Kept.  no.  CU-2-55-AF  1 390- Chem. ) 
('AF  OSH  -  TN  55-203)  (AF  18(000)1390)  AD  75141 

Unclassified 

Also  published  in  Jour.  Chem.  Phys.  .  v.  24:  737  740, 


COU.  03:014  -  COU.  05:001 


Apr.  1956. 

The  mechanism  of  the  nyperfine  splitting  observed  in 
paramagnetic  resonance  spectra  of  certain  aromatic 
free  radicals  containing  protons  adjacent  to  the  aro¬ 
matic  ring  is  examined.  It  is  shown  that  the  nagnitudi 
of  the  interaction  between  an  unpaired  electron  in  a 
ir-orbltal  and  a  vibrating  hydrogen  atom  is  insufficient 
to  account  for  the  observed  splitting.  Such  a  vibrational 
mechanism  is  untenable:  (1)  on  the  basis  of  quantitative 
calculations;  (2)  by  the  failure  to  observe  lines  cor¬ 
responding  to  the  first  excited  vibrational  state;  and 
(3)  by  a  comparison  of  the  splitting  caused  by  protons 
and  deuterons.  It  is  suggested  that  the  unpaired 
electron  is  not  in  a  purely  tr-state,  and  that  the  splitting 
may  be  accounted  for  by  configuration  interaction 
between  7 r-  and  a  -  states.  (Contractor's  abstract) 


COU.  04 :002 

Columbia  U.  Dept,  of  Chemistry,  New  York. 

PARAMAGNETIC  RESONANCE  OF  FREE  RADICALS, 
by  G  K.  Fraenkel.  May  15,  1956  [40]p.  lncl.  illus. 
diagrs.  refs.  (Rept.  no.  CU-6-56-AF-1390-Chem. ) 
(AFOSR-  TN-56-218)  (AF  18(600)1390)  AD  88024 

Unclassified 

Also  presented  at  Conference  on  Unstable  Chemical 
Species  under  the  auspices  of  New  York  Acad.  Sciences, 
May  15-16,  1956. 

The  elementary  principles  of  paramagnetic  resonance 
absorption  spectroscopy  are  reviewed  with  respect  to 
detection,  identification,  and  estimation  of  free  radi¬ 
cals.  The  typical  spectra  of  free  radicals  in  solution 
reveal  a  structure  caused  by  nuclear  magnetic  hyper- 
fine  interaction.  The  interaction  is  related  to  the  un¬ 
paired  electron  density  in  the  molecule.  The  structure 
provides  a  means  for  the  qualitative  identification  of  the 
radical  species.  The  Identification  Is  useful  for  deter¬ 
mining  the  nature  of  the  intermediates  in  many  radical 
reactions.  Equilibrium  concentrations  of  radicals  can 
be  obtained.  The  rate  of  the  production  of  radicals  can 
be  followed  either  directly  or  with  flow  reactors.  At 
present,  spectrometers  are  capable  of  detecting  10" 1  ^ 
mol  of  radical.  When  a  suitable  solvent  is  employed, 
an  ultimate  sensitivity  of  10'^  mol/1  is  estimated. 


COU.  05:001 

Columbia  U.  Dept,  of  Mathematical  Statistics 
New  York. 

COMPOUND  GROUP  EXTENSIONS.  1.  CONTINUA¬ 
TIONS  OF  NORM  AL  HOMOMORP1I1SMS,  by  R.  L. 
Taylor.  1953  30  ’  p.  (AF  18(600)135) 

Unclassifl  ed 

Published  in  Trans.  Amer.  Math.  Soc.  ,  v.  73:  106- 
135.  July  1953. 
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COU.  05:002  COU.  05:004 


This  question,  in  the  theory  of  non-commutative  groups, 
arises  from  topology.  For  a  "normal”  homomorphism 
0:  K  into  G,  that  is,  with  image  normal  in  G,  a  "contin¬ 
uation"  is  a  pair  (E,  0)  where  El?K  and  0’:  E  onto  G  is 
an  extension  of  0  with  the  same  kernel,  X.  A  continua 
tion  induces  a  homomorphism  :  G  into  A,  the  group  of 
automorphisms  of  A  carrying  X  into  itself,  modulo  those 
inner  automorphisms  inducad  by  X.  Generally,  normal 
0:  K  into  G,  and  9:  G  into  A  consti'ute  a  "pseudo- 
module"  (0,0)  provided  0  0  is  the  natural  map  K  Into  A. 

A  continuation  (E,0)  that  induces  0,  provided  such 
exists,  is  an  "extension"  of  the  ps  module  (0 , 0).  A 
crossed -module  (  J.  H.  C.  Whitehead,  Dull.  Amer. 

Math.  Soc.  ,  v.  55:453-496,  1949;  Math.  Rev.  v.  11: 

48)  is  a  ps- module  for  which  the  kernel  X  of  0  lies  in  the 
center  Z  of  K.  A  Q- kernel  (Eilenberg  and  MacLane, 

Ann.  of  Math.  ,  v.  48'  326-341,  1947;  Math.  Rev.  v.  9: 

7)  is  a  ps- module  for  which  0  is  trivial.  The  author  sets 
forth  carefully  the  correspondence  between  H2(Q,  X)  and 
the  (isomorphism  classes  of)  extensions  of  cr-modules 
and  Q- kernels,  and  the  theory  of  the  obstruction.  These 
results  are  extended  to  ps-modules  by  the  following  de 
vice.  Let  A  be  the  group  of  automorphisms  of  K  that 
carry  X  into  itself,  with  the  natural  maps  c:  K  into  X,  X: 
X  into  A.  The  graph  (cf.  Daer,  Math.  Z. ,  v.  38:  375- 
416,  1934)  1'CG  ®A  is  the  group  of  all  (g,  a)  with  Og  - 
\a.  The  exact  sequence  O,  X,  K,  G,  Q,  O  leads  to  an 
exact  sequence  O,  XGZ,  K,  1',  Q,  O.  For  0' the  in¬ 
duced  map  K  Into  r,  and  0'  (g,  a)  a,  this  yields  a  cr- 
rnodule  (0',  O')  whose  extension  theory  is  equivalent  to 
that  of  the  original  ps- module  (0,  i  ).  In  fact,  it  is  shown 
that  the  concept  of  ps- module  is  equivalent  to  that  of  a 
pair  formed  by  a  cr- module  together  with  a  suitably  re¬ 
lated  subgroup  of  K.  An  additional  result  states  that 
(0,  ■  )  admits  a  splitting  extension  (E,  0)  just  in  case  G 
splits  over  the  image  of  0.  (Math.  Rev.  ahstract) 


COU.  05:002 

Columbia  U.  1  Dept,  of  Mathematical  Statistics! 

New  York. 

COMPOUND  GROUP  EXTENSIONS.  D,  by  R.  L. 

Taylor.  1953  ]  r  7  J  p.  (AF  18(600)135) 

Unclassified 

Published  in  Trans.  Amer.  Math.  Soc.,  v.  75:  304 
310,  Sept.  1953. 

Let  v:  Rv-»  Hwj}  ^  1  v:  sv  ~»  svtll  t,e  two 
(infinite)  exact  sequences,  and  [,  v  -)  SVJ  a  commuting 
sequence  of  homomorphlsms:  throughout,  the  additional 
hypothesis  is  made  that  u  jp  iRi=  '  jSj.  Call  this 
figure  F.  anf  F*  the  figure  obtained  by  deleting 
It 2  7- 1  Pa  and  ,  2-  Tills  paper  characterizes  the  set  of 
(Isomorphism  classes  of)  "completions"  F  of  a  given 
figure  F'.  Replacing  R,  by  a  factor  group  and  It,  by  a 
subgroup  reduces  the  problem  to  the  case  where  Rq, 

Sq,  lt4  and  S4  are  all  trivial,  as  we  may  assume  hence 
forth.  If  ,  j  is  an  isomorphism  of  It  j  onto  Sj.  there  is 
a  unique  solution  with  It 2  the  appropriate  graph 
•  C H3 <T> i>i .  With  referer.ee  to  tins  case,  for  Sj  in  place 
of  K],  the  general  problem  is  now  shown  to  reduce  !'* 
that  for  continuations  (in  the  sense  of  part  1.  reviewed 


above)  of  the  naturally  induced  normal  homomorphism 
Rj  S  1  — >  I'.  Finally,  if  0  is  given  constituting, 
together  with  |1  j,  a  pseudo- module,  there  corresponds 
naturally  a  pseudo-module  (0  j',  0')  with  0i':  Rj  -4  I', 
ar.d  the  completions  of  F*  correspond  one-to-one  with 
the  extensions  of  (p  j',  O').  (Math.  Rev.  abstract) 


COU.  05:003 

Columbia  U.  {Dept,  of  Mathematical  Statistics] 

New  York. 

COVERINGS  OF  NON-CONNECTED  GROUPS,  by  R. 

L.  Taylor.  [  1954]fl6lp.  (AF  18(600)135) 

Unclassified 

Published  in  Proc.  Amer.  Math.  Soc.  ,  v.  5:  753-768, 
Oct.  1954. 

The  results  of  item  no.  COU.  05:001  are  applied  to  give 
a  classification  of  the  covering  groups  of  a  non- 
connected  topological  group  G,  assuming  that  the  arc- 
wise  components  of  G  admit  universal  covering  spaces. 
Examples  show  that  even  If  G  is  a  compact  1-dimen¬ 
sional  Lie  group,  G  may  admit  several  non-isomorphic 
universal  coverings,  or  no  universal  coverings  at  all; 

G  may  also  admit  non-trivial  coverings  which  cannot  be 
obtained  by  factorization  from  any  universal  covering. 
Given  any  covering,  there  is  a  natural  homomorphism 
Vj(N)— >  K,  where  N  is  the  arewise  component  of  the 
identity  in  G  and  X  is  the  kernel  of  the  covering.  The 
kernel  of  irj(N)->  X  is  called  the  type  of  the  covering. 
In  particular,  the  universal  coverings  are  the  coverings 
of  type  O.  A  subgroup  of  tt j (N)  is  called  stable  if  it  is 
mapped  onto  itself  by  every  element  of  Q  =  G/N  under 
the  natural  operation  of  Q  on  Vj(N).  Let  p  be  an  arbi¬ 
trary  subgroup  of  Vj(N).  We  show:  (1)  if  p  is  unstable, 
there  are  no  coverings  of  type  p;  (2)  if  p  is  stable,  it 
has  an  "obstruction”  in  H3  [  Q,  vj(N)/p  1  whose  vanish¬ 
ing  Is  a  necessary  and  sufficient  condition  for  the 
existence  01  a  covering  of  type  p;  (3)  If  p  is  stable, 
ll2 '  Q,  n  ](N)/  p  1  operates  simply  transitively  on  the 
set  of  all  isomorphism-classes  of  coverings  of  type  p. 
These  results  are  generalized  to  a  classification  of  all 
topological  group  extensions  oi  a  toi>ological  group  G 
hy  a  topological  group  X  provided  X  (the  kernel)  is 
discrete  and  the  arewise  components  of  G  (the  factor 
group)  admit  universal  covering  spaces.  This  essen¬ 
tially  reduces  the  topological  group  extension  problem 
to  the  case  where  both  subgroup  and  factor  group  are 
connected.  (Contractor's  abstract) 

COU.  05:004 

Columbia  U.  Dept,  of  Mathematical  Statistics,  New  York. 

COMPOUND  GROUP  EXTENSIONS,  in,  by  R.  L. 
Taylor.  [19551  [31  Ip.  (AF  18(600)135) 

Unclassified 

Published  in  Trans.  Amer.  Math.  Soc.,  v.  79:490- 
520,  duly  1955. 

In  this  paper  the  author  continues  the  work  of  parts  1 
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and  II.  The  results  obtained  are  quite  technical  in 
nature  and  difficult  to  state  without  introducing  a  good 
deal  of  notation.  (Math.  Rev.  abstract) 


COU.  06:001 

Columbia  U.  [Dept,  of  Mathematical  Statistics  1 
New  York. 

ERGODIC  THEORY  OF  MARKOV  CHAINS  ADMITTING 
AN  INFINITE  INVARIANT  MEASURE,  by  T.  E.  Harris 
and  H.  Robbins.  [  1953]  [  5 ] p.  T Technical  rept.  no. 

1  (AF  18(600)442)  Unclassified 

Published  in  Proc,  Nat’l.  Acad.  Sciences,  v.  39:  860- 
864,  Aug.  1953. 

The  authors  show  how  to  apply  the  point-ergodic  theorem 
for  spaces  of  infinite  measure  to  (integer- valued  param- 
eler)  Markov  processes  possessing  infinite -valued 
stationary  absolute  "probability  distributions.  '  As  an 
application,  they  prove  thal.  if  sn  is  the  sum  of  n 
mutually  independent  random  variables  with  a  common 
distribution,  and  if  the  sequence  jsn,  n  ^  1  j-  is  every 
where  dense  with  probability  1,  then,  if  h  and  k  are_ 
Lebesgue  integrable  over  (-,  t  ),  with  integrals  h,  k, 
k  4  0,  it  follows  that 

>l»’n-»ro  XZlh(a'+sj'  /  7>  +  s)>  =  h/kwitl. 

probability  1,  for  almost  all  a  (l.cbesgue  measure). 
Moreover,  for  every  a,  this  limit  equation  is  true  with 
probability  1  simultaneously  for  every  h.  k  under  the 
additional  restriction  that  these  functions  be  Riemann 
Integrable  and  vanish  in  a  neighborhood  of  infinity.  If 
the  Sj's  arc  integm  -  valued,  an  analogous  result  is  ob¬ 
tained,  in  which  the  Lebesgue  measure  of  a  linear  set 
is  replaced  by  the  cardinal  number  of  a  set  of  integers. 
(Math.  Rev.  abstract) 

LOU  06:002 

:  dnnihin  U.  Dept,  of  .Mathematical  Statistics  ] 

New  York. 

A  SOLUTION  l!  A  SET  t)E  FUNDAMENTAL  EQUA¬ 
TIONS  IN  MARKOV  CHAINS,  by  C.  Dorman.  '  1953  ! 

,  3  p.  Technical  lept  no.  2  M-'  18(0(10)442' 

Unclassified 

!’  :Mi.shed  m  1  roc.  Anicr.  Mmh.  Sue.,  v.  5:  332-334, 
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COU.  06:001  -  COU.  06:004 

all  Ej  states  are  recurrent,  the  author  concludes  that 

a  system  and  a  unique  value  Va  exists,  such  as  (a)  v0 

=  1,  (b)  Vj  >  0  (j  1,2,...),  fc)  vj  -  0Vj  Plj, 

i.  e.  the  numbers  v^=  11  m  n,n/nn  .  (Math.  Rev 
k  n-n-uo  k  o 


COU.  06:003 

Columbia  U.  [Dept,  of  Mathematical  Statistics1 
New  York. 

DISTRIBUTIONS  OF  SOME  INTEGRALS  OF  CERTAIN 
STOCHASTIC  PROCESSES  AND  LIMITING  DISTRI¬ 
BUTIONS  OF  SOME  "GOODNESS  OF  FIT"  CRITERIA, 
by  T.  W.  Anderson.  [  1953  43p.  (Technical  rept. 

no.  4)  (AF  18(600)442)  AD  36729  Unclassified 

To  test  the  hypothesis  that  a  sample  of  N  observations 
has  been  drawn  from  a  population  with  a  specified 
cumulative  dlstrioution  function  F(x),  one  can  compare 
the  empirical  cumulative  distribution  function  F^(x) 

with  F(x)  by  using  WN  =  N  :  FN(x)  -  F(x)  '2<Jv  j_F(j{)  j 
dF(x)  orVN=  nJ  J  1  [f(x),  F(y)  '  FN(x)  -  F(x)j 
FN(y)  -  F(y)  dF(x)dF(y),  where  !(u,  v)  l(v,  u)  is 
continuous  In  both  variables  (0  <.  u,  v  <_  1).  The 

characteristic  function  ofV  :  j  j  l(u,  v)X(u)X(v)du  dv, 

where  X(u)  (0  <.  u  <_  1)  Is  a  Gaussian  stochastic  process 
with  e  X(u)  =  0,  Is  found  in  terms  of  the  eigenvalues  of 
a  certain  function,  and  It  is  shown  that  the  asymptotic 
distribution  of  VN  Is  that  of  V  when  X(u)  has  a  certain 
covariance  function.  The  characteristic  functions  of 
T  -  X(u)  i  k(u)  2du  and  S  =  l(u,  v)  X(u)  *  k(u)  . 

X(v)  t  k(v)  du  dv  are  found,  and  It  is  shown  that  the 
limiting  distribution  of  Vjj  is  that  of  T  for  a  certain 
k(u)  when  the  sample  of  N  is  drawn  from  H |nj(x)  such  that 
limN  tIN(x)  F(x).  Some  examples  of  the  thpory 

are  considered.  (Contractor’s  summary) 


COU.  06:004 

Columbia  U.  Dept,  of  Mathematical  Statistics  ] 

New  York. 

TOME  CONTRIBUTIONS  TO  THE  THEORY  OF  MARKOV 
CHAINS,  hy  C.  Herman.  Mar.  1954  ,  63p.  inrl.  refs. 
(Technical  rept.  no.  7)  ([AF  OSR  TN-54-06) 

(AF  18(000)442)  AD  31552  Unclassified 

Also  published  In  Trans.  Ainer.  Math.  Soc.  ,  v.  79: 

54 1  -  555.  inly  1955. 

Consideration  is  given  to  the  statistical  regularity 
properties  of  a  denumberable  number  of  particles,  ail 
moving  alxiut  the  states  of  a  Markov  chain  according  to 
the  same  transition  probabilities.  Treatment  Is  given 
to  the  related  problem  of  solving  a  familiar  system  of 
equations  occurring  In  the  theory  of  Markov  chains. 

An  investigation  was  made  of  the  problem  of  obtaining 
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sharper  versions  of  a  strong  limit  theorem  that  was 
proved  independently  by  Harris  (Tran.  Am.  Math. 

Soc. ,  v.  75,  1952)  and  Levy  (Ann.  Sci.  Ecole  Norm. , 
v.  68,  Sup.  3,  1951).  Proofs  are  presented  of  some 
multivartate  central- ltmit  theorems  applicable  to  the 
development  of  asymptotic  distribution  theory  which  Is 
useful  in  treating  statistical  problems  involving  Markov 
chains  with  denumerably  many  states.  The  results  are 
essentially  an  extension  of  Bartlett's  results  (Proc. 
Cambridge  Phil.  Soc.,  v.  47,  parti,  1951)  to  denumer¬ 
able  chains.  The  assumption  is  made  that  the  Markov 
chain  under  consideration  is  irreducible  and  recurrent. 


COU.  06:005 

Columbia  U.  [  Dept,  of  Mathematical  Statistics! 

New  York. 

ON  CHAINS  OF  INFINITE  ORDER,  by  T.  E.  Harris. 
Mar.  1954,  46p.  incl.  refs.  (Technical  rept.  no.  5) 

((  AF!OSR-TN-54-67)  (AF  18(000)442) 

AD  32466  Unclasstfied 

Studies  are  made  of  stationary  stochastic  processes 
with  a  finite  number  of  states  by  means  of  an  equivalent 
stationary  real-valued  Markov  process.  Conditions  are 
stated  for  the  existence  of  an  ergodic  stationary  process 
with  assigned  conditional  probabilities.  The  distribution 
of  the  equivalent  Markov  chain  variable  is  studied  and 
is  found  in  general  !o  be  continuous  and  purely  singular. 
Applications  are  made  to  a  special  type  of  stationary 
process  where  the  random  varlahle  is  a  function  of  the 
states  of  a  Markov  chain  with  a  finite  numher  of  states: 
such  processes  are  generally  not  Markovian.  (ASTIA 
abstract) 


COU.  06:006 

Columbia  U.  Dept,  of  Mathematical  Statistics n 
New  York. 

A  TEST  OF  GOODNESS  OF  FIT.  by  T.  W.  Anderson 
and  D.  A.  Darling.  May  1954,  7p.  (In  cooperation 
with  Michigan  U. ,  Ann  Arbor)  ( '  AF  1 OSR-TN- 54  ■  1 1 3) 
(AF  18(600)442)  AD  39348  Unclassified 

Also  published  in  Jour.  Amer.  Stat.  Assoc.,  v.  49: 

765  769,  Dec.  1954. 

Asymptotic  significance  points  are  given  for  a  distri¬ 
bution  free  test  of  goodness  of  fit  previously  introduced 
(Ann.  Math.  Stat.,  v.  23:  193-212,  1952).  The  test 
criterion  is  given  by 

2  ■’2 
W‘  n  Fn(x)  F(x)  ,  F(x)  dF(x),  where 

11  itX  ' 

t  (u)  is  some  nonnegative  weight  function  chosen  to 
accentuate  the  values  of  Fn(x)  -  F(x)  where  the  test  is 
desired  to  have  sensitivity.  F(x)  is  compared  with  an 
empirical  distribution  function  F„(x)  equal  to  the  number 
of  Xj  x  divided  by  n.  The  null  hypothesis  ll(x)  -  F(x) 
is  rejected  if  is  sufficiently  large.  Ttie  sampling 


error  is  equalized  over  the  entire  range  of  x  by  using 
]/(u)  =  ^  as  the  weight  function.  The  1,  5,  and 

10%  asymptotic  significance  points  of  are  presented, 
and  the  test  is  tllustrated  by  a  numertcai  example  used 
previously  by  Birnbaum  (Jour.  Amer.  Stat.  Assoc. , 
v.  47:425-441,  1952)  tn  illustrating  tne  Kolmogorov 
test. 


COU.  06:007 

Columbia  U.  [  Dept,  of  Mathematical  Statistics] 

New  York. 

ON  AGE- DEPENDENT  BRANCHING  STOCHASTIC 
PROCESSES  IN  CASCADE  THEORY,  by  A.  T.  Reid. 
May  1954  [  7 ] p.  (Rept.  no.  CU-15-54)  ([AP]CSR- 
TN- 54-126)  (AF  18(600)442)  AD  67328 

Unclassified 

Also  published  in  Phys.  Rev.  ,  v.  96:  751-753,  Nov.  1, 
1954. 

A  brief  introduction  to  the  recent  Bellman-Harris 
theory  of  branchtng  stochastic  processes  (Ann.  Math. , 
v.  55:  280,  1953)  is  given  tn  the  nomenclature  of 
cascade  theory;  a  simple  model  In  cascade  theory 
formulated  as  an  age-dependent  branching  process  is 
given.  (Contractor's  abstract) 


COU.  06:008 

Columbia  U.  Dept,  of  Mathematical  Statistics,  New  York. 

ERGODIC  PROPERTY  OF  TilF  BROWNIAN  MOTION 
PROCESS,  by  C.  Derman.  July  1954,  Op.  (Rept.  no. 
CD  -  1 6  54)  (  AFlOSR-TN-54-lCO)  (AF  18(600)442) 

AD  07372  Unclassified 

Also  published  in  Proc.  Nat'l.  Acad.  Sciences,  v.  40: 
1155  1158,  Dec.  1954. 

Let  X(t),  0  _t  .,  denote  a  one-dimensional  separable 
Brownian  motion  process  The  following  theorem  Is 
provided:  If  f(x)  and  g(x)  are  any  two  real  valued 
Borel  measurable  functions,  summable  over  the  real 
line  ,  x  ■  ,  ,  and  if  g  l  0,  then  with  probability  1 

T  f(X(t))dt 
•  0 

lim  ,T  f'g 

g(X(t))dt 

'  0 

where  f  f(x)dx  and  g  g(x)dx.  (Contractor's 

abstract) 
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COU.  06:009 

Columbia  U.  rDept.  of  Mathematical  Statistics! 

New  York. 

MULTIPLE  TOINTS  OF  PATHS  OF  BROWNIAN 
MOTION  IN  THE  PLANE,  by  A.  Dvoretzky,  P.  Erdos, 
and  S.  Kakutani.  [  19541  [  18  Ip.  (Technical  rept. 
no.  P)  (AF  18(600)442)  AD  36740  Unclassified 


Also  published  in  Bull. 
364-371,  Mar.  1954. 


P.cs.  Council  of  Israel,  v.  3: 


lla,b<z’ 


La(z’;>o)  = 


Lo<z’'-“ 


The  following  notation  is  used:  a  probability  space 
(ft,  £,  Pr)  is  given  where  fl  -  {  to}  is  a  set  of  ele¬ 
ments  ,  £  }  El  is  a  Bore!  Leld  of  subsets  of  ft 

called  events,  and  Pr  is  a  countably  additive  measure 
L  defined  on  £  and  satisfying  Pr(fl)  -  1.  Pr(E)  is  called 

«T  the  probability  of  the  event  E.  For  any  point  z  In  the 

^  plane,  for  any  i£  ft  ,  and  for  any  real  numbers  a,  b 

withO  '  a  b  <  . .  the  following  paths  are  defined: 

)  -  {  z’  +  z(t,  tr)  1  a  <  t  <  b] 

{  z’  +  z(t,  a )  |  u  <  t  < .  -  }  ;  L(z’;  >) 

|  z’  4  z(t,  to)  i  O  _  t  .  .j where  the  +  sign  refers  to  vector 

addition  in  the  plane.  When  z’  coincides  with  the  origin, 
the  abbreviation  1,(.  )  -  L(0;v)  !°  used;  La  ^(z’;.  )  is 
called  the  (a,b)-path  of  the  plane  Brow.’lan’motion 
starting  from  z’,  and  L(z’;ni)  is  called  th.’  path  of  the 
plane  Brownian  motion  starting  from  z\  A  point  zQ  in 
the  plane  is  called  a  k-nmltiple  point  (k  2,  3,  . . . )  of 
Ij  1(( z’ :  ■■)  if  tliere  exist  k  real  numher  tj, . .  . ,  tk  with 

a  •_  tj  ■  ...  t^  a  b  for  which  z0  z’  +  z(t|;u'),  1  --  i, 

....  k.  The  main  result  is  given  by  the  following; 
Theorem:  let  M  be  the  set  of  all  >>  for  which  L(<i  )  Con 
tains  k- multiple  points  for  every  k  2,3,  ....  then 
Pr(M)  1.  These  additional  results  are  given. 

Theorem:  let  a,b  he  any  positive  numhers  with  O  < 
a  b  ■  Then  with  probability  1 ,  the  (a,  b)  path 

La  h(  ■  )  has  multiple  points  of  arbitrarily  high  (finite) 
multiplicity.  Theorem:  for  almost  all  .  the  set  of 
k  multiple  points  of  !,(■  )  Is  dense  everywhere  in  the 
plane  for  all  k  2,3 . 

COU.  06:010 

Columbia  U.  Dept,  of  Mathematical  Statistics 
New  York. 

3  i!E  SEQUENCE  OF  SUMS  OF  INDEPENDENT  RANDOM 
VARIABLES,  by  0.  Kallianpur  and  H.  Robbins.  [June 
1934  23p.  Technical  rep1  no.  5’  AF  18(000)- 

•II  Unclassified 


l".,ullsl,ed  in  Luke  Math.  Jour. 
1 J54. 


v.  21:  285-307,  June 


Lei  S  lie  the  sunie  of  n  independent  random  arlahles 
with  .v  common  distribution  F(x)  and  Mn(a)  be  the  numher 
of  Sj's  for  j  1,  . .  ,  n  such  that  Sj  ■  a.  The  limit 

distribution  of  M„(a)  was  obtained  by  Chung  and  Kac 
Mem.  Amer.  Math.  Soc.  ,  no.  6.  1951)  when  F  is  a 
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symmetrical  stable  distribution.  Let  b(x)  be  Rlemann 
lntegrable  in  a  finite  interval  and  O  outside.  Limit 
distributions  for  E?  h(Sj)  are  obtained  aspuming 
asymptotic  forms  for  Pr  (a  <  Sjj  <  b).  These  forms 
hold  for  certain  absolutely  continuous  F(x)  belonging  to 
the  domains  of  attractions  of  symmetrical  stable  distri¬ 
butions,  according  to  a  slight  modification  of  an  argu¬ 
ment  of  Gnedenko  and  Kolmogorov  (Limit  distributions 
for  sums  of  Independent  random  variables,  Gostehlzdat, 
Moscow-Leningrad,  1949;  translation  reviewed  in 
Math.  Rev.  ,  v.  16:  52,  Jan.  1955).  (Math.  Rev. 
abstract) 


COU.  06:011 

Columbia  U.  [Dept,  of  Mathematical  Statistics 1 
New  York. 

ON  STRONG  BOUNDS  FOR  SUMS  OF  INDEPENDENT 
RANDOM  VARIABLES  WHICH  TEND  TO  A  STABLE 
DISTRIBUTION,  by  M.  Ltpschutz.  [19551  25p.  refs. 

[  AFOSR-TN-55- 105  I  (AF  18(600)442)  AD  79614 

Unclassified 

Also  published  In  Trans.  Amer.  Math.  Soc.  ,  v.  81: 
135-154,  Jan.  1956. 

Strong  bounds  are  given  for  the  sums  Sn  of  independent 

random  variables  X^,  k  1,2 .  Strong  upper 

bounds  were  derived  by  Feller  (Trans.  Amer.  Math. 
Soc.  ,  v.  67:  98,  1949)  and  Levy  (Studia  Math.  ,  v.  3: 
117,  1931),  but  lower  bounds  were  unknown  except  in 
the  special  case  for  v  -  1/2.  Proofs  are  presented  for 
the  following  strong  lower  bounds.  (l)Let0  <  y  <  i, 
and  let  |/(n)f  such  that  f(n)/n4'  0;  then  P(|)  -  P(Sn 
bn  *(bn)ftr  i.o.)  -  0 


1  1 


1  aslj(i)  [  l(x)2  1_  Y  /xj  exp  -k^t*)1' 


dx 


or  •  .  (2)  Let  1  <  y  2,  and  let  v  (I')!-  '•  such 
that  }  (n)/n4.0;  then  P(T)  -  P(Sn  -np  <  hn  v  (b„)  i.o.) 
-  0 

1  1 


or  1  as  1,(C  ] 


•i  (*) 


J  ~\ 


1 


exp  -  k  (x) 


dx 


or  The  following  theorem  presents  strong  upper 

bounds.  Let  }(n)t  "  and  v(n)/nl  0;  then  for 


1,  P(S„  bn  ,(Sn)  r  i.o. )  Oor  i 


2,  P(Wn  -  np  bn  i(bn)  r  1.  o.  )  0  or  1  as 


1,(.) 


dx/xi (x) 


or  .  The  notation 


l’(.  ...  i.o  )  denotes  that  (....)  occurs  for  infinitely 
many  n 


•  • 


•  • 


•  •  • 
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COU.  00:012 

Columbia  U,  [  Dept,  of  Mathematical  Statistics] 

New  York. 

ON  STOCHASTIC  APPROXIMATION,  by  A.  Dvoretzky. 

[  1054  1  41p.  (Rept.  no.  CU-29-55)  ( [ AF IOSR-TN-55- 
305)  (AF  18(600)442)  AD  91538  Unclassified 

AlstumbUslied  In  Proc.  Third  Berkeley  Symposium  on 
Mathematical  Statistics  and  Probability,  CaUf.  U. , 

Dec.  1954,  and  June  and  July  1955:  39-55. 

A  stochastic  approximation  Is  presented  for  a  general 
situation  which  considers  the  random  element  as  noise 
superimposed  on  a  convergent  deterministic  scheme. 
The  main  result  Is  as  follows:  Let  an,  pn,  and  yn, 
n  =  1,  2,  . . . ,  be  nonnegative  real  numbers  satisfying 


button  function  G  or  to  the  value  of  the  Bayes  function 


(1)  11m  0;(2)^  pnO 


n=  1 


and  (3)  y* 
n*l 


Yn  »  “• 


Let  S  be  a  real  number  and  Tn,  ml,  2,  . . . ,  be 

measurable  transformations  satisfying  |T„(r, . r„) 

m«[an,  (1  +  pn)|rn- 


real  r. 


2  E 

n=l 


-  Yml  for  all 

j, . . . ,  rn>  i=ei  Aj  ana  in,  n*  i,  2, ... ,  be  random 

variables  and  define  X„+1  (to)  =  T^X^co) . Xn(o>)  + 

Yn(co)  for  n^l.  Then  the  conditions  E  [x2  }  <  co, 

n  ;  <  °°>  31,(1  E  {  Yn  I xl-  •  •  >  *n  )  =  0  with 
probability  1  for  all  n,  Imply  lim  E  fpC.  -  9)2}  =  0  and 

r  n-*°° 

P  ]  Hm  X_  =  9/=  1.  Five  extensions  or  generallza- 
t  n-*oo  ' 

tlons  are  given  In  which  one  or  more  of  the  assumptions 
are  relaxed.  The  Robbins- Monro  and  Kiefer- Wolfowltz 
procedures  for  weaker  conditions  are  Included  In  the  re¬ 
sults  as  special  cases.  Some  remarks  are  made  on 
extensions  to  nonreal  random  variables.  (ASTIA 
abstract) 

COU.  06:013 

Columbia  U.  [Dept,  of  Mathematical  Statistics] 

New  York. 

AN  EMPIRICAL  BAYES  APPROACH  TO  STATISTICS, 
by  H.  Robbins.  [  1954]  [ll]p.  (Rept.  no.  CU- 27-55) 

([  AF]OSR-TN-55-387)  (AF  18(600)442)  AD  77464 

Unclassified 

Also  published  in  Proc.  Third  Berkeley  Symposium  on 
Mathematical  Statistics  and  Probability,  CaUf.  U. , 

Dec.  1954,  and  June  and  July  1955:  157-163. 

The  following  problem  is  considered:  from  an  approxi¬ 
mate  value  of  pn(x)  equal  to  (the  number  of  terms 
xi . Xn  which  equal  x)  divided  by  n  of  the  Integral 

Pq(x)  ~  I P(x  I  k)  dG(X),  where  p(x|  X)  Is  a  known 

kernel,  obtain  an  approximation  to  the  unknown  dlstri- 


i^gM 


1  which  depends  on  G.  The  X„ 


are  discrete  random  variables  and  for  any  fixed  x, 

Pn(x)  fends  with  probability  1  to  pG(x)  as  n  •♦oo.  The 
analysis  depends  on  the  nature  of  p(x|X)  and  on  the 
class  g  to  which  the  unknown  G  Is  assumed  to  belong. 
The  following  special  cases  are  considered:  (1)  the 

Poisson  kernel  p(x|  X)  >  e"^  x  «  0, 1, ... ,  X  >  0, 

xl 

and  g  Is  the  class  of  all  distribution  functions  on  the 
positive  real  axis;  (2)  the  geometric  kernel  p(x|  X)  = 
(1-X)\x,  x  i  0, 1, . . . ,  0  <  X  <  1;  (3)  the  binomial 

kernel  pr(x|  X)  =  (J)Xx(l-X)r'x,  x  =  0,1 . r,  0^  X 

S  1;  r  Is  a  fixed  positive  Integer  representing  the  num¬ 
ber  of  trials,  x  Is  the  number  of  successes  In  each 
trial,  and  G  Is  the  class  of  all  distribution  functions  on 
the  unit  Interval;  and  (4)  a  Laplaclan  type  kernel 
p(x|  X)  =  ex  f(x)h(X).  The.problem  for  the  general 
case  when  X  Is  not  restricted  to  discrete  values  Is 
discussed. 

COU.  06:014 

Columbia  U.  [Dept,  of  Mathematical  Statistics] 

New  York. 

COMPLETE  CLASS  THEOREMS  IN  EXPERIMENTAL 
DESIGN,  by  S.  Ehrenfeld.  [  1955]  20p.  lncl.  dlagrs. 
(Rept.  no.  CU-30-55)  ([ AF ] OSR-TN-55-388) 

(AF  18(600)442)  AD  77463  Unclassified 

The  problems  of  experimental  design  are  classified 
as  (1)  the  practical  problem  of  deciding  which  experi¬ 
ments  are  relevant  to  the  problems  under  considera¬ 
tion;  (2)  the  analysis  of  the  particular  experimental 
design  chosen;  and  (3)  the  decision  as  to  which  of  the 
relevant  experiments  to  perform.  This  mathematical 
study  Is  devoted  to  a  consideration  of  the  third 
problem. 


COU.  06:015 

Columbia  U.  [  Dept,  of  Mathematical  Statistics] 

New  York. 

ON  COVERING  A  CIRCLE  BY  RANDOMLY  PLACED 
ARCS,  by  A.  Dvoretzky.  [  1955]  [9]p.  (Rept.  no. 
CU-32-55)  ([  AF]OSR-TN-55-449)  (AF  18(600)442) 
AD  91258  Unclassified  . 

Alao  published  In  Proc.  Nat’l.  Acad.  Sciences,  v.  42: 
199-203,  Apr.  1956. 

A  negativo  answer  is  given  to  the  query  of  whether  or 

OO 

not  the  condition  a.  =  oo  assures  that  the  whole 
1=1 

of  C  Is  covered  with  probability  1,  where  C  denotes  a 
circle  of  unit  circumference,  and  aj,  1=1,  2, . . .  Is  a 
sequence  of  positive  numbers  smaller  than  1.  A  proof 
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Is  presented  tli.it  sequences  {a.  1  exist  satisfying 
.53  ^  r  UJ  for  which  the  probability  that  the  whole  of 
C  is  covered  by  arcs  Aj  of  length  aj  is  less  than  1;  the 

GO 

formal  statement  Is  P  {c  C^  A1  }  <  1  or  equivalently, 

P  (all  of  C  covered  infinitely  often  }  =  0.  The  centers  of 

the  arcs  A,  are  assumed  to  be  uniformly  and  independ¬ 
ently  distributed  on  C. 
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-ilumbia  U.  [Dept,  of  Mathematical  Statistics] 

New  York. 

THE  CRAMER- SMIRNOV  TEST  IN  THE  PARAMETRIC 
CASE,  by  D.  A.  Darling.  [  1955]  20p.  incl.  refs. 
[Technical  rept.  no.  3]  (AF  18(600)442)  Unclassified 

Published  In  Ann.  Math.  Stat. ,  v.  26:  1-20,  Mar.  1955. 

Let  Xj,  X2,  •  ■  • ,  Xjj  be  n  independent  Identically  distri¬ 
buted  random  variables  having  an  absolutely  continuous 
distribution  function  G(x).  Let  I  be  a  nondegenerate 
Interval  on  the  real  axis  and  suppose,  for  each  0  con¬ 
tained  in  the  Interior  of  I,  that  F(x;0)  is  a  distribution 
function.  The  problem  is  to  test  the  hypothesis  H,  l.«. 
H:  G(x)  =  F(x;0 )  for  some  unspecified  (3  e  I.  Let  Fn(x) 
be  the  empirical  distribution  function  based  on  a 
random  sample  of  size  n.  The  following  test  function 
C„  is  considered  where 

Cn2  n  r  [F(x)  -  F(x;0n]2dF(x;0n), 

"Co 

and  where  0n  denotes  a  suitable  estimator  for  0.  H  will 
be  rejected  for  C,,2  suitably  large.  When  the  hypothesis 
completely  spoclflOB  the  distribution  function,  i.  e.  a 
specific  value  for  0  Is  given,  the  C2  test  function  is  the 
or-  test  function  developed  by  Cramer,  Smirnov,  and 
von  Mises.  This  extension  of  the  <u2-test  to  include  the 
parametric  case  is  unlike  the  m2-test  in  that  in  general 
this  test  is  not  distribution  free  when  H  is  true.  When 
I!  is  true  the  characteristic  function  of  the  limiting 
distribution  of  the  C,,  test  function  is  investigated  for 
■  several  classes  of  estimators  for  0.  In  particular, 
subject  to  given  regularity  conditions  on  F(x;0)  and 
subject  to  conditions  on  5n  which  include  that  nE 
jG n  —  0)^}  — >  0  is  n  -.co  (where  E  [  •  •  •  }  is  the 
expectation  operator),  the  asymptotic  characteristic 
function  of  the  test  is  giver,  in  terms  of  a  Fredholm 
determinant  of  a  specific  integral  equation  when  the 
method  of  estimation  for  0  is  by  the  method  of  maximum 
likelihood.  The  results  are  obtained  by  reducing  the 
problem  to  studying  a  Gaussian  stochastic  process  in  a 
manner  similar  to  that  employed  In  the  paper  by  T.  W. 
Anderson  and  D.  A  Darling  (Ann.  Math.  Stat. ,  v.  23: 
193-212,  1955).  (Math.  Rev.  abstract) 


COU.  06:017 

Columbia  U.  [Dept,  of  Mathematical  Statistics] 

New  York. 

THE  STRONG  LAW  OF  LARGE  NUMBERS  WHEN  THE 
FIRST  MOMENT  DOES  NOT  EXIST,  by  C.  Derman  and 
H.  Robbins.  [  1955  ]  3p.  (Rept.  no.  CU-33-56) 
(AFOSR-TN-56-21)  (AF  18(600)442)  AD  89251 

Unclassified 

Also  published  in  Proc.  Nat’l.  Acad.  Sciences,  v.  41: 
586-587,  Aug.  1955. 

In  this  mathematical  study  let  X  be  a  random  variable 
with  distribution  function  F.  It  Is  customary  to  define 
EX  =  +  oo  if,  and  only  if,  J°  lxldF(x)  <  „  , 

.  CO 

Jq  sdF(x)  =  oo-  (I)  It  then  follows  from  the  strong 

law  of  large  numbers  for  finite  EX  that  if  f  X  )  Is  a 

L  n J 

sequence  of  independent  random  variables  with  common 
distribution  function  F  for  which  (I)  holds  and  If  S,,  = 

^  Xj,  then  as  n  -*oo  Pr[  S„/n  -*  +  oo  ]  *  1  (II)  A 

proof  Is  presented  which  shows,  however,  that  n  can 
hold  even  though lxldF(x)  =  oo,  S'**  xdF(x)  =  <*,. 

It  Is  presented  In  the  following  theorem:  If  for  some 
constants  0  <  a  <  p  <  1  and  c  >  0,  F(x)  £.  -  C/xa  for 

large  positive  x,  which  implies  that  xa  dF(x)  =  oo, 
while  lxl P  dF(x)  <  oo,  then  H  holds. 


COU.  06:018 

Columbia  U.  [  Dept,  of  Mathematical  Statistics] 

New  York. 

SOME  ASYMPTOTIC  DISTRIBUTION  THEORY  FOR 
MARKOV  CHAINS  WITH  A  DENUMERABLE  NUMBER 
OF  STATES,  by  C.  Derman.  [  1956]  29p.  (Rept.  no. 
CU-34-56)  (AFOSR-TN-56-95)  (AF  18(600)442) 

AD  82503  Unclassified 

Also  published  In  Dlometrlka,  v.  43:  285-2B4,  Pts.  3 
and  4,  Dec.  1956. 

The  joint  asymptotic  distribution  Is  derived  for  certain 
functions  of  the  sample  realizations  of  a  Markov  chain 
with  denumerably  many  states,  from  which  the  joint 
asymptotic  distribution  theory  of  estimates  of  the 
transition  probabilities  is  obtained.  Application  is 
made  to  a  goodness  of  fit  test. 
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Columbia  U'.  [Dept,  of  Mathematical  Statistics] 

New  York. 

NON- PARAMETRIC  UP-AND-DOWN  EXPERIMEN¬ 
TATION,  by  C.  Derman.  [  1956]  [6]p.  (Rept.  no. 
CU-38-56)  (AFOSR-TN-56-220)  [  AF  18(600)442  ] 
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AD  00027  Unclassified 

AIsaHUMslieiUll  Ann.  Math.  Stat.  ,  v.  28:  795-790, 
Sept.  1957. 

A  nonparamotrlc  procedure  li  proposed  for  estimating 
any  quantile  of  F  (x)  on  the  basis  of  quantal  response 
data  when  x  Is  experimentally  restricted  to  the  form 
a  +  hn.  The  procedure  Is  applied  to  the  following 
conditions:  (1)  assume  a  =  0  and  he  1,  and  estimate 
the  value  of  x  =  8  such  that  F  (0  -  0)  <  a  <  F  (0), 

1/2  (  a  <  1.  Modifications  are  gtven  for  conditions 
when  0  <  n  <  1/2  or  a  4  0  or  h  i  1. 


COU.  00:020 

Columbia  U.  [Dept,  of  Mathematical  Statistics] 

New  York. 

SOME  TOPICS  ON  MARKOFF'S  AND  DIFFUSION 
SEMIGROUPS,  by  J.  Neveu.  Aug.  22,  1956,  36p. 

(Rept.  no.  CU-38-56)  (AFOSR-TN- 56-401)  (AF  18- 
(300)442)  AD  9G059  Unclassified 

In  this  mathematical  study,  a  general  definition  of  a 
Markoff's  semigroup  is  presented.  A  Markoff's  semi¬ 
group,  ^BS  >  O,  Is  a  semigroup  of  linear  transforma¬ 
tions  on  a  space  of  continuous  functions  Induced  by  a 
Markoff's  process  Xs  according  to  the  formula: 
f->Ct>sf  sf(x)  =  E(f(Xs)(X0=  X)  =  Jf(5)  Fs  (X,  dF>. 

With  this  definition,  some  new  ergodlc  results  and 
propositions  reladvo  to  Invariant  measures  are  given. 
This  study  also  contributes  to  the  determination  of  the 
most  general  infinitesimal  operator  _Q.  of  a  Markoff's 
semigroup.  The  problem  is  reduced  to  a  local  problem 
in  a  terminology  Introduced  by  Feller.  In  addition,  the 
problem  Is  solved  for  diffusion  semigroups  on  the  real 
line  by  means  of  an  absorption  theory.  (Contractor's 
abstract,  modified) 


COU.  06:021 

Columbia  U.  [  Dept,  of  Mathematical  Statistics] 

Now  York. 

A  SEQUENTIAL  DECISION  PROBLEM  WITH  A  FINITE 
MEMORY,  by  H.  Robbins.  [  1956]  3p.  (Rept.  no. 

CU- 39- 56)  [  AFOSR-TN- 56- 593]  (AF  18(600)442) 

AD  110037  Unclassified 

Also  published  In  Proc.  Nat'l.  Acad.  Sciences,  v.  42: 
920-923,  Dec.  1956. 

We  consider  the  problem  of  successively  choosing  one 
of  two  ways  of  action,  each  of  which  may  lead  to  success 
or  failure,  In  such  a  way  as  to  maximize  the  long-run 
proportion  of  successes  obtained,  the  choice  each  time 
being  based  on  the  results  of  a  fixed  number  of  tho 
previous  trials.  (Contractor's  summary) 
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New  York. 

STOCHASTIC  APPROXIMATION,  by  C.  Derman. 

[  1950]  15p.  refs.  (Rept.  no.  CU-36-56L(AFOSR-TR- 
56-15)  (AF  18(600)442)  AD  88590  Unclassified 

Also  published  In  Ann.  Math.  Stat. ,  v.  27:  879-886, 
Dec.  1956. 
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An  examination  Is  presented  of  the  Robblns-Monro 
Iterative  process  for  estimating  the  root  of  the  equation 
M(x)  s  a  under  the  hypothesis  of  a  unique  root  and  a 
real  number  a.  The  problem  of  estimating  a  root  of  a 
given  regression  equation  is  discussed  In  the  following 
context:  suppose  for  every  real  value  x,  the  random 
variable  Y(x),  which  denotes  the  value  of  a  response  to 
an  experiment  conducted  at  a  controlled  level  x,  has 
the  unknown  distribution  function  H(y|  x)  and  the  regrea- 

r°° 

slon  function  M(x)  =  J  ydH(y|  x).  The  Robblns- 

-oo 

Monro  method  consists  of  taking  a  fixed  sequence  of 
positive  constants  |  a^j,  (n.>  1),  such  that 


h  an  =  °0’ 


n=  1 


ajj2  <  oo.  The  level  Xj  of  the  first 


experiment  Is  arbitrary.  Succeeding  levels  are  defined 
recursively  by  xn+j  =  +  an(  a_yn),  where  yn  denotes 

the  response  nt  level  xn,  a  random  variable  dependent 
only  on  x,,  and  having  the  distribution  function  H(y  |  x^. 
A  more  general  approach  to  stochastic  approximation 
is  considered  which  treats  the  approximation  as  a 
convergent  determlnstlc  procedure  with  a  superimposed 
random  element. 
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Columbia  U.  [Dept,  of  Mathematics]  New  York. 

ON  THE  HOMOLOGY  THEORY  OF  ABELIAN  GROUPS, 
by  S.  Eilenberg  and  S.  MacLane.  Apr.  1954,  17p. 
(Rept.  no.  CU-4  -54AF562)  ( [  AFlOSR-TN-54-88) 
(Sponsored  Jointly  by  [Air  Force  [Office  of  Scientific 
Research  under  AF  18(600)562  and  Office  of  Naval 
Research  under  Nonr-21800)  AD  35963  Unclassified 

This  report  continues  the  study,  by  tho  same  authors 
(Homology  theories  for  multipUcative  systems.  Trans. 
Amer.  Math.  Soc. ,  v.  71:  1951)  of  the  notions  of  "  con¬ 
struction"  and  "generic  acyclicity,"  and  applies  them 
to  the  homology  theory  of  classes  tt  of  abelian  groups 
and  their  generalizations.  For  these  a  "cuhlcal"  con¬ 
struction  Q(ir)  has  been  exhibited,  and  Its  generic 
acyclicity  proved.  Certain  gaps  in  the  earlier  results 
are  closed  In  this  paper,  which  defines  the  construction 
..  .A (tt),  and  establishes  its  generic  acyclicity.  (Con¬ 
tractor's  abstract) 
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Columbia  U.  [Dept,  of  Mathematics  1  New  York. 

ALGEBRAS  OF  COHOMOLOGIC  Ai  .LY  FINITE 
DIMENSION,  by  S.  Ellenberg.  M.iv  1954,  16p.  (Rent 
no.  CU-5-54AF5G2)  (  [  AF  lOSR-TN-54- 1321  IAF  1ft  ' 
(000)502)  AD  35902  UnclaU^d 

Let  A  be  an  algebra  over  a  field  K  with  (A:K)  <  «•  let 
N  be  the  radical  of  A;  let  r  =  A/N;  let  T*  be  the  algebra 
opposite  to  r;  letii  =  A  ®KP».  In  this  paper,  the 

following  results  are  established  within  the  framework 
of  the  Cartan-  Ellenberg  theory  (Homological  Aloehra 
Princeton  Univ.  Press,  1954):  Theorem  I.  Dimension 

A  —  loft  si  1 -  a A 


r. 


”,  ‘•'•n/'  iiiwrem  i, 

left  global  dimension  left  dimension 

Theorem  n.  If  r  is  separable,  then  dimension  A  *  left 
dimension  A  r.  Theorem  m.  If  dimension  A  is  finite 
then  r  is  separable.  (All  "dimensions"  are  to  be  under¬ 
stood  in  the  cohomologlcal  sense,  as  defined  in  "Homo- 
logical  Algebra.")  (Contractor's  abstract) 


COU.  07:003 


Columbia  U. 


[Dept,  of  Mathematics]  New  York. 


ON  THE  GROUPS  H  (ir,  n),  R.  METHODS  OF  COMPU- 
TATTON,  by  S.  Ellenberg  and  S.  MacLane.  July  1954, 

1  °P-  (ReP‘-  n°-  CU-0-54AF562)  (In  cooperation 

with  Chicago  U. ,  Ill.)  ([  AF]OSR-TN-54-185)  (AF  18- 
(000)502)  AD  40838  Unclassified 


I  Ins  is  a  continuation  of  previous  work  by  the  authors 
Ann  Math.,  v.  58:  55-100,  1953).  Methods  are  estab- 
u shed  for  the  group- invariant  computation  of  the  integral 
homology  group  Hn  k(n,  n)  regarded  as  functors  of  the 
Abelian  group  n.  The  main  interest  is  in  the  unstable 
case  k^n  where  the  functors  H  +  k(Tr,  n)  are  not 
additive  such  as 


H0(Trl  +  n2’  4)~I'8(V  4)  +  II8(ir2,  4)  +  n-jgn-j. 

The  reduction  from  tt  finitely  generated  to  tt  cyclic  in 
the  unstable  case  is  achieved  by  an  analysis  of  cross¬ 
effects  (the  term  ttjG&ttj  in  the  instance  above)  for 
arbitrary  nonadditive  functors.  For  ir  cyclic,  the 
complex  A(  rr,  n)  may  be  replaced  by  a  simple  complex 
which  is  finite  in  each  dimension.  This  guarantees  the 
computability  of  H„  +  k(n,  n)  for  tt  finitely  generated. 

I  he  program  is  carried  out  in  detail  for  k  <  5  and 
n~  except  for  Hyfir,  2).  Invariant  cohomology  re¬ 
sults  for  the  groups  IIn  +  k(ir,  n.  G)  are  also  obtalned 
for  kin,  k=  2,  3,  4,  and  5. 

:OU.  07:004 


-olumbia  U.  [Dept,  of  Mathematics ]  New  York. 

ON  THE  VOLUME  OF  SMOOTH  CONVEX  BOWES  IN 
HILBERT  SPACE,  by  E.  H.  Lorch.  July  1954,  29p 
refs.  (Rept.  no.  CU-7-54AF562)  ([  AF  ]  OSR-TN-54- 
194)  (AF  18(000)562)  AD  47850  Unclassified 


A  smooth  convex  body  K  is  defined  in  a  real  Hilbert 
-  -  spacell,  and  a  class  of  positive  definite  self-adjoint 
transformations  is  obtained  for  such  a  body.  These 
transformations  are  used  to  define  a  fundamental 
homeomorphlsm  in  H  which  leads  to  the  notion  of  the 
adjoint  body  K*.  The  volume  of  K*  Is  expressed  by 
means  of  an  Integral  of  a  function  of  an  infinite  product 
of  the  characteristic  values  of  the  self-ad  Joint  trans¬ 
formations.  The  calculated  volume  of  K*  is  that  of 
order  r  =  2;  the  classical  volume  corresponds  to  r  =  1. 
A  solution  is  presented  to  the  problem  of  finding  the 
volume  of  ellipsoids  in  H.  (ASTIA  abstract) 
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Columbia  U.  [  Dept,  of  Mathematics]  New  York. 

ON  THE  DIMENSION  OF  MODULES  AND  ALGEBRAS. 
I,  by  S.  Ellenberg,  M.  Ikeda,  and  T.  Nakayama. 

Sept.  1954,  13p.  (Rept.  no.  CU- 10- 54 AF562) 

[  AFOSR-TN-54-269]  (AF  18(600)502)  AD  67329 

Unclassified 


"  18  mat  the  alternative  characterizations 

of  algebras  of  cohomologlcal  dimension  £  n  which  are 
reported  by  Ikeda- Nagao- Nakayama  (Trans.  Amer. 
Math.  Soc. )  and  Ellenberg  (Comment.  Math.  Helv. )  are 
compatible  because  the  conditions  used  in  stating  the 
principal  results  of  the  2  papers  are  equivalent.  An 
example  of  an  algebra  over  an  arbitrary  ground  field  Is 
given  whose  cohomologlcal  dimension  Is  Infinite  but 
whose  Cartan  matrix  has  a  determinant  equal  to  -1. 

The  following  theorems  are  proved:  (1)  if  A  Is  a  K- 
algebra  over  a  field  K,  (A:K)  <  oo.-i'ls  a  2-slded  ideal 
contained  in  the  radical  N  of  A,  and  A'  =  A/JT,  then 
dim  A  <  A  +1.  dim  A’ ;  and  (2)  the  cohomologlcal 


dimension  of  any  absolutely  primarily  decomposable 
algebra  IsOorco. 


COU.  07:006 

Columbia  U.  [  Dept,  of  Mathematics]  New  York. 

ON  THE  DIMENSIONS  OF  MODULES  AND  ALGEBRAS, 
n.  FRODENIUS  ALGEBRAS  AND  QUASI- FRODENIUS 
RINGS,  by  S.  Ellenberg  and  T.  Nakayama.  Sept.  1954 
23p.  lncl.  refs.  (Rept.  no.  CU-9-54AF562)  [  AFOSR-’ 
TN-54  -  270 1  (AF  18(600)562)  AD  67330  Unclassified 

The  principal  results  are  given  by  the  following  theo¬ 
rems:  (1)  if  A  Is  Noetherian  or  satisfies  the  minimum 
condition  for  left  or  right  ideals,  thenTV  is  a  quasi- 
Frobenius  ring  If  and  only  If  it  is  left  self-injective  (a 
ring  which  when  regarded  as  a  left  A- module  Is  Injec¬ 
tive;  a  A-module,  A,  Is  said  to  be  injective  If  for  each 
monomorphism  «f:  A-*C  of  A-modules,  there  exists  a 
A-homomorphlsm  i]r:  C-»A  with  =  Identity)-  (2)  if 
A  is  a  Frobenius  algebra  and  K  is  quasi- Frobenius  (or 
K  Is  self-injective  and  A  is  Noetherian),  then  A  is  a 
quasi- Frobenius  ring;  (3)  is  A  =  Kfn),  where  tt  Is  a 
finite  group  of  order  r,  then  A  Is  symmetric,  dim  A  =  0 
r  k  =  K,  and  dim  A  r  oo  if  r  K  =  K. 
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Columbia  U.  LDopt.  of  Mathematics  ]  Now  York. 


A  STUDY  OF  A  CLASS  OF  STOCHASTIC  PROCESSES, 
PART  I,  by  D.  O.  Koopmam  Oct.  1055,  40p.  (Rept. 
no.  CU-54AF502)  ( [  AF  ]OSR-TN-55-349)  (AF  18(000)- 
5G2)  AD  75271  Unclassified 


The  stochastic  processes  studied  are  the  generalized 
stationary  transition  blrth-and-death  processes  given 
by  the  system  (1)  P;,(t)  =  Rn.  t(t)  -  (Rn  +  Ln)Pn(t)  + 

P  . 


n+1  ‘  n+l(f)  toRc^er  with  the  adjoint  system  (2)  Q'n(t)  = 


I. 

Ln  -  (Ln  f  Rn^Qn(f)  +  ^n-l^^  the  accents 

denote  t-dlffercntlatton.  Two  cases  are  studied.  In  one 


case,  n  runs  through  the  nonnegative  Integers;  in  the 
other  n  runs  through  all  Integers,  and  every  Rn  and  Ln 
Is  positive.  In  both  cases,  Rn  and  Ln  are  Independent 
of  t,  and  attention  Is  confined  to  nonnegative  solutions 
Pn(t)  and  Qn(t).  Necessary  and  sufficient  conditions  are 
obtained  for  the  uniqueness  of  the  Initial-value  problem 
for  (1)  and  for  (2).  These  conditions  are  expressed  as 
the  divergence  of  certain  triangular  series  formed  from 
the  coefficients  I^  and  L  .  An  analysis  Is  made  of  the 
stability  and  other  asymptotic  properties  of  the  system 
'  ‘  .a  1.  ai  u.u  possible 

change  away  from  unity  of  the  total  probability  2n  Pn(t). 
Doth  necessary  and  sufficient  conditions  are  given  for 
the  latter  ln  terms  of  the  coefficients.  When  the  co¬ 
efficients  satisfy  both  the  condition  for  change  away  from 
unity  of  the  total  probability  and  that  for  nonuniqueness 
of  the  initial-value  problem,  uniqueness  can  be  restored 
by  Imposing  on  the  solution  the  requirement  of  an  un- 
changLng  unit  total  probability. 


COU.  07:008 


Columbia  U.  [Dept,  of  Mathematics  1  New  York. 


A  STUDY  OF  A  CLASS  OF  STOCHASTIC  PROCESSES. 
PART  R,  by  D.  O.  Koopman.  Dec.  1955  [26lp.  (Rept. 
no.  CU-54AF562)  ([  AF  lOSR-TN- 55-448)  (AF  18(600)- 
562)  AD  90883  Unclassified 


The  equations  for  gene  ‘all zed  stationary  transition 
birth- and -death  processes  previously  discussed  (AFOSR- 
TN-55-349)  are  solved  by  the  application  of  continued 
fractions  to  the  Laplace  transforms  of  the  original 
equations.  This  method  is  shown  to  lead  to  the  same 
solutions  as  those  obtained  classically  by  successive 
approximations.  The  utility  of  Oils  alternate  proof  Is 
that  the  formulas  are  simpler  ln  certain  respects  than 
those  obtained  by  the  method  of  successive  approxima¬ 
tions,  and  the  results  throw  light  on  the  analytic 
character  of  pn.  ,x(s)  In  the  complex  variable  s,  reveal¬ 
ing  in  particular'  it.-,  asymptotic  properties  for  s  -*  0  and 
s  -»  ■  i,  from  winch,  with  the  aid  of  Tauberian  theo¬ 


rems,  those  of  the  minimal  Pm  n(t)  for  t  -*ooand  t  -*■  0 


can  bo  Inferred. 


COU.  08:001 


Columbia  U.  Dept,  of  Mechanical  Engineering,  New  York. 


ON  THE  VELOCITY  OF  SOUND,  by  H.  Dereslewlcz 
and  J.  H.  Weiner.  [  1950]  3p.  (AFOSR-TN-56-422) 
[AF  18(600)52]  AD  96503  Unclassified 


A  mathematical  analysis  of  Laplace's  correction  of 
Newton's  theoretical  value  of  the  velocity  of  sound 
shows  that  Inclusion  of  the  thermal  conductivity  effect 
ln  the  equations  of  motion  yields  first  approximation 
values  which  are  ln  accord  with  Laplace's  theory  only 
at  relatively  low  frequencies  of  motion.  As  tho  fre¬ 
quency  Increases  without  limit,  the  equations  yield  the 
Newtonian,  "Isothermal"  velocity  of  propagation. 
Laplace's  hypothesis  Is  correct  at  low  frequencies 
because  condensations  and  rarefactions  are  relatively 
slow,  and  the  long  time  available  for  the  establishment 
of  thermal  equilibrium  Is  counteracted  by  the  large 
distance  between  adjacent  condensations  and  rarefac¬ 
tions  traversed  by  the  heat;  at  high  frequencies  both 
the  time  and  the  distance  traversed  are  short.  Analysis 
of  the  time  and  distance  effects,  by  analogy  with  the 
problem  of  heat  flow  ln  slab,  shows  thermal  equilib¬ 
rium  to  be  established  rapidly  at  high  frequencies,  and 
slowly  at  low  frequencies  when  the  phase  velocity  rango 
Is  bounded  from  below  by  the  Newtonian  value  and  from 
above  by  the  Laplaclan.  The  exponential  variation  of 
spatial  amplitude  attenuation  as  the  square  of  the  Im¬ 
posed  frequency,  Indicating  an  Immediate  wave  decay 
at  very  high  frequencies,  Is  found  true  only  below  a 
certain  bound  of  the  frequency;  as  the  frequency  In¬ 
creases  without  limit  the  amplitude  attenuation  tends  to 
a  finite  value.  The  processes  at  high  and  low  fre¬ 
quencies  are  found  to  be  thermodynamically  reversible, 
since  at  both  limits  the  specific  damping  loss  tends  to 
zero. 


COU.  09:001 


Columbia  U.  [Dept,  of  Phys'csl  New  York. 


THE  MECHANISM  OF  ELECTRIC  CONDUCTIVITY  IN 
SEMICONDUCTORS,  METALS  AND  SUPERCONDUC¬ 
TORS,  by  L.  Drlllouln  and  M.  Payne.  Final  rept. 
Oct.  31,  1957,  18p.  incl.  dtngrs;  refs.  (Rept.  no. 
CU-4-56AF1600)  ( AFOSR-TN-50-542)  (AF  18(000)- 
1500)  AD  110381  Unclassified 


The  details  of  the  interaction  bp’ wean  tho  random 
elastic  waves  (caused  by  thermal  agitation)  ln  a  metal 
and  the  conduction  electrons  were  analyzed.  The  first 
zone  was  replaced  hv  a  sphere  v  th  a  radius  R  = 

-  r  S/a”,  where  5:  is  the  number  of 


atoms  ln  the  lattice.  V  Is  the  lvdice  volume,  and  r 


Is  the  radius  of  the  Ferm'  spbve.  To  compute  the’ 
effective  number  of  trapped  electrons,  the  assumptions 
were  made  that  the  trapped  electrons  do  not  Interact 
with  one  another,  a  given  wave  may  trap  many  elec¬ 
trons,  a  given  electron  may  be  trappao  by  many  waves, 
and  the  curve  (a)  which  represents  the  correction  for 
the  zero-order  expression  for  the  electron  energy  may 
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be  replaced  by  a  step  curve  about  k  (a  constant,  for  a 
given  metal).  The  criterion  for  superconductivity  was 
sou  ['lit  in  the  expression  which  represents  the  capacity 
of  the  waves  for  trapping  electrons,  P|r=  nN, 
where  njr  Is  the  total  effective  number  of  electrons 
trapped  by  wavee,  and  n  Is  the  number  of  free  electrons 
per  atom.  The  proposition  was  examined  that  pjr  >  1 
might  Imply  superconductivity  and  p  [r  <  1  might  Imply 
normal  behavior.  Computations  wero  made  on  the  basis 
of  expressions  for  n(r  and  An;r  (the  difference  between 
the  number  of  trapped  and  antitrapped  electrons).  The 
final  expression  for  p(r  depends  on  the  ratio  V/ N  and  on 
terms  In  various  powers  of  V.  The  numerical  values  of 
the  factors  Involved  In  p(r  failed  to  discriminate  between 
superconductors  and  normal  metals:  the  appearance  o! 

V  made  complcto  numerical  calculation  Impossible. 
Computations  failed  to  support  the  hope  that  pjr  would 
decrease  through  unity  at  the  critical  temperature  for 
superconductors.'  A  model  of  superconductivity  1r 
offered  which  Is  based  on  exchange  termB.  (ASTIA 
abstract) 


'U. 10:001 

'lumbla  U.  Electronics  Research  Labs.  ,  New  York. 

ANALYSIS  AND  SYNTHESIS  OF  SAMPLED-DATA 
CONTROL  SYSTEMS,  by  E.  1.  Jury.  Oct.  20,  1053, 
tv.  tncl.  diagre.  refs.  (Technical  ropt.  no.  T-l/B; 
rept.  no.  CU-2-53AF677-EE)  (AF  18(000)077) 

AD  20612  Unclassified 

The  theory  of  sampled-data  systems  using  the  method 
of  the  z- transform  Is  extended  and  clarified.  In 
particular,  the  equivalence  between  the  z-transform  In 
Its  closed  form  and  the  Infinite  summation  used  by  some 
investigators  Is  shown.  Important  characteristics  of 
the  pulsed  transfer  function  and  Initial  and  final  value 
theorems  are  developed  for  the  z-domaln.  An  extensive 
table  of  z-transform  pairs  covering  the  most  Important 
and  commonly  encountered  system  funettons  and  Input 
functions  Is  given.  The  technique  for  stabilizing  and 
shaping  the  pulsed  transfer  locus  Is  demonstrated.  In 
particular,  tho  application  of  linear  compensating  net¬ 
works  In  the  continuous  part  of  the  system  is  Investi¬ 
gated.  Design  criteria  are  obtained  which  relate  the 
transient  response  of  sampled-data  systems  and  the 
frequency  response.  The  effects  of  pole  location  and 
pole  dominance  are  developed.  The  problem  of  output 
ripple  Is  briefly  examined  Insofar  as  Its  effect  on  the 
transfer  loci  In  the  z-domaln  are  concerned.  The 
broad  objectives  of  design  of  sampled-data  systems, 
Including  transient  response  and  ripple,  are  Integrated 
and  design  procedures  are  outlined.  (Contractor's 
abstract) 

>U.  10:002 

lumbla  U.  Electronics  Research  Labs. ,  New  York. 

SAMPLED-DATA  PROCESSING  TECHNIQUES  FOR 
FEEDBACK  CONTROL  SYSTEMS,  by  A.  R,  Bergen  and 


COU,  10:00t  -  CCU,  10:003 


J.  R.  Ragazzlnl.  Nov,  10,  1053,  30p,  lncl.  dlagrs. 
tables.  (Technical  rept.  no.  T-2/B;  rept.  no.  CU-3- 
53AF077-  EE)  (AF  10(000)077)  AD  23441 

Unclassified 

Presented  at  general  meeting  of  the  Amer,  Inst.  Elec. 
Engineers,  Los  Angeles,  Calif. ,  June  21-25,  1054. 

Also  published  in  Applications  and  Industry,  No.  10: 
230-240,  Nov.  1054. 

Sampled  data  feedback  control  systems  are  becoming 
Increasingly  prominent  with  the  Introduction  of  digital 
computers  as  control  elements,  time- shared  data- 
transmisslon  links,  and  data-gatherlng  devices  such  as 
radars.  The  plant  which  1b  to  be  controlled  Is  generally 
represented  as  a  continuous  linear  device,  often  having 
transfer  lags.  Stabilization  and  shaping  of  a  feedback 
control  system  for  such  a  plant,  where  the  data  are 
sampled  at  one  or  more  points  In  the  system,  is  a 
central  problem.  Prior  methods  have  utilized  linear 
networks  inserted  In  cascado  with  the  plant  which 
shaped  the  plant  transfer  function  to  give  stable  and 
acceptable  performance.  An  alternate  method  Is  to 
process  the  data  samples  themselves  In  a  computer  or 
processing  unit  and  to  produce  an  output  pulse  sequence 
which  has  desirable  effects  In  stabilization  and  ..l..g 
of  the  over-all  response  of  the  system.  Such  a  unit  Is 
referred  to  as  a  Sampled-Data  Processing  Unit  which 
operates  by  storing  and  weighing  past  Input  andbutput 
samples,  and  combining  them  In  a  linear  manner. 

Using  such  a  device,  It  Is  possible  to  cause  the  re¬ 
sponse  of  a  system  to  conform  with  desired  specifica¬ 
tions.  Depending  on  the  plant  transfer  function,  cer¬ 
tain  Ideal  prototype  response  functions  can  be  achieved 
readily  In  most  cases  while,  In  other  cases,  amplitude 
limitations  and  considerations  of  stability  prevent  a 
perfect  realization  of  the  Ideal  prototype  response.  In 
any  case,  dead-beat  response  to  a  step  or  ramp 
function  can  always  be  achieved  regardless  of  tho  sys¬ 
tem.  Illustrative  examples  show  how  the  programs  for 
sampled-data  processing  units  can  be  obtained.  The 
Implementation  of  processing  units  of  this  type  can  be 
eiiher  analog  or  digital  In  form  but,  In  either  case,  a 
unit  will  not  be  required  to  store  more  than  a  finite  and 
generally  smalt  number  oi  past  data  samples  to  realize 
stable  and  desired  performance.  Its  engineering 
practicality,  as  well  as  the  relatively  superior  per¬ 
formance  which  can  be  achieved  by  Its  use,  makes  the 
Introduction  of  sampled-data  processing  technique 
desirable  even  In  certain  cases  where  the  system  Is 
otherwise  fully  continuous.  (Contractor's  abstract) 


COU.  10:003 

Colombia  U.  Electronics  Research  Labs. ,  New  York. 

ANALYSIS  OF  ERRORS  IN  SAMPI.ED-DATA  FEED¬ 
BACK  SYSTEMS,  by  J.  Sklansky  and  J.  R.  Ragazzlnl. 
Feb.  I,  1954,  15p.  lncl.  illus.  (Technical  rept.  r.o. 
T-3/B;  rept.  no.  CU-4-54AF677-EE)  [  AFOSR-TN- 

54-181  (AF  18(600)077)  AD  20978  Unclassified 

Preoented  al  general  meeting  of  the  Amer.  Inst.  Elec. 
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Engineers,  New  York,  Jan.  31-Feb.  4,  1955. 

Also  published  In  Applications  and  Industry  No.  18: 
65-71,  May  1955. 

The  system  error  In  sampled-data  feedback  systems 
resulting  from  the  application  of  a  test  function  is  an 
important  design  parameter.  The  system  error  is  de¬ 
fined  as  the  difference  between  the  actual  output  of  the 
system  and  the  desired  output.  There  are  two  com¬ 
ponents  which  contribute  to  this  error:  one  called 
organic  error  is  brought  about  by  the  system  energy 
storages,  and  the  other  called  ripple  is  brought  about 
by  the  sampling  process.  Formulation  of  the  system 
error  is  obtained  by  the  application  of  the  Laplace  and 
z- transformation.  Both  the  system  error  time  function 
in  intersampling  times  and  the  rms  system  error  are 
formulated  in  terms  of  the  system  parameters.  Illus¬ 
trative  examples  demonstrate  the  theory.  (Contractor's 
summary) 


COU.  10:004 

Columbia  U.  Electronics  Research  Labs. ,  New  York. 

A  MATHEMATICAL  TECHNIQUE  FOR  THE  ANALYSIS 
OF  LINEAR  SYSTEMS,  by  J.  R.  Ragazzini  and  A.  R. 
Bergen.  Mar.  15,  1954,  12p.  illus.  (Technical  rept. 
no.  T-4/  B;  rept.  no.  CU-5-54AF677-  EE)  ([AFlOSR- 
TN- 54-43)  (AF  18(600)677)  AD  30350  Unclassified 

Also  published  in  Proc.  Inst.  Radio  Engineers,  v.  42: 
1645-1651,  Nov.  1954. 

Tin  z  transb.miitMi  Mgb.aily  IcVtb/p-J  Fhf  the 
analysis  and  synthesis  of  sampled  data  systems  was 
applied  to  numerical  solutions  of  continuous  linear  sys¬ 
tems.  The  introduction  of  sampling  at  some  convenient 
point  was  incorporated  in  a  model  ol  the  continuous 
'inear  system.  The  sampled  time  function  is  recon¬ 
structed  into  a  polygonal  approximation  by  means  of  a 
holding  operator.  Tire  output  ot  tin.  system  tstourptttcd 
as  a  train  of  impulses  which  give  the  values  of  the  out¬ 
put  at  sampling  instants;  both  analytical  and  arbitrary 
outputs  can  he  handled  by  this  model.  The  errors  In  the 
output,  which  result  by  making  computations  on  the 
sampled  model  rather  than  on  the  actual  system,  are 
obtainable  by  the  application  of  a  procedure  similar  to 
that  of  the  main  computation.  Theoretical  predictions 
concerning  the  error  produced  by  the  model  were  within 
very  close  tolerance  to  the  actual  error  In  an  example 
using  feedback. 


COU.  10:005 

Columbia  i  Electronics  Re*».ir>.ji  l.abs.  ,  New  York. 

Li  .NEAR  FILTERING  OK  SAMPLED  DATA,  by  G. 
Franklin.  Dec.  1,  1954,  27p.  incl.  diagrs.  (Technical 
rept  no.  T  5  B:  rept.  no.  CU- 7- 54  AF677- EE)  (  AF 
OSH  TN  55  2')  (AF-  18(600)677,  AD  57247 

Unclassified 


An  application  of  least  squares  filtering  theory  is  made 
to  situations  where  a  time  stationary  random  message 
and  additive  noise  are  sampled  before  being  filtered. 
Such  a  situation  might  possibly  occur  with  a  pulsed 
radar  or  data  link  or  In  a  system  where  an  Instrument 
measures  only  samples.  The  transfer  function  of  the 
filter  obtained  from  this  application  of  the  theory  is 
usually  a  product  of  2  terms,  one  of  them  rational  In  s 
and  the  other  rational  in  e8^,  where  s  is  the  complex 
frequency  and  T  is  the  sampling  period.  The  first 
term  represents  a  network  of  lumped  R,  L,  and  C 
elements,  while  the  second  term  has  the  form  of  a 
linear  program  on  a  digital  computer.  (Contractor's 
abstract) 


COU.  10:006 

Columbia  U.  Electronics  Research  Labs. ,  New  York. 

THE  OPTIMUM  SYNTHESIS  OF  SAMPLED-DATA 
SYSTEMS,  by  [G.  Franklin!.  May  2,  1955,  81p. 
incl.  diagrs.  refs.  (Technical  rept.  no.  T-6/B;rept. 
no.  CU-  10-55AF677-EE)  ( [  AF  lOSR-TN-55-140) 

(AF  18(600)677)  AD  67031  Unclassified 

A  derivation  is  presented  of  the  optimum  transfer 
functions  in  the  least  squares  sense  for  a  particular 
class  of  sampled-data  systems.  These  are  singled- 
looped,  linear,  error- sampled,  feedback  systems. 

The  criterion  of  performance  on  wnich  the  derivations 
are  based  is  the  mean  squared  error  between  the  actual 
output  and  the  desired  output  at  a'l  instants  of  time. 

This  criterion  is  applicable  to  those  systems  which 
must  produce  a  continuous  signal  from  sampled  data. 

Tv*  typrA  of  'npiuls  wi  t  ftftflNeWL'  e’tlu  r  ihr  14f*< 
is  the  sum  of  a  random  message  and  noise,  or  it  is  a 
deterministic  signal  which  is  known  for  all  time.  The 
system  was  considered  as  a  filtering  and  as  a  control 

pTjtAem.  l  i  i  Hit  illte.il. g  pliAAem,  Hit-  unly  i  tSil  it  - 

tion  on  tiie  system  was  physical  realizability,  and  the 
solution  was  the  specification  ol  the  entire  transfer 
fcuicth'-,,  F\jr  IH  Cv  itred  pivbUm  Un- «y*U»i  xwe 
considered  to  have  a  specified  continuous  component 
or  plant,  and  the  solution  specified  the  transfer  function 
of  the  optimum  controller  for  this  point.  An  analysis  is 
included  of  sampled  signals  v/i th  an  extension  to  the 
analysis  of  sampled  random  signals.  A  method  is  out¬ 
lined  for  the  control  of  plants  which  are  open- loop 
unstable  so  that  some  of  the  optimum  filters  which  are 
derived  can  be  realized  without  approximation.  (AST1A 
abstract) 
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Columbia  U.  Electronics  Research  Labs.  ,  New  York. 

NETWORK  COMPENSATION  OK  ERROR  SAMPLED 
FEEDBACK  CONTROL  SYSTEMS,  by  J.  Sklansky. 
Apr.  1,  1955  89  p.  incl.  diagrs.  refs.  (Technical 

rept.  no.  T  7  H;  rept.  no.  CU  11  •  55AF677- EE) 

(  AF  ’OSH  TN  55  162)  (AF  18(00)677)  41)  72852 

Unclassified 
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Two  techniques,  believed  to  be  new,  for  designing 
lumped  parameter  networks  to  compensate  error- sam¬ 
pled  feedback  control  systems  have  been  developed.  In 
one  technique  compensation  by  means  of  a  network 
placed  in  cascade  with  the  fixed  part  of  the  system  is 
considered.  When  this  technique  is  in  its  simplest 
form,  an  approximation  is  employed  in  which  direct  use 
is  made  of  both  the  pulsed  loop  transfer  locus  of  the 
uncompensated  system  and  the  ordinary  transfer  locus 
of  the  compensating  network.  In  addition,  there  exists 
a  way  of  making  a  rough  and  relatively  quick  evaluation 
of  the  error  involved  in  the  approximation.  In  the  other 
technique,  R-C  networks  form  the  principal  components 
in  some  relatively  simple  circuitry,  called  "pulsed 
networks,  "  which  perform  the  same  function  as  more 
complicated  digital  computers  or  sampied-uata 
processing  units;"  thus,  a  pulsed  network  can  act  as  a  c 
compensating  device  for  a  sampled-data  feedback 
system.  Sonvt  basic  but  ML  ,  .0  blocks  are  described  with 
which  pulsed  R-C  networks  can  be  synthesized  to  realize 
ar.y  rational  pulsed  transfer  function  which  is  at  all 
physically  realizable.  The  theory  is  substantiated  by  3 
illustrative  examples.  (Contractor's  abstract) 


COU.  10:008 

Columbia  U.  Electronics  Research  Labs. ,  New  York. 

FACTORS  IN  THE  DESIGN  OF  DIGITAL  CONTROLLERS 
FOR  SAMPLED-DATA  FEEDDACK  SYSTEMS,  by  J.  E. 
Dertram.  Aug.  15,  1955,  33p.  lncl.  dlagr3.  tables. 
(Technical  rept.  no.  T  8/D;  rept.  no.  CU-12-55AF677 
EE)  ((  AF  ^SR-TN-aS-SOO)  (AF  18(600)677) 

AD  78895  Unclassified 

Also  published  in  Trans.  Amer.  Inst.  Elec.  Engineers, 
v.  75:  151  159,  July  1956. 

This  study  Is  an  extension  of  the  design  procedure  pro 
posed  by  Bergen  and  Ragazzinl  for  error- samoled  con 
trol  systems  ("  Sampled-Data  Processing  Techniques 
for  Feedback  Control  Systems,  "  Trans.  Amer.  Inst. 
Elec.  Engineers,  v.  73:  1954).  Restrictions  on  the 
specification  of  the  over  all  transmission,  K*(z), 
caused  hy  steady- state  error  considerations  and  the 
Inability  to  cancel  poles  perfectly  and  zeros  of  the  plant 
on  or  outside  the  unit  circle  are  discussed.  A  design 
procedure  which  Includes  these  restrictions  is  presented 
in  addition,  it  is  shown  that  where  the  input  may  take 
different  forms  it  is  desirable  to  have  lv*(z)  a  ratio  of 
polynomials  rather  than  a  finite  polynomial  in  . 

Several  examples  utilizing  the  specified  design  procedure 
are  given.  (Contractor's  abstract) 
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Columbia  U.  Electronic s  Research  Labs.  New  York 

I  DIGITAL  COMPENSATION  OF  CONTINUOUS  DATA 

FT  EDI  SACK  CONTROL  SYSTEMS,  by  K  K  M.Utr.i  and 
l'  FI.  Sarachik.  Aug  3(\  1955.  40p.  inci  diagrs. 
Technical  re;-!,  no.  T-9  tl:  rept  m  Cl  If*  55AF’677 
FT.  (  AF  OSH  ’IN  55  377)  (AF  l.-ife  0/077) 


AD  81356  Unclassified 

Also  published  in  Trans.  Amer.  Inst.  Elec.  Engineers, 
v.  75:  107-116,  May  1956. 

Methods  are  suggested  of  employing  digital  computers 
for  compensating  continuous  data-feedback  systems 
functioning  as  control  systems  or  as  regulators.  The 
term  compensating  is  used  to  imply  that  no  attempt  is 
made  to  use  the  digital  compensator  to  stabilize  an 
inherently  unstable  system  but  only  to  improve  the 
dynamic  performance  of  the  system  in  terms  of  rise 
time,  maximum  overshoot,  or  settling  time.  Two 
classes  of  systems  are  considered:  duplicators  which 
are  control  systems  with  either  unity  or  constant  gain 
in  uie  teeabacK  line  ana  regulators.  in  tne  duplicator 
problem,  the  system  is  required  to  follow  the  reference 
input  with  no  steady- state  error  with  the  fastest  pos¬ 
sible  ri&fc  time  n.i.Amum  uVtTshcxA.  U.  rvgi 
lator  system,  the  output  to  any  suddenly  applied  dis¬ 
turbance  is  required  to  decay  rapidly  with  no  overshoot. 
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Columbia  U.  Electronics  Research  Labs. ,  New  York. 

THE  ANALYSIS  OF  MULTIPLE- RATE- SAMPLED 
SYSTEMS,  by  G.  M.  Kranc.  Nov.  15,  1955,  37p.  incl. 
diagrs.  table.  (Technical  rept.  no.  T-ll/B;  rept. 
no.  CU-17  55AF677-EE)  ( [  AF  lOSR-TN-56-2) 

(AF  18(600)677)  AD  84868  Unclassified 

The  analytical  technique  described  in  this  mathematical 
study  makes  It  posslhle  to  study  the  behavior  of 
sampled-data  systems  containing  switches  which  do  not 
operate  at  the  same  sampling  rate.  Once  the  closed- 
form  Z- transform  of  the  output  of  such  systems  Is 
obtained,  standard  tools  of  sample  data  theory  can  be 
applied  to  deal  with  problems  of  stability  and  perform¬ 
ance.  The  amount  of  necessary  computations  depends 
on  the  actual  values  of  the  Integers  p  and  q.  It  Is 
obvious  from  the  general  expressions  derived  that  the 
higher  the  valneB  the  more  computational  labor  Is 
necessary.  This  becomes  especially  serious  In  the 
general  case,  treated  In  the  section  on  "General 
Case,"  where  it  is  shown  that  p  or  q  (whichever  is 
smaller)  simultaneous  equations  have  to  he  solved. 
Computational  labor  could  be  reduced  by  the  use  of 
suitable  computers  or  the  use  of  approximations.  Thus, 
ii  seems  passible  to  approximate  the  ratio  if  |ij/qj, 
where  pj  and  q  .  ire  liolh  large  integers,  hy  another 
ratio,  q  -.vEero  |  .,  and  q^  are  small  integers. 

Such  aosioxi uiatums  increase  tin-  usefulness  of  the 
desrnhi-.i  technique.  (Contractor abstract) 

COU.  10:01 1 

Columbia  C  Electronics  Research  Labs.  .  New  York. 

A  TECH  NT  Ql  F  FOR  THE  ANALYSIS  Or'  TIME  VARY 
1NG  SAMIT.l  l)  IJ  VI  A  SYSTEMS,  by  IT  FTiedland 
Sept.  1  \  21p  incl  diagrs.  table.  (Technical 
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l-ept.  no.  T-10/B;  rept.  no.  CU- 16-55 AF677- EE) 

([  AF]OSR-TN-56-4)  {AF  18(600)677)  AD  89258 

Unclassified 

Also  published  in  Applications  and  Industry,  No.  28: 
407-411,  Jan.  1957. 

A  method  of  analyzing  time- varying  sampled-data 
systems  is  developed.  It  is  shown  that  the  input-output 
relation  for  a  component  of  such  systems  may  be  re¬ 
garded  as  a  matrix  equation.  The  relations  for  combina¬ 
tions  of  elements  are  developed,  from  which  the  trans¬ 
mission  matrix  for  an  entire  system  can  be  found  by  the 
simple  operations  of  matrix  multiplication  and  solution 
of  linear  algebraic  equations.  A  numerical  example 
illustrating  the  technique  is  given.  A  method  ior  im¬ 
proving  the  performance  of  a  sampled-data  feedback 
system  by  means  of  a  time- varying  amplifier  is  given 
as  a  further  illustration  of  the  technique.  A  numerical 
example  is  presented.  (Contractor's  abstract) 


COU.  10:012 

Columbia  U.  Electronics  Research  Labs. ,  New  York. 

MULTIPOLE  SAMPLED-DATA  CONTROL  SYSTEMS, 
by  H.  Freeman.  Sept.  30,  1955,  42p.  incl.  dlagrs. 
refs.  (Technical  rept.  no.  T-12/B;  rept.  no.  CU-19- 
55AF677-  EE)  (AFOSR-TN-56-81)  (AF  18(600)677) 

AD  81534  Unclassified 

A  detailed  discussion  Is  presented  of  a  method  for 
designing  a  multipole  control  system  so  as  to  permit 
noninteracting  control  of  any  output  by  Its  corresponding 
input.  This  method  eliminates  the  coupling  inherent  In 
such  systems  to  permit  application  of  well-known  single¬ 
input,  single-output  system  techniques.  The  treatment 
is  from  the  sampled-data  point  of  view  because  of  the 
ease  with  which  complicated  transfer  functions  may  be 
realized  with  a  digital  computer.  Although  the  method 
applies  equally  well  to  continuous- data  systems,  it  is 

not  without  limitations.  Ctliuin  i  eatrietiuhS  must  bo 

placed  on  the  over  all  response  If  the  plant  determinant 
(P)  has  zeros  or  any  of  the  elements  of  P  have  poles  in 
die  extwrkr  of  the  urlt  circle  pi  t be  »  [  1»  e,  Ar. 
example  is  presented  of  the  design  of  a  controller  for 
a  system  having  3  inputs  and  2  outputs. 


COU.  10:013 

Columbia  U.  Electronics  Research  Labs.  .  New  York. 

TRANSFORMATION  TECHNIQUES  FOR  TIME- 
VARYING  SAMPLED  DATA  SYSTEMS.  by  B.  Eriedland. 
.fun.  2,  1956.  42p.  incl.  diagrs.  (Technical  rept.  no. 

T  13  11:  rept.  no.  CU-20  56AE077  EE)  (AEOSR-TN 
56  175)  (AE  18(000)677)  AD  86597  Unclassified 

Cont|)onents  of  tune  varying  sampled-data  systems  are 
characterized  by  time  variable  transmission  functions 
if  the  form  II  ,n.  z).  A r  operational  method  for  (lilt. lining 
the  r-s|«>!t.se  of  feedback  systems,  when  the  transmission 


functions  for  all  components  are  known,  is  presented. 
This  method  leads  to  a  differential  or  functional 
equation  for  the  Z- transform  of  the  required  response. 
W-transforms,  similar  to  Z- transforms,  are  defined 
and  used  to  obtain  the  transmission  function  for  a 
cascade  of  components.  The  W-transform  method  is 
also  used  to  find  the  response  of  feedback  systems. 
Slowly-varying  systems  are  considered,  and  ai  approx¬ 
imation  which  simplifies  analysis  ior  such  systems  is 
suggested.  The  final  value  theorem  for  fixed  systems 
is  extended  to  systems  whose  asymptotic  behavior  is 
known.  It  is  shown  that  for  a  class  of  systems  the 
asymptotic  behavior  can  be  easily  determined.  Sta¬ 
bility  of  time-varying  systems  is  considered.  (Con¬ 
tractor's  abstract) 


COU.  10:014 

Columbia  U.  Electronics  Research  Labs. ,  New  York. 

MULTI-RATE  SAMPLED  SYSTEMS,  by  G.  M.  Kranc. 
May  7,  1956,  95p.  incl.  diagrs.  tables,  refs.  (Tech¬ 
nical  rept.  no.  T-14/B;rept.  no.  CU-22-56AF677- 
EE)  (AFOSR-TN-56-242)  (AF  18(600)677)  AD  88362 

Unclassified 

The  following  contributions  to  the  theory  of  sampled 
systems  are  presented:  (1)  a  method  for  the  analysis 
of  multirate  sampled  systems  (defined  as  systems 
with  switches  operating  at  different  sampling  rates); 
and  (2)  a  method  of  compensation  of  an  error- sampled 
feedback  system  by  means  of  a  multirate  controller. 

The  analysis  procedure  extends  the  methods  of  Z- 
transforms  to  multirate  systems,  ar.d  Its  only  theo¬ 
retical  limitation  Is  that  the  sampling  rates  of  these 
systems  should  be  constant  and  related  by  a  rational 
number.  Sampling  periods  of  each  switch  are  first 

expressed  in  the  form  T/  pj . T/  pn,  where 

Pj . pn  are  generally  different  integers.  Each 

switch  is  replaced  by  a  system  of  switches  and  advance 
and  delay  elements,  where  each  switch  operates 

and  with  a  per  led  T .  TUt  tve'mlpso, 
which  is  referred  to  as  the  switch-decomposition 
method,  leads  In  the  general  feedback  case  to  a  func- 
11  jrul  rputl  jn  wtuisr  sulull  n  •%  antl‘r*>d  TUP  phan¬ 
tom  switch  method  which  was  developed  previously 
for  multirate  systems  with  sampling  rates  related  by 
an  Integer  is  extended  to  cover  the  general  case.  Some 
of  the  multirate  techniques  developed  for  the  process 
of  analysis  are  applied  to  the  synthesis  of  a  multirate 
controller,  a  pulsed  network  which  In  response  to  Input 
samples  at  time  t  O,  T,  2T, . . .  produces  output  sam¬ 
ples  al  time  t  O,  T  n,  2T/n .  (n  is  an  integer) 

any  output  sample  being  a  linear  combination  of  the 
past  and  present  inputs  and  outputs.  The  multirate 
controller,  which  Is  used  to  compensate  an  error 
“  impled  feedback  system,  has  two  advantages  over  lis 
single- rate  predecessor;  it  minimizes  the  Intersampling 
ripple  and  improves  the  rise  time  of  the  system. 
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COU.  10:015 

Columbia  U.  Electronics  Research  Labs. ,  New  York. 

A  TWO  DIMENSIONAL  FEEDBACK  CONTROL  SYSTEM, 
by  P.  [  E.  ]  Sarachlk  and  J.  R.  Ragazzini.  Aug.  15, 
1956,  24p.  incl.  diagrs.  (Technical  rept.  no.  T-16/B; 
ft.pt.  m.  CU-2S-SCAFC77-  EE)  (APOeh-TN-SG-iCS) 

(AF  18(600)677)  AD  97369  Unclassified 

The  class  of  control  systems  whose  objective  is  to  con¬ 
trol  jukI  n.aii.tiii.  a  rtlatkriflWp  tetwat;.  several  dtn.ei. 
sions  (time,  spatial  or  both)  is  discussed  In  the  two 
dimensional  case.  The  system  is  synthesized  by  regula¬ 
ting  the  movement  of  the  open-cycle  system  with  that  of 
the  closed -cycle  system.  The  dimensions,  x  and  y, 
must  maintain  such  a  relationship  that  an  error  in  y 
affects  x  and  y,  preferrably  through  a  functional  rela¬ 
tionship  obviating  programming  or  externally  adjusting 
the  system.  The  cross-coupling  of  the  outputs  aims  at 
slowing  the  motion  in  one  dimension  while  speeding  it  up 
In  the  other,  when  the  error  tends  to  become  too  large 
for  the  appropriate  two-dimensional  space  curve.  For 
higher  order  systems,  approximate  linear  small  signal 
methods  with  computer  studies  are  recommended  for 
Contour  cutting  tool  Controls  arid  other  applications. 


COU.  10:016 

Columbia  U.  Electronics  Research  Labs.  ,  New  York. 

AN  EXTENDED  ANGULAR  RANGE  DIRECT  READING 
PHASEMETER,  by  S.  Bigelow  and  J.  Wuorlnen.  Sept. 
20,  1956,  20p.  incl.  diagrs,  refs.  (Technical  rept.  no. 
T- 17/  B,  rept.  no.  CU-27- 56AF677-  EE)  (AFOSR-TN- 
56568)  (AF  13(609)677)  AD  11031,9  ft  classified 

Most  commerical  phasemeters  are  designed  to  measure 
angles  from  360°  lagging  to  360°  leading.  This  range  is 
"ftuially  euvcrnl  In  a  nuiulu  r  <J  tv  g-,,.  j  -  m  vri  of 
switching  arrangement  providing  for  a  desired  segment. 
A  specialized  analog  computer,  the  Complex  Plane 
Scanner,  was  desired  to  be  capable  of  following  slow 
changes  in  phase  between  two  400- cycle  per  second 
sinusoids.  This  meter  is  developed  capable  of  measur¬ 
ing  angles  of  from  540°  lagging  to  540°  leading  (upper 
limit  720°  lagging  to  720°  leading)  in  one  continuous 
range  without  range  switching  or  output  ambiguity.  The 
accuracy  Is  i  1"  for  the  angular  range  and  0.  1  to  100 
volts  for  the  input  amplitude.  Modifications  for  use  at 
other  frequencies  are  suggested. 


COU.  10:017 

Columbia  U.  Electronics  Research  Labs.  ,  New  York. 

T11E  SYNTHESIS  OF  MULT11“01.E  CONTROL  SYSTEMS, 
by  II.  Freeman,  Apr.  24,  1956,  74p.  incl.  diagrs.  refs. 
( Technical  rept.  no.  T  15  IV  rept.  no.  CU  24  56AF677- 
EE)  ( AFOSlt  TR  56  26)  (AF  18(600)677)  Ai)  90006 

Unclassified 

A  method  is  presented  for  the  direct  synthesis  of  multi 


pole  control  systems,  i.e. ,  control  systems  having  a 
multiplicity  of  inputs  and  controlled  outputs.  Former¬ 
ly,  the  synthesis  of  such  systems  had  to  be  carried  out 
by  laborious  trial- and- error  studies  on  analog  comput¬ 
ers.  The  method  described  here  permits  the  straight¬ 
forward  design  of  multipole  control  systems  in  a 
manner  similar  to  that  presently  possible  for  single- 
input.,  single  output  systeh.s.  Only  linear  systems  art 
considered.  The  method  is  presented  from  the 
sampled-data  point  of  view,  without,  however,  sacri¬ 
ficing  any  generality.  A  canonical  form  of  multipole 
c.i  i.trvl  system  Is  de&iasl  a,id  tin.  basic  requirement!! 
to  achieve  control  action  are  established  for  such  a 
system.  An  analysis  is  given  of  the  factors  which 
affect  system  stability  together  with  a  technique  for 
stabilizing  systems  having  plants  with  unstable  ele¬ 
ments.  It  is  shown  that  a  system  may  be  synthesized 
to  have  any  arbitrary  input-output  transformation  and 
output  transient  responses,  subject  only  to  certain 
restrictions  imposed  by  the  requirements  for  stability 
and  the  use  of  physically  realizable  components.  The 
concept  of  error  coefficients  Is  extended  to  multipole 
systems  by  the  definition  of  an  error  coefficient  tensor. 
This  permits  the  design  of  systems  having  steady- state 
errors  of  prescribed  magnitude  for  given  test-function 
inputs.  Equations  art  developed  width  ptrtrril  tl.e 
explicit  solution  for  the  required  controllers  In  terms 
of  the  given  plant  and  the  desired  over- all  responses. 

A  detailed,  illustrative  example  is  worked  out  involving 
the  design  of  a  control  system  required  by  a  motor 
manufacturer  for  the  rapid  testing  of  motor-alternator 
sets  coming  off  a  production  line. 


COU.  11:001 

Columbia  U.  Electronics  Research  Labs. ,  New  York. 

SYNTH  ESS  OF  NONIJNEAR  TRANSFER  CHARACTER- 
ISllfS  WITH  TASlEVE  RESIST  ANTE  NETWORKS  by 
R.  J.  Schwarz.  Sept.  15,  1954  ,  37p.  incl.  diagrs. 
tables.  (Technical  rept.  no.  T-1/F:rept.  no.  CU-4- 
54  AF962-  EE)  (AF  18(600)962)  AD  52449 

Unclassified 

A  method  <s  described  for  obtaining  approximately  a 
specified  nonlinear  characteristic  by  means  of  passive 
resistance  ladder  networks  using  nonlinear  resistive 
elements  of  known  characteristic.  The  method  assumes 
only  that  the  voltage  current  characteristic  of  the  non¬ 
linear  elements  can  be  reversed.  The  network  param 
eters  are  obtained  by  minimizing  the  mean  square 
error  or  the  mean  square  relative  error  of  the  required 
input  relative  to  the  Ideal  input  for  the  desired  output. 
The  accuracy  and  the  dynamic  range  over  which  the 
desired  characteristic  can  be  obtained  depend  on  the 
complexity  of  the  network  configuration  chosen.  Ladder 
structures  are  considered  in  which  elth-r  all  elements 
may  be  nonlinear,  or  only  the  shunt  or  the  series  ele¬ 
ments  are  made  nonlinear.  Tile  input  output  relation¬ 
ships  for  one  - ,  two-,  and  three- section  ladder  struc - 
tures  In  which  the  nonlinear  elements  are  Ihyrlle 
resistors  with  a  current- voltage  characteristic  !  ae" 
are  given  in  a  table.  These  relationships  are  also  given 
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for  several  combinations  of  numerical  values  of  the 
exponent  n.  The  method  is  illustrated  by  applying  the 
procedure  to  the  synthesis  of  a  logarithmic  output-input 
characteristic  for  several  input  dynamic  ranges.  (Con¬ 
tractor's  abstract) 


COU.  11:002 

Columbia  U.  Electronics  Research  Labs.  ,  New  York. 

COMPLEX  PLANE  SCANNER:  AN  ANALOG  COM¬ 
PUTER,  by  C-  [  M.  j  Kranc,  P.  Mauzey,  and  J. 
Wuorlnen.  Aug.  1,  1955,  71p.  incl.  diagrs.  refs. 
(Technical  repl.  no.  T-2/F;  rept.  no.  CU-8-55AF962- 
EE)  ([  AF^SR-TN- 55-261)  (AF  18(600)962) 

AD  72853  Unclassified 

This  report  reviews  the  theory,  indicates  the  applica¬ 
tions,  and  describes  certain  specific  circuits  of  a 
special  type  of  electronic  analog  computer  which  uses 
sinusoidal  voltages  as  analogs  of  phasors  lr.  the  complex 
plane.  The  circuits  which  make  up  the  heart  oi  ‘he  com¬ 
puter,  its  central  unit,  are  explained  in  detail.  This 
unit  receives,  as  inputs,  the  complex-frequency  varia¬ 
ble  s  in  addition  to  the  location  of  each  pole  and  zero 
of  the  function,  F(s),  being  investigated.  Its  outputs 
are  2  slowly  varying  voltages,  one  representing  the 
phase  and  the  other  the  logarithm  of  ihe  magnihide  of 
F(s)  as  s  takes  various  positions  in  the  complex  plane. 
Thus,  for  example,  if  s  is  restricted  to  the  imaginary 
axis  (s  =  j  o)  the  cutputs  will  be  slowly  varying  vcltages 
representing  the  phase  and  the  logarithm  of  the  magni¬ 
tude  of  F(s)  as  functions  of  frequency.  Multiplication 
and  division  are  required  to  obtain  the  magnitude  of 
F(s).  These  operations  are  converted  to  addition  or 
subtraction  (or  summing  and  sign-changing)  by  the  use 
of  logarithms.  Pulse  techniques  are  used  to  obtain  the 
phase  information  as  a  slowly  varying  voliage.  The  re¬ 
mainder  of  the  computer  consists  of  the  Input  unit  which 
provides  the  variable  s  and  the  output  unit  which  proc¬ 
esses  the  voltages  from  the  central  unit  Into  a  conveni¬ 
ent  form  for  the  type  of  display  desired.  Results  of 
performance  tests  on  portions  of  the  system  are  in¬ 
cluded.  (Contractor's  abstract) 


COU.  11:003 

Columhta  U.  Electronics  Research  Labs.  ,  New  York. 

RESEARCH  IN  DESIGN  TECHNIQUES  FOR  CONTROL 
SYSTEMS  I1Y  ELECTRONIC  SIMULATION  OF  THE 
coVI’l  FX  PI  Cffi  by  S  FeaUer  aid  J  Wuunutn 
Interim  Final  rept.  (Oct  1,  1953  May  31,  1956. 

June  30,  1956,  23p.  Incl.  diagrs.  refs  (Rept 
IF  110;  rept.  no.  CU-13  56AF902-EE)  (AFOS1  IK- 
50  64)  (AF  18(6001962)  AD  154426  Unclassified 

This  report  covers  research  done  on  the  Complex  Plane 
Scanner  (Cf’S).  Specifically,  study  was  made  of 
methods  of  applying  hie  scanning  of  the  complex  plane 
to  *he  solution  of  various  problems  occurring  in  linear 
systems  and  of  Implementation  of  such  scanning  in 
electronic  form  Displays  useful  In  engineering  design 


problems  were  developed.  The  theory  of  an  electronic 
analog  method  of  scanning  the  complex  plane  Is  outlined 
and  applications  of  this  theory  are  indicated.  The  CPS, 
an  analog  computer,  the  operation  of  which  is  based 
on  this  method  is  described.  System  block  diagrams 
and  waveforms  are  Included.  (Contractor's  abstract, 
modified) 


COU.  12:001 

Columbia  U.  Guggenheim  Inst,  of  Flight  Structures, 

New  York. 

FATIGUE  IN  AIRCRAFT  STRUCTURES;  PROCEEDINGS 
OF  THE  INTERNATIONAL  CONFERENCE  HELD  AT 
COLUMBIA  U.  ,  JAN.  30,  31  AND  FEB.  1,  1956,  ed.  by 
A.  M.  Fruedenthal.  1956,  456p.  incl.  lllus.  diagrs. 
tables,  refs.  [  AF  18(600)898,  Task  R  ]  TL698.  U52 

Unclassified 

The  full  text  of  all  papers  presented  at  the  International 
Conference  on  Fatigue  in  Flight  Structures  are  offered 
in  this  volume.  The  purpose  oi  the  conference  was  to 
bring  together  the  physisists  and  physical  metallur¬ 
gists,  the  test  engineers  and  aircraft  designers  con¬ 
cerned  with  the  problem  of  the  effect  of  metal  fadgue 
on  the  performance  and  safety  of  modern  aircraft, 
both  civilian  and  military,  American  and  foreign,  in  an 
attempt  to  bridge  the  gaps  existing  between  these  groups 
and  to  stimulate  the  work  on  the  various  aspects  of 
fat'gue  by  exchange  of  information  and  results  of  re¬ 
cent  research  between  workers  in  the  various  groups. 
Each  day  of  the  conference  was  devoted  to  one  of  the 
three  principal  aspects  of  fatigue  in  aircraft  structures: 
physical  theories  of  fatigue,  prediction  of  fatigue  life 
and  fatigue  strength,  and  prevention  of  fatigue  failure. 
The  subject  of  the  papers  range  from  a  discussion  of 
the  fatigue  mechanism  on  the  submlcroscoptc  scale  In 
terms  of  dislocations,  to  the  presentation  and  discus¬ 
sion  of  methods  used  in  the  aircraft  industry  to  ensure 
adequate  laflgue  performance  of  structural  parts  and 
specific  details  of  aircraft. 


COIJ.  13:001 

Columbia  U.  fnst.  of  Air  Flight  Structures,  New  York. 

THREE -luMENSIONAL  AND  SHELI  THEORY 
rtNALYSIS  OF  AX1  ALLY  -SYMMEl  ItlC  Mol  IONS  OF 
CYLINDERS,  b;,  G.  Herrmann  and  I  M'rsky.  Apr. 

1955  31  p.  incl.  diagr.  refs.  (Technical  note  no.  1; 

rept  no  rtl  a-*iS4F1247.r F)  ('  AF'tlSB-TN  55-25) 
(AF  18(600,1247)  AD  67034  Unclassified 

Also  published  i-".  Jour.  Appt.  Mech. ,  v.  23:  563  568, 
Dec.  1956. 

The  frequency  (cr  phase  velocity)  of  axially  symmetric 
free  vibrations  in  an  elastic,  Isotropic  circular  cylinder 
of  medium  thickness  is  studied  on  the  basis  of  the  3- 
dinienslonal  linear  theory  of  elasticity,  and  also  on  the 
basis  of  several  different  shell  theories.  To  be  in  good 
agreement  with  the  solution  of  the  3 -dimensional 
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I 


equations  for  short  wavelengths,  an  approximate  theory 
has  to  Include  the  Influence  of  rotatory  inertia  and 
transverse  shear  deformation  for  example  in  a  manner 
similar  as  in  Mindlin’s  plate  theory.  A  shell  theory  of 
this  (Timoshenko)  type  is  deduced  from  the  3-dimen¬ 
sional  elasticity  theory.  From  a  comparison  of  phase 
velocities,  it  appears  that,  to  a  good  approximation, 
membrane  and  curvature  effects  on  one  hand  and  flex¬ 
ural,  rotatory  inertia  and  shear  deformation  effects, 
on  the  other  hand,  are  mutually  exclusive  in  2  ranges 
of  wavelengths,  separated  by  a  " transition**  wavelength. 
Thus,  in  the  full  range  of  wavelengths,  the  associated 
lowest  phase  velocities  may  be  determined  on  the  basis 
cl  the  Ir eiihrate  shell  ttieory  (fur  wavelengths  larger 
than  the  transition  wavelength)  and  on  the  basis  of 
Mindlin's  plate  theory  (for  wavelengths  smaller  than  the 
transition  wavelength).  (Contractor's  abstract) 


COU.  13:002 

Columbia  U.  Inst,  of  Air  Flight  Structures,  New  York. 

AXIALlY  -si  MMfc, lrtit.  MOTIONS  Ur  lhick  snEoiaS, 
by  I.  Mi r sky  and  G.  Herrmann.  Nov.  1955  [21  Ip. 
incl.  dlagr.  table.  (Technical  note  no.  2;  rept.  no. 

CU  C  WAFI247  CE)  ([AFiOtih  T[N  &«]  414) 

(AF  18(600)1247)  AD  81126  Unclassified 

An  approximate  theory  of  axially  symmetric  motions 
of  thick,  elastic,  cylindrical  shells,  In  which  the  effect 
of  transverse  normal  stress  Is  retained,  is  deduced 
from  the  3-dimensional  theory  of  elasticity.  The  pres¬ 
ent  theory  contains,  as  special  cases,  a  variety  of  shell 
plate,  and  solid  cylinder  equations.  The  propagation  of 
free  harmonic  waves  in  the  shell  Is  studied  on  the  basis 
of  the  present  theory,  and  the  3-dlmensional  theory  of 
elasticity.  Excellent  agreement  Is  ontalned  for  the 
phase  velocity  of  the  lowest  mode  of  motion  for  a  wide 
range  of  the  parameters  involved.  (Contractor's 
abstract) 


COU.  13:003 

Columbia  U.  Inst,  of  Air  Flight  Structures,  New  York, 

NONAX1ALLY  SYMMETRIC  MOTIONS  OF  CYLINDRI¬ 
CAL  SHELLS,  by  1.  Mirsky  and  G.  Herrmann.  Dec. 
1956  ,57  .p.  incl.  diagrs  tables.  (Technical  note  no. 

3.  rept.  no.  CU - 1 1 -56AF1247- CE)  (AFOSlt-TN-56 
591)  (AF  18(600)1247)  AD  115018  Unclassified 

A  shell  theory  containing  memhrane  and  bending  effects, 
transverse  shear  deformation,  rotatory  inertia  and 
nonaxlall)  -  symmetric  motions  is  developed.  The  propa 
gallon  of  free  harmonic  waves  in  the  axial  direction  of 
a  shell  of  infinite  extent  and  the  physical  significance 
of  Use  results  are  discussed. 

COU.  14  001 

Columbia  U.  School  of  Mines.  New  York. 

X  RAY  MIC  RODE  AM  STUDIES  OF  BRITTLE  Fit  AC 


COU.  13:002  -  COU.  14:003 


TURES  OF  METALS,  by  L.-C.  Chang.  [Mar.  15, 
1954]  [  14  ] p.  incl.  diagrs.  table.  fBour.d  with  its 
The  Nature  of  Fracture  in  Metals,  by  M.  Gen=-amer, 

J.  O.  Brittain  and  others.  Quarterly  progress  rept. 
no.  2,  Dec.  1,  1954- Feb.  28,  1954.  Mar.  15,  1954, 

3p.  ;  AD  67374;  Unclassified)  (AF  18(600)898;  Task  1) 
AE  67374(a)  Unclassified 

A  back- reflection  x-ray  microbeam  camera  was  used 
in  the  study  of  brittle  fracture  of  zinc  and  iron.  Strain 
distribution  curves  obtained  by  the  Experimental  pro¬ 
cedure  are  given  for  zinc  specimens  fractured  in  slow 
tension  at  77°,  195“,  and  225°K;  for  an  electrolytic 
Iron  specimen  fractured  st  55°K-  and  for  a  carbon  St«T 
specimen  fractured  at  38°K.  The  average  plastic 
strain  decreases  rapidly  within  a  short  distance  from 
the  fracture  surface  and  remains  more  or  less  constant 
at  larger  distances.  There  is  good  evidence  that  uni¬ 
formly  distributed  plastic  strain  precedes  the  plastic 
process  resulting  in  brittle  fracture.  A  formula  is 
given  for  the  work  done  to  produce  the  plastic  strain 
associated  with  fracture,  or  the  plastic  work  factor, 
w.  An  estimation  of  this  factor  was  accomplished 
g,  aplilCally.  The  w  values  for  Zinc  a, id  iToli  are  about 
two  orders  of  magnitude  larger  than  their  respective 
surface  energies,  and  w  decreases  slightly  with  de- 
rrv.  L>  i  ■.  «rx*uta  It  tlwi  C  of  Hit 


COU.  14:002 

Columbia  U.  School  of  Mines,  New  York. 

ENVIRONMENTAL  EFFECTS  ON  FRACTURE,  hy 
L.  C.  Weiner.  [Nov.  1955  ]  2p.  (f  AFiOSR-TN-SS- 
413)  (AF  18(600)898;  Task  I)  Unclassified 

The  effect  ol  electroplated  coatings  of  copper  and  gold, 
200-20,000  A  thick,  on  the  fracture  stress  of  seeded 
zinc  monocrystals,  having  the  orientation  .Tp  =  3°  and 
/:  28°,  was  tested  at  room  temperature  where  brittle 
fracture  occurs  In  crystals  of  this  orientation  and  pre¬ 
fracture  deformation  is  limtted  to  twinning.  Results 
show  that  normal  fracture  stress  Is  Increased  by 
copper  or  gold  coating.  The  Increase  In  fracture 
stress  ts  constant,  within  experimental  accuracy,  for 
thicknesses  greater  than  about  500  A,  being  raised 
from  a  mean  of  2280  a  70  psi  for  clean  crystals  to  a 
mean  of  3350  t  130  psi  after  copper  plattng  and  to 
3165  i  95  psi  after  gold  plating.  The  Increase  of  frac 
lure  stress  with  coatings  less  than  about  500  A  appears 
to  follow  a  steep  straight  line.  The  3%  strain  due  to 
twinning  in  clean  crystals  Is  not  changed  by  coating 
but  the  coating  adds  a  3%  strain  due  to  slip  with  high 
strain  hardening.  Calculations  show  the  fracture  stress 
Increase  ts  not  attributable  to  the  inherent  strength  of 
the  copper  of  gold  film,  even  assuming  that  the  film 
is  only  strained  elasttcally.  (Contractor’s  abstract, 
modified) 

COU.  14:003 

Columbia  U.  School  of  Engineering,  New  York. 
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COU.  14:004  -  COU.  16:001 


BRITTLE  FRACTURE  OF  ZINC  SINGLE  CRYSTALS, 
by  L.  C.  Weiner  and  M.  Gensamer.  Aug.  24,  1956 
f  36  ] p.  Incl.  dlagrs.  tables,  refs.  (AFOSR-TN-56- 
402)  (AF  18(600)898;  Task  I)  AD  96060 

Unclassified 

Also  published  in  Jour.  Inst.  Metals,  v.  85:  44*-448, 

1956  1957. 

In  this  study,  the  normal  fracture  stress  of  Zn  single 
crystals  oriented  XQ  =  3°  and  tested  in  tension  2t  room 
temperature,  was  increased  43%  upon  applying  a  surface 
film  of  Cu,  Au,  ZnO,  Sn,  or  Zn  greater  than  about 
500  A.  This  increase  was  independent  of  film  thickness 
above  this  value.  In  addition,  the  total  %  elongation 
was  increased  twofold,  the  primary  mode  of  deformation 
being  twinning  accompanied  by  parent  basal  slip  both 
prior  to  and  subsequent  to  twinning,  as  well  as  the  basal 
slip  within  the  twins.  Metallographic  examination  re¬ 
vealed  a  difference  in  the  internal  structure  of  clean  and 
coated  crystals,  namely,  the  number  and  distribution  of 
twins.  There  were  more  twins  in  the  coated  crystals, 
and  they  were  more  uniformly  distributed,  in  contrast, 
the  fracture  stress  of  crystals  oriented  X  =  83°  was  48% 
less  than  the  value  observed  with  clean-surfaced  crystals, 
crystals.  The  presence  of  preexisting  twins  produced 
by  precompression  caused  the  fracture  stress  of  both 
clean  and  coated  crystals  to  be  increased.  These  re¬ 
sults,  as  well  as  observations  in  prestrain,  recovery, 
and  film-removal  experiments,  have  been  explained  by 
a  dislocation  model  in  which  twins  play  an  important 
role,  modifying  the  dislocation  path  and  acting  as 
barriers.  (Contractor's  abstract) 


COU.  14:004 

Columbia  U.  School  of  Engineering,  New  York. 

A  GRITTING  DEVICE  TO  TEST  DRITTLE  METAL 
SINGLE  CRYSTALS  IN  TENSION,  by  L.  C.  Weiner. 

Sept.  5,  1956r  4  i p.  incl.  diagr.  (AFOSR-TN-56-423) 
(AF  18(600)898;  Task  1)  AD  96504  Unclassified 

Also  published  in  Rev.  Sclent,  instruments,  v.  27:  1081, 
Dec.  1956. 

A  brief  description  is  given  of  a  set  of  grips  used 
successfully  at  both  low  and  elevated  temperatures  in 
the  tensile  testing  of  metal  single  crystals.  Their 
operation  is  discussed,  it  is  pointed  out  that  they 
maintain  axiality  of  load,  preventing  crystal  deformation 
prior  to  testing.  In  addition,  ttiey  allow  crystal  spec) 
mens  not  having  conventional  threaded  or  enlarged  ends 
to  be  employed.  The  grips  are  shown  in  a  diagram. 


COl  15:001 

Columbia  U.  School  of  Mines  New  York. 

GREET  RUPTURE  1)Y  VACANCY  CONDENSATION,  by 
E.  S.  Machine  Nov.  CJ54,  ICp.  Ulus,  tables,  refs. 
(Kept.  no.  CU  -  7  55AE899  Met.)  (  AF  OSH  TN  54 
3 aJ)  (AF  18(600)899)  A11  5732H  Unclassified 


Also  published  in  Jour.  Metals,  v.  8:  106-111,  Feb. 
1956. 

The  possibility  that  formation  of  voids  under  creep- 
rupture  conditions  may  take  place  by  the  condensation 
of  vacancies  has  been  investigated  theoretically.  It 
has  been  concluded  that  nucleation  of  voids  under 
creep- rupture  conditions  by  vacancy  condensation  is 
highly  improbable;  however,  growth  of  pre-existant 
voids  by  vacancy  condensation  is  probable.  A  number 
of  predictions  made  in  this  theory  have  been  verified 
by  the  data,  e.  g.  ,  the  elongation  at  which  voids  just 
become  visible  has  been  predicted  and  found  to  be  in 
good  agreement  with  experiment.  It  has  been  predicted 
and  verified  that  the  product  of  rupture  life  and  steady- 
state  creep  rate  for  preannealed  metals  and  single 
phase  alloys  is  an  invariant  quantity  independent  of 
stress,  temperature,  and  atomic  number  for  a  given 
type  structure.  The  direction  of  the  effect  of  cold  work 
on  this  product  has  been  predicted  and  found  in  agree¬ 
ment  with  experiment.  A  number  of  experiments  to 
further  evaluate  the  vacancy  condensation  mechanism 
are  described.  (Contractor’s  abstract) 


COU.  15:002 

Columbia  U.  f  School  of  Mines  New  York. 

A  THERMAL  ETCHING  TECHNIQUE  FOR  REVEALING 
DISLOCATIONS  IN  SILVER,  by  A.  A.  Hendrickson  and 
E.  S.  Machlin.  July  14,  1954  [  6  1  p.  incl.  :llus.  dlagrs. 
tables.  (Repl.  no.  CU-9-55AF899-Met. )  (lAFlOSR- 
TN-55-113)  (AF  18(600)899)  AD  91252  Unclassified 

Also  published  Li  Acta  Metallurgica,  v.  3:  64  -  69, 

Jan.  1955. 

A  thermal  etching  technique  for  revealing  dislocations 
ir.  s-llver  has  been  developed.  The  technique  reveals 
single  dislocations  in  silver  as  evidenced  by  the  close 
agreemcm  between  the  experimentally  measa.'-x.l  area 
density  of  dislocations  in  honi  single  crystals  art  the 
area  density  calculated  using  the  Cottrell  formu  a  for 
the  excess  density  of  dislocations  as  a  function  of  live 
radius  of  curvature  of  the  bent  crystal.  It  has  been 
found  that  the  density  of  dislocaUons  in  recrystailized 
specimens  and  as  solidified  crystals  is  about  2  x  10® 
/cm^.  A  new  mode  of  subgrain  formation  has  been 
found.  The  type  of  subgrain  morphology  obtained  is 
shown  to  be  dependent  upon  the  orientation  between  the 
crystal  and  the  tension  direction.  (Contractor’s 
abstract) 


COU.  16:001 

Columbia  U.  School  of  Mines,  New  York. 

ON  T11E  THEORY  OF  THE  FORMATION  OF  MARTEN 
SITE,  by  M.  S.  Wechsler,  1)  S.  Lleberman,  and  T.  A 
Read.  1953  13  p  Incl.  diagrs.  tables,  refs. 

AF  18(600)951  Unclassified 

TubRshedJn  Jour.  Metals,  V.  5:  1503  1515,  Nov.  1953. 
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COU.  16:002  ■  COU.  17:003 


A  theoretical  analysis  of  the  austenite- martensite 
transformation  is  presented  which  predict?  the  habit 
plane,  orientation  relationships,  and  macroscopic  dis¬ 
tortions  from  a  knowledge  only  of  the  crystal  structures 
of  the  initial  and  final  phases.  (Contractor’s  abstract) 


COU.  16:002 

Columbia  U.  [  School  of  Mines]  New  York. 

ON  THE  FORMATION  OF  MARTENSITE  IN  LOW  AND 
MEDIUM  CARBON  STEELS,  by  M.  S.  Wechsler  and 
T.  A.  Read.  [  1954]  [  42  ]  p.  incl.  diagrs.  table. 

(f  AF’OSR-TN-54-157)  (AF  18(600)951) 

Unclassified 

The  recently  proposed  theory  of  the  formation  of 
martensite,  which  postulates  that  the  total  transforma¬ 
tion  is  inhomogeneous  in  such  a  way  as  to  bring  about  a 
plane  of  zero  average  distortion,  is  applied  to  the 
austenite- martensite  transformation  in  low  and  medium 
C  steels.  The  transformation  is  considered  to  take 
place  by  an  inhomogeneous  distortion  for  which  slip 
occurs  on  octahedral  planes  in  the  austenite.  The  habit 
plane,  orientation  relationship,  and  macroscopic  dis¬ 
tortion  are  derived  as  functions  only  of  the  lattice  pa¬ 
rameters  of  the  2  phases.  Two  habits,  one  in  the  region 
of  {225}  and  the  other  near  {ill}  ,  are  predicted  by 
the  theory,  and  are  in  approximate  agreement  with 
experimental  observation.  The  calculated  orientation 
relationship  and  macroscopic  distortion  also  agree  with 
what  has  been  observed.  For  continuation  of  this  work, 
see  Illinois  U.  Dept,  of  Mining  and  Metallurgical 
Engineering,  Urbana  under  contract  AF  18(690)1311. 
(Contractor's  abstract,  modified) 


COU.  16:003 

Columbia  U.  [  School  of  Mines  New  York. 

INVESTIGATION  OF  THE  CHYST  ALLOC, HAPI1Y  OF 
DIFFUSIONLESS  PHASE  CHANGES  IN  STEELS,  by 
H.  M.  Otte  and  T.  A.  Read.  Final  rept.  Aug.  1951 
12  p.  incl.  diagr.  (AF  18(600)951)  Unclasslf.ed 

In  this  study,  the  theory  of  the  austenite- martensite 
transformation  in  steel  is  reviewed.  (  e  theory  |>ostu- 
lates  that  of  all  the  ways  that  a  body- centered  tetragonal 
structure  can  be  generated  from  a  face-centered  cubic 
structure,  energy  considerations  demand  that  the 
process  of  formation  lead  to  a  plane  of  zero  distortion. 

In  addition,  the  total  t:  ansformatlon  must  be  in  homo¬ 
geneous  for  such  a  plane  of  zerc  distortion  to  exist.  Tills 
concept  of  an  inhomogeneous  distortion  allows,  however, 
ail  of  the  crystallographic  features  of  the  transformation 
to  be  derived.  In  the  case  of  high  carbon  steels,  the 
type  of  Inhomogeneity  considered  was  one  in  which  slip 
takes  place  with  elements  appropriate  to  the  martensite, 
namely,  slip  on  (112)  martensite  planes  in  the  111 
direction  In  the  case  of  the  analysis  of  martensite  for¬ 
mation  in  medium  and  low  carbon  steels,  a  different 
pattern  of  Inhomogeneity  was  selected,  namely,  slip  on 
octahedral  planes  in  the  austenite.  Two  treatments  of 


this  type  were  studied,  one  in  which  the  direction  of 
slipjs  the  [  1211  austenite  direction,  and  in  the  other, 
[101]  austenite  direction. 


COU.  17:001 

Columbia  U.  School  of  Mines,  New  York. 

AN  INVESTIGATION  OF  THE  EFFECT  OF  SOLUTES 
ON  THE  GRAIN  BOUNDARY  STRESS  RELAXATION 
PHENOMENON,  by  S.  Weinig  and  E.  S.  Machlin. 

Apr.  15,  1955  [  48  ]  p.  incl.  diagrs.  tables,  refs. 

( [  AF  !OSR-  TN-55- 106)  (AF  18(600)965) 

Unclassified 

Also  published  in  Jour.  Metals,  v.  9:  32-41,  Jan.  1957. 

In  this  study,  an  investigation  of  the  effect  of  solutes 
on  the  grain  boundary  stress  relaxation  phenomenon  in 
high  purity  Cu  was  performed  by  means  of  a  high 
vacuum  torsion  pendulum.  It  was  found  that  the  magni¬ 
tude  of  the  relaxation  peak  decreased,  and  that  the 
energy  of  activation  increased  with  increased  solute 
content.  With  the  progressive  decrease  in  the  first 
peak  with  solute  content,  a  second  peak  appeared  which 
increased  in  magnitude  until  a  saturation  value  was 
attained.  The  mechanisms  of  Ke  and  Mott  were  investi¬ 
gated  and  found  to  be  nonapplicable.  A  2  step  process 
is  propsed  in  which  the  first  step  is  rate  limiting  for 
the  Cu  peak,  and  the  second  step  is  rate  limiting  for 
the  solute  peak.  The  variation  of  the  activation  energy 
for  the  initial  grain  boundary  stress  relaxation  phe¬ 
nomenon  with  concentration  is  shown  to  be  a  measure 
of  the  relative  Interface  adsorption  of  the  alloying 
elements.  (Contractor’s  abstract) 


COU.  17:002 

Columbia  U.  School  of  Mines.  New  York. 

HIGH-VACUUM  TORSION  PENDULUM  FOR  ANELAS- 
TtC  STUDIES,  by  S.  Weinig.  Aug.  18,  1954  1  l  p 
Incl.  diagr.  tables.  (Rept.  no.  CU- 7- 55AF965) 

(  AF  OSH  - TN-  55-  107)  (AF  18(600)965)  AD  62015 

Unclassified 

Also  published  in  Rev.  Sclent.  Instruments,  v.  26: 
91-9?..  Jan.  1955. 

A  design  for  a  high  vacuum  torsion  pendulum  Is  pre¬ 
sented.  It  allows  a  complete  internal  friction  study  of 
a  single  wire  specimen  to  be  made  without  manual 
manipulation  or  exjxisure  of  the  specimen  to  the  atmos¬ 
phere  from  a  time  prior  to  annealing  until  completion 
of  tlie  test. 

COU.  17:003 

Columbia  U.  School  of  Mines,  New  York. 

LOW  FREQUENCY  STUDIES  OF  DISLOCATION  INTER¬ 
ACTIONS  WITH  SOLUTE  ATOMS,  by  S.  Weinig  and  E. 
S.  MachUn.  June  3,  1955  .  17  p.  incl.  d.  grs.  tables. 
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COU.  17:004  -  COA:  01:001 


(i  AF  I OSR-TN-55  160)  (AF  18(600)965) 

Unclassified 

Also  nuhlished  in  Acta  Metallurgica,  v.  4:  262-267, 

May  1956. 

A  strain  amplitude  dependent  logarithmic  decrement 
and  modulus  have  been  found  in  high  purity  Cu  at  1  cps 
and  40°C.  The  effect  of  various  solutes  upon  the  in¬ 
ternal  friction  at  this  temperature  was  studied;  it  was 
observed  that  the  ability  to  diminish  the  decrement  was 
a  function  of  the  alloy  content,  and  of  the  total  inter¬ 
action  energy  between  a  solute  atom  and  a  Taylor  dis¬ 
location.  Electrical  interactions  between  solute  atoms 
and  edge  dislocations  are  shown  to  be  significant  in 
ttieir  effect  uoon  dislocation  pinning.  The  experimental 
results  are  compared  with  the  theoretical  computations 
and  are  found  to  be  in  good  agreement.  (Contractor's 
abstract) 


COU.  17:004 

Columbia  U.  School  of  Mines,  New  York. 

STRAIN- AMPLITUDE  DEPENDENT  INTERNAL 
FRICTION  STUDIES  OF  DILUTE  ALLOYS  OF  COPPER, 
by  S.  Weinig  and  E.  S.  Machlin.  [Jan.  27,  19561 
[5 Ip.  incl.  diagrs.  (AF  18(600)965)  Unclassified 

Published  in  Jour.  Appl.  Phys. ,  v.  27:  734-738,  July 
1956. 

An  investigation  is  described  of  the  room -temperature 
decrement  in  dilute  polycry stalline  alloys  of  Cu  as  a 
function  of  strain  amplitude  and  annealing  at  a  frequency 
of  about  1  cps.  The  characteristics  of  the  Internal 
friction  measured  are:  (1)  the  internal  friction  and 
stra'n- amplitude  dependence  of  the  internal  friction 
decreases  with  Increasing  solute  content;  (2)  the  in¬ 
ternal  friction  is  reversibly  dependent  upon  the  pre¬ 
anneal  temperature;  and  (3)  the  internal  friction  is 
hystcrebi.  with  oiiolu  amplitude.  Fium  uie  eiieei  of 
the  solute  concentration  and  annealing  temperatures  on 
the  decrement,  values  for  ttie  binding  energy  lor  A1  and 
Si  solute  atoms  to  dislocations  in  Cu  were  calculated. 
These  values  are  compared  to  theoretical  values  calcu 
lated  on  the  hasis  of  strain  and  electrical  interaction 
energies.  The  experimental  binding  energy  is  in  good 
enough  agreement  with  the  theoretical  values  to  conclude 
that  the  onset  of  a  strain  amplitude  dependence  of  the 
internal  friction  is  caused  by  the  freeing  of  sufficient 
dislocations  from  their  pinning  solute  atoms.  (Con¬ 
tractor's  abstract) 


Committee  on  Math,  Biophysics,  Chicago  Ill.  see 
Chicago  U.  Committee  on  Math.  Dlophysics,  Ill. 
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EXTENSION  OF  POSITIVE  DEFINITE  FUNCTIONS. 
PART  I.  ON  INFINITELY  DIFFERENTIABLE 
POSITIVE  DEFINITE  FUNCTIONS.  PART  R,  by  A. 
Devinatz.  Oct.  1955,  lv.  refs,  (f  AFloSR-TN-55- 
421)  (AF  18(600)1223)  AD  95891  Unclassified 

Part  II  also  published  in  Proc.  Amer.  Math.  Soc.  , 
v.  8:  3-10,  Feb.  1957. 

In  Part  I,  the  following  problem  is  considered:  Let  Q 
be  an  open  symmetric  neighborhood  of  the  origin  in  the 
2-dimensional  Euclidean  vector  space  E2.  Let  f(x)  be 
a  continuous  function  defined  on  (i.  e.  ,  the  set  of 
all  vectors  x  +  y,  where  x,y  e  Q)  such  that  for  any 

finite  set  of  complex  numbers  and  points 

{xk}j  C7Q  there  is 

X  }'.  tjr  £s  '  *S)  =  0’ 

r=l  s=l 

Is  it  possible  to  extend  f(x)  to  all  of  E2  so  as  to  retain 
this  positive  definite  character?  It  is  shown  that  this 
may  be  done  in  a  number  of  special  cases.  The  re¬ 
sults  indicate  that  the  general  question  has  an  affirma¬ 
tive  answer.  In  Part  IT.  an  infinitely  differential 
function  is  considered,  defined  on  the  open  interval 
<-a,bX  a,b  >0.  Sufficient  conditions  are  given,  in 
terms  of  the  derivatives  of  f(x),  In  order  that  f(x)  may 
be  extended  to  the  whole  axis  and  be  positive  definite 
there. 


COA.  01:001 


Cornell  Aeronautical  Lab. ,  Inc.,  Bull alo,  N.  Y. 


THERMODYNAMIC  CHARTS  FOR  HIGH  TEMPERA¬ 
TURE  AH1  CALCULATIONS  (2,000°K  TO  9,000°K),  by 
J.  G.  Logan,  Jr.  July  1956,  25p.  incl.  diagrs. 


no.  riAj  tu 


sored  jointly  by  Arnold  Engineering  Development 
Center  under  AF  40(600)6  and  Air  Force  Office  of 
Scientific  Research  under  AF  18(603)10)  AD  95218 

Unclassified 


A  compilation  is  presented  of  20  thermodynamic  charts 
useful  for  shock  wave  and  iscntropic  flow  calculations. 
The  charts  were  based  primarily  upon  National  Bureau 
of  Standards  results  (NBS  rept.  no.  3991,  Apr.  1, 
1955).  Density  and  speed  of  sound  ratios  are  based  on 
reference  values  at  273.  16°K  and  1  aim  pressure. 

Nine  charts  show  variation  of  density  with  absolute 
enthalpy  for  constant  values  of  pressure  over  the 
ranges:  pressure  ratio  {*’  P  ).  1000  0  0001,  density 
ratio  (Vl‘0h  100-0.000093:  and  absolute  enthalpy  (II), 
600  9400  cal  g  Three  charts  shuw  variation  of 
entropy  with  pressure  for  constant  values  of  tempera¬ 
ture  over  the  ranges:  temperature,  1C0J  9000JK; 
pressure  ratio,  1000-0.  00001;  entropy  (s),  1.0-5.  2 
cal  g°K.  Two  charts  give  variation  of  entropy  with 
pressure  for  constant  values  of  absolute  enthalpy  for 
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the  ranges:  absolute  enthaly,  150-7000  cal/g;  pressure 
ratio,  1000-0.  00001;  entropy,  1.4-4.  1  cal/g°K.  Three 
charts  present  variation  of  absolute  enthalpy  with 
entropy  for  constant  temperatures  In  the  ranges;  tem¬ 
perature,  0°- 10,  000°K;  absolute  enthalpy,  0-14,600 
cal/g;  and  entropy,  1.85-4.8  cal/g°K.  Two  charts 
show  variation  of  entropy  with  density  for  constant 
values  of  absolute  enthalpy  over  the  ranges:  absolute 
enthalpy,  1000-7000  cal/g;  density  ratio,  40-0.00000631; 
and  entropy,  1. 4-3.  9  cal/g°K.  The  final  chart  presents 
the  variation  of  speed  of  sound  with  entropy  for  constant 
values  of  temperature  and  density  for  the  ranges:  speed 
of  sound  ratio  (a/a  \  2.  6-7.  9;  entropy,  1.  6-4.  9  cal/g° 
K:  temperature,  20u0-9000“K;  and  density  ratio, 

100-0. 0001. 


COA.  01:002 

Cornell  Aeronautical  Lab.  ,  Inc. ,  Ruffalo,  N.  Y. 

TABLES  OF  THERMODYNAMIC  PROPERTIES  OF  AIR 
FROM  3000°K  TO  10,000°X,  by  C.  E.  Treanor  and 
J.  G.  Logan,  Ji.  June  1956,  ?9p.  incl.  diagrs.  tables, 
refs.  (Rept.  no.  AD-1052-A-2)  (AFOSR-TN-56-343) 
(Sponsored  jointly  by  Arnold  Engineering  Development 
Center  under  AD  40(600)6  and  Air  Force  Office  of 
Scientific  Research  under  AD  18(603)10)  AD  95219 

Unclassified 

Tables  are  presented  giving  partition  functions  for 
components  (02.  O*,  O,  0+,  O  ,  NO,  NO+,  Nj,  N2+, 

N,  N+,  e  ,  A)  of  high- temperature  air,  temperature 
derivaL.es  of  partition  functions,  equilibrium  constants 
for  the  high- temperature  air  reactions,  mole  fraction 
concentrations  of  the  constituents,  and  pressure, 
entropy  and  enthalpy  of  the  air.  These  calculations 
were  performed  at  1000“  Intervals  form  3000°  to 
10.  000°K  and  for  densities  of  10  6,  10'5,  1CT4.  10  3, 
10’^,  10  10,  20,  30  and  40  atm.  Three  charts  are 

given  showing  good  agreement  of  the  present  calcula¬ 
tions,  those  of  the  latest  available  National  Bureau  of 
OiiUiZmJa  ,r'r  tho  <*r»mnrPKRihtlily  factor 

Z,  entropy,  Lnd  enthalpy.  (Contractor’s  abstract, 
modified) 


COA.  01:003 

Cornell  Aeronautical  Hub.  ,  Inc.  ,  Buffalo,  N.  V. 

THE  CAHCLIATION  OF  THE  THERMODYNAMIC 
RHODERT1ES  OF  AIR  AT  HIGH  TEMPERATURES,  by 
J.  G.  Hogan,  Jr.  May  1950.  CBp.  incl  diagrs.  tables, 
refs.  (Rept.  no.  AD  1052  A-l)  ( AFOSK  TN- 56- 344) 
(Sponsored  jointly  by  Arnold  Engineering  Development 
Center  under  AF  40(t>00)o  and  Air  Force  Office  of 
Scientific  Research  under  AF  Di(G03)10)  AD  95220 

Unclassified 

l'rocedures  for  the  calculation,  for  air,  of  the  equilib 
num  concentration  and  the  thermodynamic  quantities, 
energy,  enthalphy,  entropy,  pressure,  specific  heat, 
molecular  weight,  and  tlie  speed  of  sound  in  the  tern 
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perature  range  1,000°K  to  20,000°K  are  described. 
Complete  tables  of  constants  derived  from  spectro¬ 
scopic  data  for  the  various  components  are  Included, 
and  are  corrected  as  far  as  possible  using  the  latest 
available  data  in  the  literature.  In  cases  where  the 
values  have  not  been  determined,  approximate  values 
are  given.  It  is  suggested  that  all  partition  functions 
be  calculated  directly  from  spectroscopic  data;  how¬ 
ever,  an  approximate  procedure  of  Bethe  is  presented 
In  an  appendix.  The  calculations  for  N  are  based  on  the 
dissociation  energy  value  9.  756  ev.  All  calculations 
are  based  on  the  composition  of  dry  air  at  NACA 
(National  Advisory  Committee  for  Aeronautics)  stand¬ 
ard  sea- level  conditions.  The  air  in  the  temperature 
range  of  1,  000°K  to  20,  000°K  Is  assumed  to  have  the 
components  O2,  O,  N,  0+,  N+,  e,  NO,  NO+,  N2,  O-, 
N2,  02,  and  A.  Chemical  equilibrium  Is  assumed  at 
all  temperatures  and  densities,  and  It  Is  alBO  assumed 
that  the  perfect  gac  law  is  valid.  It  is  suggested  that 
all  quantities  such  as  entropy,  energy,  and  enthalpy 
be  calculated  in  terms  of  the  absolute  values,  including 
contributions  of  the  lowest  energy  states  of  the  mole¬ 
cules  at  each  temperature  and  density  as  well  as 
nuclear  spin  contributions.  (Contractor's  abstract) 

COA.  01:004 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

THE  APPLICATION  OF  THE  SHOCK  TUBE  TO  THE 
STUDY  OK  THE  PROBLEMS  OF  HYPERSONIC 
FLIGHT,  by  A.  llertzberg.  1950  1  [7’p.  incl. 
illus.  diagrs.  refs.  (AF  1 8(003)  1 0)  Unclassified 

Published  in  Jet  Propulsion,  v.  26:  549-554,  56o, 

July  1956. 

This  paper  discusses  some  of  the  new  sclentlf'c  and 
technical  problems  introduced  by  the  high  temperature 
conditions  encountered  In  hypersonic  flight.  Modifica¬ 
tions  of  tlie  shock  tube  which  have  been  studied  at  this 
laboratoiy  for  the  investigation  of  these  problems  are 
presented.  The  shock  tube  is  one  of  the  few  laboratory 
instruments  capable  of  generating  the  hlgn  lempei  aiui  e 
conditions  In  air  encountered  in  hypersonic  flight 
studied.  The  conventional  shock  tube  is  limited  since 
the  maximum  flow  Mach  number  that  can  lie  achieved 
behind  a  normal  shock  wave  in  air  Is  approximately  3. 
When  the  conventional  shock  tube  is  terminated  by  an 
expansion  nozzle,  high  Mach  number  flows  can  be 
achieved  as  welt  as  high  stagnation  temperatures. 

Actual  flow  conditions  Can  therefore  be  closely  siniu 
lated  for  the  investigation  of  heat  transfer  rates  and 
other  aerodynamic  problems.  The  application  of  the 
Shock  tutie  to  other  areas  of  high  temperature  research 
Is  briefly  discussed.  In  particular,  a  technique  for  tlie 
study  of  high  temperature  chemical  reaction  rales  is 
described.  (Contractor's  abstract) 

COA.  02:001 

Cornell  Aeronautical  l  ab.  ,  Inc.  ,  Buffalo,  N.  Y. 

A  NEW  METHOD  FOR  PROVIDING  CONTINUOUS 
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HIGH- TEMPERATURE  AIR  FLOW  FOR  HYPERSONIC 
RESEARCH,  by  A.  H.  Fiax,  A.  Hertzberg,  and  W.  E. 
Smith.  May  1956  [  34  ]  p.  inrl  dingrc  table,  refs. 

(Itept.  no.  CAL-79)  (AFOSR-TN- 56-236)  (AF  18(603)- 
19)  AD  88356  Declassified 

The  problem  of  providing  a  facility  capable  of  producing 
the  high  stagnation  temperatures  required  for  hyper¬ 
sonic  testing  is  discussed  briefly.  Existing  facilities 
are  reviewed,  and  the  requirements  of  future  facilities 
for  high  temperature  testing  are  outlined.  Since  existing 
facilities  are  found  to  be  limited  as  to  maximum  avail¬ 
able  temperature  or  a'lowed  testing  time,  a  new  type  of 
machine  is  proposed.  This  machine,  called  the  "  wave 
superheater,  "  involves  an  extension  of  the  shock  tube 
principle  whereby  a  group  of  shock  tubes  is  mounted  at 
tne  periphery  of  a  cylindrical  drum  and  brought  succes¬ 
sively  into  play  by  a  rapid  rotation  of  this  drum  so  that 
a  continuous  stream  of  high  temperature  air  useful  for 
hypersonic  testing  is  available.  The  results  of  pre¬ 
liminary  performance  calculations  of  the  wave  super¬ 
heater,  as  well  as  the  description  of  a  possible  arrange¬ 
ment  of  test  apparatus,  is  discussed.  It  appears  that  by 
using  urthjdv*  «nglttvtrln-g  technique  u  It  will  Ik.  po*5ttk 
to  obtain  continuous  gas  flows  in  air  with  approximate 
stagnation  temperatures  of  5900°K  (9000°R).  An  outline 
of  high- temperature  research  is  included  concerning 
o  -'tetiala  a  jd  structures  problems  to  w'ic*  « t  promi  sed 
technique  could  be  applied.  (Contractor's  abstract) 


Cornell  Aeronautical  Lab. ,  Inc. ,  Buffalo,  N.  Y. 

N6ori  10503  and  N6ori  11901,  Project  .Squid  see  under 
Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID)  item  nos.  PRI.  11:026  -  PRI.  11:064. 
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Cornell  U.  [  Dept,  of  Chemistry'  Ithaca,  N.  Y. 

THE  APPLICATION  OF  POLARIZED  MERCURY  POOL 

ITT  iTTiJAnrc  to  rrnr  adapt)  aoiiv  hv  C  A 

and  W.  D.  Cooke.  [  1953  f 3  p.  lnci.  diagrs.  '  AF  !8 
(600)486  Unclassified 

Published  in  Jour.  Phys.  Chem. ,  v.  57:  824  -826,  Ncv. 
1953. 

The  use  of  mercury  pool  electrodes  is  pt^posed  for 
extending  the  range  of  polarngraphlc  analysis.  This 
electrode  retains  many  of  the  advantages  of  conventional 
procedures  and  has  a  considerably  greater  sensitivity. 
The  current  voltage  curves  obtained  are  fundamentally 
different  from  conventional  polarograms.  Current  peaks 
are  ohtamed  which  can  be  predicted  within  10%  by  the 
e  inations  of  oscillographic  pol urography  The  mercury 
1*00 1  electrode  compares  favorably  with  die  dropping 
mercury  electrode  The  pe»k  currents  are  linear  with 
concentrations,  particular  metais  can  be  identified  by 
their  half  peak  potentials,  and  the  electrode  has  a  iow 
charging  current  and  high  hydrogen  overvoltage.  'Hie 
polarograms  follow  a  predlt table  curve  and  conventional 
equipment  can  be  used.  Furthermore,  the  mercury  pool 


electrode  has  some  inherent  advantages  as  compared 
to  the  dropping  mercury  electrode.  The  area  of  the 
electrode  can  be  varied  over  wide  limits  and  charging 
current  densities  are  much  smaller.  The  dropping 
mercury  electrode,  however,  has  a  surface  which  Is 
renewed  during  the  recording  of  a  polarogram.  In 
most  cases  this  appears  to  be  unimportant  but  this 
fact  may  cause  difficulties  with  some  metals.  Polaro¬ 
grams  have  been  obtained  for  zinc,  lead,  copper, 
cadmium,  thallium,  bismuth  and  indium.  The  sensi¬ 
tivity  of  the  method  is  about  twenty  milllmicrograms 
per  milliliter.  (Contractor's  abstract) 


COR.  01:002 

Cornell  U.  [Dept,  of  Chemistry  1  Ithaca,  N.  Y. 

DEVELOPMENT  OF  ELECTROCHEMICAL  METHODS 
OF  SEPARATION  AND  ANALYSIS  FOR  MILLI MICRO- 
GRAM  AMOUNTS  OF  TRACE  METALS,  by  C.  A. 
Streuli  and  W.  D.  Cooke.  [  1953]  [  18  ]  p.  incl.  diagrs. 
tables.  [  Technical  note  no.  1 1  (AF  18(600)486) 

UnclMSlAed 

Determinations  of  zinc,  lead,  and  chromium  in  concen¬ 
tration  from  approximately  10'®  molar  to  5  x  10  ® 
toolw  mate  usl%  a  poUftwal  mexrury  pool 

electrode,  and  the  height  of  the  current  maxima  has 
been  shown  to  be  linearly  proportional  to  the  concen¬ 
tration  of  the  ion.  Half  wave  potentials  for  these  three 
ions  have  been  calculated,  and  appear  to  be  in  agree¬ 
ment  with  those  obtained  from  dropping  mercury  elec¬ 
trodes.  The  diffusion  current  has  been  shown  to  vary 
with  polarization  rate,  and  the  diffusion  current  and 
half  wave  potential  have  been  shown  to  vary  with  ex¬ 
ternal  resistance  in  series  with  the  cell.  The  height 
of  the  zinc  wave  J.  pears  to  be  generally  independent 
of  the  lead  content  of  a  solution  if  the  lead  content  is  as 
much  as  20  times  the  zinc  content.  The  diffusion  wave 
height  varies  with  gelatin  content  of  the  solution,  and 
in  the  case  of  chromic  ion  the  maxima  is  eliminated. 
The  maxima  is  not  entirely  eliminated  for  the  lead 
wave  The  reduction  of  chromic  ion  in  nntassium 
chioride  and  in  the  presence  of  0.  005%  gelatin  appears 
to  be  reversible.  (Conti aclor's  abstract) 


COR.  01:003 

Cornell  U.  Dept,  o.'  Chemistry  ithaca,  N.  Y. 

MERCURY  POOL  POLAROGRAPHY:  ION- AMALGAM 
REDUCTIONS  OCCUHINC  AT  SURFACE  OF  A  LARGE 
STATIONARY  MERCURY  POOL,  by  C.  A.  Streuli  and 
W.  D.  Cooke.  1953  6  p.  incl.  diagrs.  tables. 

(Technical  note  no.  2)  (AF  18(600)466)  Unclassified 

Published  in  Anal.  Chem.,  v.  25:  1691  1696,  Nov 
1953. 

In  order  to  extend  the  range  of  polarographlc  methods, 
possible  analytical  applications  of  a  large  polarised 
mercury  jkioI  electrode  were  Investigates.  The 
poiarographic  waves  obtained  have  distinct  current 
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maxima  whose  heights  vary  In  a  linear  fashion  with 
the  concentration  of  the  reducible  Ion.  The  half  peak 
potentials  are  Independent  of  concentration  and  corre¬ 
spond,  within  0. 05  volt,  to  the  halfwave  potentials 
associated  with  the  dropping  mercury  electrode. 

Thallous,  lead,  copper,  cadmium,  zinc,  bismuth,  and 
Indium  Ions  have  been  studied.  The  polarized  pool  elec¬ 
trode  has  been  found  to  be  applicable  to  the  determina¬ 
tion  of  Ions  at  lower  concentrations  than  the  more  con¬ 
ventional  polaro  graphic  methods,  while  retaining  many 
of  the  advantages  of  the  dropping  electrode.  The  cur¬ 
rents  are  proportional  to  concentration,  the  Ions  can 
be  Identified  by  their  reduction  potentials,  and  the  elec¬ 
trode  has  a  high  hydrogen  overvoltage.  The  area  of  the 
electrode  can  be  varied  over  wide  limits,  the  charging 
current  density  Is  much  smaller,  and  conventional  equip¬ 
ment  can  be  used.  The  polaro  grams  obtained  are  theo¬ 
retically  predictable  within  5%  by  the  equations  appli¬ 
cable  to  oscillographic  polarography.  (Contractor's 
abstract) 


COR.  01:004 

Cornell  U.  [Dept,  of  Chemistry]  Ithaca,  N.  Y.  • 

RELATION  OF  MERCURY  POOL  POLAROGRAPHY  TO 
OSCILLOGRAPHIC  POLAROGRAPHY,  by  C.  A.  Streull 
and  W.  D.  Cooke.  [  1953]  [  13  ]  p.  incl.  diagrs.  tables. 
(Technical  rept.  no.  3)  (AF  18(600)486) 

Unclassified 

Polarographlc  waves  obtained  by  the  use  of  a  polarized 
mercury  pool  and  relatively  slow  scanning  rates  have 
been  shown  to  be  similar  lo  those  obtained  through  the 
use  of  oscillographic  polarography.  The  heights  of  the 
current  maxima  are  predictable  with  the  exception  of 
zinc  and  indium  within  10  percent  by  the  Sevclk  equation 
derived  for  use  with  oscillographic  techniques.  Experi¬ 
mental  results  from  pool  polarography  give  a  constant  in 
good  agreement  with  that  derived  by  Sevclk  for  the 
equation.  The  experimental  value  from  this  data  is 
217  ±  10.  The  scope  of  both  oscillographic  and  pool 
polarography  appears  to  be  capable  of  great  extension  to 
more  dilute  solutions  by  the  use  oi  me  mu: e  ■  near, 
mng  proueduico  uf  osclllcgraphy  ,h«  area  of 

the  pool.  Through  the  use  of  the  pool  no  synchronization 
of  drop  size  and  wave  pulse  are  necessary  for  oscillo¬ 
graphic  techniques  and  studies  embracing  the  use  of 
oscillographic  methods  are  contemplated.  (Contractor's 
abstract) 


COll.  01:005 

Cornell  U.  Dept,  of  Chemistry,  Ithaca,  N.  Y. 

A  NEW  APPROACH  TO  ORGANIC  POLAPOGRAPHY, 
by  C.  A.  Streull  ana  W.  D.  Cooke.  Nov.  4,  1953,  lv. 
Incl.  diagrs.  tables,  refs.  (Technical  rept.  no.  4) 

(AF  18(600)486)  AD  20674  Unclassified 

Organic  molecules  were  analyzed  using  a  polarizable 
llg  pool  electrode.  The  results  are  compared  with 
those  obtained  with  a  conventional  dropping  Hg  electrode. 


The  Increased  sensitivity  of  the  electrode  permitted 
determination  of  smaller  quantities  of  organic  materi¬ 
als.  The  half-peak  potentials  were  reproducible  to 
10  mv.  The  potentials  In  the  quiet  pool  were  sometimes 
negative  and  sometimes  positive  when  they  were  com¬ 
pared  to  the  dropping  electrode  values.  A  correlation 
existed  between  the  Imax/  concentration  (c)  values  and 

the  probable  number  of  electrons  transferred  In  the 
reduction.  PhNC>2,  the  first  wave  of  m-dlnitrobenzene, 
PhgCO,  and  BZg,  which  are  probably  reduced  with  4- 
electron  transfers,  showed  Jmax/C  values  of  0.  64, 

0.  69,  0.  60,  and  0.  68  amp/  mol,  respectively;  cystine 
and  a  1, 6-anthraquinone  disulfonate,  which  are  probably 
2-electron  reductions,  gave  values  of  0. 33  and  0.  31 
amp/  mol,  respecdvely.  In  using  the  pool  electrode, 
the  H  wave  occurred  at  a  potential  of  0.  2  to  0.  3  v  more 
positive  than  It  appeared  at  the  dropping  electrode  (for 
most  supporting  electrolytes).  Conjugated  double  bonds 
and  the  aldehyde  groups  were  reduced  at  a  value  close 
to  that  of  H  evolution  and  could  not  be  determined  by 
this  procedure.  (AffTIA  abstract) 

COR.  01:003 

Cornell  U.  Dept,  of  Chemistry,  Ithaca,  N.  Y. 

THE  DETERMINATION  OF  THE  GAMMA  ISOMER  OF 
HEXACHLOROCYCLOHEXANE  IN  THE  PRESENCE  OF 
OTHER  ISOMERS  AND  HIGHER  CHLORINATED 
MATERIAL,  by  C.  A.  Streull  and  W.  D.  Cooke.  Nov. 

4,  1953,  9p.  diagrs.  tables,  refs.  (Technical  rept. 
no.  5)  (AF  18(600)488)  AD  37488  Unclassified 

Also  published  In  Anal.  Chem. ,  v.  26:  970-972, 

June  1954. 

A  more  sensitive  method  than  the  conventional  polaro- 
graphic  method  was  developed  for  the  analysis  of  the 
y-lsomer  of  hexachlororyclohexane.  Replacement  of 
the  dropplng-Hg  electrode  by  an  Hg-pool  electrode  re¬ 
sulted  In  a  shifting  of  the  reduction  potentials  In  such  a 
way  that  Interference  from  other  compounds  was  elimi- 

natAfi  Tho  nrrvrvrvoaH  W2.2  mirp  )in- 

dane,  natural  Isomeric  mixtures,  concentrates,  dusts, 
ana  a-p  cakcc.  (ASTlA  abstract) 


COll.  01:007 

Cornell  U.  [  Dept,  of  Chemistry]  Ithaca,  N.  Y. 

ELECTROLYTIC  DECOMPOSITION  Of  DILUTE 
AMALGAMS,  by  J.  T.  Porter,  II  and  W.  D.  Cooke. 

July  1,  1954  [6]p.  incl.  diagrs.  tables,  refs. 

[ Technical  note  no.  6  !  [  AFOSR-TN-54-158]  (AF  18- 
(600)486)  AD  63419  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc.  ,  v.  77: 
1481-1486,  Mar.  20,  1955. 

A  study  has  been  made  of  the  anodic  decomposition  of 
dilute  amalgams  and  of  the  general  behavior  of  amal¬ 
gam  electrodes  when  the  decomposition  is  achieved  by. 
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(a)  discharge  through  a  resistance  at  constant  applied 
potential;  (b)  under  the  influence  of  an  Intermittent 
constint  current;  or  (c)  under  conditions  of  constant 
anode  potential.  It  was  found  that  amalgams  of  cadmium 
and  thallium  can  be  completely  decomposed  and  that  a 
general  insight  Into  the  phenomena  of  decomposition 
under  conditions  of  constant  anode  potential,  or  through 
a  resistance,  can  be  found  in  the  application  o.  the 
Nernst  equation,  Ohm's  law,  and  Faraday's  law  with  the 
conventional  concentration  polarisation  corrections.  It 
was  found,  however,  that  cadmium  Is  not  reversible  In 
th*a  type  of  experiment  In  that,  there  Is  a  uurpolarlxa.- 
tlon  contribution  to  the  overpotential.  It  was  also  found 
that  the  efficiency  of  the  constant  current  decomposition 
was  much  greater  than  could  be  explained  In  view  of  the 
calculated  effect  of  polarization.  It  Is  proposed  that  this 
efficiency  Is  due  to  the  formation  of  an  adherent  film 
which  acts  as  an  Intermediate  for  the  storage  and  trans¬ 
fer  of  electrons.  Studies  of  bismuth,  cobalt,  and  nlclcel 
Indicate  that  the  deposited  metals  cannot  be  anodically 
oxidized  without  decomposing  mercury.  (Contractor's 
abstract) 


COR.  01:008 

Cornell  U.  Dept,  of  Chemistry,  Ithaca,  N.  Y. 

POLAROGRAPHY  AT  A  STIRRED  MERCURY  POOL 
CATHODE,  by  D.  J.  Rosie  and  W.  D.  Cooke.  Sept.  9, 
1954  f  19  ]  p.  lncl.  dlagrs.  tables.  (Technical  note  no.  7) 
(AFOSR-TN-54-291)  (AF  18(600)486) 

Unclassified 

Also  published  In  Anal.  Chem.,  v.  27:  1360  1363, 

Sept.  1955. 

As  part  of  a  general  program  for  the  development  of 
analytical  procedures  for  trace  components,  various 
attempts  have  been  made  to  Increase  the  sensitivity  of 
polarographlc  methods.  A  large  Hg  pool  cathode  In  a 
stirred  solution  was  found  to  be  adaptable  to  such  work. 
Because  of  the  low  charging  current  of  such  an  electrode. 
It  Is  possible  to  obtain  polarograms  of  solutions  In  the 
micromolar  range.  The  polarograms  have  the  same 
general  shape  as  those  obtained  at  a  dropping  Hg  elec 
trode  but  no  maxima  are  obtained  and  current  fluct'iatlons 
caused  by  the  drop  growth  are  absent.  Studies  have  been 
made  for  various  types  of  electrolytic  processes  Includ¬ 
ing  Ion -amalgam,  Ion- metal.  Ion  Ion,  and  molecule- 
molecule  reductions.  Various  aspects  of  each  of  these 
systems  are  discussed.  A  rapid,  stmole  method  requir¬ 
ing  no  special  apparatus.  Is  proposed  for  the  determina¬ 
tion  of  polarographlc  n- values.  (Contractor's  abstract) 


COlt.  01:009 

Cornell  U.  Dept,  of  Chemistry  Ithaca,  N.  Y. 

POLAROGlt AP11IC  BEHAVIOR  OF  ORGANIC  COM 
ROUNDS  AT  THE  MERCURY  P<X>L  ELECTRODE,  by 
C.  A  Streull  and  W.  D.  Cooke.  [1954!  [8]p.  lncl 
dlagrs  tables,  refs.  (Technical  note  no.  4)  (AF  18(600) 
486)  Unclassified 


Published  In  Anal.  Chem.,  v.  26:  963-970,  June  1954. 

The  study  of  the  mercury  pool  cathode  for  the  polarog- 
raphy  of  organic  compounds  leads  to  significant  differ¬ 
ences,  although  the  polarograms  are  qualitatively 
similar  to  those  obtained  for  lon-metal  reductions.  In 
contrast  to  the  behavior  exhibited  by  metallic  loi.s,  the 
reduction  potentials  are  often  different  from  those  ob¬ 
tained  at  the  conventional  dropping  electrode  and  at 
limes  the  number  of  waves  Is  different.  In  general, 
the  reproducibility  of  the  mercury  pool  cathode  Is  not 
go-.id  as  that  c-f  the  dropping  mercury  electrode; 
half-peak  potentials  are  precise  to  10  mv,  and  current 
values,  within  7%  of  their  relative  values.  The  groups 
which  have  been  studied  are:  nltro,  dlnltro,  keto, 
dlketo,  azo,  hydrazo,  nltro  so,  disulfide,  and  qulnone. 
The  new  electrode  extends  the  range  of  polarographlc 
methods  to  more  dilute  solutions.  It  Is  sometimes 
possible,  In  the  analysis  of  mixtures  of  organic  com¬ 
pounds,  to  take  advantage  of  the  shift  in  the  reduction 
potentials.  (Contractor’s  abstract) 


COR.  01:010 

Cornell  U.  Dept,  of  Chemistry,  Ithaca,  N.  Y. 

AMPEROMETRiC  TITRATIONS  OF  MICROMOLAR 
SOLUTIONS,  by  J.  G.  Nlkelly  and  W.  D.  Cooke. 

June  28,  1955  [  1 2  ]  p.  lncl.  dlagrs.  table.  (Technical 
note  no.  8)  [  AFOSR-TN-55-196]  (AF  18(600)486) 

Unclassified 

Published  In  Anal.  Chem.  ,  v.  28:  243-245,  Feb.  1956. 

Amperometrlc  titrations  of  dilute  solutions  of  metal 
Ions  with  dlsodlum  ethylenedlamlnetetraacetate  have 
been  carried  out  using  a  Hg-pool  Indicator  electrode. 
Some  of  the  problems  of  Hg-pool  polarography,  such 
as  the  reproducibility  of  the  electrode  area  and  the 
constancy  of  stirring,  have  been  eliminated  by  this 
technique.  The  area  of  the  electrode  used  was  1  to  2 
sq  cm  and  stirring  was  accomplished  by  bubbling  N 
through  the  solution.  Cd,  Cu,  Pb,  Nl,  and  Zn  have 
been  titrated  at  concentrations  well  below  the  range  of 
conventional  amperometrlc  methods  which  employe  the 
dropping  Hg  electrode.  In  favorable  cases,  titrations 
were  feasible  at  dilutions  approaching  10"  ‘M.  For 
example,  solutions  containing  0.  02  Y  of  Cd/  ml  can  be 
titrated  with  an  average  e.'  ror  of  0.  0001  Y.  it  was  also 
found  possible  to  titrate  solutions  of  Ions  which  could 
not  be  polarographlcally  determined  with  a  ltg-pool 
cathode.  (Contractor's  abstract) 


COR.  01:011 

Cornell  U.  Dept,  of  Chemistry,  Ithaca,  N.  Y. 

APPt JC ATION  OF  COU1/1METIUC  TITRATIONS  TO 
MICttOVOl.UMES  OF  SOLUTION,  by  It.  Schrelber  and 
W.  D.  ->ke.  'Sept.  1955!  [2]p.  lncl.  dlagr.  table. 

[  AF"  *  0)486!  Unclassified 

I’ublUhedla  Anal  Chem. ,  v.  27:  1475  1476,  Sept.  1955 
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The  coulometrlc  generation  of  titrants  was  found  to  be 
applicable  to  microvolumes  of  solution.  Ten  mlcrollters 
of  hydrochloric  acid,  sodium  hydroxide,  and  arsenite 
were  titrated  with  coulometrically  generated  reagents 
with  an  accuracy  comparable  to  that  obtained  using 
conventional  methods.  Thin  platinum  probes  could  be 
used  as  generating  electrodes,  and  the  experimental 
arrangement  was  both  compact  and  versatile.  The 
technique  Is  tllustrated  by  typical  redox  and  acldlmetrlc 
titrations,  but  ts  not  limited  to  these  particular 
examples.  The  method  Is  general  In  nature  and  can  be 
applied  to  a  variety  of  titrations  Involving  small  volumes 
of  sotutlon.  (Contractor's  abstract,  modified) 


COR.  01:012 

Cornelt  U.  Dept,  of  Chemistry,  Ithaca,  N.  Y. 

ANODIC  STRIPPING  POLAROGRAPHY,  by  J.  G. 

Nlketty  and  W.  D.  Cooke.  May  15,  1956  [22]p.  Inct. 
dlagrs.  tabtes.  (Technlcat  note  no.  9)  [  AFOSR-TN- 56- 
215]  (AF  18(600)486)  AD  87260  Unclassified 

Also  published  In  Anal.  Chem. ,  v.  29:  933-939,  June 
1957. 

Anodic  stripping  polarography  Is  a  method  of  analysis 
by  which  a  metal  Is  deposited  on  an  etectrode  and  an 
odlcally  removed  under  controlled  conditions.  The 
magnitude  of  the  anodic  current  peak  Is  proportional  to 
the  concentration  of  metallic  Ion.  The  applicability  of 
various  etectrodes  to  this  method  has  been  Investigated 
and  the  use  of  a  small  Hg  electrode  has  been  found  to  be 
significantly  advantageous.  Metallic  Ions  at  concentra¬ 
tions  as  low  as  10' *  Y/mt  were  detected,  and  Pb  and 
Cd  tn  spectrographlcalty  pure  Zn  were  determined,  tn 
contrast  to  other  electrodes,  no  pretreatment  Is 
necessary  and  no  change  In  calibration  values  was  ob¬ 
served  over  a  period  of  8  mo.  There  Is  no  Interaction 
In  mixtures  of  deposited  metals  and  100  times  as  much 
metal  with  a  more  positive  half-wave  potential  has  no 
Influence  on  the  anodic  peaks.  Half  peak  potentials  are 
Independent  of  concentration  and  agree  ctosely  with  the 
half-wave  potentiate  obtained  at  a  dropolng  Hg  etectrode. 
Analyses  have  been  carried  out  on  solutions  of  Cu**, 
Pb*\  Cd1  *  and  Tt*  from  2  x  10  *  to  2  x  10  8  motar. 

The  method  ts  only  applicable  to  those  metals  which  can 
be  deposited  In  Hg  and  anodlcally  removed.  (Con¬ 
tractor's  abstract) 


COlt.  02:001 

Cornell  U.  Dept,  of  Engineering  Physics  '  Ithaca,  N.  Y. 

AN  INVESTIGATION  OF  THE  TEMPERATURE  DE 
t’ENDENCE  OF  INTERNAL  FRICTION  IN  COPPER 
SINGLE  CRYSTALS  FROM  4.  2°K  TO  300°K,  by  N.  W. 
Drlggs.  Sept.  1955,  45p.  tncl.  dlagrs.  refs.  (]AF] 
OSR  TN  55  393)  (AF  18(600)1000)  Unclassified 

In  thts  study,  the  decrement  of  2  Cu  slngte  crystals  wa» 
determined  as  a  function  of  temperature  from  liquid  He 
temperature  to  room  temperature.  One  of  the  crystals 


was  examined  only  In  an  annealed  state,  while  the  other 
was  examined  In  both  annealed  and  somewhat  cold- 
worked  states.  Curves  of  the  losses  vs  temperature 
are  given,  and  show  a  gradual  decrease  from  room 
temperature  to  4°K.  The  loss  peaks  observed  by 
Bordonl  at  about  80°K  for  polycrystalllne  material,  tf 
present  at  att,  are  so  small  as  to  be  pracUcalty  unob- 
servabte  In  the  Bingte  crystals  studied  here.  Activation 
energies  are  calculated  from  graphs  of  the  logarithm 
of  the  decrement  vs  the  reciprocal  of  the  absolute 
temperature.  A  value  of  a  few  tenths  of  1  keal/mol  ts 
found  from  about  40°K  to  room  temperature.  This  Is 
exptalned  as  being  the  energy  required  to  Initiate  the 
motion  of  a  dislocation.  What  appears  to  be  a  very 
small  activation  energy  Is  found  at  very  low  tempera¬ 
tures,  but  this  Is  explained  as  being  the  residual 
support  tosses,  observable  at  these  temperatures  be¬ 
cause  the  actuat  dislocation  tosses  are  so  small. 


COR.  02:002 

Comelt  U.  Dept,  of  Engineering  Physics,  Ithaca,  N.  Y. 

A  STUDY  OF  TH  E  tNTERNAL  FRICTION  AND 
YOUNG’ S  MODULUS  OF  PURE  COPPER  SINGLE 
CRYSTALS  IN  THE  TEMPERATURE  RANGE  25°C  TO 
750°C,  by  L.  A.  Kamentsky.  Sept.  1,  t956,  lv.  lncl. 
lllus.  dlagrs.  tables,  refs.  (Technical  rept.  no.  1) 
(AFOSR-TN- 56-425)  (Sponsored  jolntty  by  Air  Force 
Office  of  Scientific  Research  under  AF  18(600)1000  and 
Office  of  Naval  Research  under  N6orl-9t02)  AD  96507 

Unclassified 

Measurements  were  made  of  the  Internal  friction  and 
Young's  modulus  of  pure  single  Cu  crystals  In  trans¬ 
verse  vibration  from  25°  to  750°C  at  strain  amplitudes 
of  10~8  to  10’5  and  frequencies  of  700  to  7600  cps. 
These  data  are  compared  with  those  of  other  authors, 
and  the  theories  of  dislocations  are  reviewed.  Good 
agreement  between  experimental  results  and  the  theory 
of  Granate  and  Lucke  (Jour.  Appt.  Phys. ,  v.  27:  583, 
789,  1956)  was  shown  for  the  strain  dependent  portions 
of  the  data  up  to  300°C.  A  summary  of  what  Is  believed 
to  be  the  behavior  of  the  internal  friction  and  Voting's 
modulus  of  single  Cu  crystals  Is  formulated  fo"  uie 
higher  temperature  range.  (ACTtA  abstract) 


COR.  02:003 

Cornell  U.  Dept,  of  Engineering  Physics,  Ithaca,  N.  Y. 

INTERNAL  FRICTION  IN  SINGLE  COPPER  CRYSTALS 
(Abstract),  by  H.  S.  Sack.  1956,  lp.  (A f  18(600)1000) 

Unclassified 

Presented  at  Conference  on  Ultrasonic  Energy  Losses 
In  Crystalline  Materials,  Droan  U. ,  Sept.  4-6,  1956. 

The  Internat  friction  of  hi(di  purity  copper  stngle 
crystals  was  studied  tn  the  temperature  range  of  4*K 
to  1000° K,  In  a  frequency  range  of  600  to  7000  cpg, 
and  In  a  range  of  strain  amplitudes  of  10'**  to  10  . 

Lateral  vibrations  were  used.  The  ranges  were 
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covered  by  experimenting  with  Identical  specimens  so 
tha'  the  well  known  variations  from  one  sampls  to  the 
other  were  eliminated  tn  comparing  results  under  dif¬ 
ferent  conditions.  A  few  measurements  wsre  also  made 
at  40  kepe  at  low  temperatures,  again  using  the  same 
samples  that  served  for  the  expertmente  with  transverse 
vibrations.  The  phenomena  In  this  low  frequency  range 
are  very  similar  to  those  observed  by  other  authors  tn 
the  high  frequency  range,  where  most  studies,  however, 
encompass  only  a  limtted  :  ange  of  temperatures,  strain 
amplltudee  or  frequences.  At  low  temperatures, 
(approximately  70s  K)  the  Bordonl  peak  ts  not  observed 
for  well  annealed  single  crystals.  A  slight  peak  super¬ 
imposed  on  a  broad  background  appears  when  the  crystal 
ts  slightly  cold  worked.  Very  pronounced  and  sharp 
peaks  ars  observed  In  polycrystalline  samplee  which 
were  subject  to  a  great  amount  of  cold  work  (15%  re¬ 
duction).  Annealing  of  these  polycrystalline  samples 
reduces  the  hetght  of  the  peak  by  a  factor  of  13  or  more. 
Ths  annealing  was  done  In  such  a  way  that  the  grain  site 
remained  unchanged.  The  peak  shifts  only  very  little  tn 
gotng  from  a  frequency  of  800  to  40, 000  cps.  The  peak 
doee  not  seem  to  be  very  amplitude  sensitive.  The 
background,  however,  ts  both  -ensltlve  to  amplitude  of 
vibration  and  to  ellght  amounts  of  cold  work,  as  ts  also 
obeerved  al  room  temperature.  (Contractor's  abstract) 


COR.  03:001 


Cornell  U.  [Dept,  of  Mathematics]  Ithaca,  N.  Y. 


CONTRIBUTIONS  TO  RENEWAL  THEORY  AND 
MARKOV  CHAINS,  by  K.  L.  Chung.  June  15,  1952,  25p. 
([  AF  18(600)100]  continued  by  AF  18(800)330) 

•  Unclassified 


In  part  1  the  following  ts  proved:  for  any  sequence  of 
Independent  r-dtmenslonal  Identically  distributed  chance 
vartables  Vj,  Vj,  . . .  with  r  >  I,  any  bounded  set  C  of 
r- space  and  any  vector  U  tn  r- space,  the  expected  num¬ 
ber  of  sums  V  j*  . . .  Vn  lying  In  C  ♦  U,  the  set  C  trans¬ 
lated  by  U,  approaches  zero  as  |  U  |  -*  <-  .  In  part  11  a 
classification  of  recurrent  states  and  classes  ts  given 
and  a  central  limit  theorem  for  Markov  chains  ts  proved. 
Some  results  concerning  the  mean  recurrence  and  first 
passage  times  are  Included.  (Contractor's  summary, 
modified) 


COR.  04:001 


Cornell  U.  [  Dept,  of  Mathematics  Ithaca,  N.  Y. 


LIMIT  DISTRIBUTIONS  FOR  SUMS  OF  INDEPENDENT 
RANDOM  VARIABLES,  by  B.  V.  Gnedenko  and  A.  N. 
Kolmogorov,  trans.  by  K.  L.  Chung.  Cambrtdge,  Mass. 
Addison  Wesley  Publishing  Co. ,  Inc. ,  19S4  ,  264p.  tncl. 
refs.  (AF  18(600)330:  continuation  of  AF  tS(OOO)IOO) 

Unclassified 


Thts  ts  a  translation  of  the  Russian  mathematical  text 

Sluchalnykh  Vetlchln  (19491.  The  account  presented* 
combines  generality  with  simplicity,  explaining  some  cf 


the  moet  tmportant  and  difficult  aspects  of  t  >s  theory 
of  probability.  The  following  subjects  are  treated: 

(1)  probability  distributions,  random  varlablee,  and 
mathematical  expectations;  (2)  distributions  In  R1 
and  their  characteristic  functions;  (3)  Infinitely  divisible 
distributions;  (4)  general  limit  theorems  for  sums  of 
Independent  summands;  (5)  convergence  to  normal, 
Poteson,  and  unitary  distributions;  (6)  limit  theorems 
for  cumulative  sums;  (7)  fundamental  limit  theorems: 

(8)  Improvement  of  theorems  about  the  convergence  to 
the  normal  law;  and  (9)  local  limit  theorems  for  lattice 
dtstrtbutlone. 


COR.  04:002 


Cornell  U.  [Dept,  of  Mathematics]  Ithaca,  N.  Y. 


CONTRIBUTIONS  TO  THE  THEORY  OF  MARKOV 
CHAINS,  H,  byK.  L.  Chung.  [1954]  [23]p.  incl. 
refs.  (AF  18(600)330)  Unclassified 


Published  In  Trans.  Amer.  Math.  Soc. ,  v.  76:  397  - 
419,  May  1954. 


The  random  variables  XQ,  n  =  0,  1 . form  a 

Markov  chain  with  denumerable  states  and  temporally 
homogeneous  transition  probabilities  p(|\)  =  p(xm).n 

=  J  |  \m  =  t);  1,  J  =  0,  1,  ...  .  All  states  are  in  the 


eame  recurrent  class.  Let 


P(X„  =  J,  \  I,  H*(  n  I  Xj,  ~  1). 


m<P>=  Y  nPF("),  p  >  0. 

‘i  £Ti  ‘J  P 


Theorem:  m^  <  u>  and  mOj)  <  for  some  pair  t,  j 


implies  every  k,  I.  A  partial  version  for 

Integral  p,  vas  proved  by  Hodges  and  Rosenblatt 
[  Pacific  J.  Math.  v.  3:  127-136  (1953);  Math.  Rev. 
v.  14:  886],  Let 


Vifc-  E  pi7 '  I  pu  • 

v=  0  v=  0 

For  a  real  function  f  set  Iff)  =  Ejj  f(j)-  If  l(|f|) 
<  am,  l(  |  g! )  <  oo  ,  1(g)  4  0  (the  chotce  of  t  here  and 


later  ts  Immaterial),  It  ts  shown 


A  proof  using  ergudlc  theory  was  given  Independently 
for  certain  general- state  Markov  processes  by  Harris 
and  Bobbins  [  Proc.  Nat’l.  Acad.  Sciences,  U.  S.  A. 
v.  39:  860-864  (1953);  Math.  Rev.,  v.  15:  140].  Let 

Y  •  f(X  )  ♦  ...  *  f(X  ).  where  X  =  1  and  v,  ts  the 
v,  v2  vi 

time  of  flrsl  return  to  t  sfter  Vj.  U  E<  i  Y  |  )  <  «  and 


.•  .  -J 


c  • 


•  • 


(n?o,  Y  f(V  '  Y  rfXy).  l(f)/I(c)j.  »- 

'  v=  0  v  0 


•  • 


>  176  < 
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<  oo,  the  weak  law  of  large  numbers  holds  for 
S„  =  f(Xg)  +  . . .  +  ffXjj).  This  Is  not  sufficient  for  the 
strong  law,  as  an  example  shows,  but  <  oo  and 
|f(j)|/m(J>  <  oo  together  Imply  the  strong  law. 

Doeblln’s  central  limit  theorem  Is  treated;  If  m^  <  oo, 
then  E(Y^)  <  oo  implies  the  central  limit  theorem,  but 
an  example  shows  Q  (f(j))2/  m  (j/  <  oo  does  not.  The 
law  of  the  iterated  logarithm  and  the  distribution  of  the 
maximum  partial  sum  are  treated.  (Math.  Rev. 
abstract) 

COR.  04:003 

Cornell  U.  [Dept,  of  Mathematics]  Ithaca,  N.  Y. 

[  RESEARCH  ON  MARKOV  CHAINS]  by  K.  L.  Chung. 
Final  rept.  [  1954  ]  2p.  (AF  18(800)330) 

Unclassified 

Progress  on  the  publication  of  a  translated  version  of 
Limit  Theorems  For  Sums  of  Independent  Random 
Variables,  by  Gnedenko  and  Kolmogorov  is  reported,  as 
well  as  research  on  Markov  chains  regarding  theory  of 
the  chains  with  discrete  time  and  space. 


COR.  05:001 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

PROBABILITY  METHODS  AND  THE  DIRICHLET 
PROBLEMS,  by  G.  A.  Hunt  and  M.  Kac.  Sept.  15, 

1953,  4p.  (Technical  rept.  no.  1)  (AF  18(800)885) 

AD  18944  Unclassified 

Progress  is  reported  on  a  book  being  written  on  the 
application  of  probability  methods  to  the  Dlrlchlet  prob¬ 
lem.  The  book  Is  Intended  to  show  the  pedagogical  and 
scientific  advantages  of  treating  purely  analytic  prob¬ 
lems  by  methods  of  modern  probability  theory.  Chapter 
1  is  devoted  to  the  presentation  of  the  theory  of  the 
Wiener  process  and  those  of  its  properties  which  are 
used  in  the  sequel.  Chapter  2  is  devoted  to  the  solution 
of  the  generalized  Dirlchlei  problem  and  the  closely  re¬ 
lated  types  of  harmonic  measure,  rapacltory  potential. 
Green's  function,  and  regularity  of  boundary  points.  The 
following  result  is  given  in  connection  with  the  work  on 
chapter  2.  If  F  is  a  plane  closed  set  of  positive  capacity 
and  Pisa  point  not  in  F,  then  the  probability  that  a 
Brownian  motion  curve  originating  at  P  will  not  hit  F 
up  to  time  t  is  asymptotically  (for  large  t)  U(P)  where 

log  v  i 

U(P)  is  the  solution  (generalized)  of  Robin’s  problem. 

The  considerations  of  chapter  2  are  based  on  the  study 
of  the  event  that  a  Brownian  motion  curve  hits  a  set  F. 
(ASTTA  abstract) 

COR.  05:002 


Fuchs.  Sept.  15,  1953,  13p.  (Technical  rept.  no.  2) 
(AF  18(600)685)  AD  18945  Unclassified 

Theorems  are  proved  which  confirm  the  heuristic 
principle  that  if  a  set  where  a  function  is  large  is  con¬ 
centrated  near  a  point,  then  large  values  of  Its  Fourier 
transform  cannot  be  concentrated  near  a  point.  The 
following  terminology  Is  used:  let  E  be  an  n-dimen- 
sional  Euclidean  space,  where  t  -  (tji.--,^),  and 
x  =  (Xj,...  ,xn)  are  points  of  E,  (tj)  =  t,x,  +  ...  + 

t  x  ,  and  dt  =  dt,dt„. .  .dt  .  For  any  set  U  of  finite 
n  n  1  2  n 

n-dimensional  measure  in  E,  write  k(t;U)  = 

(2rr)'n  Je'^^dx.  If  S  and  T  are  sets  of  finite  meas- 


sure,  define  X(S,  T)  as  the  largest  eigenvalue  of  the 
Integral  equation  Xy(t)  - 

J  y(s)k(t-s;S)ds,  where  tcT.  Theorem  1:  Let 

g(t)cL2(E);  1 1  g(t)|2dt  =  1;  and  let  G(x)  = 

E 

(2tt)-j  J  gftje^^dt  be  the  Fourier  transform  of  g. 

E 

If  S  and  T  are  2  sets  of  finite  measure,  and  if 

J  I  e(t>  {  2dt  =  A,  then  J  |  G(x)  |  2dx^M2(A),  where 
T  S 

M(A)  =  1  for  Atf X(T,  S),  and  n(A)  = 

[AX(T,S)]1/2  ♦  [  (t-A)  (l-X(T-S)) ] 1/2  for 
A  >  X(T,  S).  The  bound  m(A)  Is  attained  in  all  cases. 
The  concentration  function  Q(l)  of  F(t)  is  defined  by 
Q(l)  •  max  [  F(i  ♦  1  *  0)  •  F(t-0)];  p(f)  is  defined  as 
sup  |f(x)t|  .  Theorem  2:  If  Q(21)  »  1  for  a  finite 
|xi>a 

value  of  1,  then  p(f)2  (cosh  al)'1.  This  bound  cannot 
be  replaced  by  a  larger  one.  Theorem  3:  If  the 
characteristic  function  f(x)  vanishes  for  |x|  >  a,  then 
Q(l)  i  X(T,  S)  where  A  <  X(T,  S)  T  is  the  interval 
|t|  <  1/2  1,  and  8  is  the  Interval  |x|  <  1/2  a.  This 
bound  cannot  be  replaced  by  a  smaller  one.  (ASTTA 
abstract) 


COR.  05:003 
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ESTIMATION  BY  THE  MINIMUM  DISTANCE  METHOD 
IN  NON- PARAMETRIC  STOCHASTIC  DIFFERENCE 
EQUATIONS,  by  J.  Wolfowltz.  June  1954  [27!p. 

[  AFOSR-TN  54  4  ]  (AF  18(600)685)  AD  30391 

Unclassified 


Also  pub  11 1 
June  1954. 


llshed  In  Ann.  Math.  Stat. ,  v.  25:  203  217, 


Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

THEOREMS  ON  FOURIER  TRANSFORMS,  by  W.  H.  J. 


The  method  of  estimation  (J.  Wolfowltz  Skandlnavlsk 
Aktuartetldskrift,  1952,  p.  132- 151)  is  characterized 
by  the  fact  that  the  estimators  are  always  such  as  to 
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minimize  the  distance  between  suitabty  chosen  distri¬ 
bution  (unctions.  Problems  are  treated  which  provide 
ezamptes  of  superconsistent  estimators  (estimators 
which  converge  with  probability  one  to  the  quantities 
being  estimated).  Previous  resutts  obtained  by  the 
minimum  distance  method  are  presented.  Three  new 
problems  tn  nonparametric  stochastic  difference  equa¬ 
tions  are  formulated,  and  minimum  distance  estimators 
are  exhlbtted  for  these  problems.  A  proof  of  the  super¬ 
consistency  is  presented  for  2  of  the  estimators.  The 
minimum  distance  method  Is  said  to  be  of  interest  be¬ 
cause  it  enabtes  a  class  of  probtems  to  be  solved  which 
cannot  be  solved  by  rtassical  methods.  The  problems 
need  not  be  solety  probtems  of  estimation,  but  may  be 
probtems  of  testing  hypotheses.  The  minimum  distance 
method  is  said  to  be  useful  in  the  sotutlon  of  many 
identification  problems.  (ASTIA  abstract) 


COR.  05:004 


Cometl  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

THE  BERNSTEIN  APPROXIMATION  PROBLEM,  by  H. 
Potlard.  Aug.  1954  [  17 ] p.  (Rept.  no.  11)  ([AFlOSR- 
TN-54-202)  (AF  18(600)685;  continuation  of  DA  30-115- 
ORD-439)  AD  44128  Unciasstfled 

Also  published  in  Proc.  Amer.  Math.  SoC. ,  V.  8:402- 
4 tl,  June  1955. 


A  former  solution  of  the  Bernstein  problem  (Proc. 

Amer.  Math.  Soc. ,  v.  4:  869-875,  t953)  is  given  In  a 
simplified  form.  The  main  result  is  the  following 

theorem:  For  the  set  of  functions  xn/$  (z),  n  t  0, 1 . 

subject  to  the  conditions  that 


lim  X11/ $(i)s  0,  I4t  n  =  0,  t, . . . , 

$  (a)  >  0,  <  *.-  , 


to  be  fundamental  in  the  real  space  CQ,  it  is  necessary 
and  sufficient  that  (i)  the  upper  bound  (u. b. ) 
log*  p(x) 

—  .  dx  =  ou,  where  the  u.  b.  is  taken  over  all 

1  ♦  iJ 


real  polynomials  p  for  which  |  p(x)  |  <*<•>  *  "C»>  ^  • 

The  result  is  extended  tn  l,P  spaces  p  *  t  by  the  following 
theorem:  For  the  set  of  functions  xn/$  (x),  n  =  0,  i, . . . , 
subject  to  the  conditions  that  $  (x)  >  0  almost  everywhere 
In  ( " i »  , 

1"/$  (x)  t  l,P,  n  *  0,  i . 

to  be  fundamental  in  l.'1,  it  is  necessary  and  sufficient 
that  (i)  hold  where  the  u.  b.  is  taken  over  atl  real 


[x>lynomial8  p  such  that 


IjP  j  <  i. 

>1*1 


A  set  S  in  a  Banach 


space  B  is  called  fundamental  if  the  set  of  finite  Unear 
combinations  of  the  elements  of  S  is  dense  in  B.  The 
problem  is  also  solved  for  the  semi  infinite  interval 
(0,,.  ).  (ASTIA  abstract) 


COR.  05:005 

Cornell  U.  Dept,  of  MathemaUcs,  Ithaca,  N.  Y. 

GLOBAL  VERSIONS  OF  THE  CENTRAL  LIMIT 
THEOREM,  by  R.  P.  Agnew.  Aug.  1954  ,  8p.  (Rept. 
no.  12)  ([  AF]OSR-TN-54-210)  (AF  18(600)685) 

AD  44130  Unclassified 

Also  pubUshed  in  Proc.  Nat't.  Acad.  Sciences,  v.  40: 
800-804,  Sept.  1954. 

Let  F  (x)  be  the  distribution  function  of  the  combination 

n  i/2 

(F j  i  Fj  t  . . .  ♦  ?n)n  '  where  fj«,  •  •  •  are 

equalty  distributed  random  variables  having  mean  0  and 
standard  deviation  1.  The  centrat  Umit  theorem  ImpUes 
that  ('(lim  Fn(x)  =  $  >  -o»  <  x  <  ex,,  where  $  (x)  is  the 
Gaussian  distribution  function.  It  ts  shown  that  if 
p  >  1/2,  then 

(**)Umn^  j00  |  Fn(x)  -  $  (x)|pdx  =  0.  (Contractor’s 

“OO 

abstract) 


COR.  05:006 


Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

POSITIVE  TRANSFORMATIONS  ON  GROUP  SPACES, 
t,  by  G.  A.  Hunt.  Aug.  1954  ,  34p.  (Rept.  no.  13) 

(t  AFlOSR-TN-54-211)  (AF  18(600)685)  AD  44127 

Unctassifled 


Results  of  l.6vy  and  Khlnchln  on  an  expUcit  represen¬ 
tation  of  the  characteristic  function  of  an  infinitely  di¬ 
visible  probablUty  distribution  on  the  additive  group  of 
the  real  numbers  are  extended  to  semigroups  of  proba¬ 
bility  distributions  on  arbitrary  Lie  groups.  The  rote 
of  the  characteristic  function  is  taken  over  by  the 
infinitesimal  generator  of  a  semigroup  of  transforma¬ 
tions  associated  with  the  probability  distributions.  The 
principal  resutt  is  the  foltowlng  theorem.  Let  S^  be  a 
probability  semigroup  on  a  Lie  group  <j'.  The 
infinitesimal  generator  M  of  Sj  Is  defined  at  least  on 
C  z  and  has  the  expression 


(i)  Mf.  (i)=  I  a1X1f.  (i)  *  KaljXiXif.  (t)  ♦ 

^  J  ff(%  u  )  -  f(i )  -  X*f.  (t  )Xj(n  )1  G(do  );  where  (2) 
-e  ' 

xn.C2.  x,(e)  0,  X^Xj.  (e)  = 


V- 


(3)  a^  Sjj,  XajjXjXj  >  0  for  all  Xt;  and  (4)  G(E) 
r  1 

-  F(d  • ),  where  F  is  a  bounded  positive  measure 

..  4(  ’> 

L 

on  -e  and  j  Is  in  T  2  with  4  (e)  -  X* ? .  (e)  0, 

X*X^  ij' .  (e)  -  j  j,  j  (i )  >  0  for  u  ^  e.  The  measure 
G  and  the  operator  aj,X*.\^  are  determined  by  S. 

independently  of  the  choice  of  X  and  t .  The  restriction 
of  M  to  C2  determines  Sj.  Conversely,  if  V:  -»  f 


>  178 


•  9 


•  •  • 


•  • 


•  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 


r. 


M 
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is  defined  by  (1)  and  If  (2),  (3),  and  (4)  are  satisfied, 

-2 

then  M  is  the  restriction  to  C  of  the  Cu'niteslmal 
generator  of  exactly  1  probability  sem.  jup.  In  the 
notation,^ is  the  1 -point  compactlflcatlon  of  and 
£  is  the  Banach  space  of  continuous  functions  on 
(ASTIA  abstract)  * 

COR.  05:007 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

ON  TESTS  OF  NORMALITY  AND  OTHER  TESTS  OF 
GOODNESS  OF  FIT  BASED  ON  DISTANCE  METHODS, 
by  M.  Kac,  J.  Kiefer,  and  J.  Wolfowitz.  Aug.  1954, 
38p.  incl.  tables,  refs.  (Rept.  no.  14)  ([  AF  ]OSR-TN- 
54-212)  (Sponsored  jointly  by  Air  Ferce  Office  of  Scien¬ 
tific  Research  under  AF  18(600)685  and  Office  of  Naval 
Research  under  [  N6onr- 26405  ] )  AD  44129 

Unclassified 

Also  published  in  Ann.  Math.  Stat. ,  v.  26:  189-211, 

June  1955. 

The  problem  tested  is  that  of  whether  the  distribution 
function  (df)  of  observed  Independent  chance  variables 
Xp  . . . ,  xn  Is  a  member  of  a  given  class.  The  notation 
is  as  follows:  F(y)  and  G(y)  are  any  2  df’s,  and 
f  (F,G)  -  sup  |  F(y)-G(y)  | ;  Gj(y)  is  the  empiric  df  of 

Xj, . . . ,  Xjj.  Tests  of  normality  are  based  on 
vn  =  1  (G*n(y),  N(y  |  x,  s2))  and  on  wn  = 

J  (G* (y)  -  N(y  |x,  82))2dyN(y  |x,  s2).  The  analysis  re¬ 
veals  thal  the  asymptotic  power  of  these  tests  Is  greater 
than  that  of  the  optimum  X2  lest.  The  covariance  func¬ 
tion  of  a  Gaussian  process  Z(t),  0  i  t  i  1,  is  obtained. 

A  demonstration  Is  given  thal  the  sample  functions  of 
Z(l)  are  continuous  with  probability  1,  and  thal,  as 

n  Urn  p{nwn  <  a}  =  PjW  <  a],  where  W  = 

2 

[  z(l)  ]  dl.  Tables  are  presented  of  the  distribution 
o 

of  W  and  of  the  limiting  distribution  of  -Jn  v  .  The  role 
of  the  various  metrics  is  discussed.  (ASTlX  abstract) 


COR.  05:008 
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EQUICONVERGENCE  OF  CESARO  AND  IUESZ 
TRANSFORMS  OF  SERIES,  by  R.  P.  Agnew.  Aug.  1954 
[  12  I  p.  (llepl.  no.  15)  (!  AF  1 OSR- TN  54  - 213) 

(AF  18(600)685)  AD  44122  Unclassified 

Also  published  in  Duke  Math.  Jour.,  v.  22:451-460, 
Sepl.  1955. 

l.et  Cr(n)  and  l<r(n)  denote,  respectively,  the  well 
known  Ceeiro  and  Rleaz  transforms  of  a  series  .:  u^  of 
real  or  complex  lerms  More  general  results  are 
obtained  which  imply  the  following,  if  r  >  0  and  If  un 
Is  a  series  for  which  Um  u,,  =  0,  or  if  the  partial  sums 


of  £  Ujj  are  bounded,  then  the  Ceskro  and  Riesz  trans¬ 
forms,  whether  they  be  convergent  or  divergent,  are 
equlconvergent  in  the  sense  that 
Hit,  [  Cr(n)  -  Rr(n)  ]  =  0.  (Contractor’s  abstract) 


COR.  05:009 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

ESTIMATES  FOR  GLOBAL  LIMIT  THEOREMS,  by 
R.  P.  Agnew.  Aug.  1954,  23p.  (Rept.  no.  16) 

((  AFlOSR-TN-54-214)  (AF  18(600)685)  AD44124 

Unclassified 

Also  published  In  Ann.  Math.  Stat.,  v.  28:  26-42, 

Mar.  1957. 

Let  F  j,  F  j, . . .  be  random  variables  having  the  same 
df  (distribution  function)  F(x)  with  mean  0  and  standard 
deviation  1.  Let  F  (x)  be  the  df  of  the  combination 
(F.  j  ♦  F«  +  ...  ♦  FjJj/n1/2,  let  <f(x)  be  the  Gaussian  df, 

and  let  Cn  =  J  |  Fn(x)  -  <p(x)  I  2dx.  Various  questions 

-  OO 

about  the  numbers  C  are  considered.  A  formula 
giving  Cn  In  terms  of  the  characteristic  function  is  ob¬ 
tained  and  studied.  Close  appraisals  of  the  Cn  are 
given  when  F(x)  is  the  symmetric  binomial  df  and  when 
the  F  are  uniformly  distributed  over  a  finite  interval. 
(Contractor’s  abstract) 


COR.  05:010 

Cornell  U.  Depl.  of  Mathematics,  Ithaca,  N.  Y. 

ON  A  THEOREM  OF  EUE  CART  AN,  by  G.  A.  Hunt. 
Aug.  1954  ,  2p.  (Rept.  no.  17)  ([  AF  ]OSR  TN-54-215) 
(AF  18(600)685)  AD  44123  Unclassified 

A  metric  proof  Is  presenled  of  the  following  theorem: 
all  maximal  Abelian  subgroups  of  a  compact  connected 
Lie  group  j^'are  conjugale  within  The  proof  uses 
the  following  lemma:  if  x  and  y  are  any  elements  of 
the  Lie  algebra  of  <jp,  then  !  x,  A  y )  -  0  for  some 
Inner  automorphism  A(  of  p.  (AffTiA  abstract) 

COR.  05:011 

Cornell  U.  Depl.  of  Mathematics,  Ithaca,  N.  Y. 

ON  A  PROBLEM  OF  ADDITIVE  NUMBER  THEORY, 
by  P.  Erdos  and  W.  11.  J.  Fuchs.  Aug.  1954,  8p. 
(Rept.  no.  18)  (!  AF  )OSR-TN-54  216)  (AF  18(600) 
685)  AD  44125  Unclassified 

AlsojiubUshed  in  Jour,  tendon  Math.  Soc. ,  v.  31: 

67  73.  1956. 

Let  Xj  <  Xj. . .  be  a  sequence  of  non  negative  numbers, 
let  r(n)  number  of  solutions  of  Xj  ♦  ij  <  n.  Then 


>  179  < 
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r(n)  =  cn  +  0(n^log'^'£  nj  (t  >  0)  cannot  hold  for  any 
c  >  0.  In  the  case  a^  =  k*,  the  estimation  of  r(n)  Is  the 
classical  problem  about  the  number  of  lattice  points  In 
a  circle.  In  this  case,  It  Is  known  that  r(n)  =  tr/ 4  n  + 
R(n),  where  R(n)  Is  not  ofn^log'^n).  Our  error  term  In 
the  general  case  Is  not  much  worse,  and  the  proof  Is 
much  simpler.  (Contractor’s  abstract) 


COR.  05:012 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 


is  Illustrated  on  the  basis  of  a  simplified  mathematical 
model.  (ASTI A  abstract) 


COR.  05:014 

Cornell  U. ,  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

ON  A  CHARACTERIZATION  OF  THE  NORMAL  LAW, 
by  G.  E.  Baxter.  Dec.  1954  ,  5p.  (Rept.  no.  21) 

([  AF]OSR-TN-54-362)  (AF  18(600)685)  AD  53316 

Unclassified 


A  LIMIT  THEOREM  FOR  THE  MAXIMUM  OF 
NORMALIZED  SUMS  OF  INDEPENDENT  RANDOM 
VARIABLES,  by  D.  A.  Darling  and  P.  Erdds.  Nov. 
1954,  16p.  (Rept.  no.  20)  ([  AF]OSR-TN-54-313) 
(AF  18(600)885)  AD  47968  Unclassified 

Also  published  In  Duke  Math.  Jour.,  v.  23:  143-155, 
Mar.  1956. 


The  following  theorem  Is  proved:  Let  Xj,  Xj. . .  be 
Independent  random  variables  with  a  uniformly  bounded 
third  absolute  moment.  Put  S„  =  Xj  *  Xg  +  .  • .  *  Xn, 
and  let  U„  =  max  S*/  VE. 

l<k<n  v 


Then 

1 


Urn  Pf  |  Un  <  (2  log  log  n)1/2 

n  -»o,.  I 


(log  log  log  n)  (2  log  log  n)  +  t(2  log  log  n) 


«P( - e*P(t)),  "CXj  <  t  <  GO.  A  similar  theorem 

2  y/T 


Is  proved  for  U’  =  max  I  Sk  |  /  j/k  and  two  strong 
l<k<n 

theorems  for  the  sequence  Un  are  Indicated.  The 
method  of  proof  consists  In  finding  an  lnterpolatory 
stochastic  process  for  the  sequence  Sk/\/E,  obtaining 
a  Umll  theorem  for  Its  maximum  and  then  an  application 
of  the  Invariance  principle  of  Erd6s-Kac.  (Contractor's 
abstract) 


COR.  05:013 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

FOUNDATIONS  OF  KINETIC  THEORY,  by  M.  Kac. 
Nov.  1054  [  4 8  ] p.  (Repl.  no.  19)  ([  AF  ]OSR-TN- 54  - 
314)  (AF  18(600)685)  AD  47967  Unclassified 

Also  published  In  Proc.  Third  Berkeley  Symposium  on 
Mathematical  Statistics  and  Probability,  Calif.  U, 
Statistical  Lab. ,  (Dec.  1954,  and  June  and  July  1955), 
Berkeley,  Unlv.  Calif.  Press,  1956,  p.  171-179. 

A  detailed  analysts  Is  made  of  the  assumptions  under- 
lying  the  derivation  of  Dollxmann'e  basic  nonlinear 
lnlegro  differential  equation  of  the  kinetic  theory  of  dl 
lute  monoatomlc  gases.  The  derivation  Is  based  on  a 
probabilistic  master  equation,  and  Ihe  classical  theory 


Also  published  In  Proc.  Nat’l.  Acad.  Sciences,  v.  41: 
383-385,  June  1955. 

Two  proofs  are  presented  of  the  following  theorem 
(Llnnlk’s):  let  X,  (ft  0)  and  Xj  be  Independent, 
Identically  distributed  random  variables  and  suppose 
that  there  exists  a  pair  of  real  numbee  (a,  b)  with 
0  <  a  £  b  <  1,  a*  +  b*  =  1,  for  which  aX.  +  bXj  has 
the  same  distribution  as  Xj’,  then  Xj  Is  Gaussian  with 
mean  zero.  A  counterexample  Is  given  of  the  conjec¬ 
ture  that  If  Xj  and  Xj  are  Independent,  Identically 
distributed  (perhaps  symmetric)  random  variables  and 
if  there  exists  a  pair  of  real  numbers  (a,  b)  with 
0  <  a  i  b  <  1,  aa  =  ba  -  1,  for  which  aXj  ♦  bx~  has 
the  same  distribution  as  X,,  then  Xj  Is  stable  irtth 
parameter  a.  (ASTIA  abstract) 


COR.  05:015 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

TOPOLOGICAL  PROPERTIES  OF  HOMOMORPHI8MS 
BETWEEN  BANACH  ALGEBRAS,  by  B.  Yood.  Jan. 
1954  [l»]p.  lncl.  refs.  [  AF  18(600)685  ]  Unclassified 

Published  In  Amer.  Jour.  Math.,  V.  76:  155-167, 

Jan.  1954. 

Let  B  be  -  real  Banach  algebra.  An  Involution  on  B  Is 
a  mapping  x  -  x‘  for  which  (x  ♦  \y)‘  =  x*  *  Vy*  for  \ 
real,  x“  =  x,  and  either  (xy)*  *  x‘y‘  or  (xy)*  =  y*x‘. 
Call  D  a  p*- algebra  If  B  has  an  Involution  and  a  non- 
negative  subaddltlve  function  I  I  which  vanishes  only 
at  0  and  satisfies  j  x |  <  p(x)  for  x  self-adjoint  or  skew 
(p(x)  U  the  spectral  radius  of  x  In  the  complexUlcatlon 
of  B)  If  moreover  |  |  can  be  chosen  so  that  B  Is  an 
(F)-  ipace  (In  the  sense  it  Banach)  under  the  metric 
|  x  -  y|  ,  then  B  Is  a  p  ‘-algebra.  The  A*-algebras 
of  Rlckart  (Ann.  of  Math.  (2),  v.  51:  615-628  (1950); 
Math  Rev. ,  v.  11:670  (1954))  are  p*-algebras.  The 
Involution  In  a  p*-algebra  Is  continuous.  p*-algebras 
are  semi- simple  and  have  unique  norm.  A  homo¬ 
morphism  of  a  Banach  algebra  onto  a  self-adjoint 
subalgebra  of  a  p‘  -algebra  Is  continuous.  If  B  Is  a 
pc* -algebra  for  which  each  self-adjoint  element  has  a 
real  spectrum  and  T  Is  an  Isomorphism  of  B  into  a 
Banach  algebra,  then  T  preserves  the  spectral  radius 
of  self-adjolnl  and  skew  elements;  If  moreover  there 
Is  a  c  >0  such  that  !|T(x*)!|  <  c||T(x)ll  for  all  x,  then 
T' 1  Is  continuous  on  7(B).  flow  lei  B  (B j )  be  a  com 
plex  commutative  Banach  algebra  with  radical  R  (Rj) 


•  • 
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and  let  Ul'(St)  be  Its  eet  of  maximal  regular  Ideal* 
(Including  B  (By)  Itself).  Let  T  be  a  homomorphism  of 
B  Into  Bj.  For  N  c  let  T*  (N)  be  the  unique  M  e  (JJJ 
determined  by  the  rule  x[  T*(N)  ]  =  T(x)  (N)  for  x  e  B. 

If  B  Is  regular,  In  the  sense  of  SUov  (Tray.  Inst.  Math. 
Stekloff,  v.  21  (1947);  Math.  Rev. ,  v.  9:  596,  1954), 
then  T*(3?')  consists  of  the  maximal  regular  Ideals 
containing  T'^Rj)  (T- 1  [  T(R)  ] );  for  R  =  0  and  T  one-to- 
one  the  second  result  reduces  to  one  due  to  Rickart 
(Proc.  Amer.  Math.  Soc. ,  v.  4:  191-196  (1953);  thm.  1; 
Math.  Rev. ,  v.  14:  660,  1954).  If  B  Is  regular  and  Is 
closed  under  uniform  limits  when  considered  as  an 
algebra  of  functions  on  the  set  of  maximal  regular  ideals 
containing  T'1(0)  and  If  T-!(0)  Is  the  Intersection  of  the 
maximal  regular  Ideals  containing  It,  then  the  closure  of 
T(B)  Is  T(B)Q  R.  and  the  canonical  Isomorphism  of 
B/T'1(0)  onto  T(B)  has  a  continuous  Inverse.  The  paper 
contains  other  results  and  most  of  the  above  results  are 
proved  In  a  more  general  setting.  (Math.  Rev.  abstract) 


COR.  05:016 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

TOEPLITZ  MATRICES,  TRANSLATION  KERNELS  AND 
A  RELATED  PROBLEM  IN  PROBABILITY  THEORY, 
b?M.  Kac.  Sept  1954  [10]p.  [  AF  18(600)685] 

AD  26900  Unclassified 

Also  published  In  Duke  Math.  Jour.,  v.  21:  501-510, 

Sepl.  1954. 

Theorem:  Lei  F  be  the  Fourier  transform  of  an  even 
function  p  such  that  p(x)  2  Of  p(a)dx  *  1,  and 

suppose  that  |  x  |  p  (x)  and  F  belong  to  L1  (-«  , «}.  Let 
Da(X)  denote  the  Fredholm  determinant  of  the  Integral 
equation  Jaa  p(x-y)p(y)dy  =  Xp(x).  Then  for  sufficient¬ 
ly  small  real  X,  Urn  Da  (X)  exp  i  f &  log  ( 1- 

XF(n)]dnj  =  exp  x  I  r*  s  ^f(n))- 

ell'Idr)  |  Jdx |  .  This  theorem  Is  an  analogue  of  a  result 
which  Szegti  recently  proved  for  Fourier  series  (Comm. 
Sim.  Math.  Unlv.  Lund  [  Medd.  Lunds  Unlv.  Mat.  Sem.] 
Tome  8uppt<mentalre,  228-238,  (1952);  these  Rev.  14, 
553).  An  Interesting  account  of  tl.e  way  In  which  the 
theorem  was  discovered  Is  Included.  Siegb's  result 
ts  reinterpreted  In  probabilistic  terms,  and  It  Is  shown 
that  both  Sligo's  result  and  the  above  analogue  are 
consequences  of  the  following  combinatorial  Identity: 

Let  s  -  (Sj  ....  *ti)  be  a  permutation  of  (1 . n  ),  let 

a . a  be  real  numbers,  and  let  Nts)  be  the  number 

l,  h 

of  non  negative  terms  In  the  sequence  a  ,  a(  «  a  , 

*1  l  2 

■  • '  '  *s  *  *s  ’  whoB*  largest  Is  M(s)  Then  ..max 
l  n 

(o,  M(s))  N(s)ag  ,  the  summations  being  extended 

over  all  permutations  of  (t . n).  The  reviewer  noticed 

one  minor  oversight:  Szego’s  result  Is  proved  by  him 
under  the  assumption  that  F  satisfies  a  lupschttz  Condi 
tion  of  order  u  (0  ,i  •  l),  and  is  proved  in  the  present 


■  IHl  • 


paper  under  the  assumption  that  f’  has  an  absolutely 
convergent  Fourier  series:  tl  Is  claimed  that  the  second 
condition  Is  weaker  than  the  first;  bul  this  la  so  only  If 
a  >  'A.  (Math.  Rev.  abstract) 

COR.  05:017 


Cornell  U.  Depl.  of  Mathematics,  Ithaca,  N.  Y. 

ON  THE  VIRIAL  SERIES  OF  THE  IDEAL  B08E- 
EINSTEIN  GAS,  by  W.  H.  J.  Fuchs.  Jan.  1955,  lOp. 
(Rept.  no.  22)  ( [  AF  ]OSR-TN-55-13)  (AF  18(600)685) 
AD  53138  Unclassified 


Also  published  In  Jour.  Rational  Mech.  and  Analysis, 
v.  4  :  647-652,  Sept.  1955. 


The  radius  of  the  Vlrlal  expansion  of  the  Ideal  Bose- 
Einsleln  gas  was  shown  to  lie  between  4  rr  ami 


5 


n  +  8ir.  Hie  result  shows  thal  no  close 


connection  exists  between  the  singularities  of  the  Vtrlal 
expansion  and  the  phenomenon  of  condensation.  (Con¬ 
tractor’s  abstract) 


COR.  05:018 

Cornell  U.  Depl.  of  Mathematics,  Ithaca,  N.  Y. 

ASYMPTOTIC  MINIMAX  CHARACTER  OF  THE 
SAMPLE  DISTRIBUTION  FUNCTION  AND  OF  THE 
CLASSICAL  MULTINOMIAL  ESTIMATOR,  by  A 
Dvoretzky,  J.  Kiefer,  and  J.  Wolfowllx.  May  1955, 

5 Op.  (Repi.  no.  23)  ([  AF]OSR-TN-55-137) 

(AF  18(600)685)  AD  63414  Unclassified 

Also  published  tn  Ann.  Math.  Stat. ,  v.  27:  642-669, 

Sept  lose: 

This  study  Is  concerned  with  proving  the  asymptotic 
minimal  character  of  the  sample  distribution  function 
(df)  for  estimating  an  unknown  df  In  V-  or 3f  £  for  a 
wide  va-iety  of  weight  functions.  Section  1  contains 
definition*  and  a  discussion  of  measurabtlity  considera¬ 
tions.  Section  2  Includes  a  statement  of  2  lemmas,  and 
a  corollary  of  the  second,  which  are  Important  tools  in 
the  proofs  and  are  of  Interest  per  se.  For  example, 
Lemma  2  Implies  the  convergence  of  the  moment 
generating  function  of  G  to  that  of  G.  A  proof  of 
Lemma  2  ts  given  tn  Section  2:  Lemma  1  was  proved  by- 
Anderson  In  Proc.  Amer.  Math.  Soc.,  v.  6:  170-176, 
1955.  In  Section  3.  the  asymptotic  mlnlmax  character 
Is  proved  for  a  fundamental  class  of  weight  functions 
which  are  functions  of  the  maximum  deviation  between 
estimating  and  true  df.  in  Section  4.  a  device  (of 
more  general  applicability  In  decision  theory)  Is 
employed  which  yields  the  asymptotic  mlnlmax  resutt 
for  a  wide  ctaeB  of  weight  functions  of  this  character 
as  a  consequence  of  the  resutt*  of  Section  j  for  weight 
functions  of  the  fundamental  class.  The  asymptotic 
mlnlmax  character  1b  proved  for  a  class  of  Integrated 
weight  functions  In  Section  5.  A  more  general  ctass  of 
weight  functions  for  which  the  asymptotic  mlnlmax 
character  holdB  Is  discussed  in  flection  6.  TTils 


■  i.  t-  t  -  .-L  — 
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Include  weight  functions  for  which  the  risk  function  of 
the  sample  df  Is  not  a  constant  over  9-£.  Most  weight 
functions  of  practical  interest  are  Included  in  the  con¬ 
siderations  of  Sections  3  to  6.  Section  6  also  presents 
a  discussion  of  multinomial  estimation  problems  for 
which  the  asymptotic  minimax  character  of  the  classical 
estimator  Is  contained  in  the  results.  Finally,  Section  7 
Includes  a  general  discussion  of  minimization  of  sym¬ 
metric  convex  or  monotone  functionals  of  symmetric 
random  elements,  with  special  consideration  of  the 
"  tied-down”  Wiener  process,  and  with  a  heuristic 
proof  of  the  results  of  Sections  3.  4  5  and  much  of 
SottRUUSL-  (Contractor’s  abstract) 


COll  05:019 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

ON  THE  REPRESENTATION  OF  A  FUNCTION  BY  A 
POISSON  TRANSFORM,  by  C.  Standlsh.  July  1955, 
13p.  (Rept.  no.  24)  ([  AF  ]OSR-TN-55-209)  (AF  18- 
(600)685)  AD  87254  Unclassified 

^lso  pub  Lis.  xl  In  Mich.  Math.  Jour.,  v.  3:  95-104, 


In  a  recent  study,  Pollard  ("The  Poisson  Transform,  " 
Trans.  Amer.  Math.  Soc. ,  v.  78:  541-550,  1955) 
obtained  a  real  Inversion  formula  for  the  convolution 
transforms 


f(x)  =  1/it  [U  dq(y) _ 

t  ♦  (x-y)2 


with  a(y)  of  bounded  variation  on  every  finite  Interval, 
and 

(2)  f(i)  =  1/it  r  jrfy)dy 

J-„,  1  ♦(x-y)2 

with  g(y)  lntegrable  on  every  finite  Interval.  The 
Integrals  are  Interpreted  In  the  sense 

Uni 

r  ■ 

-u,  ‘  3 

In  this  study,  necessary  and  sufficient  conditions  will 
be  obtained  for  f(i)  to  be  representable  In  the  form  (1) 
with  (I)  a(y)  U  hounded  variation  on  (-uu,  u  )  or  (□> 
a(y)  nondecreasing  and  bounded  on  (uu,  u,)  and  In  the 
form  (2)  with  (111)  g(y)  inUgrable  on  (-o,. ,+,)  or  (IV)  g(y) 
bounded  on  (x,,,oj)  or  (V)  g(y)  tLp  (-«*»,  <*,)  p  >  t. 
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Cornell  U.  Dept.  of  Mathematics,  Ithaca,  N.  Y. 

A  NOTE  ON  THE  NORMAL  DtSTRIBUTCN,  by  J.  R. 
Blum.  July  1955,  4p.  (Kept  no.  25)  ( [  AF  ]OSR  TN 
55210)  (AF  16(600)685)  AD  87253  Unclassified 

Let  f(t).  f(t),  and  M(t)  be  characteristic  functions  of 


distributions  with  zero  means  and  unit  variances.  The 
following  theorems  are  proved:  Theorem  1.  Let  n  >  1 
be  an  integer,  and  let  m  be  an  integer  with  0  i  s  (  n. 
Suppose: 

9(«>*(«>=  ?m(^>  “(^)  *n'm(^)for 

.2 

all  t.  Then  cp  (t)  =  +  (t)  =  e  — — ■  Theorem  H.  Suppose 

for  every  a  '  0  that:  <p( a t)  +  (t)  -  M[a^+  l)’^t1. 
Thenqj(t)=  +(t)  =  M(t)  =  e  (Contractor’s 

abstract) 
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Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

ON  THE  STRUCTURE  OF  CERTAIN  DECISION  RULES, 
by  J.  R.  Blum  and  L.  Weiss.  Aug.  1955,  3p.  (Rept. 
no.  27)  ([  AF]OSR-TN- 55-229)  (Sponsored  Jointly 
by  Air  Force  Office  of  Scientific  Research  under  AF  18- 
(600)685  and  Office  of  Naval  Research  under  [  Nonr- 
40103])  AD  87251  Unclassified 

This  study  Is  concerned  with  decision  problems  where 
the  possible  distributions  fall  Into  a  Unite  number  of 
parametric  families,  while  the  loss  Incurred  depends 
only  on  which  family  the  true  distribution  belongs  to 
and  not  on  the  values  of  the  parameters,  and  a  set  of 
statistics  sufficient  for  all  the  parametric  family 
exists.  Under  these  circumstances,  a  complete  class 
of  decision  rules  is  characterized  by  means  of  Bayes’ 
solutions  for  the  conditional  decision  problems,  given 
the  values  of  the  sufficient  statistics. 


COR.  05:022 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

ON  NONPAR  AM  ETHIC  MULTISAMPLE  TESTS,  by 
J.  R.  Blum  and  L.  Weiss.  Aug.  1955,  8p.  (Rept.  no. 
28)  ([  AF  lOSR-TN-55-254)  (Sponsored  Jointly  by  Air 
Force  Office  of  Scientific  Research  under  AF  16(600)685 
and  Office  of  Naval  Research  under  !  Norr -40103]) 

AD  87110  Unclassified 

^tX0,l . N),  n0:  •  •  •  :Xk,  1 . * 

samples  with  distribution  functions  FQ, ....  Ffc.  The 
multisample  hypothesis  H  Is  that  F0  Fj  «  ...  «  Fk- 
Rank  lasts  for  this  hypo  the  alt  are  developed  from  a 
slightly  different  set  of  statistics  whlcn,  although 
equivalent  to  ranks,  are  somewhat  more  amenable  to 
mathematical  manipulation.  All  distributions  are  con¬ 
sidered  to  be  continuous  to  exclude  the  possibility  of 
tied  observations.  Certain  optimum  2 -sample  tests 
aro  discussed.  A  simple  method  Is  given  for  obtaining 
multisample  tests.  (ASTI A  abstract) 


>  182  • 


aif  force  scientific  research 
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Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

ON  OCCUPATION  TIMES  FOR  MARKOFF  PROCESSES, 
by  D.  A.  Darling  and  M.  Kac.  Aug.  1955,  20p. 

(Rept.  no.  26)  ([  AF  ]OSR-TN-55-255)  (AF  18(600)685) 
AD  87252  Unclassified 

Also  published  In  Trans.  Amer.  Math.  Soc.,  v.  84: 
444-458,  Mar.  1957. 

Let  {*1  t  ^  0  }  be  an  abstract- valued  Markov  process 
with  the  Stationary  transition  probability  p(x,  E;t).  Let 
p8(x,  E)  =  I  q  e‘BtP(x,  E;t)dt;  V(x)  be  measurable  and 
>  0.  Assumption:  There  exists  h(s)  -»  oo  as  s  -*  0  and 
C  >  0  such  that 

(Ms))'1  J  V(y)Pg(x,  dy)  -»  C  (s-»  0) 

uniformly  In  x  t  {  5  |V(£)  >  0  }  Then  If  h(s)  = 
L(s_1)8'a  (0  <  a  <  1)  and  Ms'1)  Is  slowly  varying  as 

s  -»  0, 

(CMt'1))'1  p  Vfit-cOd-t 

Jo 

has  as  limit  the  Mlttag-Leffler  distribution  of  Index  a. 
Conversely,  If  the  above  has  a  nondegenerate  limit 
distribution  after  Ch(t'l)  Is  replaced  by  some  u(t)  >  0, 
then  u(t)  Is  lrdeed  Ch(t~*),  where  h  Is  given  In  the 
assumption  and  must  be  of  the  stated  form.  There  Is  a 
discrete  analogue.  The  connexion  with  Karamata’s 
Tauber  Ian  theorem  Is  discussed.  Applications  to  sums 
of  Independent  random  variables  unify  some  known  re¬ 
sults  bat  under  more  restrictive  conditions  than  other¬ 
wise  obtainable.  (Math.  Rev.  abstract) 


COR.  05:024 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

THE  MAXIMUM  OF  SUMS  OF  STABLE  RANDOM 
VARIABLES,  by  D.  A.  Darling.  Aug.  1955,  Bp. 

(Rept.  no.  30)  ((  AF  ]OSR-TN-55-262)  (AF  18(600)685) 
AD  87108  UnclasMfled 

Also  published  In  Trans.  Amer.  Math.  Soc. ,  v.  83: 

164  169,  Sept.  1956. 

Lei  Xp  Xj, ...  be  Identically  distributed  Independent 
random  variables  having  a  common  slable  distribution 
of  Index  Y,  o  <  Y  <_  2.  In  this  paper  the  limiting  distri¬ 
bution  of  n  max(S|,  Sj.-.-.Sn),  where 
Sa  Xj  ♦  Xj  i  . . .  «  X,,,  Is  deduced.  (Contractor's 
abstract) 

COR  05:025 

Cornell  U.  Depl.  of  Mathematics,  Ithaca,  N.  Y. 

A  COMBINATORIAL  LEMMA  AND  ITS  APPLICATION 


COR.  05:023  -  COR.  05:027 


TO  PROBABILITY  THEORY,  by  F.  Spitxer.  Aug. 

1955,  24p.  (Rept.  no.  29(  ([  AF]OSR-TN-55-270) 

(AF  18(600)685)  AD  87109  Unclassified 

By  combinatorial  methods  the  following  result  Is 
established.  If  Xj,  X,, . . .  Isa  sequence  of  Identically 
distributed  independent  random  variables, 

Sk  =  X,  +  . . .  +  Xk,  04(X)  =  1,  and  If  0fl(X)  and  +  k(X) 

are  the  characteristic  functions  of  the  random  variables 
max  [0,  Sj, . . . ,  Sjj  ]  and  max  [  OjSjj  ] ,  then,  for 

iti  <  i. 

I. 0  •"(*><■- «P  1 1, 

A  few  theoretical  applications  of  this  result  are  treated. 
(Contractor' 8  abstract) 

COR.  05:026 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

CONSISTENCY  OF  THE  MAXIMUM  LIKELIHOOD 
ESTIMATOR  IN  THE  PRESENCE  OF  INFINITELY 
MANY  INCIDENTAL  PARAMETERS,  by  J.  Kiefer  and 

J.  Wolfowltz.  Sept.  1955  ( 37  Ip.  refs.  (Rept.  no.  34) 
([  AF  lOSR-TN- 55-290)  (Sponsored  jointly  by  Air 
Force  Office  of  Scientific  Research  under  AF  18(600)685 
and  Office  of  Naval  Research  under  [  Nonr-40103  ] 

AD  87106  Unclassified 

A  so  published  In  Ann.  Math.  Stat. ,  V.  27:  887-906, 

Dec.  1956. 

It  1s  shown  thal,  under  usual  regularity  conditions,  the 
miMlmum  likelihood  estimator  of  a  structural  param¬ 
eter  Is  strongly  consistent,  when  the  (Infinitely  many) 
Incidental  parameters  are  Independently  distributed 
chance  variables  with  a  common  unknown  distribution 
function.  The  latter  Is  also  consistently  estimated 
although  It  Is  nol  assumed  to  belong  to  a  parametric 
class.  Application  Is  made  to  several  problems,  In 
particular  to  the  problem  of  estimating  a  straight  line 
with  both  variables  subject  to  error,  whir  ‘hus,  after 
all  has  a  maximum  likelihood  solution,  (contractor's 
summary) 


COR.  05:027 

Cornell  U.  Depl.  of  Mathematics,  Ithaca,  N.  Y. 

N  DIMENSIONAL  DISTRIBUTIONS  CONTAINING  A 
NORMAL  COMPONENT,  by  C.  Standlsh.  Sept.  1955 
(Sip.  (Rept.  no.  32)  ( 1  AF 'OSR-TN  55- 302)  (AF  18 
(600)685)  AD  87107  Unclassified 

A  so  published  In  Ann.  Math.  Stat.  ,  v.  27:  1161  1165, 
Dec.  1956. 

In  this  study,  necessary  and  sufficient  conditions  are 
obtained  for  an  n- dimensional  dlstrlbuDon  function 
K(xt . an)  to  conialn  as  a  factor  the  distribution 


18? 
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COR.  05:028  -  COR.  05:032 


(unction  of  n  Independent  normal  random  variables 
having  common  mean  zero  and  variance  1.  That  ts, 
conditions  are  obtained  for  F(ij, . . . ,  to  be  of  the 
form 

oo  oo 

F<xl . *»>  =  J-  •  •  JG<*ruP  •  •  • » V»n>dP<ul . “„)> 


where  P(u  , . . . ,  u  )  Is  a  distribution  function  and 
1  n  X1  xn 

°<xl . Xn)=(4-)"J  J  exp-(uJ+...+u2)du1...duw 

Vir  -00.00 

(Contractor's  abstract) 


COR.  05:028 

Cornell  U.  Dept,  oi  Mathematics,  Ithaca,  N.  ,Y. 

DISTRIBUTION  OF  EIGENVALUES  OF  CERTAIN 
INTEGRAL  OPERATORS,  by  M.  Kac.  Sept.  1955 
f  11  ]p.  (Rept.  no.  33)  ([  AFlOSR-TN- 55-303) 

(AF  18(600)685)  AD  87398  Unclassified 

Also  published  In  Mich.  Math.  Jour.,  v.  3:  141-148, 
1955-56. 

The  asymptotic  distribution  of  eigenvalues  of  the  integral 


equation 


,  f 

-a  |x-y|a 


<p(y)dy  -  X  <p(x),  0  <  a  <  1,  where 


V(y)  te  continuous  and  bounded  away  from  0,  Is  deter¬ 
mined.  The  method  Is  based  on  a  study  of  certain 
functionals  of  a  process  with  Independent  IncremeAte 
obeying  the  symmetrtc  stable  distribution  of  exponent 
a.  (Contractor’s  abstract) 


COR.  05:029 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

PRESENTATION  AS  A  POISSON  TRANSFORM,  by  H. 
Pollard.  May  t956  [  13  ]p.  (Rept.  no.  35)  ([AF]OSR- 
TN-55-320)  (AF  t8(600)685)  AD  140602 

Unclassifted 

Also  published  tn  Trans.  Amer.  Math.  Soc.,  v.  85: 

174- 180,  May  1957. 

For  the  ftrst  time,  neceesary  and  eufflctent  conditions 
were  obtained  (or  the  representation  of  a  function  tn  the 

yj 

form  f(x)  —  j  — ^a{y)  '  <ja  ^  0,  the  so-called 

"  -*»»  (x  y)J»t 

Poisson  transform.  The  proofs  depend  upon  Harry 
Pollard's  tnverslon  operator  Trans.  Amer.  Math. 
Soc.,  v.  78:  54 1- 550  (tW55) '  and  a  new  formula  for 
functlone  harmonic  tn  a  half  plane,  with  anatytlc 
boundary  values  (Contractor's  abstract) 


COR.  05:030 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

CONVOLUTIONS  WITH  RATIONAL  KERNELS,  by 
J.  Blackman.  Oct.  1955  [10]p.  (Rept.  no.  35) 

([  AF  ]OSR-TN-55-330)  (AF  13(600)685)  AD  87105 

Unclassified 

Consider  the  equation 

r.OO 

(1)  f(x)  =  J  k(x-u)da(u) 

-oo 

under  the  conditions  A 

(1)  k(x)  =  Jjjjj-,  where  p(x)  and  q(x)  are  polynomials  of 

degree  p  and  q,  respectively,  with  p  -  q  =  n  >  0; 

(tl)  the  distance  d  from  the  set  of  zeros  of  q(x)  to  the 
real  axis  ts  positive; 

(111)  a (x)  ts  locally  of  bounded  variation,  and 

a(0)  =  °(°+)  i  °(°-)  =  0; 

2 

(lv)  k(x)  =  elxtk(t)dt  y  0  for  real  x; 

-OO 

(v)  for  some  xq,  |lD,xo|  d 


11m  rB 

A,  B  I  k( 

-A 


xq  -  u)da(u)  exists. 


If  the  conditione  A  are  satisfied,  tt  te  Bhown  that  the 
solution  of  (1)  ts  unique,  and  the  solution  ts  obtained. 
(Contractor’s  abetract) 

COR.  05:031 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

DOMAINS  OF  METHODS  FOR  EVALUATION  OF 
SEQUENCES,  by  R.  P.  Agnew.  Dec.  1955  [24]p. 
(Rept.  no.  38)  ([  AF]OSR-TN-55-356)  (AF  18(600)- 
685)  AD  87261  Unclassified 

When  A  ts  a  regular  matrix  method  for  evaluation  of 
sequences  and  x,,1  le  a  bounded  divergent  sequence 
evaluable  A,  an  expUctt  construction  of  an  extensive 
class  of  sequences  evaluable  Is  obtained.  The  latter 
class  always  contains  an  extensive  class  of  unbounded 
sequences.  Other  resulte  of  this  nature  and  conse¬ 
quences  of  them  are  obtained,  and  thetr  relations  to 
published  resultB  In  the  field  are  set  forth.  (Con¬ 
tractor's  abstract) 


COR.  05:032 

Cornell  U.  Dept,  of  Mathematlce,  Ithaca,  N.  Y. 

RIEMANN  METHODS  FOR  EVALUATION  OF  SERIES, 
by  R.  P.  Agnew.  Dec.  1955  [37]p.  refs.  (Rept.  no. 
39)  ([  AF]OSR-TN-55-357)  (AF  18(600)085) 

AD  87262  Unclassifted 


AIR  FORCE  SCIENTIFIC  RESEARCH 


An  Investigation  Is  made  of  the  behavior  of  the  R(p)  and 
Rp  transforms  of  series  X  satisfying  the  Taubertan 

condition  lim  sup  Ini^  |  M  <  co  .  The  series  ts  saH 
n— >  m 

to  be  evaluable  R(p)  to  L  If  the  series  tn  a  ,(p,  t) 

oo  j  \  p 

-  X  I  -  n  ^  I  uk  converges  over  some  tnterval 
k  0  '  ' 


0  <  t  <  tQ  and  a  ^(p,  t)  -*  L  as  t  0,  and  the  series  is 
said  to  be  evaluable  ILto  L  if  the  sertes  in  a  ,(p,  t) 

OU  i  \  p  ^ 

=  c  t  X  fslnjct  |  converges  ove"  some 
k  0  '  ' 


s^  converges  ove"  some 


Interval  0  <  t  <  t  and  o^fp,  t)  -*  L  as  t  — »  0;  s^  ts 


k1"  partial  sum  of  the  series  X  u_.  Prectse  optimal 
relations  are  obtained  between  (1)  the  R(p)  transform  of 
XUjj  and  the  partial  sums  of  Xu^;  (2)  the  Rp  transform  of 
Xu-  and  the  partli.1  sums  of  XUj,;  and  (3)  the  R(p)  and 
R.  transforms  of  Xu_.  A  stmple  Tauberlan  argument  Is 
used  to  prove  that  the  product  transformation  R(p)Cr 
and  RpCr  are  regular  when  r  2  1;  Cr  Is  the  Cesaro 

transformation  of  order  r.  (ASTIA  abstract) 


Prectse  optimal 


COR.  05:033 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

RIEMANN  SUMM  ABILITY  OF  CAUCHY  PRODUCTS  AND 
TRANSLATES  OF  SERIES,  by  It.  P.  Agnew.  Dec.  1955, 
16p.  (Rept.  no.  40)  ([  AF  JOSR-TN-  55-358)  (AF  18- 
(000)685)  AD  87263  Unclassifted 

For  each  positive  Integer  p,  let  H(p)  denote  the  Rlemann 
method  of  order  p  for  evaluation  of  serlec.  It  Is  shown 
that  to  each  positive  Integer  p  there  corresponds  an 
extensive  class  of  series  u„  such  that,  for  each  series 
Xu,.  In  the  class,  the  series  u3  +  U|  ♦  . . .  Is  evaluable 
R(p)  while  both  of  the  translates  0  t  u  t  U|  ♦  . .  .  and 
u,  ♦  Uj  t  . . .  are  nonevaluable  R(p).  For  the  case  p  2, 
tlie  result  has  previously  been  given  without  details  of 
proofs.  One  service  of  the  results  Is  to  establish  the 
falsity  of  a  published  theorem  on  R(p)  evaluabtltty  of 
Cauchy  products  of  seriec.  (Contractor's  abstract) 


COlt.  05:034 

Cornell  U.  Dept,  of  Mathematics  Ithaca.  N.  Y. 

INVERSION  OK  CLASS  OF  DISCRETE  CONVOLUTION 
TRANSFORMS,  by  11.  Pollard  and  C.  Standlsh  Oct. 
1955  17. p.  (Rept.  no  37)  ([  AF  OSR-TN  55  367) 

(AF  18(600)685)  AD  87  1  04  Unclassified 

A;i  Inversion  formula  Is  obtained  for  the  discrete  con¬ 
volution  'ransforms 


COR.  05:033  -  COR.  05:035 


f(n)  =  X  k(n  -  m)g(m) 

oo 

with  kernels  k(n)  deftned  by  the  property 

oo  oo 

X  k(n)zn  =  TT  (1  -  a,)(l  -  b,)/TT  (1  -  a|z)(l  -  b,)|z), 

•°°  j=  1  J  1  J=  1  J  J 

where  1  >  >  a2  2  ■  ■  ■  >  0;  1  >  bj  2  b2  2  ■  ■  ■  >  0, 

and,  X  (a.  +  bp  <  <*> . 

The  Inversion  formula  is  the  following.  Define  opera¬ 
tion  6,  1/  6,  and  PN  (5) 

6F(n)  =  F(n  +  1)  [1/5  ]F(n)  =  F(n  -  1) 

N 

[  PN(6)F(n)  =  (1/Kj)  TT  (1  -  ak5)(l  -  b*  \  6)F(n)  then 
lacl 

a. 

K  =  TT  (1  -  a.)(l  -  b.) 

1=1  1  1 

lim[PN(6)]F(n)  =  g(n).  (Contractor’s  abstract) 

N-»tx: 


COR.  05:035 

Cornell  U.  [Dept,  of  Mathematics]  Ithaca,  N.  Y. 

SOME  THEOREMS  CONCERNING  BROWNIAN  MOTION, 
by  G.  A.  Hunt.  July  20,  1955  [26  Ip.  [  AFOSR-TN- 
55-368]  [  AF  18(600)685  ]  Unclassified 

Published  in  Trans.  Amer.  Math.  Soc.,  v  81:  294- 
319,  Mar.  1956. 

Given  a  Markov  process  with  stationary  transition 
probabilities,  this  mathematical  study  Is  concerned 
with  certain  random  times  such  that,  when  the  associ¬ 
ated  state  Is  known,  the  future  is  a  new  Markov  process 
which  Is  governed  by  the  original  transition  probabil¬ 
ities,  and  ts  independent  of  the  past.  A  somewhat 
special  version  of  these  statements  Is  reported.  Con¬ 
sider  a  Brownian  motion  with  state  space  I{n  and  con¬ 
tinuous  sample  functions  X  (X(t):  t  2  0),  built  over 
Uie  probability  field  (H  ,  F,  P),  let  T  be  a  (P)  measur¬ 
able  random  time,  and  lei  O  ’  (T  <  ♦  L‘  \  have 
positive  P  measure,  let  F’  (B:B  -  Afl  Cl’,  Ai  F)  and 
P’  (. )  -  P (./O’),  and  call  T  a  Markov  time  If,  over 
the  new  probability  field  (O' ,  F’,  P’),  Z  =  (X(t  ♦  T)  - 
X(T):  t  >  0)  is  a  Brownian  motion.  Independent  of  the 
stopped  process  X*  (X  (miu(t,  T)):t  /  0).  The 
theorem  Is  staled  as:  T  Is  a  Markov  time  provided 
either  that  It  be  Bore)  measurable  tn  X*  or  that  It  be 
the  limit  of  Markov  times  S  such  that  (S  ♦  ) 

(T  t  '  ).  Let  E  be  closed  In  Itn,  and  let  F.'  be  the 
points  of  E  which  are  regular  for  the  associated 
Dlrichlet  problem,  it  Is  remarked  that 
T  tnf(t:  X(t)i  E,  t  >  0)  u(t  *  ■  )  Is  a  Markov  time 
and  uses  tills  to  Indicate  that  q(t,  r,  s)  P(T  >  t, 

X(t)i  ds  ds  X(0)  r/ ds  Is  the  elementary  solution  for 
the  heat  euuatioti  v.  (L'2)  ,v  on  l(n  E,  v  0  on  E’, 


and  that  G(r,  s) 


q(t.  r,  s)dt  Is  the  Green  function 


•  • 


•  • 


9  9 


•  • 


•  • 


•  t 
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for  the  Poisson  equation  (l/2)Av  -  -uon  Rn- E,  v  -  0 
on  E'.  When  n  -  2  and  E  has  positive  logarithmic 
capacity,  these  expressions  are  used  to  estimate  the 
speed  at  which  the  solution  v(t,  s)  of  v,  =  (l/2)Av,  v(0,  • ) 
-  0  on  Rn-E,  v{t,  •)  prescribed  on  E  ,  converges  to  the 
corresponding  solution  v{s)  of  Av  0.  The  result  Is 
[  v(s)  -  v(t,  si  log  t  — *  2nG{s,^  )v(^  ),  as  t  t  +  u> ,  and 
It  follows  that  P(T  ">  t/X(0)  =  s)  ~-2tG(s,«  )/log  t,  as 
1 1  +  <■•  ,  which  has  been  conjectured  by  M.  Kac. 


COR.  05:03e 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

ON  A  CONJECTURE  OF  TEICH MULLER,  by  W.  H.  J. 
Fuchs.  Feb.  1956  [  11  ]p.  (Rept.  no.  43)  ([AFloSR- 
TN-55-41S)  (AF  18(600)685)  AD  87306  Unclassified 

It  Is  proved  that  for  an  entire  function,  f(z),  of  order  p 
there  Is  a  number  A(p)  depending  only  on  p  such  that 


COR.  05:036 


( b (a); "  <  A(p)  <  c 


Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

SPEC  TRAL  SYNTHESIS  FOR  THE  CANTOR  SET,  by 
C.  S.  Herz.  Oct.  1955  [  3  ]  p.  (Rept.  no.  42)  ([AF] 
OSR-  TN-  55-386)  (AF  18(600)885)  AD  87264 

Unclassified 

If  I  Is  a  closed  ideal  In  the  L1  convolution  algebra  over 
the  reals  and  the  Cantor  set  Is  the  set  of  zeros  common 
to  the  Fourier  transforms  of  functions  In  I,  then 
fcL1  has  Fourier  transforms  vanishing  on  the  Cantor 
Set,  ftl.  (Contractor's  abstract) 


where  the  summation  Is  over  all  finite  deficient  values 
of  f(z).  (Contractor  s  abstract) 


COlt.  05:039 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

SOME  REMARKS  ON  THE  USE  OF  PROBABILITY  IN 
CLASSICAL  STATISTICAL  MECHANICS,  by  M.  Kac. 
Feb.  1956,  7p.  (Rept.  no.  45)  ([  AF  ]OSH-TN-56-22) 
(AF  18(600)685)  AD  87394  Unclassified 


COR.  05:037 


Also  published  in  Bull.  Acad.  Roy.  de  Belgique,  Cl. 
Scl. ,  v.  42:  356-361,  1956. 


Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

CONSISTENCY  AND  OPTIMUM  PROPERTIES  OF  SOME 
TWO  SAMPLE  TESTS,  by  J.  It.  Blum  and  L.  Weiss. 
Dec.  1955,  lOp.  (Rept.  no.  4)  ( [  AF  ' OSH-TN •  55  403) 
(S|xinsnrcd  jointly  by  Air  Force  Office  nf  Scientific  Re 
search  under  AF  18(600)685  and  Office  nf  Naval  Re 
search  under  No  nr  40103  1)  AD  87395  Unclassified 

The  problem  Is  stated  as  follows:  Xp  . . . ,  Xm  is  a 
sample  from  the  uniform  distribution  on  the  unit  Interval 
and  Y, ,  ....Visa  sample  with  density  g(y)  on  the 
unit  Interval.  0,  1,  and  A  j .....  X,,  are 

the  order  statistics  corresponding  to  Y, . Y  .  For 

each  1  l,...,ntl,  Sj  Is  the  number  of  X' s  In  the  inter 
val  [  Zj  j,  /. j  ',  and  for  each  nonnegatlve  r,  Q„(r)  is 

the  proportion  among  Sj, ....  Sn<j  which  lo  equal  to  r. 
Deftr.-?  ;  m/n,  and  for  each  r,  set 


A  simple  artlflcal  model  Is  constructed  to  explain  the 
r„'.e  of  probabilistic  notions  In  establishing  the  Irre¬ 
versibility  of  reversible  systems.  The  model  consists 
nf  n  equidistant  polnls  on  a  circle,  m  of  which  are 
marked  and  form  a  set  S.  The  complementary  set  of 
n-m  points  is  5.  Each  of  the  n  points  is  a  site  of  a  ball 
which  can  be  either  wnlte  or  black.  During  an  elemen 
lary  time  Interval  each  ball  moves  counterclockwise  to 
the  nearest  site  under  these  conditions:  If  the  ball  Is 
111  S  It  changes  color  when  the  ninve  Is  completed,  but 
if  the  lull  Is  in  S  the  move  is  made  without  a  color 
change.  Analysis  of  the  model  shows  lhal  the 
Boltzmann  appruach  can  be  justified  In  a  maimer  slmi 
lar  to  that  employed  by  1*.  and  Y.  Ehrenfesl.  An 
analysis  of  the  model  for  the  case  when  S  Is  completely 
specified,  but  the  initial  arrangement  of  white  and  black 
balls  is  subject  to  a  probability  distribution,  was  unsuc 
ccssful  ( ASTI  A  abstract) 


Q(r)  ur  K  (y )«^y  A  proof  Is  given,  under 

0  u,g(y)  r,r 

mild  restrictions  on  g(y),  that 

(  \ 

P  lim  sup  j  Qn(r)  Q(r)  j  l)  V  t.  This  Is  ajijiUed 

In-*,-  CO1  I  > 


COlt.  05:040 

Cornell  U.  [lVpt.  of  Mathematics)  tthaca,  N.  y 

ON  STOCHASTIC  APPROXIMATION  METHODS,  by 
J.  Wolfowlt.:  Dec.  tJ55,  9|>  (Rept.  no.  46)  (AFOSH 
TN  -  56  58)  (AF  18(600)685)  All  Ht  050 

One  lassifled 


to  prove  the  consistency  of  such  2  sample  tests  as 
that  of  the  Wald  Wolfowltz  run  test  (Ann.  Math.  Slat. , 

*■.  2  >  47  162,  194  0).  (Contractor's  abstract,  modified) 


Also  published  in  Ann.  Malit.  Stal.,  v.  27  lt51  1156. 
Dec.  t95C. 

A  simple  proof  is  given  of  the  following  theorem  on 
Uic  convergence  of  stochastic  approximation  procedures 

by  Dvn'-el/ky.  :  and  ,  n  t.2,  .  are 

'  '  n  n  n 
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nonnegative  real  numbers  that  satisfy  these  conditions: 

ou 

(1)  Urn  an  -  0;  (2)  V"  [5n  <  cx>;  and 
n-*u  n  1 


Fourier  transform  are  considered.  Seme  sufficient 
conditions  tor  closure  are  given. 


COR.  05:043 


(XJ 


(3)X 


n  1 


T  oo  .  0  is  a  real  number  and  Tn)  n  1,2, 
n  » 


. . . ,  are  measurable  transformations  that  satisfy 
I  Tn(r, . rn)  -  0  |  g  max 

[  an>  ('  ♦  I’n'l  rn  '  0  I  -  YnJfor  1,1  real  rl . rn‘ 


X,  and  Yn,  n  1,2,...,  are  random  variables,  and 

X,,  +  t((0)  Tn(X,(u>) . X^to))  t  Yn(u>)  Is  defined  for 

n  2  I.  Then  the  conditions  E  j  <  a  , 

<a  ,  and  E  |yo  |  ij . x^  -  0  with 

probability  t  for  all  n  Imply  11m  E 
n— »a 


X  -02 1  0  and 

i.  "  i 


P }  11m 

n^>,. 


(ASTIA  abstract) 


COR.  05: 04 1 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

A  Cl, ASS  OF  UMIT  THEOREMS,  by  M.  Kac.  Apr. 
1956  {  20  p.  (ltept.  no.  47)  (AFOSR  TN-56  153) 
(AF  t8(600)685)  AD  86313  Unclassified 


Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

THE  LOTOCKIt  (OR  t.OTOTSKY)  METHOD  FOR 
EVALUATION  OF  SERIES,  by  R.  P.  Agnew.  July 
1956  f  37  lp.  (Rept.no.  50)  ( f  AF  ]OSR- TN- [  56  ]  - 
297)  (AF  t8(600)685)  AD  90000  Unclassified 

Also  published  in  Mich.  Math.  Jour.,  v.  4:  105-128, 
t957. 

A.  V.  Lotockil  (On  a  linear  transformation  of 
sequences  and  series.  In  Russian.  Ivanov.  Gos.  Ped. 
Inst.  Uc.  Zap.  Fix. -Mai.  Nauki,  v.  4:61-91,  1953) 
has  introduced  a  triangular  matrix  method  for  evalua¬ 
tion  of  series.  This  method  seems  to  be  new  and  to 
have  fundamental  significance  which  may  make  it 
rival  In  importance  the  classic  methods  of  CesXro, 
Abel,  Euler-Knopp,  Borel  and  others.  Numerous 
properties  of  this  method  are  obtained,  and  It  Is  found 
to  be  exceptionally  effective.  (Conlraclor's  abstract) 


COR.  05:044 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

THE  l,p  CONVERGENCE  OF  FOURIER  BESSEL 
SERIES  FOR  0  c  p  <  t,  by  C.  Standlsh.  July  1956 
(  4  ] p.  (Rept.  no.  5 1 )  (AFOSR-TN- 56-305)  (AF  18 
(600)685)  AD  90019  Unclassified 


Also  published  In  Trans.  Amer.  Math.  Soc. ,  v.  84: 

459  47 1,  Mar.  1957. 

l,el  ij,  x,....  be  Identically  dlslrlbuled,  independent 

random  variables  having  a  symmetric  density  lunction 
p(x),  whose  characteristic  function  ^('J  Is  absolutely 
integrabie  in  (-  *••,  «  ).  Let  D  be  a  bounded  measur 
able  set  and  denote  by  P  (1,  H),  the  probability  that 
exactly  1  among  the  first  n  partial  sums  s^  x,  i  ... 

*  x^  latl  wittiin  0.  Under  certain  additional  conditions 
on  y(")  the  exact  asymptotic  behavior  ol  l’n(t,0)  Is 
determined.  (Contractor's  abstract) 


The  object  of  this  mathematical  study  Is  to  extend  lo 
Fourier  flessel  series  a  theorem  of  M.  Kiesz  on  Lp 
convergence  of  trigpnomelrlc  Berles.  The  following 
theorem  is  proved.  If  f(x)t  1,(0,  1)  then 

lim  {'  |f(x)  SN(x)|Pdx  0  .e 

o 

•V*)  ^l>n(u*)‘  JjV<un*)/JU*t(un) 

JV*l(Un)bn  jl  (Contractor’s 

,  o 

abstract) 


COR.  05:042 


COR.  05:045 


Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

A  NOTE  ON  THE  SPAN  OF  TRANSLATIONS  IN  U>,  by 
C.  S.  ilerx.  June  1956,  dp.  (Rept.  no.  49)  (I  AF 
OSH  TN  56  2G4)  (AF  18(600)685)  AD  88984 

Unclassified 

The  relation  between  die  Wiener  closure  property,  c, 
(A.  Deurilng,  Arklv  lUr  Mat.  ,  V  t.  301  303.  195i)ol 
the  set  of  translations  ol  a  function  In  1«P  and  the 
uniqueness  property  >f  /.( f )  of  tiie  set  of  xeros  of  the 


Corne11  U.  Dept,  of  Malliematics,  Ithaca,  N.  Y. 

FURTHER  REMARKS  ON  USE  OF  PROBABILITY  IN 
CLASSIC Al,  STATISTIC Al.  MECHANICS,  by  M.  Kac. 
July  t956,  7p.  (Rept.  no.  52)  (AFOSR  TN-56  321) 
(AF  t8(600)685)  AD  94  857  Unclassllted 

Previous  work  on  the  use  of  probability  In  classical 
statistical  methods  Is  continued.  The  model  is  modi 
fled  s<>  that  the  number  of  elements  in  the  set  is  nol 
lixed  but  is  a  random  variable  with  a  mean  The 
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treatment  is  analogous  to  a  treatment  by  means  of  a 
grand-canonical  ensemble.  A  purely  probabilistic 
approach  is  introduced  and  Justified  on  the  basis  of  the 
Liouville  equation,  with  a  restriction  to  symmetric 
Initial  distributions.  Symmetrtzation  ‘s  explained,  ,«nd 
an  analogy  is  made  with  kinetic  theory.  (ASTIA 
abstract) 


COR.  05:046 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

SUMM ABILITY  METHOD  MD  SPECTRAL  ANALYSIS, 
by  C.  S.  Herz.  Aug.  1956  ,3]p.  (Rept.  no.  53) 
([AFjOSR-TN- 56-345)  (AF*  18(800)685)  AD  95431 

Unclassified 

It  is  shown  that  the  spectrum  of  a  bounded  measurable 
function  on  the  real  line  may  be  defined  in  terms  of  any 
of  a  large  variety  of  summabllity  methods.  Known 
theorems  In  this  connection  for  Abel  and  (R,  2)  sufnma- 
billty  can  be  extended  quite  generally.  In  addition,  a 
new,  sharp  theorem  on  summabllity  of  formal  products 
is  given. 


COR.  05.047 


Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

GENERALIZATIONS  OF  A  THEOREM  OF  WALD  ON 
MONOTONE  SEQUENCES,  by  R.  P.  Agnew.  Aug. 
1956  [  17  ] p.  (Rept.  no.  54)  ( AFOSR -TN- 56- 355) 
(AF  18(600)685)  AD  95441  Unclassified 


The  following  theorem  of  Wald  Is  strengthened  and 
generalized  in  several  ways:  If  n  is  an  even  Integer, 
if  (n)  n/  2,  and  if  q(k)  =  k,  then 


lim  Inf 

n-a  i. 


0,  whenever 


0  a,  <.  a2  . .  .  and  ^  -too,  It  Is  found  that  if 
0  2  1,  X(n)  =  Xn,  and  <  >  0,  then  g  (k)  can  be 

(log  k)^*'  when  k  ?  1.  When  X(n)  n  1  and  t  >  0, 
g  (k)  can  be  k  (log  k)^*'  when  k  >  1.  Some  of  the 
generalizations  involve  monotone  functions  Instead  of 
sequences.  (Contractor’s  abstract,  modified) 


COH.  05.048 


Cornell  U.  Dept  of  Mathematics  Ithaca,  N  Y. 

ON  THE  DEVIATIONS  OF  T11E  EMPIRIC  D1STRIBU 
TION  FUNCTION  OF  VECTOR  CHANCE  VARIABLES, 
by  J  Kiefer  and  J.  Wolfowltz.  Aug.  1950,  20p 
(Rept.  no.  54)  (AFOSR  TN  50  379)  (AF  18(600)085) 
A1)  95815  Unclassified 


The  following  two  theorems  are  proven  in  this  p.’.per: 
Theorem  L  1  (»n  ( .  )  ■  CQe  cr^  for  all  r  •  0. 

where  C  and  C  are  absolute  post tl ve  constants;  ami 


188 


Theorem  2.  There  exists  a  distribution  function 
(d. .  f. . )  G  (depending  on  F)  such  that,  at  every  point 
of  continuity  of  G,  U,pi  Gn  r  G.  Also 

lim  11m  H  .  =  G  at  every  point  of  continuity  of 

k-yoj  n->o-  n>K 

G.  Similar  results  to  those  of  these  theorems  hold  for 
the  joint  df  of  the  signed  deviations,  and  also  when  F 
is  not  continuous. 

COR.  05:049 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

ON  SIMILARITY,  REDUCING  MANIFOLDS,  AND 
UNITARY  EQUIVALENCE  OF  CERTAIN  VOLTERRA 
.  OPERATORS,  by  G.  K.  Kalisch.  *Oct.  1956,  19p. 

(Rept.  no.  54)  ([  AFJOSR-TN- 56- 513)  (AF  18(600)- 
685)  AD  110328  Unclassified 

Also  published  In  Ann.  Math.,  v.  66:  481-494, 

Nov.  1957. 

The  investigation  is  concerned  with  Volterra  Operators 
Tp  where  Tpf(x)  =  £F(x,  y)dy  mapping  Lp[  0, 1  ]  into 

itself  (1  <  p  <  ou).  The  following  three  topics  are 
discussed’  Similarity,  reducing  manifolds,  (1.  e. , 
subspaced  S  such  that  FpSOS),  and  in  the  case  p  =  2 
unitary  equivalence.  In  addition  to  certain  regularity 
conditions,  the  kernels  satisfy  the  following: 

F(x,  y>  -  (y-*)n‘  'c^x,  y)  where  G(x,  x)  Is  real  and  dif¬ 
ferent  from  0;  otherwise,  the  kernels  may  be  complex¬ 
valued.  The  Integer  n  in  the  foregoing  equation  is  to 
be  positive:  it  is  called  the  order  of  F.  The  principal 
results  concerning  similarity  may  be  stated  as  follows: 
Under  suitable  regularity  conditions  imposed  on  F, 
every  Tp  is  similar  to  a  unique  operator  cTp  where  c 

is  real  number,  E  Is  the  function  Identically  equal  to  1, 
and  n  is  the  order  of  F.  The  principal  results  concern¬ 
ing  reducing  manifolds  are  these:  The  only  reducing 
subspaces  of  the  operators  Tp  considered  are  the 
spaces  Lp[  0,  ;i  ]  for  all  u  i  [  0,  1  ] .  The  principal  re¬ 
sults  concerning  the  unitary  equivalence  of  the 
operators  Tp  (acting  on  Ljl  0, 1  ) )  are  these:  Every 
Tp  is  uni  tartly  equivalent  to  a  unique  operator  Ty 
where  G(x,y)-  (y  x)n" ’h(x,  y)  such  that  H(x,  x)  c 
(a  real  number)  and  1M  ll^x,  x)  1M  ll„(x,  x)  0. 

The  operators  used  to  implement  the  similarity  and 
unitary  equivalence  relations  are  of  three  kinds: 
multiplication  by  measurable  functions,  change  of 
measure  of  the  unit  interval,  and  o|>erators  of  the 
form  I  *  T  for  suitable  m(x,  y).  (Contractor’s 
abstract)  01 


COR.  05:050 


Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

ASYMPTOTIC  EXPANSIONS  IN  GLOBAL  CENTRAL 
LIMIT  THEOREMS,  by  It  1’.  Agnew.  Dec  1950 
33  ip.  (ltept  no.  63)  (  AF  OSH  TN  50  514) 

(AF  18(000)085)  AD  110329  Unclassified 
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Let  Eo’  •  •  •  ^  ra™lom  variables  having  the  same 
df  (distribution  (unction)  F  (x)  with  mean  0  and  standard 
deviation  1.  By  the  central  limit  theorem,  the  df  Fn  of 
the  normalized  sum  (Ei  +  Eg  ♦  •  ••  +  £ „ J/n1/2  then 
converges  polntwlse  to  the  Gaussian  df  ^  .  Let 

C„=  f°|Fn(x)  -0(x)|2dx. 


(AF  18(600)635)  AD  110332  Unclassified 

The  following  theorem  is  proved.  Necessary  and 
sufficient  conditions  for  f(x)  to  be  representable  in  the 
form 

f{x)=  Jo(x-t)g(t)dt  xiO 
o 


A  principal  problem  of  the  paper  is  to  give  conditions 
under  which  there  exist  constants  Dj,  Dj,  Dj, . . .  such 
lhal  the  expansion 


C 


n 


♦  0  <'nk+l  > 


is  valid  for  a  fixed  k  >.  I  or  for  each  k  =  1,2,3 . and 

to  give  explicit  expressions  for  Dj  and  IV  The  above 
problem  is  solved  lor  random  variables  Sj, . . . 
having  distribution  functions  belonging  to  Important 
classes.  Characteristic  functions  are  employed  in  the 
proofs  and  in  the  determination  of  Dj  and  Dj.  (Con¬ 
tractor’s  introduction,  modified) 


COR.  05:051 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

ON  THE  REGULARITY  OF  THE  GROWTH  OF  MERO- 
MORPH1C  FUNCTIONS  WITH  HIGHLY  DEFICIENT 
ZEROS  AND  POLES,  by  A.  Edrei  and  W.  H.  J.  Fuchs. 
Nov.  1956,  16p.  (Rept.  no.  59)  ([  AF  ]OSR-TN-56- 
515)  (AF  18(600)685)  AD  1 10330;  PB  136420 

Unclassified 

The  authors  Ce  .sider  a  meromorphic  function  f(z)  and 
show  thal  if  iis  zeros  and  poles  are  highly  deficient,  the 
lower  order  of  f(z)  is  close  io  iis  order.  In  particular, 
if  5  (C)  t  l  (a.)  -  2,  the  increase  of  f(z)  is  regular,  that 
is  the  order  and  lower  order  coincide.  (For  functions 
of  infinite  order  this  is  to  be  interpreted  as  meaning 
thal  ’he  lower  order  is  infinite. )  (Contractor's  abstracl) 


where  g(t)  is  integrable  over  every  finite  sublnterval 
of  (0,  co)  and 

ou  t 

f  e"stG(t)dt  = - 

J  N  M 

tt  (b-v  rr  (s+b.) 

k=l  j-.l 

b.,  a^  all  distinct  a^  >  0,  b,  >  0  N  >  1  are 

(1)  fMtN  \x)  exists  and  is  absolutely  continuous  on 
finite  intervals;  (2)  fM+^_1(x)  =  ofc11)  x  -»co  »  = 

mln(a . a..);  and  (3)  (D+b,)TT  (D-ak)f(x)  =  0  at 

1  j-1  k=l 

x  =  0(D=|j)  /=  0,  1,  2,  ....  M  -  1.  (Contractor’s 

abstract) 
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SEMI  GROUPS  OF  MEASURES  ON  UE  GROUPS,  by 
G.  A.  Hunt.  [  1956]  [  30]p.  [  AF  18(600)685] 

Unclassified 

Published  in  Trans.  Amer.  Math.  Soc.,  v.  81:  264- 
293,  Mar.  1956. 


COR.  05:052 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

GAP  PROPERTIES  OF  ENTIRE  FUNCTIONS  POSSESS 
ING  DEFICIENT  VALUES,  by  A.  Ldret.  Nov.  1956, 

2p.  (Kept.  no.  58)  ([  AF  jOSK-TN-  56  !  516  ])  (AF  18 
(000)685)  AD  110331  Unclassified 

The  author  investigates  the  influence  of  deficient  values 
on  the  gaps  of  the  Taylor  expansion  of  an  entire  function. 
(Contractor's  abstract) 
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A  REPRESENTATION  THEOREM  FOR  A  ONE-SIDED 
CONVOLUTION  TRANSFORM,  by  C  Standisti  Aug. 
1956  8  [p  (Rept  no.  56)  (  AF  OSH  TN  56  517) 


Let  G  be  a  Lie  group  and  let  Gc  be  its  one-poini 
compacttflcation.  Lei  |pj  j  (0  <  t  <  i»)  be  a  family  of 
probability  measures  on  the  Borel  subsets  of  Gc  which 
forms  a  semi- group  under.convoluiion  and  satisfies 
the  continuity  condition  lim{  j  p((E)  =  I  for  any 

neighborhood  of  the  Identity  e  of  G.  Such  a  semi-group 
fp(  J  gives  rise  lo  a  strongly  continuous  semi  group  of 
linear  operators  f S{  j  on  the  Banach  space  C  =  C(Gc) 
to  C:  (S(f)  (g)  )  Gc  f(gh)p,(dh).  The  Theorem  5.  I 

gives  a  characterization  of  the  infinitesimal  generator 
M  of  such  semi  group  |S,  j :  M  is  defined  at  least  on 

C-(Gc)  and  has  there  the  representation  (Mf)(g). 
a,Xjf(g)  ♦  i.  a1JX1XJf(g)  ♦  )Gc  ^  lt(gh)  -  f(g)  - 

..  X,f(g)xj(g)J  ft(dh).  liere  the  symmetric  |>osltive 
semi -definite  matrix  ( a^ j)  is  such  tliat  (  a^XjXj  is 

i  idependent  of  the  choice  of  the  basis  Xj,  X2 .  X^ 

of  tlie  infinitesimal  transformations  of  G.  the  positive 
measure  G  Is  such  tliat  (k(g)G(dg)  is  finite  for  C2 


•  •  • 


•  • 
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(unction  k(g)  strictly  positive  on  Gc  -  {  e}  and  behaves 
near  e  like  I  xj2,  Xj(g),  *2(6)’  •  •  •  >  *d(g)  denoting  the 
local  coordinates  of  g  c  G  near  e  such  that  Xj(e)  -  0 
and  Xjij(e)  =  hjj.  It  Is  proved  In  §6,  that  the  L4vy 
formula  concer.dng  the  charactei  lstic  function  of  the 
infinitely  divisible  law  may  be  obtained  from  the 
Theorem  5.  1.  In  later  j’s,  the  case  where  the  continu¬ 
ity  condition  for  j  p( J  Is  not  satisfied  is  discussed  in 

some  detail,  in  such  9  case,  p(  converges,  as  t 
decreases  to  0,  weakly  to  the  Haar  measure  of  a  com¬ 
pact  subgroup  K  of  G,  and  an  analogue  of  Theorem  5.  1 
pertaining  to  the  homogeneous  space  G/K  Is  sketched. 
(Math.  Rev.  abstract) 
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BOUNDARIES  INDUCED  BY  NON-NEGATIVE 
MATRICES,  by  W.  Feller.  Jan.  25,  1956  (36  Ip.  incl. 
refs.  (Sponsored  jointly  by  Air  Force  Office  of  Scien¬ 
tific  Research  under  AF  18(600)685  and  Office  of 
Ordnance  Research  under  DA  36-034-ord-1296) 

Unclassified 

Published  In  Trans.  Amer.  Math.  Soc. ,  v.  83:  19  54, 
Sept.  1956. 

Let  E  be  the  set  of  positive  integers,  and  let  71  be  a 
matrix  with  non-negative  elements  and  row  sums  <  1. 

The  author  Immerses  E  In  a  Hauedorff  space,  depending 
on  71,  to  oblain  a  boundary  for  E.  A  second  boundary 
Is  also  obtained,  adjoint  to  the  first  and  in  no  relation¬ 
ship  to  the  first  except  by  way  of  1  f.  The  boundaries 
are  to  be  applied  In  a  subsequent  paper  to  the  theory  of 
the  Kolmogorov  differential  equations  for  the  transition 
probabilities  of  a  continuous  parameter  Markov  process 
with  countably  many  states.  Let  %  be  the  class  of 
vectors  z  with  z  >  0  and  71  z  z.  Let  $  be  the  subclass  of 
■(ffiwUh  z  £  1.  The  classes  a  convex  set,  and  a  lattice. 
The  extremals  of  this  convex  set,  called  sojourn  solu 
tlons,  form  a  lattice  also.  If  A  Is  a  subset  of  E,  and  if 
SA  (i)  is  the  probability  that  tiie  random  walk  starting 
from  1,  with  transition  probability  matrix  77.  will  enter 
A  and  remain  there  Indefinitely,  SA  is  a  sojourn  solution, 
and  every  sojourn  solution  can  be  obtained  in  this  way. 

(A  sojourn  solution  is  an  element  of  for  which  the 
limit  along  successive  random  walk  steps  from  each 
initial  point  has  only  the  possible  values  0  and  1. )  The 
audio r  obtains  the  usual  decomposition  of  E  into  recur¬ 
rent  and  transient  states  as  an  application  of  ids  study  of 
sojourn  solutions.  The  boundary  ^?ls  die  set  of  maxi 
mum  ideals  in  the  latUce  of  sojourn  solution,  and  Evil 
is  topologlzed  In  such  a  way  that  each  element  ,  con 
sidered  as  a  funcUon  on  E,  has  condnuous  boundary 
values.  Each  such  eienienl  can  be  approximated  uni 
formly  tiy  linear  combinations  of  sojourn  solutions.  If 
z  is  a  strictly  positive  eleme  of  jTJ,  and  if  777s  defined 
by  17' (I.  J)  f  (1,  j)z(J)/z(i).  tnen,  if  77'  has  row  sums 
1,  77'  has  the  same  pro|>ei'ty,  and  x>  JH\l  and  only  if 
77”  x'  x',  for  x(l)  x(i)/z(i).  Thus  a  corres|»mdence 
between and  its  analogue  for  "1*  is  set  up  and  thereby 
die  above  is  extended  to  a  larger  boundary  winch  includes 


$  and  every  boundary  obtained  by  the  above  reladviza 
don  in  terms  of  a  specified  element  of^g.  The  analogue 
of  this  reladvizadon  In  the  context  of  the  first  boundary 
value  problem  for  harmonic  functions  (when ^becomes 
the  class  of  positive  harmonic  functions  on  a  suitable 
domain)  has  been  used  by  Brelot  (Jour.  Math.  Pures 
Appl. ,  v.  35:297-335,  1956)  for  a  somewhat  different 
purpose.  Finally,  replacing  77  by  the  transition 
matrix  of  a  corresjjonding  random  walk  reversed  in 
dme,  an  adjoint  boundary  Is  obtained.  (Math.  Rev. 
abstract) 
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IDEALS  IN  ABELIAN  GROUP  ALGEBRAS,  by  A.  P. 
Calderon.  July  1956,  12p.  (Bound  In  Cornell  U. 

Dept,  of  Math. ,  Ithaca,  N.  Y.  Final  tech.  rept.  on 
the  Symposium  on  Harmonic  Analysis  and  Related 
Integral  Transforms,  Volume  1;  AF  18(603)12) 

[  AF  18(600)6851  Unclassified 

This  paper  Is  concerned  with  the  characterization  of 
intersections  of  maximal  Ideals  in  the  L*  algebra  of  a 
locally  compact  abelian  group  by  means  of  their  hulls. 
A  fairly  numerous  class  of  sets  which  as  hulls  are 
characteristic  of  such  ideals  is  obtained.  In  the  case 
of  vector  groups  sucb  sets  Include  among  others 
polygonal  lines,  polygons,  polyhedra  regions  with  suf¬ 
ficiently  regular  (locally  starshaped)  boundaries,  con¬ 
vex  sets  etc.  These  results  have  their  counterparts  in 
the  problem  of  spectral  synthesis  of  bounded  functions. 
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POTENTIAL  THEORY  AND  SPECTRAL  ANALYSIS,  by 
C.  S.  Herz.  July  1956,  Up.  (Bound  In  Cornell  II. 
Dept,  of  Math. ,  Ithaca,  N.  Y.  Final  tech.  rept.  on 
the  Symposium  on  Harmonic  Analysis  and  Related 
Integral  Transforms,  Volume  1;  AF  18(603)12) 

[  AF  18(600)6851  Unclassified 

The  underlying  heuristic  notion  of  the  spectrum  of  a 
function  could  be  formulated  this  way:  the  spectrum, 
A(^ )  is  the  closure  of  the  set  of  points  t  at  which  the 
formal  trigonometric  integral  .( exp(-itx)<j(s)dx  is  dlf 
ferer.t  from  0.  The  concept  can  be  made  precise  for 
the  class  L"  of  essentially  bounded  measurable 
functions  in  three  ways  which  we  wish  to  view  as  dis¬ 
tinct.  The  first  of  these  involves  the  application  of  a 
summabllity  method  to  the  lrlgonomelric  integral.  For 
a  suitable  kernel  k,  one  forms  the  absolutely  conver 
gent  integrals 

C)  )  exp(-ltx)k(hx)  ;  (x)dx 

h  >  0,  and  investigates  tike  limiting  behavior  h*0.  If 
fX*  U(y)|dy  0(1)  as  |x|-»k.  one  may  use  ordinary 
x 

convergence,  i.e.,  k(i)  1  for  jx  •  i.  k(x)  0  for 


100  • 
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|x|  >  1.  However,  for  the  general  case  of  if  tL“  , 
ordinary  convergence  Is  Inappropriate.  Fortunately  all 
the  other  conventional  methods  of  summing  trigonometric 
integrals  are  suitable;  these  are  accounted  for  In  the 
rather  extensive  class  of  kernels  described  in  this 
paper. 
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TRANSLATION  KERN  El  S.  SOME  SOLVED  AND  UN 
SOLVED  PROBLEMS,  by  M.  Kac.  July  1956,  9p. 

(Bound  In  Cornell  U.  Dept,  of  Math.,  Ithaca,  N.  Y. 
Final  tech.  rept.  on  the  Symposium  on  Harmonic  Analy¬ 
sis  and  Related  Integral  Transforms,  Volume  I; 

AF  18(603)12)  [  AF  18(600)6851  Unclassified 

The  present  status  Is  reviewed  of  a  complex  of  problems 
centering  around  the  general  question  of  the  behavior 
of  eigenvalues  of  Integral  equations  of  the  form 
f  a 

p(*-y)9(y)<iy  *»(*} 

•  -a 

in  the  limit  a  -»o  .  Analogous  questions  for  the 
Toeplitz  matrices,  1.  e.  malrices  of  the  form 

({a.j))  >.j  0,  1,2,  ...,n 

are  also  discussed. 
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TWO  PROBLEMS  IN  HARMONIC  ANALYSIS  AND 
PRODABIUTY,  by  G.  A.  Hunt.  July  1956,  3p. 

(Bound  in  Cornell  U.  Dept,  of  Math.,  Ithaca,  N.  Y. 
Final  lech.  rept.  on  the  Symposium  on  Harmonic  Analy 
sis  and  Related  Integral  Transforms,  Volume  I;  AF  18 
(603)12)  AF  18(600)685  :  Unclassified 

Cramer’s  theorem,  that  each  of  two  prohability  dlstrt 
buttons  must  be  Gaussian  if  their  convolution  Is 
Gaussian,  makes  sense  on  any  homogeneous  space  which 
is  the  quotient  of  a  i.ie  group  hy  a  compact  subgroup. 

The  analogue  of  Cramer’s  lheorem,  which  holds  true  in 
the  hyi>erbollc  plane,  is  shown  not  lrue  on  compact 
spaces,  specifically  for  the  rlrcle  group  R/ The 
second  problem  concerns  stochastic  i  rocesses  rather 
than  distribution  functions,  and  their  representation  in 
terms  of  a  random  additive  function  of  intervals.  Ques 
lions  concerning  the  inde|*endence  of  this  function  for 
increments  of  the  interval  are  discussed. 


COR.  06:01)1 


Texts  are  presented  of  the  following  papers  given  at 
either  the  formal  or  Informal  sessions  of  the  symposi¬ 
um:  (1)  Analysis  In  Some  Convolution  Algebras,  by 
A.  Beurling;  (2)  Convolutions  Over  A  Finite  Interval, 
by  J.  Blackman  and  H.  Pollard;  (3)  Daemonic  Analysis 
And  Entire  Functions,  by  R.  P.  Boas,  Jr.;  (4)  Local 
Operators  on  Fourier  Transforms,  by  L.  deBranges; 
(5)  Algebras  Of  Linear  Transformations,  by  R.  C. 
Buck;  (6)  Ideals  In  Abelian  Group  Algebras,  by  A.  P. 
Calderon;  (7)  Some  Properties  Of  The  Matrix  (a^. p, 
by  A.  Edrei;  (8)  Potential  Theory  And  Spectral  Analy¬ 
sis,  by  C.  S.  Herz;  (9)  The  Asymmetry  Of  Certain 
Measure  Algebras,  by  E.  Hewitt;  (’0)  Harmonic  Analy¬ 
sis  And  Ultrasphencal  Polynomials,  by  I.  I. 
Hlrsckman,  Jr.  ;  (11)  Two  Problems  In  Harmonic 
Analysis  And  Probability,  by  G.  A.  Hunt;  and  (12) 
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SYMPOSIUM  ON  HARMONIC  ANALYSIS  AND  RELATED 
INTEGRAL  TRANSFORMS,  Volume  R,  July  23-27, 

1956,  lv.  incl.  refs.  (Final  tech.  rept. )  (AF  18(603) 
12)  Unclassified 


This  report  contains  the  texts  of  the  following  papers 
presented  at  either  the  formal  or  Informal  sessions  of 
the  symposium:  (I)] 

Functions,  by  J.  Korevaar;  (2)  ; 
by  J.  E.  Llttlewood;  (3)  ( 

Bounded  Function,  by  L.  H.  Loomis;  (4)  Analytic 
Functions  And  Harmonic  Analysis,  by  S.  Mandelbrojt; 
(5)  Fourier  Analysis  In  Number  Theory,  by  II. 
ltademacher;  (6)  The  Role  Of  Perfect  Sets  In  Harmonic 
Analysis,  by  W.  Rudin;  (7)  Entire  Functions  With  Real 


iifiros,  by  A.  C.  Schaeffer;  and  (8)  Fourier  Series  And 
Power  Series  In  Several  Variables,  by  A.  Zy ground. 
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X-RAY  SPECTROSCOPY  OF  THE  SOLID  STATE: 
POTASSIUM  CHLORIDE,  by  L.  G.  Parratt  and  E.  L. 
Jossem.  1955  li  p.  incl.  diagrs.  refs 
(AFOSR  TN  54  650)  (Sponsored  jointly  by  Office 
of  Naval  Research  and  Air  Force  Office  of  Sclen 
Ufic  Research  under  AF  18(600)300  ')  Unclassified 

Published  In  l'hys.  Rev.,  v.  97:  916  926,  Fel).  15, 
1955. 
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SYMPOSIUM  ON  HARMONIC  ANALYSIS  AND  ltELAI  KD 
INTEGRAL  TRANSFORMS,  Volume  I  Inly  23  27,  1  )56, 
lv.  incl.  refs  (Final  tech,  rept.)  (AF  18(603)12) 

Unclassified 


The  experimental  K  spectral  regions  of  potassium  and 
chlorine  in  crystalline  K(.T  have  a  muiti  more  complex 
array  of  structure,  both  in  emission  and  In  absorption, 
than  can  be  explained  by  the  conventional  energy  level 
diagram  for  the  solid  slate.  The  pertinent  spectral 
i ergon  is  tlial  which  involves  trie  valence  and  conduction 
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bands  of  the  solid.  The  difficulties  seem  to  arise  from 
a  theoretical  preoccupation  with  one-electron  transi¬ 
tions.  Consideration  of  the  various  probable  electron 
configurations  of  the  many- electron  solid  system  shows 
several  additional  Initial  (lg  vacancy)  and  final  (outer 
vacancy)  states.  The  charge  density  In  the  outer  elec¬ 
tron  bands  suddenly  confronted  with  the  problem  of 
screening  the  excess  positive  charge  attending  a  lg 
vacancy  (or  any  Inner  vacancy),  redistributes  Itself, 
distorting  the  bands  and  establishing  one  or  more  local 
discrete  levels  below  each  band.  With  the  most  probable 
filled  discrete  level  below  the  3p  band,  the  narrow 
Intense  Kj!  j  line  Is  explained  but  it  Is  necessary  to 
account  somehow  for  the  very  narrow  final  state  (3p 
vacancy).  An  obvious  conclusion  is  that  the  3p  valence 
band  Itself  Is  therefore  very  narrow  In  energy,  only 
0.  33  ev  wide.  However,  If  It  Is  indeed  wider  than  this, 
as  is  commonly  believed  in  the  lore  of  solid  state  phys¬ 
ics,  the  KPj  emission  must  be  restricted  by  some 
(unknown)  mechanism  to  a  small  energy  region  within 
the  band.  In  this  event,  x-ray  emission  Involving  the 
entire  broad  3f>  band  may  be  part  of  the  observed  faint 
emission  on  the  high-energy  side  of  the  Kfj  line,  and, 
if  so  the  restricted  energy  position  just  mentioned  must 
be  at  the  bottom  of  the  band.  Also  a  consequence  of  the 
lg  vacancy  are  several  normally  empty  discrete  levels 
below  and  In  the  conduction  band  of  KC1.  With  these 
levels,  the  narrow  intense  K  absorption  lines  are  ex¬ 
plained.  The  discussion  given  is  primarily  experimental 
and  phenomenological.  The  qualitative  agreements  are 
prehaps  compatible  with  either  a  narrow  or  a  wide  3p 
band  for  both  potassium  and  chlorine  KC1,  but  show  a 
preference  for  the  wide  3g  '  nd.  (Contractor’s 
abstract) 
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ANOMAIjOUS  dispersion  and  scattering  ok 
X  RAYS,  by  L.  G.  Parratt  and  C.  F.  Hempstead. 

1954  8  pf  inci.  dlagrs.  tables,  refs.  (  AF  18(000) 

300  Unclassified 

Published  In  Plivs.  Rev.,  v.  94:  1593  1  000,  dune  15, 
1954. 

Tiie  theoretical  expressions  for  Hie  anomalous  dlsper 
sion  of  x  rays  have  been  Integrated  for  any  jiosltive 
value  of  p(j  in  a  C^  *’q  term  in  the  distribution  of 
"dispersion”  oscillators  for  the  q  shell  of  electrons. 

The  distribution  may  be  written  generally  as  the  sum  of 
■i  terms  of  the  form  C^^'.l’qn  or,  as  Is  commonly  done, 

as  a  single  term.  Damping  lias  been  retained,  Its 
effect  evaluated  and  shown  to  lie  negligible  except  for 
extremely  close  t  the  wavelength  of  an  absorption  dis 
continuity.  With  damping  neglected,  universal  disper 
slim  curves  are  presented  If  p,j  and  p  (the  oscillator 
.strength)  are  Known,  the  anomalous  pari  of  the  refractive 
index  or  of  the  atomic  scattering  factor  can  be  readily 
deduced  from  flu*  universal  curves.  Comparison  of  the 
more  exact  theoretical  values  witli  experiment  shows 
less  satisfactory  agreement  than  before. 
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X-RAY  SPECTROSCOPY  OF  VALENCE  AND  CON¬ 
DUCTION  BANDS  OF  POTASSUM  CHLORIDE,  by 
L.  G.  Parratt  and  E.  L.  Jossem.  [  19541  [4  Ip.  lncl. 
dlagrs.  (Sponsored  jointly  by  Office  of  Naval  Research 
and  Air  Force  Office  of  Scientific  Research  under 
[  AF  18(600)300  ] )  Unclassified 

Published  in  Phvslca.  v.  20:  1134-1137,  Nov.  1954. 

A  discussion  is  presented  of  Impurity  states,  energy 
gaps,  and  density  of  states  in  crystalline  KOI  as  re¬ 
vealed  by  an  emission  and  absorption  study  of  the  K- 
spectra. 
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SOLID  SURFACE  STUDIES  BY  TOTAL  REFLECTION 
OF  X-RAYS  (Abstract),  by  L.  G.  Parratt.  Apr.  29, 

1954  nip.  [  AF  18(6/0)3001  ’  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  29- May  1,  1954. 

Published  in  Bull.  Amer.  Phys.  Soc. ,  v.  29:  29, 

Apr.  29,  1954. 

Published  in  Phvs.  Rev.,  v.  95:  617,  July  15,  1954. 

Analysis  of  the  shape  of  the  curve  of  reflected  x-ray 
intensity  vs  glancing  angle  in  the  region  of  total  reflec¬ 
tion  provides  a  method  of  studying  certain  structural 
properties  of  the  mirror  surface  about  10  to  a  few 
hundred  Angstroms  deep.  The  theory,  extended  to 
treat  any  (small)  number  of  stratified  homogeneous 
media,  is  used  as  a  basis  of  comparison.  Curves  for 
evaporated  copper  on  glass  are  studied  as  an  example. 
These  curves  probably  can  be  explained  by  assuming 
that  the  copper  (exposed  to  atmospheric  air  at  room 
temperature)  lias  completely  oxidized  about  150Adeep. 
if  oxidation  is  less  than  about  100A  deep,  there  prob- 
ahly  exists  an  electron  density  minimum  just  below  an 
internal  oxide  seal.  This  seal,  perhaps  50A  below  the 
nominal  surface  plane,  arrebts  further  oxidation  of 
more  deeply  embedded  loose  packed  copper  crystal¬ 
lites.  All  measurements  to  date  have  been  carried  out 
under  laboratory  atmospheric  conditions  which  do  not 
allow  satisfactory  separation  or  control  of  the  physical 
and  chemical  variables  Involved.  Under  better  control, 
tiie  method  seems  promising.  (Contractor's  abstract) 
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K  SPECTRA  OF  POTASSIUM  CHLORIDE,  by  L.  G. 
Parratt  and  K.  L.  Jossem.  June  20,  1954  37  p.  lncl. 

iliagrs.  refs  (Technical  rept.  no.  1)  (NGon  9101  and 
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The  conventional  energy- level  diagram  for  the  solid 
state  of  crystalline  KC1  is  considered  Inadequate  to 
explain  the  more  complex  structure  of  the  K  p  spectral 
regions  of  K  and  Cl  In  emission  and  absorption.  The 
difficulties  apparently  stem  from  an  Incomplete  consid¬ 
eration  of  electron  configuration  with  emphasis  on  1- 
electron  transitions  between  states  described.  Further 
initial  and  final  states  are  found  when  the  various  proba¬ 
ble  electron  configurations  of  the  many-electron  solid 
system  are  considered.  Several  different  energies  are 
presented  for  the  K  state  (Is  vacancy),  only  one  of  which 
Is  significantly  Involved  In  emission  but  all  of  which  are 
necessary  to  explain  absorption.  The  difference  in  the 
K  configurations  Is  In  the  distribution  of  charge  density 
presented  by  the  outer  electrons  near  the  valence  band 
In  KC1.  The  charge  density  In  the  outer  bands  redis¬ 
tributes  Itself,  distorting  the  bands,  and,  In  KC1,  estab¬ 
lishes  one  or  more  local  discrete  levels  below  each  band. 
The  narrow  Intense  P]  line  and  the  narrow  Intense 
absorption  lines  are  explained. 
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ELECTRON  ENERGY  LEVELS  IN  IONIC  CRYSTALS 
(Abslraci),  by  E.  L.  Jossem  and  L.  G.  Parratt. 

June  29,  1954  (  1  lp.  [  AF  18(600)300] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Minneapolis,  Minn.,  June  28-30,  1954. 

Published  in  Dull.  Amer.  Pliys.  Soc.,  v.  29:  23, 

June  23,  1954. 

Published  in  Phvs.  Rev.,  v.  96:  834,  Nov.  1,  1954. 

Information  on  the  electron  energy  levels  In  solids  Is 
provided  by  the  energy  positions,  Intensities,  and  shapes 
of  component  lines  In  x-ray  emission  and  absorption 
spectra.  The  x-ray  Kp  emission  speclra  of  chlorine  In 
the  alkali  chlorides  and  in  cuprous  chloride  have  been 
recorded  with  a  curved  crystal  focusing  vacuum  spec- 
tromeier  using  a  proportional  counter  deleclor.  These 
lines  Involve  transitions  from  levels  In  or  near  the 
valence  band  lo  an  Inner  (K  shell)  vacancy.  The  princi¬ 
pal  features  of  the  spectra  are:  (a)  the  chlorine  KPj 
line,  commonly  ascribed  to  the  transition  valence-band 
to  K  vacancy,  Is  uniformly  too  narrow  to  permit  such 
assignment;  (b)  the  intensity  of  the  chlorine  and  ,L 
lines  relative  to  the  ,  j  line  varies  with  the  coni|x>und. 
Interpretation  of  these  features  in  terms  of  the  band 
structure  of  the  crystal  and  the  sharp  "impurity  type" 
levels  Introduced  by  the  inner  shell  vacancy  is  discussed. 
(Contractor’s  abstract) 
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UNIVERSAL  CURVES  FOR  DISPERSION  AND  SCATTER 
INC,  OF  X  RAYS  (Abstract),  by  i.  G.  Parratt  and  C. 

F  Hempstead.  June  28,  1954  i  p.  AF  18(600)300 
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Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Minneapolis,  Minn.  .  June  28-30,  1954. 

Published  in  Phys.  Rev.,  v.  96:  820,  Nov.  1,  1954. 

Published  in  Bull.  Amer.  Phys.  Soc. ,  v.  29:  9,  June 
28,  1954. 

The  theoretical  expression  for  the  dispersion  (or 
atomic  scattering  factor)  of  x-rays  has  been  integrated 
for  any  value  of  p^  In  a  Xpq  term  In  the  distribution  of 
dispersion-oscillators  for  each  q  shell  of  electrons. 

The  dispersion-oscillator  distribution  may  be  written 
generally  as  the  sum  of  n  terms  FnCqnxPqn  0r,  as  Is 
commonly  done,  as  a  single  CqXPq  term.  Damping  has 
been  retained,  its  effect  evaluated  and  shown  to  be 
negligible  except  for  X  extremely  close  to  the  wave¬ 
length  of  an  absorption  discontinuity.  Universal  dis¬ 
persion  curves  (with  damping  neglected)  are  presented. 
From  the  universal  curves,  If  p  and  g^  (the  oscillator 
strength)  are  known,  the  refractive  Index  or  the 
atomic  scattering  factor  for  each  q  shell  of  any  alom, 
and  hence  the  sum  of  all  q  shells,  can  be  readily  and 
very  conveniently  deduced.  Comparison  of  these 
more  exact  the'  retie al  values  with  experiment  shows 
less  satisfactory  agreement  than  before.  (Contractor's 
abstract) 
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LOCALIZED  ENERGY  STATES  IN  CRYSTALLINE 
ALKALI  CHLORIDES  (Abstract),  by  C.  F.  Hempslead 
and  L.  G.  Parratt.  [  June  29,  1955]  [l]p.  ([AFl- 
OSR-TN- 55- 139)  [  AF  18(600)300 1  Unclassified 

Presented  ai  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  27-29,  1955. 

Published  in  Phvs.  Rev.,  v.  98:  1170,  Apr.  15,  1955. 

The  absorption  fine  structure  in  the  vicinity  of  the  K- 
edge  of  chlorine  In  alkali  chlorides  has  been  carefully 
recorded.  Correction  by  a  new  method  has  been  made 
for  lhe  resolving  power  of  the  x-  ray  spectrometer. 

(The  magnitude  of  the  correction  depends  U|x>n  the 
absorber  thickness. )  The  corrected  structure  is  more 
complex  than  has  heen  heretofore  realized.  The  inner 
electron  vacancy  that  results  when  the  1(- electron  Is 
photoejected  causes  a  significant  perturbation  of  the 
normal  periodic  potential  in  lhe  neighborhood  of  the 
excited  ton  containing  the  vacancy.  This  Ion  of  atomic 
number  Z  appears  to  a  first  approximation  as  an  im¬ 
purity  atom  of  Z  •  1  ill  the  solid.  Consequent  localized 
exclton  ty|i  energy  states  are  invoked  to  explain  the 
observed  S|>ectra.  For  KCI,  the  lowest  absorption 
"line"  (farthest  below  the  conduction  continuum)  is  at 
least  a  doublet  with  a  separation  of  about  0.  8  ev  and 
having  a  doublet  peak  intensity  ratio  of  alxiut  i  to  3.  3. 

A  "  reasonable"  resolution  of  the  observed  contour  lute 
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component  absorption  tines,  each  of  Lorentzian  shape, 
indicates  In  a  range  of  about  6  ev  at  least  six  components 
for  KC1  and  six  for  NaCl.  The  pattern  of  component 
lines  or  exciton-type  states  is  markedly  different  for 
different  chlorides.  (Contractor’s  abstract) 
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ENERGY  LEVELS  IN  METALLIC  POTASSIUM 
(Abstract),  by  E.  L.  Jossem  and  L.  G.  Parratt. 

[  1955  1  flip.  (  AF  18(600)300  1  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  27-29,  1955. 

Published  In  Phvs.  Rev.,  v.  98:  1151,  May  15,  1955. 

Information  about  electron  energy  levels  in  metallic 
potassium  has  been  obtained  from  the  x-ray  K  emission 
and  absorption  spectra.  The  emission  lines  were 
studied  with  a  bent  crystal  focusing  vacuum  spectrome¬ 
ter  with  a  proportional  counter  detection  system.  Of 
the  several  lines  in  this  region,  the  fj  and  the  p5  are  of 
principal  present  interest.  The  pj  line,  the  strongest 
in  the  region,  represents  the  transition  to  the  Is  level 
of  an  electron  associated  with  the  3p  band.  This  line 
is  observed  to  have  the  same  energy  position,  width 
and  shape  in  metallic  potassium  as  in  chemical  com¬ 
pounds  of  potassium  (e.  g. ,  KC1).  It  is  tentatively  con 
eluded  that  the  3j)  band  in  potassium,  some  18.4  ev  below 
the  Fermi  surface  in  the  metal,  is  narrow  (about  0.  22  ev 
wide)  and  is  but  little  affected  by  the  nature  of  the  sur¬ 
rounding  atoms.  The  p5  line,  a  very  weak  line  which 
appears  just  at  the  long  wavelength  side  of  the  K- 
ahsorptlon  edge,  presumably  involves  the  transition  of 
an  electron  in  the  conduction  band  to  the  ts  level.  How- 
eve ,  ,  Stine  the  Conduction  band  IS  nominally  4b,  selec¬ 
tion  rules  require  the  p  j  represent  that  fraction  of  the 
conduction  electrons  having  p~type  symmetry.  Dls 
mUMft  iti  will  be  of  Uu  w'  1th  and  shape  oi  the  ,  ^ 
line. 
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STRUCTURE  OF  THIN  EVAPORATED  COPPER  Fit, MS 
DY  TOTAL  REFLECTION  OF  X  RAYS  (Abstract),  by 
L.  G.  Parraii.  (  t955  ]  [  1  !p.  f  AF  18(600)300  ] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Toronto  (Canada),  June  2 t  23,  1955. 

Published  In  Phys.  llev.,  v.  99:  1635,  Sepi.  t,  1955. 

The  x  ray  lolai  reflection  method  of  studying  certain 
structural  properties  of  the  surfaces  of  solids  has  been 
applied  lo  thin  evaporated  copper  films  deposited  on  a 
glass  substrate  at  room  temperaiure.  Films  of  average 
thickness  nliout  25  to  tOOO  X  have  been  studied  with  the 
>  ray  wavelength  1.392  X.  The  reflection  curves  dis 


agree  significantly  in  several  respects  with  the  theo¬ 
retical  curves  based  on  a  film  model  of  homogeneous 
lamina.  A  better  model  may  be  one  In  which  the 
copper  (with  some  oxide)  Is  present  in  aggregates  of 
such  shape  that  a  very  low  average  dispersion  density 
exists  close  to  the  glass  substrate.  As  the  thickness 
of  the  film  increases,  the  copper  aggregates  may 
"bridge  over”  at  some  40  X  or  so  above  the  substrate 
to  form  a  more  or  less  continuous  but  porous  film. 

Such  a  model  features  a  "  reflection  trap. "  This  work 
Is  exploratory  in  the  sense  that  no  satisfactory  attempt 
was  made  to  control  the  physical  and  chemical  variables 
Involved  In  the  preparation  and  treatment  of  the  sur¬ 
faces.  But,  under  controlled  conditions,  the  method 
promises  Interesting  information  about  surface  struc¬ 
ture.  (Contractor’s  abstract) 
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"THICKNESS- EFFECT’  IN  OBSERVED  STRUCTURE 
NEAR  ABSORPTION  EDGES,  by  L.  G.  Parratt,  C.  T. 
Hempstead,  and  E.  J.  Jossem.  July  15,  1956,  17p. 
incl.  diagrs.  tables.  (Technical  rept.  no.  5) 

[  AFOSR-TN-56-331  ]  (AF  18(600)300)  AD  95207 

Unclassified 

Also  published  In  Phys.  Rev.,  v.  105:  1228-1232, 

Feb.  15,  1957. 

The  details  of  an  observed  absorption  spectrum  are 
shown  to  depend  upon  the  thickness  of  the  absorber. 
This  effect  is  present,  at  least  in  principle,  regardless 
of  the  type  of  radiation  Involved.  It  is  discussed  here 
specifically  for  x-rays,  and  specifically  for  the 
neighborhood  of  an  absorption  edge.  Measurements  of 
widths  and  of  relative  Intensities  of  the  component 
structure  are  the  most  senbltl  vety  Involved,  but  wave¬ 
lengths  are  also  slightly  affected.  The  explanation  lies 
In  the  role  of  the  effective  spectral  window  of  the  Bpec- 
trwiwter  Th*  « fleet  may  be  eerVoue  *ber  (tie  "taU*." 
of  the  window  are  extensive,  as  is  inevitahly  the  case 
with  2-crystal  x  ray  spectrometers.  Features  of  the 
extent  and  shape  of  the  spectral  window  for  the  (t,  ♦  t) 
position  of  the  instrument  used  in  this  work  are 
roughly  determined  from  the  thickness  effect.  (Con¬ 
tractor’s  abstract) 
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X-RAY  EXCITED  STATES  (EXC1TONS)  AND  WtDTti 
OF  VALENCE  DAND  IN  KC1,  by  L.  G.  Parrait  and 
E.  t,.  Jossem.  July  28,  t956,  t3p.  incl.  diagr. 
(Technical  repl.  no.  6)  (AFOSH  TN  56-337) 

(AF  1 8(600)300)  AD  952t3  Unclassified 

Also  published  in  Jour.  Phys.  Chom.  Sotlds,  v.  2: 

67  7t ,  Mar  t957. 

A  combination  of  (a)  Parraii  and  Jossem’ s  experimental 
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x  ray  emission  and  absorption  curves  for  K  and  Cl  In 
KC1  (Phys.  Rev. ,  v.  97:  916,  1955)  and  (b)  Muto  and 
'  Okuno’s  recant  theoretical  calculations  (Jour.  Phys. 

Soc  Japan,  v.  11:633,  1956)  on  "exctton"  structure 
(1  electron  approximation)  provides  semiemptrlcal 
values  of  the  effective  dtelectrtc  constant  and  of  the 
‘  effective  mass  for  the  K  Is  first  excited  state  tn  KC1. 

(The  term  "  Is  first  excited  state"  ts  proposed  to  re- 

I  place  the  term  ” x-ray  ground- state  ’exciton’").  A 

"  reasonable”  small  increase  tn  this  value  of  the  dielec  - 
.  trie  constant  gives  a  tentative  value  for  the  Cl  Is  first 

excited  state.  Then,  resorting  again  to  the  combination 
of  experiment  and  theory,  tt  can  be  concluded  that  the 
Cl  3p  valence  band  in  KC1  ts  much  narrower  t'ian  the 
4.  2  ev  base  width  previously  deduced,  betng  perhaps  2  ev 
wide;  hov.  ever,  it  is  further  proposed  that,  since  the 
sertes  limit  cf  x-ray  exetted  states  may  well  be  above 

I  the  bottom  of  the  continuum,  the  base  width  of  the 

valence  band  may  be  of  the  order  of  1  ev  and  the  full 
width  at  half-maximum  of  the  density- of- states  curve  of 
this  band  may  be  about  0.  3  ev.  (Contractor's  abstract) 
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BRIEF  REVIEW  OF  ELECTRONIC  BAND  STRUCTURE 
OF  SOLIDS  BY  THE  METHOD  OF  EXPERIMENTAL 
X-RAY  SPECTROSCOPY,  by  L.  G.  Parratt.  July  10, 
1957,  43p.  tncl.  dlagrs.  refs.  (Technical  rept.  no.  8) 
(AFOSR-TN-  56-  562)  (AF  18(600)300)  AD  110382 

Unclassified 

A  review  ts  presented  of  x-ray  spectroscoptc  techniques 
of  Investigating  the  band  structure  of  solids.  The 
greatest  emphasis  ts  placed  on  problems  of  Interpreta¬ 
tion.  Consideration  is  given  to  the  advantages  and  dis¬ 
advantages  of  the  method,  the  energy  level  diagram, 
and  experimental  curves.  The  2  energy  regions  which 
naturally  occur  require  high  resolving  power.  The 
x-  ray  wavelengths  range  from  about  0.  5  A  25, 000  ev) 
to  about  800  A  (*45  ev).  Typtcal  transitions  are  Illus¬ 
trated  tn  terms  of  energy  level  diagrams. 
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Cornell  U.  Dept,  of  Physics,  Ithaca,  N.  Y. 

CORRECTION  OF  COMPLEX  SPECTRA  FOR  INSTRU- 
MENTAL  RESOLVING  POWER.  PART  I.  MODEL 
WINDOWS,  by  L.  G.  Parratt  and  C.  F.  Hempstead. 
Aug.  20,  1956,  18p.  incl,  dlagrs.  tables.  (Technical 
rept.  no.  7)  (AFOSR-TN- 56- 388)  (AF  18(600)300) 

AD  96046  Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Phys.  Soc. , 
New  York,  Jan.  30-Fcb.  2,  1957. 


Ahstract  published  in  Bull.  Amer.  Phys.  Soc. ,  Series 
n,  v.  2:  54  55,  Jan.  30,  1957. 

A  complex  rpectrum,  after  correction  for  the  finite 
resolving  power  of  the  spectrometer  (t.  e. ,  for  the 
.  "spectral  window”),  always  shows  greater  contrast 

*  than  is  directly  observed.  The  clearer  view  usually 

justifies  considerable  effort  in  an  attempt  to  correct  the 
direct  measurements.  The  correction  procedure  herein 
described  Is  relatively  simple  and  is  applicable  to  any 
observed  spectrum,  however  complex,  but  Is  limited  to 
model  window  shapes.  (Part  II  will  treat  windows  of 
more  general  shape).  The  procedure  Involves  an  arbi¬ 
trary  analysis  of  the  observed  spectrum  Into  virtual 
9  components  each  having  a  shape  given  by  a  particular 

functional  form.  This  functional  form  depends  upon  the 
shape  of  the  spectral  window:  we  seek  an  easy  mathe¬ 
matical  "  unfolding”  process.  An  easy  orocess  Is  one 
for  which  there  exists  a  simple  explicit  expression  for 
the  parameters  of  the  virtual  components  of  the  cor 
reeled  (or  true)  spectrum  In  terms  of  those  of  the 
virtual  components  of  the  observed  spectrum.  Then, 
q  with  the  parameters  obtained  from  the  observed  spec- 

>  trum,  the  corrected  curve  Is  readily  synthesized.  Two 

window  models,  viz.  ,  a  Lorentzlan  (classical  dis;>ersion 
function)  and  a  Gaussian  (normal  distribution  function) 

.  are  discussed  In  detail  with  an  example  procedure  given 

for  each  case.  (Contractor's  abstract) 
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ELECTRONIC  BAND  STRUCTURE  OF  SOLIDS  BY  THE 
METHOD  OF  EXPERIMENTAL  X-RAY  SPECTROS¬ 
COPY,  by  L.  G.  Parratt.  July  10,  1957  (  117  ]  p.  incl. 
dlagrs.  tables,  refs.  (AFOSR-TN- 56 -562a)  (AF  18 
(600)300)  AD  207519  Unclassified 

Also  published  in  Rev.  Modern  Phys.  ,  v.  31:  616-645, 
July  1959. 

X-ray  spectra  and  tnterpretational  problems  provide 
Information  about  the  general  electronic  structure  of 
atoms.  Mention  Is  made  of  the  more  general  aspects 
of  this  method  of  atomic  investigation.  Some  experi¬ 
mental  factors  that  must  be  appreciated,  before  In¬ 
terpretation  should  be  undertaken,  are  emphasized  and 
certain  essential  features  of  the  a- ray  energy  level 
diagram  that  have  been  Inadequately  treated  are  pointed 
out.  The  subject  ts  reviewed  and  farther  references 
are  recommended. 
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[  NON-UNIFORM  DENSITY  OF  THIN  FILMS  OF 
COPPER,  OBTAINED  BY  THE  TOT  A,  REFLECTION 
OF  X  RAYS]  Density  non  unlforme  de  films  minces 
de  culvre,  obtenus  par  Evaporation,  d'apres  la 
rEflexlon  totale  des  rayons  X,  by  L.  C.  Parratt. 

[  1956’  i  8  ] p.  incl.  dlagrs.  tables.  !  AF  18(600)300 
and  AF  18(600)674  )  Unclassified 


Published  in  Jour.  Chinrc  Phys.,  v.  53:  507-604, 
July- Aug.  1956. 


Thin  copper  films,  deposited  on  glass  by  evaporation 
were  studied  by  the  total  reflection  of  1.  39  X  x  rays. 
The  films  in  the  range  of  25  lo  1000  X  lhlck,  and 
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deposited  at  room  temperature  gave  reflection  curves 
that  deviated  In  several  respects  from  the  theoretical 
curves  based  on  a  homogeneous  ftlm.  The  structure 
of  these  films  is  better  represented  by  a  model  In  which 
the  Cu  is  present  as  aggregates,  with  a  low  average 
dispersion  deposited  near  the  glass  support.  As  the 
film  thickness  Increases,  ’’bridge -overs"  are  formed. 
Such  a  model  can  be  considered  as  a  ”  reflection  trap.  ’’ 
(C.A. ,  1957:1681a) 
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THEORETICAL  AND  EXPERIMENTAL  INVESTIGA¬ 
TIONS  OF  THE  ATOMIC  PHENOMENA  OCCURRING  ON 
AND  NEAR  THE  SURFACES  OF  SOLIDS,  by  L.  G. 
Parratt.  [Mar.  15,  1954]  lv.  Incl.  dlagrs.  tables, 
refs.  (Technlcalrept.no.  1)  (f  AF]OSR-TR-54-13) 
(AF  18(600)674)  AD  29249  Unclassified 

This  report  consists  of  two  parts  and  Is  abstracted 
under  TN-55-97,  Part  I  and  TN-55-102,  Part  C  (see 
ttem  nos.  COR.  08:002  and  COR.  08:003) 
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THEORETICAL  AND  EXPERIMENTAL  INVESTIGA¬ 
TIONS  OF  THE  ATOMIC  PHENOMENA  OCCURRING 
ON  AND  NEAR  THE  SURFACES  OF  SOLIDS.  PARTI. 
SURFACE  STUDIES  OF  SOLIDS  DY  TOTAL  REFLEC¬ 
TION  CF  X  HAYS,  by  L.  G.  Parratt.  [Mar.  15,  1954] 
35p.  Incl.  dlagrs.  tables,  refs.  (Part  1  of  Its  Technical 
rept.no.  1;  AFOSR-TR-54-13;  AD  29249)  [  AFOSR- 
TN  55-97  1  (AF  18(600)674)  AD  29249(a)  Unclassified 

Aso  published  In  Phys.  Rev. ,  v.  95:  359-369,  July  15, 
1954. 

Analysis  of  the  shape  of  the  curve  of  reflected  a- ray 
Intensity  vs  glancing  angle  In  the  region  of  total  reflec¬ 
tion  provides  a  new  method  of  studying  certain  struc¬ 
tural  pro|>ertJe8  of  the  mirror  surface  about  10  to 
several  100  A  deep.  Dispersion  theory,  extended  to 
treat  any  (small)  number  of  stratified  homogeneous 
media,  Is  used  as  a  basis  of  Interpretation.  Curves  for 
evaporated  copper  on  glass  are  studied  as  an  example. 
These  curves  may  be  explained  by  assuming  that  the 
copper  (exposed  to  atmospheric  air  at  ropm  tempera 
ture)  has  completely  oxidized  about  150  A  deep.  If 
oxidation  Is  less  deep,  there  probably  exists  an  elec 
Iron  density  minimum,  perhaps  just  below  an  Internal 
oxide  seal.  This  seal,  less  than  about  50  X,  perhaps 
25  A,  below  the  nominal  surface  plane,  would  arrest 
further  oxidation  of  more  deeply  lying  loose  packed 
copper  crystallites.  A1  measurements  have  been 
curried  out  under  laboratory  atmospheric  conditions 
which  do  not  allow  satisfactory  separn'ion  or  control 
of  the  physical  and  chemical  variables  Involved  In  the 
surface  peculiarities.  The  methtxl,  under  more  con 
trolled  conditions  of  preparation  and  treatment  of  the 
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surface,  promises  to  be  useful.  (Contractor’s 
abstract) 
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Cornell  U.  Dept,  of  Physics,  Ithaca,  N.  Y. 

THEORETICAL  AND  EXPERIMENTAL  INVESTIGA¬ 
TIONS  OF  THE  ATOMIC  PHENOMENA  OCCURRING 
ON  AND  NEAR  THE  SURFACES  OF  SOLIDS.  PART 

H.  STRUCTURE  OF  THIN  EVAPORATED  COPPER 
FILMS  BY  TOTAL  REFLECTION  OF  X-RAYS,  by 

L.  G.  Parratt.  [Mar.  15,  1954]  [28]p.  tncl.  dlagrs. 
tables,  refs.  (Part  II  of  Its  Technical  rept.  no.  1; 
AFOSR-TR-54-13,  AD  29249)  [  AFOSR- TN-55-102 ] 
(AF  18(600)674)  AD  29249(b)  Unclassified 

Abstract  published  In  Phys.  Rev. ,  v.  99:  1635,  Sept. 

I,  1955. 

The  x-ray  total  reflection  method  of  studying  certain 
structural  properties  of  the  surfaces  of  solids, 
described  In  Part  I,  has  been  applied  to  thin  evaporated 
copper  films  deposited  on  a  glass  substrate  at  room 
temperature.  Films  of  average  thickness  about  25  to 
1, 000  A  have  been  studied  with  the  x-ray  wavelength 
1.  392  X.  The  reflection  curves  disagree  slgnlftcantly 
tn  several  respects  with  the  theoretical  curves  based 
on  a  film  model  of  homogeneous  lamtna.  A  better 
model  for  these  films  may  be  one  In  which  the  copper 
(with  some  oxide)  is  present  tn  aggregates  of  such 
shape  that  a  very  low  average  dispersion  density  exists 
close  to  the  glass  substrate.  As  the  thickness  of  the 
film  Increases,  the  copper  aggregates  may  ’’bridge 
over”  at  some  40  X  or  so  above  the  substrate  to  form 
a  more  or  less  continuous  but  porous  ftlm.  .  Such  a 
model  features  a  reflection  trap.  (Contractor’s 
abstract) 
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Cornell  U.  Dept,  of  Physics,  Ithaca,  N.  Y. 

THE  USE  OF  THE  FIELD  EMISSION  MICROSCOPE 
FOR  THE  INVESTIGATION  OF  SURFACE  CONDITIONS 
ON  AN  ALLOY  OF  MOLYBDENUM  AND  ZIRCONIUM, 
by  L.  A.  D’Asaro.  Sept.  I,  1955,  106p.  tncl.  tllus. 
dlagrs.  tables,  refs.  (Technical  rept.  no.  3) 

([  AF  lOSR  TN-55  321)  (AF  18(600)674)  AD  75274 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  , 

Chicago  U.  ,  111.,  Nov.  25-26,  1955. 

Abstract  published  In  Phys.  tlev.  .  v.  100:  1258, 

Nov.  1,  1955 

The  distribution  of  Zr  on  the  surface  of  H  Zr-99<{,  Mo 
and  51  Zr-95%  Mo  alloys  was  obtained.  Photographs 
show  the  patterns  which  were  produced  by  the  field 
emission  microscope  for  variations  of  teni|>erature, 
heating  time,  potential,  emission  current,  and  total 
pressure,  the  components  of  the  alloy  were  located 
l>y  relating  the  current  density  of  the  field  emitted 
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electrons  from  various  positions  on  tls  surface  to  the 
surface  work  function  and  the  applied  field  by  means 
of  the  Fowler- Nordhelm  equation.  Tbe  rate  6f  surface 
change  Increases  with  the  temperature;  ai  a  sufficiently 
high  temperature,  the  surface  conditions  change  signifi¬ 
cantly  in  a  few  min.  A  persistent  increase  in  the  dif¬ 
fusion  rale  was  noted  when  the  1%  alloy  emitter  was 
flashed  (heated  to  2400°K).  Parallelogram -shaped  spots 
(quadruplets)  with  bright  corners  were  observed  on  the 
100  plane  during  the  early  stages  of  diffusion  onto  the 
surface  of  the  1%  alloy  al  the  lowest  temperature  (about 
900°K),  and  al  just  below  the  cleaning  temperature. 

A  plot  of  the  Fowler -Nordhelm  equation  war  matched  to 
one  of  the  emission  current  vs  potential.  The  field,  the 
work  function,  and  the  emitting  area  of  the  field  were 
obtained  for  the  surface  which  produced  the  quadruplet 
patterns.  The  work  function  (9)  of  the  quadruplet  sur¬ 
face  was  2.  94  ev.  A  9  of  2. 95  ev  for  Zr  on  Mo  was 
obtained  by  multiplying  the  9  which  was  obtained  by 
Dushman  (Phys.  Rev. ,  v.  21:  623,  1923)  for  a  monolayer 
of  Zr  on  W  by  the  ratio  of  the  work  functions  of  Mo  aid 
W.  The  1%  alloy  standard  clean  surface  (1  min  al 
2000°K)  produced  a  pattern  similar  to  that  of  pure  Mo 
on  W.  (Contractor's  abstract) 
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Cornell  U.  Depl.  of  Physics,  Ithaca,  N.  Y. 

A  HIGH  RESOLUTION  ELECTRON  DIFFRACTION 
CAMERA  FOR  THE  STUDY  OF  SURFACES  IN  AN 
ULTRA  HIGH  VACUUM,  by  D.  M.  Siegel.  Dec.  1,  1955 
[  47  ] p.  lncl.  Ulus,  dlagrs.  table,  refs.  (Technical 
rept.  no.  4)  ((  AF] OSH- TN  55-480)  (AF  18(000)674) 

AD  83068  Unclassified 

A  special  electron  diffraction  camera  has  been  designed 
and  built  which  will  make  It  pos  lble  for  the  first  time 
to  examine  "clean"  surfaces  in  an  ultra-high  vacuum 
by  high  resolution  electron  diffraction.  In  this  camera, 
the  electron  beam  and  specimen  are  contained  In  a  glass 
vacuum  system  which  is  baked -out  and  evacuated  to  a 
pressure  of  the  order  of  1  x  10’  ***  mm  Hg.  High  resolu¬ 
tion  electron  optics  consisting  of  magnetic  lenses  are 
assembled  around  the  outside  of  the  glass  column.  The 
diffraction  pattern  comes  to  focus  on  a  fluorescent 
screen  inside  the  vacuum  system,  and  Is  recorded  by 
photographing  the  pattern.  11  Is  to  be  expected  that  this 
new  instrument  will  enable  significant  advances  in  the 
study  to  be  made  of  surface  structure.  The  apparatus 
also  makes  It  possible  to  work  with  extremely  well- 
conlrolled  atmospheres  of  different  gaBes  In  the  study  of 
surface  adsorption  and  surface  reactions.  Plans  are  also 
outlined  for  the  extension  of  this  apparatus  to  micro 
analysis  with  an  electron  probe,  a  tool  that  should  open 
up  quantitative  Investigation  of  the  surface  constituents. 
(Contractor's  abstract  in  part) 

COIt.  08:006 

Cornell  U.  Dep*.  .  Physics,  Ithaca,  N.  Y. 

ION  SOURCE  AND  ANALYZER  STUDIES,  by  It.  C. 

Bradley.  June  1,  1955  23 'p.  Inct.  iltus.  dlagrs.  refs. 
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(Technical  rept.  no.  2)  ([  AF)OSR-TR-55-17) 

(AF  18(600)674)  AD  74834  Unclas sifted 

A  workable  method  was  developed  for  generating  a 
positive-ion  beam  of  a  known  species  which  can  be 
focused  on  a  solid  surface  in  a  controllable  manner 
with  sufficient  Intensity  to  cause  sputtering.  Ptlot- 
model  ion  sources  were  constructed  from  0. 010-ln.  - 
thick  molybdenum  or  Nlchrome  V  sheets  by  the  use  of 
designs  descrtbed  by  Nier  (Rev.  Sclent.  Instruments, 
v.  18:  398,  1947)  Hetl  (Zeilschr.  Physlk.,  v.  120:  212, 
1943),  and  Ftnkelsleln  and  Smith  (Rev.  Sclent.  Instru¬ 
ments,  v.  11:  94,  1940).  These  are  mounted  In  Pyrex 
tubes  which  were  evacuated  to  10'^  mm  of  Hg  or  belter. 
Argon  was  Introduced  until  the  standard  operating  pres¬ 
sure  (10~4  mm  of  Hg)  was  reached.  The  currents  to 
the  ion  colleclros  were  observed  as  a  function  of  the 
voltage  applied  to  the  various  electrodes.  An  axial 
magnetic  fteld  strength  of  about  150  gauss  was  used. 

The  Finkelsteln  and  Hell  sources  were  aboui  5  times  as 
efficient  (in  terms  of  the  number  of  Ions  reaching  the 
collector  for  each  electron  emllteS  from  the  filament) 
as  the  Nier  source.  The  Hell  source  with  no  collimating 
slils  for  the  electron  beam  was  chosen  to  generate  the 
beam.  Hie  ion  currents  to  the  collector  al  the  standard 
operating  pressure  were  1  to  2  orders  of  magnitude 
belter  In  an  appearance-potential  selector  than  tu  an 
RF  mass  spectrometer  like  thai  developed  by  Be  i«", 
(Jour.  Appl.  Phys.,  v.  21:  1943,  1950).  Best  results 
are  obtained  when  the  target  Is  oriented  al  45°  to  the 
primary  Ion  beam  and  to  the  analyzing  electron  beam. 
(ASTIA  abstract) 


COR.  09:001 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

STRENGTH  OF  REFLECTED  SHOCK  IN  MACH 
REFLECTIONS,  by  H.  S.  Tan.  [  Sepl.  10,  1951]  7p. 
lncl.  dlagr.  (WADC  repl.  no.  TR-52-163)  [  AF  33- 
(038)2t406  ]  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  18:  768-769, 
Nov.  1951. 

When  a  propagating  plane  shock  Is  diffracted  by  a 
comer,  Mach  reflection  Is  Induced.  The  reflected 
front  Is  an  acoustic  wave  according  to  first-order 
theory,  however,  results  of  firsl-order  theory  can  be 
applied  to  determine  more  accurately  the  strength  of 
this  wave,  it  will  be  demonstrated  that  this  wave  Is, 

In  fact,  a  shock  of  second-order  uirength.  The  case 
of  extremely  weak  Incident  shock  has  been  studied  by 
Oargmann  On  Nearly  Glancing  Reflection  of  Stocks, 
National  Defence  Research  Council,  Applied  Mathemat¬ 
ics  Panel  Rjpt.  no.  t08.2R,  1945).  Hie  present  study, 
however.  Is  not  limtted  In  incident  shock  strength. 
Llghthlll's  first-order  pressure  solution  (The  Diffrac¬ 
tion  of  Blast.  1,  Proc.  Roy.  Soc.,  v.  198A:  454-470, 
194  9)  and  his  technique  (The  Stock  Strength  In  Super¬ 
sonic  Conical  FleldB.  Phil.  Mag.,  v.  tl:  1202,  Dec. 
t949)  for  finding  the  shock  strength  have  been  utilized. 
The  latter  Is  essentially  a  process  of  pushing  away  the 
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apparent  singularity  appearing  In  the  differential  simple  supersonic  airplane.  The  biplane  structure 

equation  of  motion  resulting  from  Its  linearization.  Is  analyzed  for  bending  moments  and  torsional  deflec 

don.  (Extracted  from  rept. ) 


COR.  09:002 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

SHOCK  REFLECTION  FROM  EDGES  AND  FROM 
SLOTTED  WALLS,  by  T.-F.  Sun.  Dec.  1951,  64p. 
lncl.  dlagrs.  [WADCrept.  no.  TR-352-164] 

(AF  33(038)21406)  Unclassified 

The  flow  characteristics  behind  weak  stationary  shock 
waves  reflected  from  various  edges  lying  In  the  main¬ 
stream  are  determined  according  to  linearized  theory. 
Five  different  types  of  edges  are  considered,  made  up 
of  various  combinations  of  solid-  and  free-plane  sur¬ 
faces.  An  assumption  regarding  the  singularity  of  one 
of  the  perturbation  velocity  Is  required  In  order  io 
render  the  solutions  unique.  By  superposition  of  such 
basic  "edge"  solutions,  the  flow  behind  a  shock  wave 
reflected  from  a  wall  with  a  slot  (1.  e. ,  a  strip  of  free 
surface  between  panels  of  solid  wall)  and  from  muldply- 
slolled  walls  are  obtained.  These  solutions  apply  only 
to  regions  upstream  of  multiple  interactions  of  the  slat 
edges;  however,  these  regions  Include  the  most  Interest¬ 
ing  regions  of  flow  In  the  case  of  reflection  from 
slotted  wind-tunnel  walls,  for  example.  The  relation  of 
the  single- slot  problem  to  the  problem  of  a  narrow 
rectangular  supersonic  wing  is  discussed.  (Contractor’s 
abstract) 
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Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
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INVESTIGATION  OF  THE  SUPERSONIC-BIPLANE 
CON  FIGURATION,  by  M.  B.  T.  George.  May  1952, 
lv.  lncl.  dlagrs.  refs.  (AF  33(038)21406) 

Unclassified 

Supersonic  biplanes  were  investigated  aerodynamlcally 
and  structurally  with  a  view  to  establishing  their  possl 
blUtles  as  practical  supersonic  aircraft.  The  aerody 
namlc  coefficients  are  determined  from  werk  by  Tan 
and  Sears  on  the  finite  supersonic  biplane.  l!:e  problem 
of  "  starting”  the  supersonic  flow  through  the  biplane 
gap  was  studied.  It  was  found,  on  the  basis  of  a  one- 
dlmenslonal  theory,  that  the  Individual  wings  of  the 
htplane  must  be  very  thin  to  permit  "  starting. "  Meth 
ods  of  overcoming  the  starting  problems  are  proposed, 
and  their  relative  merits  are  discussed.  Supersonic 
biplanes  are  found  to  be  feasible  only  for  Mach  numbers 
greater  than  1.  5  or  less  than  4  0.  If  operated  below 
Its  design  Mach  number,  the  performance  of  a  super¬ 
sonic  biplane  does  not  suffer  If  the  airfoils  are  thin;  for 
operation  aboye  the  design  point  the  efficiency  falls  off. 
The  biplane  has  twice  the  wing  area  of  a  supersonically 
equivalent  monoplane  and  should  therefore  have  a  con¬ 
siderably  lower  landing  speed.  Comparison  of  mono¬ 
plane  wings  and  the  biplane  arrangement  Is  made  for  a 
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Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

THIN  WINGS  IN  CONICAL  FLOW,  by  H.  K.  Cheng. 

June  1952  f  139 ] p.  lncl.  Ulus,  tables,  refs.  (AF  33- 
(038)21406)  AD  2303  Unclassified 

The  linearized  theory  of  supersonic  conical  flow  over 
thin  planar  wings  Is  studied.  Based  on  the  theory  of 
conical  field  Introduced  and  developed  by  Busemann 
(NACA  TM-1100)  and  others  and  by  employing  a  new 
concept  of  source  distribution,  a  method  Is  established 
by  which  asymmetrical  (lifting)  conical- wing  problems 
can  be  generally  solved  for  an  arbitrary  conical  sur¬ 
face.  The  method  Is  applied  to  th?  cases  where  both 
edges,  or  al  least  one  edge,  of  the  wing  Is  subBonic. 
(For  both  supersonic  edges,  the  general  solution  Is 
known  to  be  simple. )  Direct  general  expressions  for 
the  pressure  In  terms  of  the  upwash  prescribed  on  the 
wing  are  given,  from  which  general  expressions  for 
the  lift,  drag,  and  rolling  moments  are  obtained.  The 
general  solution  Is  applied  to  new  cases  of  conical 
wings.  Among  these  are  the  rolling  moment  due  to  yaw 
for  small  dihedral  for  which  a  sin, pie  formula  Is  de¬ 
rived,  end  the  pressure  distribution  for  a  conical 
wing  with  the  upwash  on  the  wing  given  as  a  step  func¬ 
tion.  Inverse  problems,  as  well  as  quasi -cord cal 
problems,  are  treated  In  a  consistent  manner.  (Con¬ 
tractor’s  abstract) 
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ON  EXPANDING  TWO  DIMENSION  FLOW  SOLUTION 
IN  POWERS  OF  A  THICKNESS  PARAMETER,  by 
H,  8.  Tan  Aug  1952  34p.  lncl.  Ulus.  (AF  33(038)- 
21406)  AD  1922  Unclassified 

The  significance  of  a  successive  approximation  corre¬ 
sponding  to  expanding  a  solution  In  powers  of  small  • 

Is  discussed;  the  flow  field  about  a  symmetric  body, 
aligned  with  a  free  stream,  is  considered  a  funcdc.i 
both  of  the  coordinates  (x.y)  and  of  the  thlcknera 
parameter  t  .  A  solution,  which  Is  expanded  so  that 

u(x,v;t)=  i  uk(x,y) 

and  which  Is  flnitt  and  unique  almost  everywhere  In  a 
certain  small  region  .  of  the  x.  y  plane,  can  always  be 
achieved  by  straightforward  successive  approximation 
provided  that  so  determined  behaves  the  same  way, 
and  tli  (here  exists  a  least  upper  bound  a  so  that 

■  r  ail  k  1  n.  The  singular  region  Oj  In  which 
u,  blows  .  Indicates  either  u  =  or  the  presence  of 
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a  stagnation  point  In  the  it,  y  plane.  For  certain  special 
types  of  bodies  (Joukowsld  airfoils)  the  singular  region 
can  be  removed.  This  Involves  a  device  of  straining  the 
coordinates  in  such  a  way  that  when  extended  to  the 
general  case  the  problem  is  made  extremely  difficult. 

If  not  impossible.  The  body  Is  replaced  by  a  concen¬ 
trated  source  near  the  center  of  curvature  of  the  leading 
edge  (entirely  determined  by  e  and  contour  F(x)  at  the 
leading  edge)  and  distributed  sources  and  sinks  from 
this  point  back  to  the  trailing  edge.  For  a  very  special 
type  of  body,  where  both  the  leading  and  trailing  edges 
are  cusps,  no  stagnation  point  appears  in  the  exact 
solution,  and  the  singular  region  Is  also  absent  in  ex¬ 
pansion  solution.  A  double- wedge  shaped  body  Is  shown 
to  have  an  essentially  (non  removable)  singular  region 
at  the  leading  edge;  the  extent  of  this  region  Is  extremely 
small.  (ASTIA  abstract) 
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COMPRESSIBLE  LAMINAR  BOUNDARY  LAYER  ON  A 
HEAT-INSULATED  BODY,  by  N.  Rott.  Sept.  5,  1952, 
2p.  lncl.  refs.  (AF  33(038)21406)  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  20:  67  68, 
Jan.  1953. 

This  note  Indicates  that,  once  the  approximations 
stated  are  accepted,  the  remaining  problem  may  be 
reduced  exactly  to  an  Incompressible  laminar  boundary- 
layer  problem  by  a  slight  extension  of  a  transformation 
given  previously  by  Illingworth  and  Stewartson. 
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Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
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AERODYNAMIC  INTERFERENCE  BETWEEN  MOVING 
BLADE  ROWS,  by  N.  11.  Kemp  and  W.  H.  Sears, 

Dec.  1,  1952,  67p.  dlagrs.  refs.  (AF  33(038)21406) 
U25871  Unclassified 

Also  published  hi  Jour.  Aeronaut.  Sciences,  v.  20: 

585  598,  Sept.  1953. 

The  concepts  and  results  of  the  theory  of  single  thin 
airfoils  In  nonuniform  motion  are  applied  to  calculate 
the  resulting  nonsteady  effects  on  such  blades.  In 
compressible  lnvlscid  flow  Is  considered.  The  repre¬ 
sentation  of  blade  wheels  as  Infinite  cascades  of  2- 
dlmenslon  airfoils  Is  adopted.  Attention  Is  confined  lo 
a  single  stator  row  followed  by  a  single  moving  rotor 
row.  As  a  first  approximation,  the  assumption  Is 
made  that,  to  calculate  the  nonsteady  effects  at  any 
given  blade,  neglecl  of  the  nonsteady  parts  of  the  ctr 
culatlon  of  all  other  blades  is  permissible.  For  the 
rotot  blades,  the  effects  of  their  passage  through  the 
vortex  wakes  shed  by  stator  blades  are  also  Included. 
With  tins  approximation,  the  only  results  required  of 
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tliin-airfoi!  theory  can  be  obtained  by  generalization 
of  an  earlier  study  by  Sears  (Jour.  Aeronaut.  Sciences, 
v.  8,  no.  3:  104,  1941)  of  an  airfoil  flying  through  a 
sinusoidal  gust  pattern.  Expressions  are  derived  for 
the  unsteady  components  of  lift  and  moment  on  stator 
and  rotor  blades  and  the  rate  of  transfer  of  energy  to 
the  downstream- wake  pattern.  The  fundamental 
harmonic  component  of  variable  lift  varies  In  magnitude 
from  1%  to  18%  of  the  steady  value,  depending  espe¬ 
cially  on  the  axial  distance  between  rows  and  on  the 
chordwise  dlstr'butlon  of  steady  circulation  of  the 
blades  of  the  other  row.  The  second  harmonic  com¬ 
ponent  of  variable  lift  is  considerably  smaller  than  the 
fundamental.  The  contribution  to  rotor  lift  of  the 
vortex  wakes  shed  by  stator  blades,  through  which  the 
rotro  blades  pass,  is  small  compared  to  the  effects 
Induced  by  the  stator  blades  themselves.  The  fluctuat¬ 
ing  part  of  the  circulation,  expressed  as  a  ratio  to  the 
steady  part,  is  several  times  as  large  for  stator  (up¬ 
stream)  blades  as  for  rotor  (downstream)  blades,  even 
though  the  corresponding  ratios  of  lifts  are  about  equal. 
TTie  rate  of  transfer  of  energy  Into  the  vortex-wake 
pattern  which  results  from  the  variable  circulation  Is 
very  small  compared  to  the  power  reqdred  to  turn  the 
rotor.  It  Is  about  100  times  as  large  for  the  stator 
(upstream)  blades  as  for  the  rotor  (downstream)  blades. 
For  the  stator  blades,  this  rate  of  energy  transfer  Is 
very  nearly  the  same  as  for  an  Isolated  airfoil  ex¬ 
periencing  the  same  fluctuating  circulation.  (TIP 
abstract) 


COR.  09:008 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

SIMPLIFIED  LAMINAR  BOUNDARY  LAYER  CALCU 
LATIONS  FOR  BODIES  OF  REVOLUTION  AND  FOR 
YAWED  WINGS,  by  N.  Rolt  and  L.  F.  Crabtree. 

[  1952  ]  14p.  lncl.  lllus.  dlagrs.  table,  refs. 

[  AF  33(038)21406  ]  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  19:  553-565, 
Aug.  1952. 

Since  the  introduction  of  momentum  methods  In 
boundary- layer  calculations  by  von  Kirmln  and 
Pohlhauaen,  many  improvements  have  been  proposed. 
An  especially  simple  solution  reduces  the  problem  to  a 
quadrature.  Here,  it  Is  proposed  to  extend  these 
methods  to  elementary  three-dimensional  cases, 
and  to  compressible  laminar  boundary- layer  calcula¬ 
tions.  For  comparison,  the  corresponding  problems 
for  the  turbulent  boundary  layer  are  also  discussed 
briefly. 

COR.  09:009 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

A  UNIQUE  LAW  FOR  IDEAL  INCOMPRESSIBLE  FI.OW 
WITH  PRESERVED  PATTERN  OF  FINITE  SEPARA 
TION,  by  11.  S.  Tan.  [  May  1953)  3p.  lncl.  dlagrs. 
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(AF  33*038)21406)  Unclassified 

Published  In  Quart.  Appl.  Math. ,  v.  12:  78-80, 

Apr.  1954. 

The  law  1&  general  In  the  sense  that  It  applies  to  any 
body  shape  with  well  defined  separation  points,  provided 
there  exists  a  solution.  The  law  Is  unique  because  no 
other  fluid  motion  except  this  one  will  produce  such  a 
preserved  flow  pattern. 


COR.  09:010 

Cornell  U.  Graduate  Sciiool  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

GENERALIZATIONS  OF  THE  INVERSION  FORMULA 
OF  THIN  AIRFOIL  THEORY,  bv  H.  K.  Cheng  and  N. 
Rott.  June  1,  1953,  48p.  refs.  (AF  33(038)21406) 

AD  17740  Unclassified 

Also  published  In  Jour.  Rational  Mech.  and  Analysis, 
v.  3:  357  382,  May  1954. 

A  method  Is  described  which  gives  the  general  solution 
for  the  mixed-type  boundary -value  problem  for  the 
complex  half  plane  for  an  arbitrary  number  of  slots  on 
the  real  axis,  where  alternately  the  real  and  the  Imagi¬ 
nary  part  of  an  analytic  function  are  prescribed.  The 
solution  Is  found  for  cases  where  It  may  be  Interpreted 
as  a  complex  velocity  and  also  as  any  velocity  deriva¬ 
tive.  Resides  the  general  solution,  a  set  of  simple 
special  solutions  of  practical  Importance  Is  given.  A 
further  generalisation  Is  presented  In  which  a  linear 
combination  of  the  real  and  Imaginary  part  Is  prescribed 
on  the  boundary.  Aerodynamic  problems  are  discussed 
which  lead  to  this  mathematical  formulation.  (Con¬ 
tractor's  abstract) 


COR.  09:011 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

SOME  EXTENSIONS  OF  SLENDER  WING  THEORY, 
by  M.  C.  Adams.  June  2,  13,  56p.  lllus.  refs. 

(AF  33(038)21406)  AD  18192  Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  20: 

85  98,  Feb.  1953. 

The  approximate  theory  of  flow  about  slender  lifting 
■ring*  "rtgtnated  by  Munlc  and  Jones  (NACA  repts.  no. 
184  and  835)  Is  reviewed.  Ward's  treatr  nt  of  both 
lifting  and  nonllfting  wings  In  supersonic  ilow  Is  Hun: 
marl  red.  An  analogous  treatment  Is  presented  for 
subsonic  flow.  The  slender  wing  theory  Is  Interpreted 
as  a  first  lerm  of  an  expansion  In  powers  of  a  breadth 
parameter,  A  more  accurate  theory  Is  developed  by 
carrying  additional  terme  for  both  subsonic  and  super 
sonic  speeds.  This  theory  of  not  so  slender  wings  Is 
applied  to  some  practical  problems.  Accuracy  Is  dem 
onstrated  by  comparison  with  linearized  supersonic 


airfoil  theory  for  the  special  case  of  a  delta  wing  at 
Incidence.  The  methods  described  can  be  extended  to 
treat  wing-body  combinations  and  problems  In  non- 
statlonary  flight.  (ASTI A  abstract) 


COR.  09:012 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

GENERATION  OF  VORTICES  BEHIND  A  FLAT 
PLATE,  by  M.  Hanin.  July  1953,  54p.  inch  lllus. 
tables.  (AF  33(038)21408)  AD  18126  Unclassified 

The  formation  of  a  vortex  sheet  behind  two-dimensional 
flat  plates  Is  tentatively  explained  on  the  basts  of 
potential  flow  theory.  It  Is  assumed  that  discrete 
vortices,  formed  by  rolling-up  vortex  sheets,  detach 
'.vhen  a  Kutta- Joukowski  condition  Is  violated.  The 
average  strength  of  the  vortex  sheets  and  the  param¬ 
eters  describing  the  vortex  sheet  are  estimated  for 
the  case  of  90°  Incidence.  This  Is  accomplished  with 
the  help  ol  the  time-averaged  Kutta- Joukowski  condi¬ 
tion,  the  vortex- sheet  condition,  the  momentum  trans¬ 
fer  equation,  and  the  modified  vorticity  transfer  equa 
tion.  The  estimated  values  are  compared  with  experi¬ 
mental  ones,  and  a  reasonable  agreement  Is  obtained. 


COR.  09:013 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

ON  THE  APPROXIMATE  SOLUTION  OF  THE 
LAMINAR  BOUNDARY  LAYER  EQUATIONS,  by 
1.  Tani.  July  1953,  38p.  lncl.  lllus.  table,  rels. 

(AF  33(038)21406)  AD  17528  Unclassified 

Also  published  in  Jour.  Aeronaut.  Sciences,  V.  21: 

4  8  7-504,  July  1954. 

A  method  was  developed  for  solving  approximately  the 
equations  ol  the  laminar  boundary  layer.  The  velocity 
profile  Is  assumed  to  be  a  member  of  a  1-parameter 
family  of  curves,  the  parameter  being  different  from 
the  usual  Pohlhausen  parameter.  The  Pohlhausen 
parameter  Is  calculated  by  a  simple  quadrature  formu¬ 
la,  which  Is  derived  from  the  energy- Integral  relation. 
The  relation  between  Lie  profile  parameter  and 
Pohlhausen  parameter  is  determined  from  the  combina¬ 
tion  of  both  momentum -Integral  and  energy-integral 
relaLons.  The  accuracy  of  the  method  was  examined 
by  comparing  the  results  with  those  of  exact  solutions 
for  the  flow  of  incompressible  fluid.  Satisfactory 
agreement  was  obtained.  The  method  of  solution  was 
then  extended  to  the  flow  of  compressible  fluid  along  a 
heat •  Insulated  wall,  assuming  the  Prandtl  number  to  be 
sllghlly  different  from  unity  and  using  the  Sutherlai-d 
formula  for  the  variation  of  viscosity  with  temperature. 
The  effect  of  compressibility  on  separation  point  Is 
discussed  as  an  example  of  the  application.  (Con¬ 
tractor’s  abstract) 
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COR.  09:014 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

ON  LAMIN/R  BOUNDARY  LAYER  OVER  A  ROTATING 
BLADE,  by  H.  S.  Tan.  July  20,  1953,  6p.  (AF  33(038)- 
21406)  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  2C:  780-781, 
Nov.  1953. 

Equations  are  given  for  the  boundary-layer  flow  about 
a  cylindrical  blade  extending  Infinitely  In  y-dlrectlon 
and  rotating  about  z-axls  with  angular  speed  fl  .  Solu¬ 
tions  are  presented  for  the  case  of  a  rotating  flat  plate. 


COR.  09:015 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

A  THEORETICAL  APPROACH  TO  THE  PROBLEM  OF 
STALL  FLUTTER,  by  M.  B.  T.  George.  Aug.  15, 

1953,  144p.  lnci.  Ulus,  table,  refs.  (AF  33(038)21406) 
AD  21115  '  Unclassified 

The  problem  of  stall  flutter  Is  studied  theoretically  by 
modifying  classical  flutter  theory  to  account  for  the  de¬ 
viation  of  the  lift  curve  from  Its  theoretical  value.  A 
simple  scheme  Is  proposed,  wherein  the  static  lift  curve 
Is  utilized  as  an  empirical  connection  between  the 
strength  of  the  leading  and  trailing  edge  singularities. 
This  connection  Is  generalized  to  unsteady  flow,  first 
with  no  time  lag,  and  later  with  a  time  lag  between  the 
singularity  strengths.  The  theory  Is  a  consistent  one 
within  the  limitations  of  lnvlscld- flow  theory.  It  Is  not 
expected  to  actount  for  the  more  complicated  viscous 
effects  encountered.  The  torsional  damping  Is  computed 
for  any  location  of  the  rotation  axis  and  reduced  frequen¬ 
cies  In  the  practical  range.  The  theory  predicts  the 
regions  In  which  a  torsional  oscillation  would  be  excited 
for  various  Initial  angles  of  attack.  The  Wagner  function 
is  extended  for  lift  curve  slopes  other  than  2  v.  A  com¬ 
parison  with  experiments  Is  made  with  the  main  purpose 
of  showing  what  Is  needed  for  further  progress  In  the 
stall  flutter  problem.  Quantitative  agreement  can  only 
be  expected  for  Uft  curve  slopes  near  to  the  potential  - 
flow  value,  and  this  Is  verified  within  certain  limits. 
(Contractor's  abstract) 


COR.  09:016 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca.  N.  Y. 

UFT  OF  HIGHLY  SWEFr  WINGS,  by  11.  Mtrels. 

1953  2  ]  p.  lncl.  dlagr.  (AF  33(058)214  >6) 

Unclassified 

Published  In  Jour.  Aerb.iaut.  Sciences,  v.  20:  210  211, 
Mar.  1953. 


COR.  09:014  -  COR.  09:018 


The  lift  properties  of  a  highly-swept  wing  are  sum¬ 
marized.  Correction  Is  made  of  an  error  Invalidating 
an  integral  equation  for  a  general  solution  for  such  Uft 
(Robinson,  A. ,  Airfoil  Theory  for  Swallow  Tail  Wings 
of  Small  Aspect  Ratio.  Aeronaut.  Quart.,  v.  4,  Aug. 
1952).  The  corrected  integral  equation  and  some  Umlt- 
lng  solutions  are  Included  In  the  general  procedure  for 
calculating  the  aerodynamics  of  highly- swept  wings. 


COR.  09:017 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

ON  ASYMMETRIC  FLOW  IN  AN  AXIAL  FLOW  COM¬ 
PRESSOR  STAGE,  by  W.  R.  Sears.  [1953]  6p.  lncl. 
Ulus,  dlagrs.  [  AF  33(038)214061  Unclassified 

PubUshed  In  Jour.  Appl.  Mech. ,  v.  20:  57-62,  Mar. 
1953. 

It  Is  suggested  that  How  patterns  without  axial  symme¬ 
try  may  occur  when  an  axial-compressor  stage  operates 
In  a  steady,  uniform  stream,  provided  that  the  blade 
airfoil  characteristics  exhibit  certain  pecuUarlties. 

For  example,  blades  acting  close  to  the  staU  may  show 
nonUnearlty,  hysteresis,  and/or  time  lags  and  these 
may  cause  asymmetric  flow  patterns.  Conditions 
necessary  for  existence  of  such  phenomena  are  analyzed 
by  consideration  of  an  annulus  of  Infinitely  many  blades 
and  very  large  radius.  It  Is  shown  that  rotational -How 
effects  due  to  vortex  shedding  by  the  blades  must  be 
considered.  The  Induced  velocities  resulting  from 
asymmetrical  loadings  are  calculated.  The  final  step 
of  the  calculation  Is  to  show  that  these  Induced  effects 
may  actually  support  the  circulation  distribution  that 
produces  them.  This  step  Is  only  partly  taken  In  the 
presen  paper.  It  Is  shown  that  time  lag  In  the  develop¬ 
ment  of  Uft  of  a  blade  may  produce  such  "elgen- 
solutlons.  "  Detailed  study  of  the  results  of  nonUnea  fly 
In  the  blade  characteristics  Is  left  for  another  Investiga¬ 
tion. 


COR.  09:018 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

SLENDER  DODIf  TH EOR Y - H EVI EW  AND  EXTENSION, 
by  M.  C.  Adams  and  W.  R.  Sears.  [1953]  [I4]p. 
lncl.  lllus.  refs,  f  AF  33(038)21406  ]  AD  40145 

Unclassified 

Also  pubUshed  In  Jour.  Aeronaut.  Sciences,  v.  20: 
85-98,  Feb.  1953. 

The  approximate  theory  of  flow  about  slender  bodies 
and  wings  originated  by  Munk  and  Jones  Is  reviewed. 

It  Is  presenled  here  in  a  form  that  emphasizes  the 
relation  to  the  source-  sink  methods  of  von  Kirmin  and 
rthers.  The  oitenslon  to  noncircular  bodies  is  made 
for  subsonic  flow,  paralieting  Ward's  extension  for 
supersonic  flow.  The  calculation  of  pressures  and 
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COR.  09:019  -  COR.  09.022 


forces  and  the  extension  of  the  theory  to  unsteady  flows 
are  reviewed,  and  some  discrepancies  tn  the  published 
literature  are  explained.  Finally,  interpreting  the  Jones 
slender-wlng  result  as  the  ftrst  term  of  an  expansion  tn 
powers  of  a  breadth  parameter  (e.  g. ,  aspect  ratio),  It 
is  shown  i.ow  a  more  accurate  theory  can  be  developed 
by  carrying  additional  terms  for  both  subsonic  and 
supersonic  speeds.  This  theory  of  not- so- slender  wings 
ts  applied  to  some  practical  wtng  problems,  tncludtng 
direct  problems  of  flow  past  given  wings  and  problems 
of  wing  design  for  minimum  drag.  The  accuracy  of  the 
new  results  Is  assessed  by  comparison  with  linearized 
supersonic- airfoil  theory  for  the  special  case  of  a  flat 
delta  wing.  (Contractor's  abstract) 


COR.  09:019 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

A  THEORY  OF  "ROTATING  STALL”  IN  AXIAL- FLOW 
COMPRESSORS,  by  W.  R.  Sears.  [  1953 1  35p.  tncl. 
lllus.  (AF  33(038)21406)  AD  669  Unclassified 

Previous  investigation  on  the  possibility  of  asymmetric 
ftow  patterns  *n  an  axial-flow  compressor  slage  was 
based  on  the  approximations  of  Incompressible  flow,  an 
infinite  number  of  blades,  and  the  representation  of  the 
blade  annulus  as  a  2-dimensional  actuator  sheet.  This 
work  was  extended  by  eliminating  the  restriction  to 
small  Inlet  swirl  and  by  a  reformulation  that  is  Independ¬ 
ent  of  airfoil- theory  concepts.  The  latter  permits  Intro - 
luctlon  of  a  broader  class  of  blade-characteristic  rela¬ 
tions  of  which  airfoil-type  relations  are  only  one  case. 
Two  Independent  cases  are  treated-  (1)  airfoil-type 
characteristics  and  (2)  channel  relations  suggested  by 
teady  flow  lests  of  cascades.  The  flrsl  case  leads  to 
-adlly  rotating  asymmetric  solutions  when  the  blades 
stalled  and  exhibit  phase  lag;  these  solutions  were 
of  the  same  general  type  as  found  previously.  The 
second  case  leads  to  steadily  rotating  asymmelrlc  solu¬ 
tions  both  without  and  with  phase  tag.  The  solutions 
were  compared  with  experimental  observations  of  rotat¬ 
ing  stall  In  a  3  stage  compressor,  tf  It  is  assumed  that 
the  rotor  was  stalled,  the  experimental  point  lies  within 
the  scope  of  the  airfoil  results  but  somewhat  outside  the 
channel  results.  If  the  stators  were  stalled,  the  result 
ties  within  the  scope  of  both  families  of  curves.  (AST1A 
abstract) 


COtt.  09.020 

Cornelt  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

Dt INFRACTION  OF  SIMPLE  WAVES  WITH  VORTEX 
SEPARATION,  by  N.  Ilott.  Feb.  1953,  26p.  lllus. 

([  AFlOSlt  TN  54  -  42)  (AF  33(038)21406) 

Unclassified 

Shadowgrams  of  shock  diffraction  by  wedges  show  the 
existence  of  a  vortex  region  near  the  sharp  edge,  caused 
by  flow  separation.  A  theoretical  treatment  of  this 


phenomenon  ts  presented,  using  tnvlsctd  flow  theory 
tn  lineartzed  approximation,  and  replactng  the  vortex 
sheet  by  a  concentrated  vortex.  The  results  are  found 
to  te  in  good  agreement  with  observations  for  zero 
wedge  angle,  while  the  patterns  observed  for  blunt 
wedges  differ  from  those  predicted  by  the  present 
theory.  The  reasons  for  the  disagreement  are  dis¬ 
cussed  qualitatively.  (Contractor's  abstract) 


COR.  09:021 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
tthaca,  N.  Y. 

THE  SUPERSONIC  CONICAL  WING  OF  MINIMUM 
DRAG,  by  S.  H.  Tsien.  June  1953,  113p.  lncl.  diagrs. 
tables,  refs,  f  AFOSR-TN-54-285  1  (AF  33(038)21406) 
AD  17420  Unclassified 

Also  published  in  Jour.  Aeronaut.  Sciences,  v.  22: 
805-818,  Dec.  1955. 

A  theoretical  Investigation  was  made  of  thin  conical 
delta  wings,  with  subsonic  leading  edges,  cambered  to 
give  minimum  pressure  drag  at  supersonic  speeds.  The 
analysis  was  based  on  ltneartzed  theory;  some  consld- 
era*ion  was  given  to  the  question  of  leading-edge  flow 
separation.  Since  the  optimum  camber  obtained  by 
assuming  full  theoretical  effect  of  suction  forces  may 
not  be  correct  for  a  wtng  moving  in  a  real  fluid,  2  cases 
with  different  assumptions  were  covered:  one  with 
suction  forces  tncluded  and  the  other  with  these  forces 
omitted.  For  the  former  case,  the  drag  coefficient  of 
the  optimum  conical  wing  is  almost  identical  io  that  of 
a  flat  trlangutar  wing  at  the  same  lift  coefficient,  ex¬ 
cept  when  the  leading  edge  lies  close  behind  the  Mach 
Cone  of  the  apex.  In  the  latter  case,  substantial  im¬ 
provement  over  ihe  flat  delta  wing  can  be  achieved  by 
suitable  conical  camber;  the  drag  can  be  reduced  to  a 
value  whtch  is  again  approximately  the  same  as  that  of 
the  flat  wing  with  full  leadtng-edge  suction.  Minimum 
drag  coefficients  and  the  corresponding  optimum 
camber  Bhapes  and  lift  distributions  were  computed 
under  various  assumptions  for  wings  with  leading-edge 
slope  equal  to  0.5,  0.8,  and  1.0.  Flat-plate  data  are 
included  for  comparison.  (ACT1A  abstract) 


COR.  09:022 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

CALCULATION  OF  LAMINAR  DOUNDARY  LAYER 
FLOW  ON  ROTATING  DLADES,  by  M.  E.  Graham. 

Sept.  1954,  iv.  inct.  diagrs.  tables,  refs.  ((  AFlOSR- 
TN-54-301)  (AF  33(038)21406)  AD  55328 

Unclassified 

Momentum  methods  are  applied  to  the  calculation  of 
the  laminar  boundary- layer  on  a  rotating  btade  (such 
as  a  helicopter  or  propeller  blade).  A  simple  and 
routine  procedure  is  developed  for  finding  the  boundary- 
layer  flow  on  an  infinite  cylindrical  Made  of  arbitrary 
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cross- section.  Solutions  computed  by  this  method 
compare  satisfactorily  with  the  few  known  solutions  for 
cylinders  of  special  cross-sections.  The  boundary- 
layer  flow  Is  computed  for  two  new  examples:  a  cylin¬ 
drical  blade  with  a  laminar- airfoil  cross-section.  For 
each  of  these  blades  the  axis  of  rotation  passes  per¬ 
pendicularly  through  the  chordplane  al  a  point  midway 
between  the  leading  and  trailing  edges  of  the  blade. 
Graphs  are  presented  which  show  typical  surface 
streamlines  and  spanwlse  velocity  profiles.  (Con¬ 
tractor's  abstract) 


COR.  09:023 

Cornell  U.  [  Graduate  School  of  Aeronautical  Engineering] 
Ithaca,  N.  Y. 

UNSTEADY  VTSCOUS  FU)W  IN  THE  VICINITY  OF  A 
STAGNATION  POINT  by  N.  Roll.  [  1954  1  18p.  incl. 
dlagrs.  (AFOSR-TN  54-322)  (AF  33(038)21408) 

AD  58337  Unclassified 

Also  published  in  Quarl.  Appl.  Math.,  v.  13:444-451, 
Jan.  1956. 

Consideration  Is  given  the  problem  of  two-dimensional 
steady  viscous  flow  In  the  vicinity  of  a  stagnation  point 
at  which  the  veloctty  tn  the  main  stream  tncreases 
Itnearly  with  the  distance.  It  Is  noticed  thal,  for  the 
steady  flow  al  the  edge  of  the  boundary  layer,  If  the 
plate  performs  harmonic  or  uniform  motion  parallel 
to  Itself,  a  solution  for  the  unsteady  problem  can  be 
found  by  superposltton  of  two  functions  such  thal  the 
full  Navler- Stokes  equations  are  satisfied.  In  the 
osctllating  case,  the  shear  at  the  wall  ts  calculated  al 
both  low  and  htgh  frequencies.  11  ts  noted  that,  tn  spite 
of  the  main  stream,  the  character  of  the  flow  al  very 
high  frequencies  ts  essentially  that  of  the  Stokes  solu 
Hon.  (Math.  Rev.  abstract) 


COR.  09:024 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

SECOND  APPROXIMATION  TO  LIFTING  CONICAL 
FLOW,  by  II.  S.  Tan  and  S.  H.  Tsien.  June  1954,  Iv. 
Incl.  dlagrs.  tables.  ( [  AF  1  OSll  - TN  54-323)  (AF’  33 
(038)21406)  AD  56188  Unclassified 

Terms  of  the  order  of  the  square  of  the  angle  of  attack 
are  calculated  for  the  case  of  a  conical  flat  plate  at 
smalt  angle  of  attack  on  a  supersonic  stream. 

LighthlU's  technique  of  "rendering  uniformly  valid"  ts 
employed  to  ftnd  the  proper  second  order  boundary 
condltton  at  the  Mach  number.  Ibe  results  are  put  tn 
a  form  which  Is  believed  to  be  suitable  for  numerical 
evaluation  but  no  numerical  calculations  are  carried  out 
here.  In  the  second  order  terms  there  appears  singu 
larttles  of  nonlntegrable  type  at  the  wing  leading  edges. 
(Contractor's  abs'ract) 


COR.  09:023  -  COR.  09:027 


COR.  09:025 

Cornell  U.  [  Graduate  School  of  Aeronautical  Engineering] 
Ithaca,  N.  Y. 

ROTATING  STALL  IN  AXIAL  COMPRESSORS,  by 
W  R.  Sears.  Dec.  1954,  lv.  incl.  dlagrs.  refs. 

[  AFOSR-TN- 54 -343]  (AF  33(038)21406) 

Unclassified 

Published  In  Zellschr.  Angew.  Math.  Phys. ,  v.  6: 
429-455,  1955. 

Several  attempts  to  explain  theoretically  the  phenome¬ 
non  of  rotating  stall  are  described.  These  are  all 
based  on  the  assumptions  of  a  single  row  of  closely 
spaced  blades  and  the  small  perturbation  type  of  flow. 
They  are,  therefore,  probably  Inadequate  to  describe 
the  conditions  observed  In  multi  si  age  axial  compres¬ 
sors.  On  the  other  hand,  they  provide  at  leasl  a 
qualitative  explanation  of  the  phenomenon,  and  they  are 
in  agreement  in  their  conclusion  thal  steadily  rotating 
paltems  may  occur  In  stalled,  rigid  blade  rows. 
(Extracted  from  repl. ) 


COR.  09:026 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

BOUNDARY  LAYERS  IN  THREE-DIMENSIONAL 
FLOW,  by  W.  R.  Sears.  [  1954  ]  6p  incl.  dlagrs. 
refs.  [  AF  33(038)214061  AD  59827  Unclassified 

Also  published  tn  Appl.  Mech.  Rev  ,  v.  7:  281-285, 

July  1954. 

Extensions  of  Prandtl’s  laminar  boundary- layer  theory 
to  3-dtmensional  cases  without  axial  symmetry  have 
met  with  considerable  success.  They  have  led  to 
Interesting  new  concepts  such  as  the  Independence 
principle,  component  separation,  and  boundary  regions. 
Some  cases  of  cylindrical  and  conical  symmetry,  as 
well  as  nearly  2-dlmenslonal  flows  tncludlng  boundary 
layers  on  rotating  blades  are  reviewed.  One  problem 
of  a  boundary  region,  e.  g. ,  the  flow  tn  a  corner  has 
been  worked  out.  It  Is  concluded  that  analogous  prog¬ 
ress  In  problems  Involving  3  dimensional  turbulent 
boundary  layers  must  await  more  complete  understand¬ 
ing  of  the  basic  principles  governing  such  layers  tn 
either  2  or  3  dimensions. 


COR.  09:02'i 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca.  N.  Y. 

TIIE  LAMINAR  BOUNDARY  LAYER  OF  YAWED 
CYLINDERS  WITH  VARIABLE  SECTION,  by  S.  W.  l.tu 
Oct.  1955  [  70  p.  tncl.  dlagrs.  tables,  refs.  ([AF’1 
OSK  TN-55  369)  (AF  33( 038 )2 1 406)  AD79U5 

Unclassifted 
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Starting  from  the  results  of  laminar  boundary-layer 
calculations  for  Infinite  yawed  cylinders,  extension  ts 
made  to  obtain  analogous  results  for  yawed  bodtes  of 
slowly  varying,  similar  cross  sections.  Both  the  ex¬ 
ternal  and  Internal  flows  are  expanded  in  powers  of  the 
local  taper,  and  are  expressed  tn  terms  of  nondtmen- 
stonal  slmilartty  variables.  Velocity  components  of 
successive  orders  of  magnitude  are  computed  by  a  pro¬ 
cedure  similar  to  that  by  which  the  tnftnite  cylinder 
results  have  been  obtained.  The  equations  are  solved 
for  a  symmetric  body  whose  external  flow  ts  of  the  type 
that  gives  separation  of  the  chordwlse  flow.  The  results 
are  obtained  by  numertcal  methods.  It  ts  shown  that  the 
relative  position  of  the  separation  of  the  chordwlse  flow 
remains  essentially  unchanged  by  the  taper.  The  veloc¬ 
ity  profiles,  and  the  limiting  streamlines  are  modlfted. 
The  departure  from  tnflnlte-cyltnder  results  at  the 
same  relative  chordwlse  position  ts  not  large  for  yawed 
bodies.  (Contractor's  abstract) 


[35]p.  lncl.  dlagrs.  ([  AF ]OSR-TN- 55-437) 

(AF  33(038)21406)  AD  79113  Unclasslfted 

A  simplified  theory  of  the  development  of  a  laminar 
boundary  layer  behind  a  shock  wave  progressing 
parallel  to  an  infinite,  plane,  solid  wall  ts  given.  The 
heat-transfer  problem,  including  heat  conduction 
effects  In  the  wall,  ts  solved.  It  ts  found  that  the  heat- 
conduction  problem  in  the  solid  wall  ts  also  of  the 
boundary-layer  type.  The  temperature  distributions 
in  the  gas  and  tn  the  wall  are  determined.  The  dis¬ 
placement  thickness  of  the  laminar  boundary  layer  ts 
computed,  with  the  actual  temperature  distribution 
betng  taken  Into  account.  (Contractor’s  abstract) 


COR.  04:030 

Cornell  U.  [Craduate  School  of  Aeronautical  Engineering] 
Ithaca,  N.  Y. 


COR.  09.028 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

ON  INCOMPRESSIBLE  TURBULENT  BOUNDARY 
LAYER  THEORY  APPLIED  TO  INFINITE  YAWED 
BODIES,  by  D.  L.  Turcotte.  Sept.  1955,  lv.  tncl. 
dlagrs.  tables,  refs.  ([  AFlOSR-TN-55-374)  (AF  33- 
(038)21406)  AD  79114  Unclassified 

The  problem  cf  a  turbulent  boundary  layer  on  a 
cylindrical  body  at  an  angle  of  yaw  is  studied.  Applica¬ 
ble  momentum  equations  are  derived.  Approximate 
methods  of  application  are  compared  with  experimental 
reeults.  For  the  case  of  the  flat  plate  (no  pressure 
gradient)  at  an  angle  of  yaw,  theoretical  assumptions 
are  compared  with  the  expertmental  results  obtained  by 
Ashkenas  and  Riddell.  It  is  concluded  that  the  boundary 
layer  cannot  be  calculated  from  the  components  of  flow 
normal  to  the  leading  edge.  If  yaw  Is  considered  to  have 
no  effect  on  the  boundary  layer  growth,  better  results 
are  obtained.  Possible  reasons  for  the  observed  devi¬ 
ation  from  the  second  alternative  are  discussed.  For 
the  wing  at  an  angle  of  yaw,  the  above  methods  are 
applied  to  the  case  with  a  pressure  gradient  and  are 
compared  with  the  expertmental  results  obtained  by 
Altman  and  Hayter.  The  second  of  the  above  2  assump¬ 
tions  is  shown  to  give  better  results  than  the  first. 

When  the  pressure  gradient  is  appreciable,  however, 
the  pressure  term  of  the  momentum  equation  makes  the 
largest  contribution  to  the  growth  of  the  turbulent 
boundary  layer,  so  that  any  r-asonable  method  of  ap¬ 
proximation  of  the  wall  -  shearing  stress  term  will  lead 
to  a  fair  estimation  of  the  growth  of  the  turbulent 
boundary  layer.  (Contractor's  abstract) 

COR.  09:029 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
tthaca,  N.  Y 

ON  THE  HEAT  TRANSFER  TO  THE  WALLS  OF  A 
StOCK  TUBE,  by  N.  llott  and  It.  Hartunlan.  Nov.  t»55 


DIFFRACTION  OF  A  WEAK  SHOCK  WITH  VORTEX 
GENERATION,  by  N.  Rott.  May  1956  f  19  ]p.  lncl. 
tllus.  (AFOSR- TN-55-470)  [  AF  33(038)21406 ] 

AD  126441  Unclasslfted 

Also  published  in  Jour.  Fluid  Mech. ,  v.  1:  111-129, 
May  1956. 

The  region  of  finite  vortictty  near  the  edge  of  a  dif¬ 
fracting  wedge  Is  Investigated.  Dimensional  analysis 
gives  the  dependence  of  the  circulation  and  the  velocity 
of  the  vortex  region  on  the  pulse  strength.  A  close 
estimate  of  the  magnitude  of  these  quantities  Is  obtained 
by  replacing  the  vortex  region  by  a  single  concentrated 
vortex.  The  theoretical  conditions  at  the  sharp  edge 
are  discussed  and  compared  with  observations  of  real 
fluid  behavior.  A  short  account  of  the  theory  of  the 
core  of  the  spiral  vortex  sheet  In  a  perfect  fluid  ts 
appended.  (Contractor’s  abstract) 


COR.  09:031 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca.  N.  Y. 


THE  UNSTEADY  FORCES  DUE  TO  VISCOUS  WAKES  IN 
TURBOMACHINES,  by  N.  H.  Kemp  and  W.  R.  Sears. 

(  1955  1  6p.  lncl.  table.  [  AF  33(038)21406  1 

Unclasslfted 

Published  In  Jour.  Aeronaut.  Sciences,  v.  22:  478-483,  •  • 

July  1955. 

The  configuration  of  viscous  wakes  of  cascade  blades 
Is  approximated  from  single  alrfotl  experiments.  The 
unsteady  force  and  moment  on  a  downstream  blade 
pasting  through  such  wakes  Is  then  calculated  on  the 
basis  of  the  theory  of  Isolated  thin  airfoils  tn  nonuni - 

form  motion.  Die  results  Indicated  that  the  force  ts  q  q 

nearly  proportional  to  the  proftle-drag  coefficient  of 
the  upstream  blades  For  typical  values  of  this  co¬ 
efficient  and  conventional  cascade  geometry,  the  un¬ 
steady  forces  arising  from  passage  through  viscous 
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wakes  are  of  about  the  same  size  as  those  due  to  aero¬ 
dynamic  Interference  between  the  moving  blade  rows, 
previously  estimated. 


COR.  09:032 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

ON  THE  WAKE  ENERGY  OF  MOVING  CASCADES,  by 
N.  H.  Kemp  and  W.  R.  Sears.  [19561  [  7  ]  p. 

(AF  33(038)21406)  Unclassified 

Published  In  Jour.  Appl.  Mech. ,  v.  23:  262-268,  June 
1956. 

An  analysis  was  made  of  the  rate  of  energy  transfer  Into 
kinetic  energy  of  the  vortex  wakes  for  unsteady  two- 
dimensional  flow  In  cascades  of  thin  airfoils,  as  applied 
to  an  elementary  compressor  stage  consisting  of  two 
rows  of  blades  In  relative  motion.  Results  Indicate  that 
the  magnitude  of  the  energy  transfer  is  small,  amounting 
to  less  than  1%  of  the  energy  absorbed  by  the  rotor. 

For  a  two-stage  rotor,  the  cross-induced  energy  trans¬ 
fer  may  be  negative.  Energy  transfer  of  the  upstream 
row  is  many  times  greater  than  that  of  the  downstream 
row,  owing  to  the  disparity  in  the  magnitudes  of  the 
respective  Induced  circulation  fluctuations. 


COR.  10:001 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

ODUQUE  DENDING  OF  A  RECTANGULAR  PLATE, 
by  C.  Rlparbelll.  May  1955  r35’p.  incl.  lllus.  dlagrs. 
(Note  no.  1)  (  AF  OSR-TN-55- 147)  (AF  18(600)1159) 

AD  85450  Unclassified 

The  deformation  of  a  thin,  free -edged  rectangular  plate 
in  eijui librium,  under  the  action  of  opposite  moments 
forming  a  given  angle  with  the  plate's  axis,  is  analyzed 
by  assuming  the  family  of  lines  of  maximum  curvature 
of  the  deformed  plate  as  a  parameter  determining  the 
deformation.  These  lines  are  determined  by  means  ot 
the  principle  of  minimum  potential  energy.  Two  modes 
of  bending  are  treated:  the  first  about  straight  lines  of 
maximum  curvature  (limiting  case  for  large  deforma¬ 
tions)  and  the  second,  considering  curved  lines  of 
maximum  curvature.  Although  an  exact  general  solu 
t!on  to  the  problem  Involving  this  second  mode  has  not 
been  found,  an  approximate  approach,  which  yields 
results  that  agree  closely  with  experiments,  is  pre¬ 
sented  (Contractor's  abstract) 

COR.  10:002 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca.  N.  Y. 

OIL  .yUE  RENDING  OF  A  TRAPEZOIDAL  PLATE,  by 
C.  ltlp-rbeill.  Nov  1955  8  p.  Note  no  2 

(  AF  OSH  TN  56  9)  (AF  18(600)1159)  AD  84577 

>  205 


COR.  09:032  -  COR.  10:004 


Unclassified 

A  study  was  made  to  extend  the  result  (see  item  no. 
COR.  10:001 )  obtained  on  oblique  bending  of  a  rectangu¬ 
lar  plate  toward  the  analysis  of  deformation  of  plate- 
like  thin  wings.  The  mathematical  analysis  which  is 
presented  is  based  upon  the  observation  that  when  a 
plate  is  bent  and  as  soon  as  the  maximum  curvature 
at  a  region  of  the  plate  becomes  appreciable,  the  sec¬ 
ond  principal  curvature  is  very  small.  Thp  moment 
components  orthogonal  to  the  lines  of  maximum  curva¬ 
ture  act  on  a  curved  section  whose  rigidity  is  high 
compared  to  the  plate's  rigidity.  The  simplifying 
hypothesis  is  Introduced  that  the  whole  deformation  Is 
bending  about  the  family  of  lines  of  maximum  curva¬ 
ture.  A  second  simplifying  hypothesis  is  that  the  lines 
of  maximum  curvature  are  straight,  except  in  the 
immediate  neighborhood  of  the  edges  or  of  concen¬ 
trated  loads.  In  the  above  hypotheses,  the  family  of 
lines  of  maximum  curvature  Is  determined  by  means 
of  the  principle  of  minimum  potential  energy.  (ASTIA 
abstract) 


COR.  10:003 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

GENERAL  BENDING  OF  A  PLATE  INTO  A  DEVELOP¬ 
ABLE  SURFACE,  byC.  Riparhelll.  Dec.  1955  [15]p. 
Incl.  dlagrs.  (Note  no.  3)  (AFOSR-TN-56-31) 

(AF  18(600)1159)  AD  80542  Unclassified 

Under  the  assumption  of  nonextensional  bending,  the 
general  case  of  deformation  of  thin  plates  undergoing 
nonun tform  bending  Is  analyzed.  A  relationship 
between  the  position  of  the  point  to  which  the  lines  of 
maximum  curvature  converge  and  the  shear  resultant 
Is  defined.  The  expression  for  the  total  potential 
energy,  to  be  minimized  to  define  the  family  of  lines 
of  maximum  curvature,  Is  written.  Finally,  the 
deformation  energy  In  the  above  general  case  Is 
written  as  the  deformation  energy  In  pure  bending 
multiplied  by  an  amplifying  factor  which  is  a  function 
of  the  convergence.  A  solution  Is  presented  for  the 
problem  of  the  analysis  of  large  deformations  of  thin 
plates  for  application  to  thin  wings  representing  a 
quaslhomogeneous  structure.  (Contractor's  abstract, 
In  part) 


COR.  10:004 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

EDGE  CURLING  OF  A  PLATE  UNDERGOING  ODUQUE 
DENDING,  by  C.  RiparbelU.  Dec.  1955  ;20'p.  Incl 
lllus.  dlagrs.  (Note  no.  4)  (AFOSlt  TN-56-32) 

(AF  18(600)1159)  AD  80543  Unclassified 

Large  deformations  of  thl  i  plates  are  being  studied  for 
the  purpose  of  deformation  analysis  of  thin  plate-llke 
wings,  The  deformation  mode  is  determined  by  the 
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family  of  lines  of  maximum  curvature  which  are  at  first 
assumed  to  be  straight.  It  is  observed  that  the  lines  of 
maximum  curvature  deviate  from  their  straight  pattern 
only  in  the  neighborhood  of  the  edges.  This  deviation  is 
the  subject  of  the  present  study,  the  problem  being 
approached  in  the  following  way:  The  given  plate  is  con¬ 
sidered  at  first  to  be  an  interior  region  (far  from  the 
edges)  of  a  much  larger  plate.  The  edge  effect  then 
being  negligible,  the  lines  of  maximum  curvature  are 
straight  in  the  region  under  consideration  and  the  forces 
and  moments  at  the  lines  limiting  the  given  plate  are 
Immediately  computed.  The  plate  a;  Initially  given  le 
then  cut  at  the  given  boundary.  In  order  to  satisfy  the 
true  (free)  edge  conditions  of  zero  shear  and  moment 
of  the  original  plate,  the  shears  and  moments  computed 
in  the  first  step  of  this  procedure  are  applied  with 
opposite  sign  to  the  shell  into  which  the  plate  was  de¬ 
formed  according  to  the  initial  assumption.  The  curva¬ 
ture  increments  resulting  from  the  superimposed 
moments  and  shears  are  then  computed.  The  corrected 
Uttes  <J  maximum  curvat.tr*  tend  to  tppr^ttch  th*  norms.! 
to  the  edge  in  the  region  near  the  edge,  and  remain 
straight  at  a  distance  from  the  boundary.  (Contractor’s 
abstract) 


COR.  10:005 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

GEOMETRY  OF  THE  LINES  OF  MAXIMUM  CURVA- 
I tilth  IN  BENDtNl  ol  1H1N  FLAT  ES,  by  C.  RiparbeRl. 
Dec.  1955  [13  Ip.  incl.  dlagrs.  (Note  no.  5)  (AFOSR- 
TN-56-33)  (AF  18(600)1159)  AD  80544  Unclassified 

A  relationship  is  derived  between  the  principal  curva 
fures  of  a  surface  and  the  curvature  of  the  family  of  lines 
of  maximum  curvature.  Large  deformations  of  a  free- 
edged  plate  wan  thtli  be  analyzed  uaiiig  the  family  of  Lilts 
of  maximum  curvature  as  a  parameter  determining  the 
deformation.  The  slope  and  curvature  of  the  lines  of 
maximum  curvature  at  the  free  edge  are  determined  by 
the  conditions  there.  (Contractor's  abstract) 


COR.  i  1:001 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

THE  IGNITION  OF  COMBUSTIBLE  MIXTURES  BY 
SHOCK  WAVES,  by  M.  Steinberg  and  W.  E.  Kaskan. 
iU54  (9  p.  Incl.  dlagrs.  table,  refs.  (AF  18(600)1182) 

Unclassified 

Publlshc:.  in  Fifth  Symposium  (International)  on  Com 
bustior.,  Pittsburgh  U. ,  Pa.  (Aug.  30  Sept.  3,  1954). 
N.  Y. .  Reinhold,  1955,  p.  664  672. 

The  purpose  of  the  work  reported  here  was  to  try  to 
establish  conclusively  whether  or  not  shock  ignition  Is 
anomalous.  For  this  purpose  a  shock  tube  was  designed 
in  a  way  such  that  it  was  reasonably  certain  that  the 
shock  waves  which  impinged  on  the  combustible  mixture 


were  flat  and  normal  to  the  tube  axis,  so  that  the  state 
of  the  gas  behind  the  shock  might  be  described  with 
reasonable  certainty.  Properties  of  the  gases  behind 
the  incident  and  reflected  shocks  in  both  hydrogen- 
oxygen  and  propane- air  mixtures  with  initial  pressures 
of  approximately  100,  200,  and  300  mm  Hg  were  calcu¬ 
lated  as  a  function  of  incident  shock  velocity  for  the 
initial  temperature  of  298°K.  The  resulting  data  are 
presented  and  are  considered  as  evidence  that  shock 
ignition  is  a  thermal  process  and  that  the  anomalously 
low  ignition  temperatures  previously  reported  in  the 
literature  must  be  attributed  to  some  other  phenerretju 
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Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

THE  IGNITION  OF  COMBUSTIBLE  GASES  BY  CON 
VERGING  SHOCK  WAVES,  by  J.  A  Fay  and  E.  R. 
Lekawa.  June  30,  1955  [21  Ip  incl.  illus.  dlagrs. 
tables.  [  AF'OSR- TR-  55- 26  ]  (AF  18(600)1162) 

AD  73694  Unclassified 

Also  published  in  Jour.  Appl.  Phys. .  v.  27.  261-266, 
Mar.  1956. 

hyarogen-oxygen  and  hyarogen-air  mixtures  were 
ignited  by  converging  cylindrical  shock  waves  using  the 
apparatus  devised  by  Perry  and  Kantrowitz,  (Jour. 

Appl.  Phys. ,  v.  22:  878-886,  1951),  and  the  minimum 
strength  shock  wave  necessary  lor  ignition  was  deter¬ 
mined.  The  energy  In  the  heated  wake  of  the  shock 
wave  within  a  cyUnder  of  diameter  equal  to  the  quench¬ 
ing  ,'tslanre  was  '•airulalod  and  Lund  to  be  Comparable 
with  the  minimum  Bpark  ignition  energy.  An  analysis 
of  the  unsteady  heat  conduction  problem  lends  support 
to  the  choice  of  the  quenching  distance  as  the  significant 
dimension  ul  Lit  region  over  which  heat  audition  is 
effective  in  causing  Ignition.  (Contractor's  abstract) 
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Cornell  U.  [Graduate  School  of  Aeronautical  Engineering! 
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IGNITION  OF  2H2  Oj  MIXTURES  BY  MEANS  OF 
SHOCK  WAVES,  by  W.  J.  Hooker.  Feb.  1955,  29p. 
incl.  dlagrs.  table.  (AF’  18(600)1162)  Unclassified 

A  shock  wave  propagating  In  a  shock  tube  is  a  means 
for  generating  a  source  of  uniform  high  temperature 
which  is,  in  general,  limited  In  time  duration  only  by 
the  physical  dimensions  of  the  tube.  A  number  of  In¬ 
vestigations  of  Ignition  temperatures,  utilizing  this 
means,  have  disclosed  that  "shock  initiated”  Ignition 
temperatures  are  considerably  lower  than  those  ob¬ 
tained  by  adiabatic  compression.  The  present  research 
was  begun  In  an  effort  to  further  study  this  problem 
with  more  refined  techniques  ami  reveals  the  "shock 
initiated"  ignition  temperatures  to  be  higher  than  those 
obtained  hy  adiabatic  compression. 
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Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

AN  AERODYNAMIC  THEORY  OF  A  SUPERSONIC 
PROPELLER,  by  D.  E.  Ordway.  June  1956,  170p. 
lncl.  dlagrs.  tables,  refs.  (AFOSR-TN-56-287) 

(AF  18(600)1523)  AD  89498  Unclassified 

A  supersonic  propeller  with  blades  attached  to  an 
Infinite  cylinder  as  a  hub  Is  studied.  The  forward 
speed  Is  subsonic  but  the  relative  speed  at  each  section 
Is  supersonic.  The  Ughtly-loaded  blades  are  repre¬ 
sented  by  a  surface  distribution  of  appropriate  "modi¬ 
fied”  sources  In  a  fashion  similar  to  ordinary  super¬ 
sonic  thin- wing  theory.  These  sources  are  found  by 
approximating  the  exact  potential  for  a  constant- 
strength  compressible  source  traveling  along  a  helical 
path.  By  properly  dividing  up  the  area  of  Integration 
over  the  sources  in  the  "  Forward  Mach  Cone,  "  the 
usual  relationship  between  the  source  strength  and 
boundary  condition  Is  found  directly  without  recourse 
to  Green's  theorem.  A  sample  calculation  for  a  twisted 
flat- plate  blade  shows  that  the  pressure  distribution  Is 
the  Ackeret  value  at  the  leading  edge  and  remains 
essentially  at  this  value  over  the  first  half  of  the  section. 
As  the  trailing  edge  Is  approached,  It  rises  about  20% 
above  the  Ackeret  value  because  the  "opening  up"  of 
the  "Forward  Mach  Cone"  Increases  the  number  of 
contributing  sources.  The  "Mach  Lines"  formed  by 
the  intersection  of  the  propeller  plane  with  the  Mach 
Surface  are  found  for  compressible  sources  .moving 
along  a  helical  path.  The  solution  Is  given  in  a  manner 
analogous  to  the  veloclty-flow-lncllnatlon  relationship 
of  Prandtl-Meyer.  One  case  of  blade  Interference  Is 
also  investigated.  (Contractor's  abstract) 
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Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

LAMINAR  DOUNDARY  LAYERS  ON  MOVING  WALLS, 
by  S.  H.  Smith.  Sept.  1956  T47V  lncl.  dlagrs.  table. 
(AFOSH  TN-5G-454)  (AF  18(600)1523)  AD  96800 

Unclassified 

The  nature  of  the  boundary  layer  on  a  wall  moving  with 
a  constant  velocity  is  Investigated  using  approximate 
methods.  The  Pohlhausen  method,  In  which  a  poly¬ 
nomial  of  the  fourth  degree  in  terms  of  the  distance 
from  the  wall  is  assumed  for  the  boundary-layer  veloc 
tty  distribution,  is  applied  to  obtain  a  solution  of  von 
Kirmln's  momentum  equation.  By  considering  cases 
in  which  the  potential  flow  is  a  linearly  decreasing 
function  of  the  distance  along  the  wall,  the  flow  pattern 
is  found  using  the  stream  function.  It  ts  found  that  the 
point  of  zero  shear  stress  at  the  wall  plays  no  signifi¬ 
cant  part,  for  moving  walls,  in  the  nature  of  the  flow  or 
in  the  location  of  flow  reversal.  An  exact  solution  to 
the  N.»  vie  r- Stokes  equations,  calculated  by  Professor 
N.  Holt  (Quart  Appl.  Math.,  v.  13,  Jan.  1956;  for  flow 
in  the  vicinity  of  a  stagnation  point  for  the  case  of  mov- 
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lng  walls,  Is  presented  and  the  streamlines  are  calcu¬ 
lated.  The  effect  of  moving  walls  (rotation)  on  the 
series  solution  for  the  flow  about  a  cylinder  Is  also 
discussed.  (Contractor's  abstract) 


COR.  12:003 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

ROTATING  STALL  IN  SINGLE-STAGE  AXIAL,  FLOW 
COMPRESSORS,  by  T.  J.  Falk.  Sept.  1956  [  61  ]  p. 
lncl.  dlagrs.  tables,  refs.  ([  AF^SR-TN-SS-S^) 

(AF  18(600)1523)  AD  110327  Unclassified 

Three  sets  of  rotating- stall  data  obtained  using  single- 
stage  axial-flow  compressors  are  compared  with  the 
three  rotating- stall  theories  developed  by  W.  R.  Sears, 
F.  E.  Marble  and  A.  H.  Stennlng.  All  of  the  theories 
predict  stall  propagation  speed  with  reasonable  accu¬ 
racy,  or  can  be  adjusted  to  do  so  by  choice  of  a  proper 
value  of  aerodynamic  lag.  A  final  decision  as  to  which 
of  the  analytical  treatments  most  accurately  represents 
the  problem  must  await  further  knowledge  of  aerody¬ 
namic  lag.  The  special  case  of  Professor  F.  E. 
Marble's  cascade  theory  of  rotating  stall,  called  the 
"simple  cascade  characteristics"  case.  Is  extended  to 
Include  a  lag  between  local  attainment  of  the  steady- 
state  stalling  Inlet  angle  and  the  local  drop  In  pressure 
rise  associated  with  stall.  Stall  propagation  speed 
and  percentage  of  compressor  circumference  stalled 
are  calculated  for  10-degrees  and  30-degrees  phase 
lag,  and  for  three  values  of  cascade  static-pressure 
rise  at  stall.  (Contractor’s  abstract) 


COR.  12:004 

Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

LAMINAR  BOUNDARY  LAYER  ON  A  SPINNING 
CIRCULAR  CONE  IN  SUPERSONIC  FLOW  AT  A 
SMALL  ANGLE  OF  ATTACK  [  PART  I] ,  by  M.  Fieblg. 
[June  1956  ’  lv.  lncl.  dlagrB.  tables,  refs.  [  AFOSR- 
TN-56-532  1  (AF  18(600)1523)  AD  110351 

Unclassified 

The  compressible  laminar  boundary- layer  equations 
for  bodies  of  revolution  have  been  developed  and 
applied.  A  solution  of  the  outer  nonviscous  flow,  as 
obtained  by  a  method  of  perturbation  In  angle  of  attack, 
Is  available.  A  perturbation  solution  Is  based  on  this 
approximation;  as  Is  suggested  by  the  solution  for  the 
undisturbed  cone  flow,  the  Blasius  similarity  variable 
Is  Introduced.  The  resulting  system  of  differential 
equations  has  been  identified  for  first  order  perturba¬ 
tions  in  angle  of  attack  with  F.  K.  Moore's  equations 
(NACA  rept.  no.  2521,  1951),  for  first  and  second 
order  perturbations  due  to  spin  with  C.  R.  Illingworth's 
equations,  (Phil.  Mag.,  v.  44:  389,  1953).  The  dif 
ferentlal  equations  due  to  Interaction  of  angle  of  attack 
and  spin  have  been  solved.  The  results  are  given  tn  the 
form  of  a  set  of  profile  functions  which  yield,  u|>on 
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linear  combinations,  the  solution  (or  all  Mach  numbers 
and  cone-vortex  angles.  (Contractor's  abstract) 
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Cornell  U.  Graduate  School  of  Aeronautical  Engineering, 
Ithaca,  N.  Y. 

ON  THE  "TRIPLE  POINT"  IN  SHOCK-DIFFRACTION 
PROBLEMS,  byT.-F.  Sun.  Sept.  1956,  122p.  lncl. 
dlagrs.  tables,  refs.  (AFOSR-TN-56-583)  (AF  18- 
(600)1523)  AD  115007  Unclassified 

A  study  is  made  to  determine  (1)  the  flow  inside  the 
diffracted  wave  that  originates  when  a  horizontally 
advancing  plane  straight  shock  encounters  an  Infinitely 
long  wedge,  (2)  the  position  and  strength  of  the  diffracted 
wave,  and  (3)  the  way  the  diffracted  wave  reinforces  or 
attenuates  the  Incident  or  the  reflected  shock  at  the 
triple  points  where  it  Intersects  them.  Only  weak 
Incident  shocks  are  considered.  A  nonviscous  adiabatic 
flow  is  assumed.  Consideration  Is  given  to  the  differ¬ 
ential  equations  governing  the  flow  Inside  the  field,  the 
shock  position  and  Its  strength  in  2-dimensional  flow, 
and  shocks  diffracted  by  a  right- angle  wedge.  A  pole- 
type  singularity  at  the  triple  point  is  obtained  even  with 
a  more  general  expansion  of  the  conical  coordinates  r 
and  0  than  that  used  by  Llghthill  (Phil.  Mag.  v.  40: 

1202,  1949).  A  transition  function  g(0).  Is  Introduced 
to  remove  the  pole  singularity  by  connecting  the  dis¬ 
continuous  boundary  values.  The  pressure  and  velocity 
components  are  then  expressed  in  terms  of  g(h).  The 
magnitude  of  the  first-order  approximations  thus  ob¬ 
tained  is  uniformly  correct  in  the  triple-point  region, 
although  the  approximations  themselves  may  not  be 
complete.  A  set  of  simultaneous  nonlinear  lntegro- 
differential  equations  governing  the  transition  function 
and  the  shock  position  is  obtained  for  the  tangential  and 
normal  shock  conditions.  A  numerical  solution  based  on 
polynomial  approximations  is  obtained  which  shows 
fairly  good  ag-eement  with  experimental  data.  (AST1A 
abstract) 

COU.  13:001 

Cornell  U.  Sibley  School  of  Mechanical  Engineering 
Ithaca,  N. 

APPROXIMATIONS  TO  THE  PROBABILITY  INTEGRAL 
AND  CERTAIN  PERCENTAGE  POINTS  OF  A  MULTI 
VARIATE  ANALOGUE  OF  STUDENT'S  t- DISTRIBUTION 
by  C.  W.  Dunne tt  and  M.  Snble.  July  1954  ,  8p.  lncl. 
table.  (Mechanical  engineering  rept.  no.  5)  (  AF  OSH- 
TN  54  1  56)  (AF  18(600)331)  AD  40811  Unclassified 

Also  published  In  Biometrlka,  v.  42:  258  260,  June 
1955 

A  multivariate  analog  of  Student's  t-dlstrlbution  was 
defined  by  the  aothars  tCiometrika,  v.  41:  June  1954) 
as  the  joint  distribution  of  p  variates  tjn  =  Zj/s  (1  1,  2, 

. . . ,  p).  Expressions  were  obtained  for  the  probability 
integral  and  equicoordinate  percentage  points  of  the 
joint  density  of  the  tin,  given  by  (1) 


(ntr)P  T(n/2) 


ngL.aljtlnlin 

Li 


where  A  is  the  determinant  of  the  posttlve  definite 
matrix  Ja^J  =  (pij}  *  (ptjj  is  the  known 

correlation  matrix  of  the  Zj,  for  the  bivariate  case 
p  =  2.  Approximations  are  derived  which  are  also 
lower  bounds  to  the  probability  Integral  of  (1)  applica¬ 
ble  in  special  cases  when  p  >  2.  These  results  can 
be  used  to  obtain  approximations  which  are  upper 
bounds  to  any  equicoordinate  P-percentage  point  de¬ 
fined  as  the  value  of  h  for  which 

t  f^ln'  •tpn)dtln--  dtpn=  P’  <*8™ 
abstract) 


COR.  13:002 

Cornell  U.  f  Sibley  School  of  Mechanical  Engineering] 
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ON  A  GENERALIZATION  OF  AN  INEQUALITY  OF 
HARDY,  LITTLEWOOD,  AND  POLYA,  by  M.  Sobel. 

[  1954]  lOp.  (AF  18(600)331)  AD  40690 

Unclassified 

Also  published  in  Proc.  Amer.  Math.  Soc.,  v.  5:  596- 
602,  Aug.  1954. 

Sets  A  =  {  a  j  i  a2  i  . ..  i  }  and  B  =  {  bj  <  b2  ^ 

...  <.  bn  J  of  n  real  numbers  each  are  given.  Let 

n  (1=  1,2 . k)  be  any  fixed  set  of  k  positive  integers 

1  k 

whose  sum  is  n,  let  C  *  PI  njL  ani  let  R  =  n!/  C. 

1=  1 

Partitions  P*  =  j  B*,  BJ . B*  J  of  B  into  disjoint 

subsets  B*  are  considered,  each  BJ  containing  nj 
(i  1,  2,... k)  elements  of  B.  Denote  by  bJ  the  first  nt 
elements  of  B,  D^  the  next  n^  elements  of  B  until  B^ 
denotes  the  last  n^  elements  of  B  so  that  P*  = 

K  d2 . Dk ) and  pr  *  K  . D|)are 

particular  partitions.  Define  aJ  similarly  for  A,  and 
regard  the  Aj  as  ordered  subsets  of  A.  Define  N 

1 1,  2 . n  j  and  the  subsets  Nj  exactly  as  for  B.  The 

theorem  that  follows  is  concerned  with  the  n!  cross 
products 
V 

V ^  ajb^, where  (jj,  j2 . jn)  is  a  rearrangement 

1  1 

of  (1, 2, ....  n).  Corresponding  to  any  .1  *cd  Pr  consider 
the  set  Vr  j  vcr|  c  1,2,..  .,C  j  of  the  0  cross 

products  obtained  by  associating  the  elements  of  B^ 
with  Aj,  all  rearrangements  within  the  subsets  Bj 
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being  allowed.  A  partial  ordering  Is  Introduced  among 
the  partitions  so  that  P1  >  Pr  >  P^  (r  =  2, 3, . . .  R- 1). 
Theorem:  there  exists  a  2- way  table  with  R  rows  and 
C  columns  such  that,  for  any  pair  (r.,  r,),  if  Prl  > 
Pr2  then  V.r  >  V.r  (c  =  1,2,...,C).  (ASTIA 
1  '  2 

abstract) 
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A  SINGLE-SAMPLE  MULTIPLE  DECISION  PROCEDURE 
FOR  RANKING  MEANS  OF  NORMAL  POPULATIONS 
WITH  KNOWN  VARIANCES,  by  R.  E.  Dechhofer. 

[  1954]  f  24  !  p.  lncl.  tables,  refs.  (Sponsored  jointly 
ty  Olfi-.  e  of  Naval  Research  and  [  Air  Force!  Office  of 
Sclcpti;. .  Research  under  [  AF  18(600)331]) 

Unclassified 

Published  In  Ann.  Math.  Stat. ,  v.  25:  16-39,  Mar.  1954. 

A  single- sample  multiple  decision  procedure  is  con¬ 
sidered  for  ranking  means  of  normal  populations  with 
known  variances.  Problems  which  conventionally  are 
handled  by  the  analysis  of  variance  (Model  1)  which  tests 
the  hypothesis  that  k  means  are  equal  are  reformulated 
as  multiple  decision  procedures  involving  rankings.  It 
is  shown  how  to  design  experiments  so  that  useful  state¬ 
ments  can  be  made  concerning  these  rankings  on  the 
basis  of  a  predetermined  number  of  independent  obser¬ 
vations  taken  from  each  population.  The  number  of 
observations  required  is  determined  by  the  desired 
probability  of  a  correct  ranking  when  certain  differences 
between  population  means  are  specified.  (Contractor's 
abstract) 
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Cornell  U.  Sibley  School  of  Mechanical  Engineering’ 
Ithaca,  N.  Y. 

A  DIVARIATE  GENERALISATION  OF  STUDENT'S 
t -DISTRIBUTION,  WITH  TABLES  FOR  CERTAIN 
SPECIAL  CASES,  by  C.  W.  Dunnett  and  M.  Sobel. 

June  1954  17  p.  lncl.  tables  AF  18(600)331 

Unclassified 

Published  in  Diometrlka.  v.  4i:  153  169,  June  1954. 

A  multivariate  generalization  of  Student’s  t- distribution 
is  considered.  The  bivariate  case  is  treated  in  detail: 
exact  and  asymptotic  expressions  for  the  probability 
Integral  and  an  asymptotic  expression  for  certain  per¬ 
centage  points  are  obtained.  The  main  results  for  the 
bivariate  case  are  given  in  equations  These  equations 
are  used  to  construct  tables  for  certain  special  cases. 
(Contractor's  abstract,  modified) 


COR.  13:005 

Cornell  U.  [Sibley  School  of  Mechanical  Engineering] 
Ithaca,  N.  Y. 

A  SINGLE- SAMPLE  MULTIPLE  DECISION  PROCE¬ 
DURE  FOR  RANKING  VARIANCES  OF  NORMAL 
POPULATIONS,  by  R.  E.  Bechhofer  and  M.  Sobel. 
[June  19541  [17]p.  incl.  tables,  refs.  (AF  18(600)- 
331)  Unclassified 

Published  In  Ann.  Math.  Stat.,  v.  25:  273-289,  June 
1954. 

A  simple- sample  multiple  decision  procedure  for 
ranking  variances  of  normal  populations  is  described. 
Exact  small- sample  methods  and  a  large- sample 
method  are  given  for  computing  the  sample  sizes 
necessary  to  guarantee  a  preassigned  probability  of  a 
correct  ranking  under  specified  conditions  on  certain 
variance  ratios.  Some  tables  computed  by  these 
methods  are  provided.  (Contractor’s  abstract) 
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Cornell  U.  [  Sibley  School  of  Mechanical  Engineering] 
Ithaca,  N.  Y. 

A  TWO- SAMPLE  MULTIPLE  DECISION  PROCEDURE 
FOR  RANKING  MEANS  OF  NORMAL  POPULATIONS 
WITH  A  COMMON  UNKNOWN  VARIANCE,  by  R.  E. 
Bechhofer,  C.  W.  Dunnett,  and  M.  Sobel.  [  June 
1954!  [  7 !  p.  lncl.  diagr.  [  AF  18(600)331  1 

Unclassified 

Published  in  Blometrlka.  v.  41:  170-176,  Jun*  1954. 

A  multiple  decision  approach  to  the  problem  of  ranking 
populations  according  to  their  population  means  has 
been  formulated  by  Bechhofer  (1954).  A  simple- 
sample  solution  to  this  problem  was  presented  by  him 
for  the  case  of  normal  populations  with  known  vari¬ 
ances.  In  the  present  paper  the  case  of  normal  popula¬ 
tions  with  unknown  equal  variances  is  considered.  A 
two-  sample  procedure  is  proposed  as  a  solution  to  the 
latter  problem;  this  procedure  is  of  the  type  used  by 
Stein  (1945)  for  obtaining  a  test  of  Student’s  hypothesis 
with  power  independent  of  the  variance.  Tables  are 
available  which  enable  the  experimenter  to  apply  this 
procedure  with  little  computational  effort  to  the  ranking 
of  two  or  three  populations  with  unknown  but  equal 
variances.  The  same  tables  can  be  used  when  the 
variance  ratios  are  arbitrary  and  known.  Graphic 
comparisons  of  the  expected  sample  size  are  made  for 
the  single  sample  arid  two- sample  procedures  (Con¬ 
tractor's  abstract) 
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MULTIPLE  DECISION  PROCEDURES  FOR  HANKING 


>  209 


AIR  FORCE  SCIENTIFIC  RESEARCH 


COR.  13:008  COR.  13:011 


MEANS,  by  R.  E.  Bechhofer.  May  1955  [6lp.  lncl. 
table.  (Mechanical  engineering  rept.  no.  6)  ( [  AF 1 
OSR-TN- 55-221 )  (AF  18(600)331)  AD  74831 

Unclassified 

Also  published  In  Trans.  National  Convention  of  the 
Amer.  Soc.  for  Quality  Control,  May  1955,  p.  513-519. 

The  problem  of  selecting  that  one  of  k  normal  popula¬ 
tions  which  has  the  largest  population  mean  Is  consid¬ 
ered.  The  objective  Is  to  guarantee  that  the  probability 
of  a  correct  selection  Is  equal  to  or  greater  than  a 
specified  constant  P*  <  1  whenever  the  difference 
between  the  largest  and  second  largest  population  mean 
Is  equal  to  or  greater  than  a  specified  constant  6*  >  0. 

A  single-sample  procedure  Is  presented  for  accomplish¬ 
ing  this  objective  when  the  population  variances  are 
equal  and  known.  A  table  for  applying  this  procedure 
Is  given.  The  application  of  the  procedure  Is  motivated 
by  a  practical  example.  (Contractor's  abstract) 


COR.  13:008 

Cornell  U.  Sibley  School  of  Mechanical  Engineering, 

Ithaca,  N.  Y. 

MULTIPLE  DECISION  PROCEDURES  FOR  RANKING 
MEANS  OF  POPULATIONS,  by  R.  E.  Bechhofer. 

Aug.  1955,  19p.  lncl.  tables,  refs.  (Mechanical 
engineering  rept.  no.  7)  ([  AF 'OSR-TN  55-246) 
(Sponsored  jointly  by  Air  Force  Office  of  Scientific  Re 
search  under  AF  18(600)331  and  Office  of  Naval  Re 
search)  AD  74832  Unclassified 

Presented  at  Gordon  Research  Conference  on 
Statistics  In  Chemistry  and  Chemical  Engineering, 
Meriden,  N  U. ,  Aug.  11,  t955. 

The  problem  Considered  Is  that  of  selecting  the  one 
population,  out  of  k  populations,  which  has  the  largest 
population  mean.  The  objective  Is  to  guarantee  that 
the  probability  of  a  correct  selection  Is  equal  to  or 
greater  than  a  specified  Constant  P*  1,  whenever  the 
difference  between  the  largest  and  second  largest  popu 
lotion  mean  Is  equal  to  or  greater  than  a  specified 
constant  6*  •  0.  Three  types  of  procedures  for 
accomplishing  this  objective  are  presented:  (1)  a 
single-  sample  procedure  when  the  population  variances 
are  equal  and  known;  (2)  a  2- sample  procedure  when 
the  population  variances  are  equal  and  unknown;  and  (3) 
sequential  procedures  when  the  population  variances  are 
equal  ami  known.  Tables  for  apnlying  the  first  2  pro 
cedures  are  given.  Experimental  sampling  '  “suRs  for 
k  3  are  given  for  the  sequential  procedure  (oSTlA 
abstract) 

COlt  t3:009 

Cornell  U.  Sibley  School  of  Mechanical  Engineering 
Ithaca,  N.  It. 

A  SEQUENTIAL  MULTIPLE  DECISION  PROCEDURE 
FOR  SELECTING  T11E  POPULATION  WITH  T11E 
LARGEST  MEAN  FROM  k  NORMAL  10PU1.AT10NS 


WITH  A  COMMON  UNKNOWN  VARIANCE,  by  R.  E. 
Bechhofer  and  M.  Sobel.  Preliminary  rept. 

Dec.  30,  1955,  2p.  (Mechanical  engineering  rept.  no. 
8)  ([  AF] OSR-TN- 55-462)  (AF  18(600)331)  AD  83732 

Unclassified 

Abstract  published  in  Ann.  Math.  Stat. ,  v.  27:  218- 
219,  Mar.  1956. 

The  problem  of  selecting  that  one  of  k  normal  popula¬ 
tions  which  has  the  largest  population  mean  Is  con¬ 
sidered.  The  objective  is  to  guarantee  that  the  prob¬ 
ability  of  a  correct  selection  is  eqial  to  or  greater  than 
a  specified  constant  P*  <  1,  whenever  the  difference 
between  the  largest  and  second  largest  population 
mean  Is  equal  to  or  greater  than  a  specified  constant 
6*  >  0.  A  sequential  procedure  for  accomplishing 
this  objective  when  the  populations  have  a  common 
unknown  variance  Is  presented.  (Contractor’s 
abstract) 


COR.  13:010 

Cornell  U.  [  Sibley  School  of  Mechanical  Engineering) 
Ithaca,  N.  Y. 

A  SCALE  INVARIANT  SEQUENTIAL  MULTIPLE 
DECISION  PROCEDURE  FOR  SELECTING  THE 
POPULATION  WITH  THE  SMALLEST  VARIANCE 
FROM  k  NORMAL  POPULATIONS,  by  R.  E.  Bechhofer 
and  M.  Sobel.  Preliminary  rept.  Dec.  30,  1955,  2p. 
(Mechanical  engineering  rept.  no.  9)  ([  AFlOSR-TN- 
55-463)  (AF  18(600)331)  AD  83731  Unclassified 

Abstract  published  In  Ann.  Math.  Stat.,  v.  27:219, 
Mar.  1956. 

The  problem  of  selecting  that  one  of  k  normal  popula¬ 
tions  which  has  the  smal’est  population  variance  Is 
considered.  The  objective  Is  to  guarantee  that  the 
probability  of  a  correct  selection  Is  equal  to  or  greater 
than  a  specified  constant  P»  >  1  whenever  the  ratio  of 
the  second  smallest  to  the  smallest  population  variance 
Is  equal  to  or  greater  than  a  specified  •  >  1.  A 
sequential  procedure  for  accomplishing  this  objective 
when  the  population  meant  are  unknown  Is  presented. 
(Contractor’s  abstract) 


COR.  13:011 

Cornell  U.  '  Sibley  School  of  Mechanical  Engineering 
Ithaca,  N.  Y. 

A  SEQUENTIAL  MULTIPLE  DECISION  PROCEDURE 
FOR  SELECTING  T11E  MULTINOMIAL  EVENT  WITH 
THE  LARGEST  PROIJAIMUTY,  by  R.  E.  Bechhofer 
and  M.  Sobel.  Preliminary  rept.  June  1956,  2p. 
(Mechanical  engineering  rept.  no.  9)  (AFOSlt  TN  56 
219)  (AE  1 8( 000)33 1 )  AD  88026  Unclassified 

Abstract  published  in  Ann.  Math.  Stat.,  v.  27:  80t, 
Mar.  t956. 

A  sequential  procedure  is  promised  which  guarantees 
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COR.  13:012 


a  probability  of  at  least  P*(l/k  <  P*  <  1)  of  selecting  the 
event  associated  with  whenever  0^0*  (1<0*<°°). 

Letp,^  2]  =  '"  -  P  [|t]  the  ranked  proba¬ 

bilities  and  0  =  pjjjj  p^k  ^  2  1:  the  constants  P* 

and  o*  are  preassigned.  This  procedure  can  be 
generalized  to  handle  problems  such  as  obtaining  a 
complete  ranking  of  the  k  probabilities. 


COR.  13:012 

Cornell  U.  Sibley  School  of  Mechanical  Engineering, 
Ithaca,  N.  Y. 

A  SEQUENTIAL  MULTIPLE  DECISION  PROCEDURE 
FOR  SELECTING  THE  BEST  ONE  OF  SEVERAL 
NORMAL  POPULATIONS  WITH  A  COMMON  UNKNOWN 
VARIANCE,  AND  ITS  USE  WITH  VARIOUS  EXPERI¬ 
MENTAL  DESIGNS,  by  R.  E.  Bechhofer.  Nov.  1956 
[21  Ip.  incl.  tables,  refs.  (Mechanical  engineering 
rept.  no.  10)  (AFOSR-TN-56-551)  (AF  18(600)331) 

AD  110370  Unclassified 


Also  published  in  Proc.  Symposium  on  Design  of 
Industrial  Experiments,  Inst,  of  Statistics,  Raleigh, 

N.  C.,  Nov.  1956. 

Also  published  in  Biometrics,  v.  14:  408-429,  Sept. 

I^jS.  (Revision) 

A  sequential  procedure  which  can  be  used  when  the 
populations  have  a  common  unknown  variance  is  de¬ 
scribed  and  its  use  with  completely  randomized  experi¬ 
mental  designs  such  as  randomized  blocks,  cross-overs 
and  Latin  Square  designs  is  given.  The  task  of  selecting 
the  population  with  the  largest  population  mean  is  con¬ 
sidered  such  that  the  probability  of  the  correct  selection 
Is  at  least  equal  to  some  given  probability  when  the 
largest  population  mean  is  greater  than  the  second  - 
largest  by  a  certain  amount.  A  worked -out  numerical 
example  showing  the  application  with  a  completely 
randomized  design  is  provided  by  approximate  Methods. 


Cruft  Lab. ,  Cambridge,  Mass,  see  Harvard  U.  Cruft 
Lab.,  Cambridge,  Mass. 
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DEL.  01:001  -  DEL.  01:004 


Dartmouth  Coll.  Thayer  School  of  Engineering,  Hanover, 
N.  H. 

N6orl- 10503  and  Nonr-43801,  Project  Squid  see  under 
Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID1  Item  nos.  PM.  11:085  -  PRI.  11:070. 

David  Sarnoff  Research  Center,  Princeton,  N.  J.  see 
Radio  Corp.  of  America.  David  Sarnoff  Research 
Center,  Princeton,  N.  J. 

Defense  Research  Lab. ,  Austin,  Tex.  see  Texas  U. 
Defense  Research  Lab. ,  Austin. 


Delaware  U. ,  Newark. 

N6orl- 10503  and  N8onr- 74001,  Project  Squid  see  under 
Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID!  Item  nos.  PRI.  11:071  PRI.  11:077. 


DEL.  01:001 

Delaware  U.  Dept,  of  Physics,  Newark. 

PRESSURE  BROADENING  OF  UNEAR  MOLECULES. 

1,  by  H.  Feeny,  H.  A.  Lackner  and  others.  Sept.  2, 
1953  [  12  'p.  lncl.  lllus.  tables,  refs.  (Technical  note 
no.  1)  (AF  18(600)449)  AD  16490  Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  22:  79-83, 
Jan.  1954. 

A  description  Is  given  of  a  microwave  spectroscope, 
especially  designed  for  studies  of  the  temperature  de¬ 
pendence  of  microwave  line  widths.  The  line  width  of 
the  J  -  1-2  COS  was  measured  over  a  temperature 
range  from  195°  to  476°K  and  varied  atT"“-®  over  this 
range.  The  COS  sample  was  prepared  by  the  action  of 
llnSO^  on  NH^SCN.  It  was  purified  by  passage  through 
401!.  aqueous  KOll  solution  and  concentrated  1^  SO4  and 
further  purified  by  two  fractionations  and  two  conden¬ 
sations  with  the  use  of  liquid  N  and  diy  ice.  The  sample 
purity  was  checked  by  Hi  analysis  and  by  consistency  of 
microwave  data  using  two  sample  batches.  (AST1A 
abstract) 


DEL.  01:002 

Delaware  U.  Dept,  of  Physics,  Newark. 

Tilt  MICROWAVE  SPECTRUM  OF  FORMIC  AC  ID,  by 
It.  Tranibarulo  and  p.  M.  Moser.  June  30,  1954,  lp. 
lncl.  tables.  (Techtucal  note  no.  2)  (  AFOSlt-TN  54- 
152)  (AF  18(600)449)  Al)  79253  Unclassified 

Also  published  In  Jour.  Chem.  l'hys.  ,  v.  22:  1622- 
1623,  Sept.  1954. 

On  the  basis  of  examination  of  the  rotational  spectra  of 
IICOOl!  and  I1COOD  In  die  regions  of  21-25  and  41-50 


kmc,  the  authors  present  tables  showing  4  transition 
frequencies  and  the  spectroscopic  constants  and  mo¬ 
ments  of  Inertia  of  the  2  Isotopic  compounds.  The 
distances  and  angles  of  a  tentative  model  of  formic 
acid  are  suggested.  Further  Investigation  will  be  ex¬ 
tended  to  higher  microwave  frequencies. 


DEL.  01:003 

Delaware  U.  Dept,  of  Physics,  Newark. 

PRESSURE  BROADENING  OF  LINEAR  MOLECULES, 
n.  THEORY,  by  W.  V.  Smith,  H.  A  Lackner,  and 
A.  B.  Volkov.  July  30,  1954,  8p.  lncl.  dlagrs.  tables. 
(Technical  note  no.  3)  ([  AFlOSR-TN-54-182) 

(AF  18(600)449)  AD  79255  Unclassified 

A  so  published  In  Jour.  Chem.  Phys.,  v.  23:  383-396, 
Feb.  1955. 

The  large  collision  diameters  for  the  self  pressure 
broadening  of  OCS  and  BrCN  can  be  explained  In  terms 
of  P.  W.  Anderson's  general  theory  as  due  to  the  first 
order  dipole -dipole  Interaction.  The  temperature  de¬ 
pendence  of  the  pressure  broadening  requires  the  In¬ 
troduction  of  other  Interactions.  It  Is  possible  to  ob¬ 
tain  both  the  magnitude  and  temperature  dependence  of 
the  pressure  broadening  by  considering  both  the  first 
order  dlpole-dlpole  and  quadrupole-dlpole  Interactions. 
A  quadrupole  moment  of  Q/e  =  5.7  x  10"*®  cm*  Is  ob¬ 
tained  for  BrCN  In  this  manner.  (Contractor's  ab¬ 
stract) 


DEL.  01:004 

Delaware  U.  [  Dept,  of  Physics  ]  Newark. 

PRESSURE  BROADENING  OF  CYANOGEN  BROMIDE 
IN  THE  MICROWAVE  REGION  (Abstract),  by  1?. 
Tranibarulo,  H.  A.  Lackner  and  others.  Apr.  30,  1954 
'l]p.  [  AF  18(600)449  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  29-May  1,  1954. 

Published  In  Bull.  Amer.  Phys.  Soc. ,  v.  29:  34, 

Apr.  29,  1954. 

The  self- broadening  of  the  J  2  to  3,  F  5/2  to  7/2 
and  7/2  to  9/  2  rotational  transition  of  cyanogen  bro¬ 
mide  at  24.  6  kmc  was  Investigated  as  a  function  of 
temperature  and  pressure.  This  transition  consists 
of  a  numher  of  hyperflne  lines  which  were  not  resolved 
on  our  spectrometer.  Corrections  were  made  for 
multiple!  line  structure  and  also  for  the  mode  curva 
ture  of  the  microwave  source.  The  line- breadth  pa¬ 
rameter  Is  27.  1  inc/  mm  at  room  temperature,  and 
the  temperature  variation  is  proportional  to  T'*-  ® 
giving  an  apparent  collision  diameter  which  varies 
with  temperature.  (Contractor's  abstract) 
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DEL.  01:005 

Delaware  U.  Dept,  of  Physics,  Newark. 

EVALUATION  OF  MOLECULAR  QUADRUPOLE  MO¬ 
MENTS  FROM  MICROWAVE  SPECTRAL  LINE 
BREADTHS.  1.  THEORETICAL,  by  W.  V.  Smith. 
Oct.  10,  1 955  [  21  ] p.  lncl.  diagrs.  refs.  (Technical 
note  no.  4)  ([  AF  ]OSR-TN-55-348)  (AF  18(600)449) 
AD  74851  Unclassified 


iJour.  Chem.  Phys. ,  v.  25:  510-515, 


Sept.  1956. 


The  breadths  of  microwave  spectral  Unes  In  gas  mix¬ 
tures  may  arise  from  several  different  Interactions. 

It  is  shown  that  when  the  radiating  molecule  Is  the 
linear  molecule  OCS,  polarizability  Interactions  pre¬ 
dominate,  but  when  the  radiating  molecule  IsNHj 
undergoing  inversion,  quadrupole  moment  interactions 
predominate.  Consequently,  NH3  Is  a  particularly 
suitable  molecule  to  use  as  a  "probe”  to  measure  quad¬ 
rupole  moments  of  other  molecules.  An  Improved 
theoretical  analysis  leads  to  a  revision  of  previously 
published  molecular  quadrupole  moments.  (Contractor’s 
abstract) 


DET.  01:001 

Detroit  U.  Research  Inst,  of  Science  and  Engineering, 

Mtch. 

ANALYSIS  OF  ELASTIC  AND  PLASTIC  STRAINS  OF  A 
FACE- CENTERED  CUBIC  CRYSTAL,  by  T.  H.  Lin. 

July  1956,  25p.  lncl.  dlagr.  tables.  (AFOSR-TN-56- 
307)  (A F  18(600)1466)  AD  94841  Unclassified 

Also  published  In  Jour.  Mech.  and  Phys.  of  Solids, 
v.  5:  143-149,  1957. 

A  method  of  analysis  of  both  the  elastic  and  plastic  shear 
strains  In  a  face-centered  cubic  crystal  with  12  slip 
systems,  under  a  given  path  of  strain,  is  shown.  The 
consideration  of  elastic  strain  gives  the  sequence  of  dif¬ 
ferent  active  slip  systems  in  the  process  of  loading. 

This  enables  the  calculation  of  the  transition  from  one 
set  of  active  slip  systems  to  another  for  a  crystal  de¬ 
formed  under  varying  ratios  of  principal  strains.  An 
Illustrative  example  of  c  ilculatlng  the  5  active  slip  sys¬ 
tems  of  a  crystal  under  i  n.  .xlal  leading  is  shown.  The 
5  active  slip  systems  calculated  fur  this  crystal,  by  the 
present  method  check  exactly  with  Taylor's  results. 
(Jour.  Inst.  Metals,  v.  62  (1 ):  307-324,  1938).  (Con¬ 
tractor's  abstract) 

DET.  01.002 

Detroit  U.  Research  Inst,  of  Science  and  Engineering, 

Mich 

DEVELOPMENT  OF  A  MATHEMATICAL  THEORY  OF 
PLASTICITY  BASED  ON  SUPS,  by  T.  H  I.I11.  Aug. 


DEL.  01 :005  -  DUK.OLOOl 


1956,  49p.  lncl.  diagrs.  tables,  refs.  (AFOSR-TR-56- 
31)  (AF  18(600)1466)  AD  96043  Unclassified 

A  plasticity  theory  of  metals  Is  developed  In  which  the 
latent  hardening  effect  is  considered.  The  assumptions 
are  that  the  volumetric  strain  Is  elastic  and  that  the 
plastic  strain  caused  by  slips  In  all  crystals  is  entirely 
dlstortlonal.  Crystals  with  a  common  crystal  plane 
have  the  same  resultant  slip  on  that  plane  and  slide  to¬ 
gether.  For  these  crystals  to  slide,  the  other  crystals 
must  deform  so  that  crystals  originally  in  contact  re¬ 
main  In  contact  during  deformation.  This  deformation 
may  be  produced  by  slips  In  more  than  one  crystal 
plane  or  a  combination  of  slips  and  elastic  strains.  To 
simplify  the  calculation  of  the  deformation  of  all  crys¬ 
tals  with  a  given  aggregate  strain  which  satisfies  the 
compatibility  condition  and  the  equilibrium  condition 
across  the  grain  boundaries,  the  resistance  to  slip  on 
each  plane  is  represented  by  the  resistance  given  by 
those  crystals  with  one  crystal  plane  coinciding  with 
the  particular  plane.  Calculated  stress- strain  curves 
for  4  different  cases  are  compared  with  experimental 
data.  An  analysis  is  given  of  the  elastic  and  plastic 
strain  In  a  face-cenlered  cubic  crystal,  and  slips  of 
crystals  under  uniaxial  strain  are  calculated.  (ASTIA 
abstract) 


DUK.  01:001 

DukeU.  Depl.  of  Chemistry,  Durham,  N.  C. 

A  POLAROGRAPHIC  STUDY  OF  AZO  COMPOUNDS  AND 
AZO  METAL  COMPLEXES,  by  W.  J.  Reid,  Jr.,  B. 
Cooney,  and  R.  Kirby.  Final  rept.  Dec.  15,  1952- 
Aug.  31,  1956,  lv.  lncl.  Ulus,  diagrs.  tables,  refs. 
(AFOSR-TR-56-53)  (AF  18(600)496)  AD  110337 

Unclassified 

This  report  Is  divided  lnlo  three  parls:  Pari  1.  A 
polarographlc  study  of  2,4,2'  -  trihydroxyazobenzene  - 
5'  -  sulfonic  acid,  sodium  salt,  and  lls  complexes  wllh 
gallium  and  Indium.  In  this  research  reduction  of 
Superchrome  Garnel  Y  was  studied  In  buffered  solutions. 
The  effects  of  gelailn  concentration,  pH,  and  dye  con- 
cenlratlon  on  the  reduction  were  studied.  The  pH  of 
polarographlc  waves  produced  In  the  electrolysis  of 
solutions  of  Superchromc  Garnet  Y  and  Indium  was  de¬ 
termined.  Possible  methods  for  the  polarographlc  de¬ 
termination  of  dye  to  metal  ratios  and  of  the  presence  of 
gallium  were  Investigated.  Part  n.  A  spectral  study  of 
the  alumtnum-Superchrome  Garnet  Y  system.  The 
methods  of  continuous  variations  and  mole  ratio  wi  re 
used  tn  this  Investigation  to  analyze  complex  formation 
in  the  aluminum-Superchrome  Garnet  Y  system.  As  an 
attempt  to  correct  difficulties  encountered  In  the  past, 
a  pure  sample  was  synthesized  by  a  Dupont  furnished 
procedure.  Part  111.  A  spectral  and  polarographlc 
study  of  the  complexes  of  aluminum  and  gallium  with 
o,  o'-  dlhydroxyazobenzene.  This  report  discusses  the 
us  'S  and  limitations  of  the  mole  ratio  method  with 
special  reference  to  the  complexes  of  aluminum  anil 
gallium  with  0,0'  dlhydroxyazobenzene. 


•  • 
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DUK.  02:001 

Duke  U.  [Dept,  c i  Mathematics  ]  Durham,  N.  C. 

THE  EXTENSION  OF  THE  RIEMANN  MAPPING 
THEOREM  TO  ELLIPTIC  EQUATIONS,  by  F.  G. 
Dressel  and  J.  J.  Gergep.  [  1955  ]  [  13  ]  p.  ind.  diagrs. 
refs.  [  AF  18(600)1341  ]  Unclassified 

Published  in  Proc.  Conference  on  Differential 
Equations,  Maryland  U. ,  College  Park  (Mar.  17-19, 
1955),  1956,  p.  183-195. 

This  paper  discusses  past  and  recent  attacks  on  the 
existence  and  unlquer.oss  of  mapping  pairs  which  satis¬ 
fy  somewhat  more  general  conditions  than  the  Cauchy- 
Riemann  equations,  the  main  emphasis  being  on  linear 
elliptic  equations. 


F.  G.  Dressel.  Oct.  1956,  15p.  refs.  (AFOSR-TN- 
56-554)  (AF  18(600)1341)  AD  110373  Unclassified 

Also  published  In  Duke  Math.  Jour.,  v.  24:  173-181, 
June  1957. 

It  is  proved  that  the  generalized  Riemann  mapping 
problem  has  a  unique  solution  for  the  class  of  functions 
continuous  on  the  closure  of  the  interior  of  a  simple 
closed  plane  Jordan  curve  D,  and  with  continuous 
first  derivatives  on  D,  when  D  and  the  coefficients  of 
the  system  of  mapping  equations  are  suitably  re  - 
stricted.  Also,  certain  uniqueness  results  lor  simi¬ 
lar  mappings  are  obtained  under  conditions  other  thai 
the  usual  ones  requiring  that  three  distinct  boundary 
points  of  D  be  carried  into  three  distinct  boundary 
points  of  the  second  curve. 


DUK.  02:002 

Duke  U.  Dept,  of  Mathematics,  Durham,  N.  C. 

PROBLEMS  AND  METHODS  IN  PARTIAL  DIFFEREN¬ 
TIAL  EQUATIONS.  PART  I.  THE  ORIGIN  AND  EVO¬ 
LUTION  OF  THE  THEORY,  by  F.  J.  P  ireau  and  E.  J. 
Pelllcciaro.  Aug.  1956,  144p.  lncl.  diagrs.  refs. 
(AFOSR-TN-56  441)  (AF  18(600)1341)  AD  96784 

Unclassified 

A  consideration  is  presented  of  partial  differential 
equations  based  on  a  group  of  lectures  given  at  Duke 
University  during  the  academic  year  1955-56.  Some 
topics  in  the  theory  of  partial  differential  equations 
are  reviewed  with  emphasis  on  the  Cauchy  problem. 
Problems  and  methods  which  were  Introduced  during 
the  time  up  to  aboul  1900  are  discussed  and  summa¬ 
rized.  The  second  part  introduces  the  theory  of  the 
flnlle  part  and  the  logarithmic  part  of  some  divergent 
integrals  and  appltes  il  lo  the  study  of  the  wave  equa¬ 
tion,  the  damped  wave  equation,  and  the  singular  eqia- 
tlon  of  Euler-Potsson-Darboux.  in  order  to  promote 
a  better  understanding  of  ihe  finite  part  and  the  loga¬ 
rithmic  part  of  divergent  Integrals  and  of  their  useful¬ 
ness  in  studying  ihe  solutions  of  partial  differential 
equations,  ihe  theory  is  presented  with  all  the  neces¬ 
sary  details.  Some  new  proofs  are  also  included,  fn 
addition,  an  appendix  on  the  Laplace  transform  has 
been  added,  the  contents  of  which  are  confined  to  meet 
only  the  requirement  of  these  lectures.  (Contractor's 
abstract,  modified) 


DUK.  02  003 

Duke  U.  |  Dept,  of  Mathematics  j  Durham,  N.  C. 

L  NlQt  ENESS  OF  MAPPING  PAIRS  FOR  ELLIPTIC 
EQUATIONS,  by  It.  M.  McLeod,  J.  J.  Gergen,  and 


DUK.  03:001 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 


MICROWAVE  SPECTRA  AND  MOLECULAR  STRUC¬ 
TURES  OF  HS1CL3,  CH38ICI3  AND  (CH3)3S1C1.  by 
R.  C.  Mockler,  J.  H.  Bailey,  and  W.  Gordy.  [  1953  ] 
[l8]p.  lncl.  dlagr.  tables.  fBound  with  Its  Quarterly 
progress  rept.  no.  1,  Feb.  1,  1953-May  1,  1953; 

AD  16227)  (Sponsored  jointly  [  Air  Force  ]  Office  of 
Scientific  Research  under  AF  18(600)497)  and  The  Re¬ 
search  Corp. )  AD  16227(b)  Unclassified 


Jour.  Chem.  Phys. ,  v.  21:  1710-1713, 


The  spectra  were  observed  with  a  Stark  modulation 
spectrometer.  A  100-kc  square-wave  modulation  was 
employed  with  the  receiver  tuned  to  the  fundamental 
frequency.  In  most  Instances  the  frequency  sweep 
method  was  employed,  and  the  lines  were  displayed  on 
a  cathode- ray  scope.  Line  frequencies  were  measured 
with  a  frequency  standard  monitored  by  comparison  of 
the  lowest  frequency  In  the  multiplier  chair,  with  the 
standard  5- me  frequency  broadcast  by  station  WWV. 
The  followtng  molecular  constants  were  obtained  from 
measurements  of  pure  rotational  transitions  in  the 
microwave  region:  B0  (in  me)  of  2472.45  t  0.  04  lor 
HSt28Cl335,  2346.07  »  0.04  lor  HS128C1337,  1769.84  t 
0.  03  for  C12H3St28Cl335,  1699.  79  »  0.  03  lor 
Ct2!l3Sl28CI337,  2t97.  44  »  0.  04  for  (C* 2H3)3SI28C'l35, 
and  2t47.  88  »  0.  03  lor  (C« 2H3)3S128C137.  When  it  was 
assumed  that  -  1.47,  for  SIHCI^,  d^^j  was  2,  02t 
and  the  C1S1C1  bond  angle  was  109*22*.  For 
CH3SICI3,  dslc  was  1.896  A  and  dsu  j  was  2.  02t  A. 
With  all  bond  angles  assumed  to  V  tetrahedral  and  the 
CH  distance  to  be  that  In  methane  dgid  was  t.  87  A  and 
dSjci  wa;i  2*03  A  tor  (cli3)3s'icl-  abstract) 
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DUK.  03:002 

DukeU.  [  Microwave  Lab.  ]  Durham,  N.  C. 

MICROWAVE  SPECTRA  AND  STRUCTURES  OF 
METHYL  MERCURY  CHLORIDE  AND  BROMIDE,  by 
W.  Gordy  and  J.  Shertdan.  [  1953  ]  [  20  ] p.  tncl.  dtagrs. 
tables,  refs.  fBound  with  Its  Quarterly  progress  rept. 
no.  2,  May  1,  1953-Aug.  1,  1953;  AD  15707) 

(AF  18(600)497)  AD  15707(a)  Unclassified 


2.  1139  *  0.0010  A,  and  the  ClGeCl  bond  angle  = 
108°17' t  12’.  Rotational  lines  for  the  molecule  when 
It  was  in  the  2  aicited  GeCl;<  deformation  vibrations 
were  also  measured  and  the  corresponding  molecular 
structures  calculated.  (ASTIA  abstract) 


DUK.  03:004 


Jan.  1954. 


i  Jour.  Chem.  Phys.,  v.  22:  92-95, 


DukeU.  [  Mtcrowave  Lab.  ]  Durham,  N.  C. 


The  pure  rotational  mtcrowave  spectra  of  several  dif¬ 
ferent  Isotopic  spectes  of  CH3HgCl  were  observed  with 
a  frequency  sweep  spectrometer  which  had  a  video  type 
detector.  The  hyperftne  components  of  a  stngle  transi¬ 
tion  for  the  different  tsotopes  were  measured  wtth  a 
frequency  calibrated  by  comparison  with  the  standard 
5-mc  stgnal  of  station  WWV.  The  stronger  components 
of  several  other  transitions  were  measured  wtth  a  cav- 
tly  wavemeter.  The  large  number  of  abundant  Hg  tso¬ 
topes  combined  with  the  nuclear  quadrupole  hyperftne 
structures  made  the  spectra  of  CH3HgBr  and 
CHjHgCl  complicated.  The  CH3HgCl  spectra  Indicated 
that  dCHg  =  2.  061  i  0.  02  A,  dngCl  =  2.  282  t  o.  005  A, 
and  CHgCl  bond  angle  =  180°.  For  C^HgBr,  d^Hg  = 

2.  074  1  0.  015  A,  dHgBr  =  2.  406  i  0.  005  A,  and  CHgBr 
bond  angle  =  180°.  Nuctear  quadrupole  couplings  eval¬ 
uated  are  Cl35  =  -42  me.  Cl33  =  -33  me  In  CH3HgCl, 
and  Br79  350  me,  Br87  =  290  me  tn  CH3HgBr.  These 
tndteated  Ionic  character  of  62%  for  the  HgCl  and  55%, 
for  the  HgBr  bond  tn  these  molecules,  and  led  lo  a 
value  of  1.  7  to  1.  8  for  the  clectronegattvtty  of  divalent 
Hg. 


THE  NUCLEAR  SPIN  AND  QUADRUPOLE  MOMENT 
OF  l*31,  by  R.  Ltvtngston,  B.  M.  Benjamtn  and  others. 
[  1953  ]  [  6  ]p.  Inct.  dlagr.  table.  (In  cooperation  with 


Oak  Rtdge  National  Lab.  ,  Tenn. ) 


Quarterly  progress  rept.  no.  3,  Aug.  1,  1953-Nov.  1, 


1953;  AD  20319)  (AF  18(600)497)  AD  20319(e) 

Unclassified 


Phys.  Rev.  ,  v.  92:  1271-1272, 


The  nuclear  spin  and  the  quadrupole  moment  of  I131 
were  determined  from  measurements  on  the  J  =  2-»3 
rotattonal  transition  of  CH31131  which  occurs  In  the 
6.  75-mm  region.  The  nuclear  sptn  was  7/2,  and  the 
quadrupole  coupling  was  -973  t  9  me.  Observations 
were  made  on  the  oscilloscope  of  a  vtdeo-type  mtcro¬ 
wave  spectrometer.  Relative  line  frequencies  were 
measured  with  frequency  markers  derived  from  a  sta- 
btltzed  microwave  oscillator 


DUK.  03:003 

Duke  U.  [  Mtcrowave  Lab.]  Durham,  N.  C. 


DUK.  03:005 

DukeU.  [  Microwave  Lab.  ]  Durham,  N.  C. 


MICROWAVE  SPECTRUM  AND  MOLECULAR  STRUC 
TU HE  OF  TIUCHl.OHO  GERMANE,  by  P.  Venkateswarlu, 

H.  C.  Muckier,  and  W.  Gordy.  [  t953  ]  [  ls]p.  lncl. 
dlagr.  tables.  (Bound  with  Its  Quarterly  progress  rept. 
no.  1,  Feb.  t,  t953  May  t,  1953,  AD  t6227) 

(AF  18(600)497)  AD  t6227(a)  Unclassified 

Also  published  in  Jour.  Chem.  Phys.  ,  v.  21:  1713-t7t5, 

Ort.  tlJ53. 

The  analysis  of  the  aped  rum  was  simplified  because  tl 
was  possible  to  Ignore  lhe  Cl  quadrupole  hyperftne 
structure,  and  the  Djk  was  sufficiently  small  thal  lhe 
separation  of  lhe  lines  of  different  K  was  not  resolved 
These  fads  also  made  possible  the  detection  of  rota 
tlunal  tines  In  Isotopic  spectes  of  low  abundance.  The 
rotational  constants  B,,  (tn  me)  for  the  various  Isotopic 
modifications  of  the  molecule  were:  2171.75  for 
HGe7uCl:t35.  2169.  26  for  HGe72Cl335.  2165.84  for 
lf(je7^Cl  j33,  2063.74  for  UGe'Wcij37,  2060.  43  for 
HGe^'Clj37.  ami  2057.  20  for  HGe'^Cl-j3".  The  calc u 
luted  structure  from  these  data  for  the  molecule  In  the 
ground  slate  was  l(ltq;  1-  33  '  °  - ‘*GrCI 
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ON  THE  LINE  WIDTH  OF  THE  ROTATIONAL  SPECTRA 
OF  SOME  SYMMETRIC  TOP  MOLECULES  DUE  TO  THE 
NUCLEAR  QUADRUPOLE  MOMENTS,  by  T.  ilo,  Y. 
Tanabe,  and  M.  Mtzushlma.  [  1953]  [  29  ]  p.  tncl. 
tables,  rels.  (Pound  with  Its  Quarterly  progress  repl. 
no.  3,  Aug.  t,  1953-Nov.  1,  1953;  AD  20319) 

(AF  18(600)497)  AD  203t9(d)  Unclassified 

Also  published  tn  Phys  Rev.,  v.  93;  t241-t248, 

Mar.  15,  1954. 

Explicit  formulas  are  presented  which  give  lhe  mean 
square  frequency  deviation  as  a  fund  ion  of  the  nuclear 
quadrupole  coupling  constant  and  lhe  quantum  numbers 
1,  J,  K.  The  nuclear  quadrupole  coupling  conslanl  can 
be  ubtalued  by  these  lormulas  lrom  lhe  line  width  of  the 
rotational  line  without  analyzing  the  hyperline  structure. 
Calculations  were  made  on  symmetric  top  molecules 
which  hurl  1  or  3  Identical  nuclei  with  electric  quadru 
pole  moments.  The  method  of  separating  the  present 
line  width  lrom  thal  due  lo  pressure  broadening  ami 
cenlrtlugal  distortion  Is  discussed 


•  •••••••••••••• 
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DUK.  03.006  -  DUK.  03:010 


DUK.  03:006 

DukeU.  [  Microwave  Lab.  ]  Durham,  N.  C. 

ON  THE  MICROWAVE  SPECTRUM  OF  Oo,  by  M. 
Mizushima  and  R.  M.  Hill.  [  1953  ]  [  16  ]p.  lncl.  diagr. 
tables,  refs.  (Bound  with  its  Quarterly  progress  rept. 
no.  4,  Nov.  1,  1953-Feb.  1,  1954;  AD  27067) 

(AF  18(600)497)  AD  27067(e)  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  93:  745-748,  Feb.  15, 
1954. 

Twenty-four  lines  of  the  microwave  spectrum  of  O 
molecules  were  measured.  The  theoretical  origin  of 
this  spectrum  was  re-eiamlned,  and  consideration  was 
given  lo  the  effecl  of  centrifugal  distortion.  The  agree¬ 
ment  between  theory  and  experiment  is  satisfactory. 

It  was  indicated  that  this  speclrum  is  nol  suitable  lo  de¬ 
termine  the  velocity  of  light. 


DUK.  03:007 

DukeU.  [  Microwave  Lab.  ]  Durham,  N.  C. 

ONE-TO-TWO  MILLIMETER-WAVE  SPECTROSCOPY. 
PARTI,  byW.  C.  King  and  W.  Gordy.  |  1953  ]{  2  ]p. 
incl.  table.  (Bound  with  its  Quarterly  progress  rept. , 
Oct.  1,  1952-Jan.  31,  1953;  AD  10837)  (  AF  18(600)- 
497]  Unclassified 

Presented  ai  meeting  of  the  Amer.  Phys.  Soc. ,  Durham 
and  Chapel  Hill,  N.  C. ,  Mar.  26-28,  1953. 

Published  In  Phvs.  Rev.,  v.  90:  319-320,  Apr.  15,  1953. 

Spectral  lines  were  measured  at  many  positions  between 
i.  37  nmi  and  2.  3  mm  wavelengths  (220  kmc  to  130  kmc;. 
Silicon  crysial  multipliers  driven  by  Raytheon  klystrons 
were  used.  A  wide-banded  audio  amplifier  was  used  In 
lhe  observations.  It  was  possible  lo  obtain  4th  lo  5th 
harmonic  power  from  lhe  full  tuning  range  of  a  K  band 
klystron  without  returning  either  the  multiplier  or  de¬ 
ice  lor. 


DUK.  03:008 

DukeU.  1  Microwave  Lab.  ]  Durham,  N.  C. 

ONE-TO-TWO  MILLIMETER- WAVE  SPECTROSCOPY. 
PART  11.  HaS,  by  C.  A.  Uarrus  and  W.  Gordy. 

|  1953  ]  [  20  ]  p.  lncl.  dlagrs.  tables,  refs.  (Pound  with 
US  Quarterly  progress  rept.  no.  2,  May  1,  1953-Aug.  i, 
1913;  AD  15707)  (AF  18(600)497:  AD  15707(b) 

Unclassified 

Also  published  In  Phys.  Rev.,  v.  92:  274-277,  Oct.  15, 
1953. 

Pure  rotational  transitions  of  H2832,  H2S33,  and 
HaS31  were  measured  with  high  precision  In  the  region 
ol  1  lo  2  mm  From  these  measurements  the  SH  bond 
length  was  calculated  to  be  1.  3226  A  and  the  bond  angle 


92°6'.  The  S33  nuclear  quadrupole  coupling  observed 
along  the  principal  Inertial  axes  were  eQqaa  =  -32  me, 
eQdbb  =  -8  me,  and  eQqcc  =  +  40  me.  An  approximate 
analysis  of  the  quadrupole  coupling  constants  showed 
that  the  bonding  orbitals  of  S  are  spd  hybrids  and  yields 
a  value  of  -0.  06  x  10-24  cm3  for  the  quadrupole  mo¬ 
ment  of  the  S33  nucleus.  From  the  known  ratio  Q33/ 
Q33  this  gave  Q33  =  0.  04  x  10-24  cm3.  Zeeman  studies 
showed  that  the  molecular  gj  factor  was  almost  equal 
for  different  rolatlonal  states.  A  mean  value  of  0.  24 
nuclear  magnetons  was  found  for  gj. 

DUK.  03:009 

DukeU.  [  Microwave  Lab. ]  Durham,  N,  C. 

ONE-TO-TWO  MILLIMETER  WAVE  SPECTROSCOPY. 
PART  in.  NO  AND  DI,  by  C.  A.  Burrus  and  W.  Gordy. 

[  1953  ]  [  12  ]p.  lncl.  dlagrs.  tables.  (Bound  with  its 
Quarterly  progress  rept.  no.  4,  Nov.  1,  1953-Feb.  1, 
1954:  AD  27067)  [  AF  18(600)497  ]  AD  27067(a) 

Unclassified 

Also  published  In. Phvs.  Rev.,  v.  92:  1437-1439, 

Dec.  15,  1953. 

Pure  rotational  transitions  of  N^O1®  and  D1 127  have 
been  measured  In  the  one-to-two  millimeter  wave  re¬ 
gion.  For  NO  the  J  =  1/2  — >  3/2  transition  in  the 
2tTj  electronic  ground  state  was  observed.  The 
transition  reveals  a  X  doublet  with  separation  6v  .  = 

355.  i  mc/sec.  Each  component  of  the  X  doublet  Is 
further  spill  Into  five  hyperflne  components  as  a  resull 
of  the  nuclear  magnetic  coupling  of  N1*.  Nuclear 
quadrupole  coupling  of  N1*  was  found  to  be  small  In  com¬ 
parison  with  the  magnetic  Interaction.  Analysis  of  the 
data  yields  B0  -  50818.  0  mc/sec,  rQ  =  1.  1540  A,  Be  = 
51084.  8  mc/sec  and  rg  =  1. 1510  A  for  the  2lTi/2  8ta,e- 
For  D5127  the  following  Information  was  obtained:  BQ  - 
97537.2  mc/sec,  r0  ^  1.6165  A,  and  eQq(I127)  =  1823  t 
1  mc/sec.  Nuclear  magnetic  Interactions  of  R27  were 
also  delected  and  analyzed.  (Contractor's  abstract) 

DUK.  03:010 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

ONE-TO-TWO  MILLIMETER  WAVE  SPECTROSCOPY. 
PART  IV.  EXPERIMENTAL  METHODS  AND  CERTAIN 
RESULTS,  by  W.  C.  King  and  W.  Gordy.  I  1953  ] 

[  26  ]  p.  lncl.  Ulus,  dlagrs.  tables,  refs.  (Bound  with 
Its  Quarterly  progress  rept.  no.  4,  Nov.  1,  1953- 
Feb.  1,  1954;  AD  27067)  (AF  18(600)497)  AD  27067(d) 

U  nclasslfled 

Also  published  In  Phvs  Rev.,  v.  93.  407-112,  Feb.  1. 
1954. 

Design  details  are  given  of  the  harmonic  generator  and 
detector  which  made  possible  precision  spectroscopy 
In  the  one-to-two  millimeter  wave  region.  The  slg.al 
to  noise  ratio  obtained  on  OCS  rotational  lines  Is  7  lo  1 


•  •  • 
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DUK.  03:011  -  DUK.  03:015 


al  1.  0  mm  wave  length;  30  to  1  al  1. 1  mm;  and  better 
than  100  lo  1  al  1.  4  mm  and  above.  A  useful  tuning  and 
measuring  technique  Is  made  possible  by  the  ability  of 
the  new  system  lo  deled  several  klystron  harmonics  at 
once,  and  hence  speclral  lines  In  several  different 
regions  at  the  same  time.  The  applications  of  the  meth¬ 
ods  In  the  measurement  of  centrifugal  distortion  of 
molecules  Is  Illustrated  with  OCS,  for  which  Dj  =  1. 310 
i  0.  010  kc  Is  obtained,  and  with  CHgF,  for  which  Dj  = 

57.  8  *  1. 0  kc  and  Djjj  =  445  *  4  kc  are  obtained.  A 
new  water  vapor  line,  the  22>  0  ->  3,  rotational  line, 

has  measured  at  183,  311.30  ±  0.30  me.  (Contractor’s 
abstract) 

DUK.  03:011 

Duke  U.  [  Microwave  Lab.]  Durham,  N.  C. 

SPECTRUM  OF  DBr  IN  THE  ONE -MILLIMETER  WAVE 
REGION,  by  W.  Gordy  and  C.  A.  Durrus.  [  1953  ]  [  ojp. 
lncl.  dlagrs.  tables.  (Bound  with  Its  Quarterly  progress 
repl.  no.  4,  Nov.  1,  1953-Feb.  1,  1954;  AD  27087) 

[  AF  18(600)497  ]  AD  27067(b)  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  93:  419-420,  Feb.  1, 
1954. 

From  measurements  on  the  0->  1  transition  of  DBr  at 
1.  18-mm  wavelength  the  following  Information  has  been 
obtained: 

_ 79  hi 


eQq(Br)  533  1  3  mc/sec 

455  *  3  mc/sec 

B0 

127  358.2  t  0.3  mc/sec 

127  280.0  *  0.3  mc/sec 

»e 

1286]  5  mc/sec 

1285jo  mc/sec 

r0 

1. 421362  A 

l.  421362  A 

re 

1.41440  A 

1.41439  A 

Values  of  a  obtained  from  Infrared  spectroscopy  by 
Keller  and  Nielsen  wore  employed  In  calculating  the 
equilibrium  values.  (Contractor's  abstract) 


DUK.  03:012 

Duke  U.  [  Microwave  l.ali  ]  Durham,  N  C. 

SUB- MILLIMETER  WAVE  SPECTROSCOPY,  by  C.  A. 
Burrus  and  W.  Gordy.  [  1953  |  [  6  ]p.  lncl  dlagr.  table. 
(Hound  with  Its  Quarterly  progress  rept.  no.  4,  Nov.  1, 
1953-Feb.  1,  1954.  AD  27007)  (AF  18(600)497) 

Al)  27067(c)  Unclassified 

Also  published  in  Phvs.  Rev.,  v.  93:  897  898,  Feb.  15. 
1954. 

A  spectrum  at  0.  77-mm  wave  length  (389  kmc)  was 
measured  with  harmonics  from  a  5- me  marker  moni¬ 
tored  by  the  standard  5- me  signal  broadcast  by  N11S. 

A  recording  Is  shown  of  several  rotational  lines  In  the 
submllllmeter  range  obtained  with  different  harmonics 
of  a  K  band  klystron.  The  highest  frequency  previously 
recorded  by  electronic  methods  was  the  1.03-mm  line 
of  OCS  for  which  a  S  N  of  7  was  obtained. 


DUK.  03:013 

Duke  U.  1  Microwave  Lab.  ]  Durham,  N.  C. 

[THE  ULTRA- HERTZ  SPECTRUM  OF  WATER  VAPOR] 
Spectre  ullra-Herlzlen  de  la  vapeur  d’eau,  by  W.  Gordy. 
[  1953]  {  3  ]p.  lncl.  dlagr.  table,  refs. 

(AF  18(600)497)  Unclassified 


t  Jour.  Chlm.  Phys. ,  v.  50:  C114-C116, 


Sept.  1953. 


A  review  Is  presented  of  the  observed  microwave  ab¬ 
sorptions  of  H20,  HDO,  and  D20.  An  explanation  Is 
given  of  the  difficulties  of  obtaining  accurate  bond  dis¬ 
tances  and  angles  therefrom.  There  are  18  foreign  and 
domestic  references  died  covering  a  time  period  from 
1933  lo  1953. 


DUK.  03:014 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

THEORY  OF  THE  ROTATIONAL  SPECTRA  OF 
ALLENE-TYPE  MOLECULES,  by  M.  MlzusMma. 

[  1953  ]  [  21  ]p.  lncl.  dlagr.  tables.  (Bound  with  Its 
Quarterly  progress  rept.  no.  1,  Feb.  1,  1953-May  1, 
1953;  AD  16227)  [  AF  18(600)497  ]  AD  16227(c) 

Unclassified 


1224,  July  1953. 


1  Jour.  Chem.  Phys.,  v.  21:  1222- 


A  possible  means  of  observing  the  rotational  spectra  of 
Allene-type  molecules  Is  described  and  discussed.  The 
effect  of  nuclear  spin  on  the  statistical  weight  of  each 
rovlbrattonal  level,  hyperflne  structure,  Zeeman  effect, 
and  Stark  effect  are  calculated.  (Contractor's  abstract, 
modified) 


DUK.  03  015 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

ZEEMAN  EFFECT  AND  LINE  BREADTH  STUDIES  OF 
THE  MICROWAVE  IJNES  OF  OXYGEN,  by  It.  M.  Hill 
and  W.  Gordy.  [  1953  ]  [  15  ip.  lncl.  dlagrs.  lables. 
(Bound  with  Its  Quarterly  progress  rept.  no.  3,  Aug.  1, 
1953  -Nov.  1,  1953;  AD  20319)  (AF  18(600)497) 

AD  20319(c)  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  93:  1019-1022,  Mar. 

1,  1954. 

Measurements  at  90’  and  300*  K  on  the  O  line  breadths 
Indicated  that  the  line  breadth  parameter,  ..  .  ,  varies 
asT'*,  with  1  varying  from  0.76  for  the  9-  line  lo  0.90 
for  the'  1-  line.  Rotational  resonance  and  quadrupole 
moment  Interactions  were  Important  factors  In  deter¬ 
mining  the  line  breadths.  The  Zeeman  splittings  ob¬ 
served  for  the  1.,  and  the  1,  ,  and  the  3.  ltnes  were  In 
accord  with  the  splitting  predicted  from  first-order  per¬ 
turbation  theory.  (ASTIA  abstract) 


•  • 


•  • 


•  • 
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DUK.  03:016  -  DUK.  03:021 


DUK.  03:016 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

MICROWAVE  SPECTRUM  AND  MOLECULAR  PROPER¬ 
TIES  OF  OZONE  (Abstract),  by  R.  Trambarulo,  S.  N. 
Ghosh  and  others.  Mar.  27,  1953  [  1  ]p.  [  AF  18(600)- 
]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Durham 
and  Chapel  Hill,  N.  C.  ,  Mar.  26-28,  1953. 

Eubllshed.  In  Phys.  Rev. ,  v.  91:  222,  July  1,  1953. 

Four  low  J  rotational  transitions  of  ozone  were  meas¬ 
ured  between  42  and  118  kmc.  These  measurements 
showed  ozone  to  be  an  tsosceles  triangle  wtth  the  apex 
angle  of  116°  49'  *30'  and  with  the  two  equal  tnternucle- 
ar  distances  1.  278  i  0.  003  A.  The  electric  dtpole  mo¬ 
ment  found  from  the  Stark  effect  was  0.  53  t  0.02  Debye. 
Zeeman  studies  show  the  molecular  g  factor  to  have  a 
strong  dependence  upon  rotational  state.  (Contractor's 
abstract) 


DUK.  03:017 

Duke  U.  f  Mtcrowave  Lab.  ]  Durham,  N.  C. 

MICROWAVE  SPECTRUM  OF  TRIMETHYL  CHLORO- 
SILICAN3  (Abstract),  by  R.  C.  Mockler  and  W.  Gordy. 
Mar.  27,  1953  [l  ]p.  [  AF  18(600)497  ] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  ,  Durham 
and  Chapel  1UII,  N.  C.  ,  Mar.  26-28,  1953. 

EubUaheiJl  Phys.  Rev.,  v.  91:  222,  July  I,  1953. 

Trimethyl  chloroslltcane  was  found  to  have  a  microwave 
rotational  spectrum  characteristic  of  a  symmetric  top, 
with  n0  2197.  31  me  for  (Clt3)3St2fiCl35  and  I1Q  = 

2147.88  me  for  (CH3)3S128CI37.  if  tetrahedral  angles 
are  assumed  with  d(-||  as  In  methane,  the  results  yield 
^SiC  1.  R71A  and  dgjd  =  2.  029A.  The  rotational  lines 
are  split  Into  several  com|)onents  by  torsional  osctlla 
tlons  or  restricted  Internal  rotations  of  the  CU3  groups. 
(Contractor's  abstract) 

DUK.  03:018 

Duke  U.  [  Microwave  l.ab.  J  Durham,  N.  C. 

ON  T1IE  FREQUENCIES  Ol  THE  MICROWAVE  ADSORP¬ 
TION  LINES  OF  OXYGEN  (Abstract),  by  M.  Mlzushlma. 
Mar  27,  1953  [  1  |p  [  AF  18(000)497  j 

Unc  iasslfled 

Presented  at  meeting  of  the  Amer.  1’hys  Soc.,  Durham 
amt  Chapel  11111,  N  <\  ,  Mar.  20  28,  1953. 

Published  In  Phys  Rev  .  v.  91  222.  July  I.  1953. 

Attempt  was  Ill -lilt-  to  Improve  two  {stints  In  Schlapp'.s 


theory.  Ftrst  consideration  was  given  to  the  dependence 
of  X  on  N,  where  X  Is  the  coupling  constant  of  electronic 
spin  and  molecular  axis  and  N  Is  the  quantum  number  of 
end-to-end  rotation  of  molecule.  This  dependence 
makes  v+  (N  -  1)  +  v_  (N  +  1)  dependent  on  N,  which 
ftt  with  experimental  results,  while  tn  Schlapp’s  orig¬ 
inal  theory  It  Is  Independent  of  N.  Another  potnt  con¬ 
sidered  is  that  Schlapp  made  a  mistake  In  taking  the 
effect  of  magnetic  Interaction  between  ,dn  and  end-to- 
end  rotation  of  molecule  Into  account.  A:i  tmproved 
formula  derived  Is  In  good  agreement  wtth  recent  ex¬ 
perimental  data  obtained  at  Duke  U.  The  adopted 
value  of  the  constants  are:  B=  1.4372605  cm"*, 

X0  =  1.984627  cm"1,  X1  =  0.000050  cm"1,  (2  = 

-0.  008432  cm'1,  where  X]  gives  slight  dependence  of 
X  on  N.  (Contractor’s  abstract,  modified) 

DUK.  03:019 

Duke  U.  [  Mtcrowave  Lab.  ]  Durham,  N.  C. 

TEMPERATURE  DEPENDENCE  OF  THE  LINE 
BREADTHS  OF  OXYGEN  (Abstract),  by  R.  M.  Hill 
and  W.  Gordy.  Mar.  27,  1953  [  1  ]p.  [  AF  18(600)- 
497  ]  Unclasstfted 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  ,  Durham 
and  Chapel  Hltl,  N.  C. ,  Mar.  26-28,  1953. 

Published  In  Phys.  Rev.,  v.  91:  222,  July  1,  1953. 

Line  breadths  of  several  of  the  millimeter  wave  ltnes 
of  O2  were  measured  at  T  =  300°,  195°,  and  90° C. 

The  results  Indicate  an  average  temperature  dependence 
of  1/T  for  the  ltnc  breadth.  (Contractor's  abstract) 

DUK.  03:020 

Duke  U.  |  Mtcrowave  Lab.  )  Durham,  N.  C. 

ZEEMAN  EFFECT  IN  THE  MICROWAVE  SPECTRA  OF 
METHYL  FLUORIDE  AND  METHYL  ACETYLENE 
(Abstract),  by  J.  T.  Cox,  P.  D.  Peyton,  Jr.,  and  W. 
Gordy.  Mur.  27,  1953  [  1  Jp.  |  AF  18(600)497  ] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc..  ,  Durham 
and  Chapel  Hill,  N.  C. ,  Mar.  26  28,  1953. 

L’ubUslwd  In  Phys.  ltev.,  v.  91:  222,  July  1,  1953. 

Zeeman  splitting  or  rotational  lines  of  methyl  fluoride 
and  methyl  acetylene  were  measured.  The  results  show 
that  the  molecular  magnetic  Held  In  CltaCCD  Is  gen 
crated  primarily  by  rotation  about  the  symmetry  axis 
(gjj  0.31,  gfj  s,  0),  but  that  In  CU3F'  a  measurable 
field  Is  also  generated  by  the  end  over- end  rotation 
fgfj  0.08).  (Contractor's  abstract) 

DUK.  03:021 

Duke  t  .  j  Microwave  t  ati. !  Durham,  N  C. 

MICROWAVE  Sl’ECtTtt  M  OF  WAFER  VAPOR,  by  A. 
Gordy.  June  25,  1953  (  11  fp.  loci,  dia.-r.  table,  rets. 


AIR  FORCE  SCIENTIFIC  RESEARCH 


DUK.  03:022  -  DUK.  03:024 


(Bound  with  Its  Quarterly  progress  rept.  no.  3,  Aug.  1, 
1953-Nov.  1,  1953;  AD  20319)  (AF  18(600)497) 

AD  20319(a)  Unclassified 

The  usefulness  of  structural  Information  obtained  from 
a  study  of  Isolated  molecules  Is  discussed  for  under¬ 
standing  the  nature  of  the  bonding  of  HjjO  tn  solids.  The 
sterlc  factors  which  depend  on  the  shape  and  size  of  the 
molecule  as  well  as  the  ordinary  electrostatic  Inter¬ 
actions  with  the  over-all  electric  dipole  momenl  of  the 
molecule  were  pointed  out  as  significant.  However,  em¬ 
phasis  was  given  to  the  dependence  of  ihe  H  bond  on  lhe 
hybridization  of  the  orbitals  of  the  atoms  United  by  the 
bridge.  The  15°  departure  of  the  bond  angle  of  H2O 
from  90°,  only  partially  accounted  for  by  the  repulsion 
of  the  H  aloms,  was  Interpreted  to  Indicate  considerable 
s  contribution  lo  lhe  bonding  orbitals  of  O.  The  compli¬ 
mentary  sp  hybridization  of  the  orbitals  containing  the 
unshared  electrons  made  them  good  prolon  acceptors. 
The  decrease  In  the  prolon  acceptor  properties  of  the 
second  period  over  lhe  flrsl  period  elements  was  attrib¬ 
uted  lo  the  Increasing  size  of  the  aloms  and  lo  lhe  de¬ 
creased  complimentary  sp  hybridization  of  the  orbllals 
containing  the  unshared  pairs.  (ASTIA  abstract) 


DUK.  03:022 

DukeU.  Microwave  Lab.,  Durham,  N.  C. 

ONE-TO-F1VE  MILLIMETER -WAVE  SPECTROSCOPY, 
by  W.  Gordy.  July  1,  1953  [  13  ]p.  lnel.  dlagrs.  lable. 
(Bound  with  Its  Quarterly  progress  rept.  no.  3,  Aug.  1, 
1953  Nov.  1,  1953.  AD  20319)  (AF  18(600)497) 

AD  20319(b)  Unclassified 

Also  published  In  Jour.  Phys.  el  ltadtum  (Paris),  v.  15: 
521,  1954. 

Design  features  of  a  millimeter- wave  spectrometer  are 
discussed.  An  Improvement  tn  sensitivity  of  10  limes 
or  better  over  the  video  type  spectrometer  can  be  ob¬ 
tained  by  the  use  of  automatic  recording  wllh  a  phase- 
lock  In  detector  and  narrow-band  amplifier.  The  spec¬ 
tral  lines  tn  the  1-  to  S -  mm  region  are  measured  by 
standard  markers  made  by  multiplication  of  a  5-mc  sig¬ 
nal  monitored  by  NBS  station  WWV  and  multiplied  to  the 
region  of  investigation.  Measured  1-  to  5-mtii  spectral 
lines  are  tabulated.  The  24lh  rotational  line  of  COS  at 
1.03  nun  was  the  highest  spectral  frequency  recorded 
with  the  microwave  electronic  methods.  Advantages  of 
having  the  millimeter  wave  region  opened  to  spectros 
copists  are  summarized.  The  millimeter  wave  region 
from  1  to  10  wave  numbers  Includes  spectral  transitions 
of  numerous  atoms  and  molecules  which  have  110  observ 
able  transitions  ill  the  centimeter  region.  The  strength 
of  spectral  lines  Increases  rapidly  with  frequency 
S;H*ctral  lines  are  stronger  and  more  numerous  In  the 
millimeter  than  in  the  centimeter  region.  The  advan¬ 
tage  of  strength  and  abundance  of  spectral  transitions 
characteristic  of  the  optical  region  and  the  high  precl 
si  ti  and  resolution  characteristic  of  the  1)1  region  are 
best  comprised  In  the  millimeter  wave  region. 


DUK.  03:023 

OukeU.  Microwave  Lab. ,  Durham,  N.  C. 

ON  THE  RELATION  OF  NUCLEAR  QUADRUPOLE 
COUPLINGS  TO  THE  CHEMICAL  BOND,  by  W.  Gordy. 

[  1954  ]  5p.  tncl.  dlagr.  (Special  rept.  no.  1) 

[  AFOSR-TN-54-178  ]  (Bound  with  Its  Quarterly  prog¬ 
ress  rept.  no.  6,  May  1,  -Aug.  1,  1954;  AD  36814) 

(AF  18(600)497)  AD  36814(a) 

Unclassified 

Also  published  In  Jour.  Chem.  Phys.,  v.  22:  1470-1471, 
Aug.  1954. 

A  relation  between  the  tonic-character  of  bonds  and  the 
electronegatlvtty  difference  of  the  bonded  aloms,  which 
differs  significantly  from  previously  proposed  relations, 
was  oblalned  from  nuclear  quadrupole  couplings.  Such 
a  relation  Is  useful  tn  calculaltng  nuclear  quadrupole 
moments  from  molecular  coupling,  as  well  as  In  obtain¬ 
ing  chemtcal  bond  properties.  The  coupling  of  Cl  tn 
HC1  provides  a  critical  tesl  of  the  relation.  (ASTIA 
abstract) 


DUK.  03:024 

DukeU.  Microwave  Lab. ,  Durham,  N.  C. 

PARAMAGNETIC  RESONANCE  IN  URANIUM  SALTS 
by  S.  N.  Ghosh,  W.  Gordy,  and  D.  G.  Hill.  |  1954  ] 

15  jp.  tncl.  dlagrs.  table.  (Special  repl.  no.  3) 
AFOSR-TN-54-179  ]  (Bound  with  Its  Quarterly  prog- 
ress  repl.  no.  6,  May  1 -Aug.  1,  1954;  AD  36814) 

(AF  18(600)497)  AD  36814(c)  Unclassified 

Also  published  In  Phys.  Rev.,  v.  96:  36  38,  Ocl.  1, 
1954. 

Paramagnetic  resonance  was  observed  lnU^*  and  U4* 
Ions  In  powdered  samples  of  UF3  and  UF4,  respecllvely. 
The  resonance  curve  In  UF3  was  asymmelrlc  with  2  un¬ 
resolved  peaks  yteldlng  values  of  2.  1  and  2.  8  for  lhe 
perpendicular  and  parallel  components  of  lhe  g  factor. 
The  resonance  Is  broad  and  weak,  the  over-all  half¬ 
width  is  5  kllogauss  at  room  temperature.  The  curve 
obtained  for  UF4  was  symmetric  and  yielded  g  2.  15. 
its  half- width  was  3.  5  kllogauss  at  room  temperature. 
Although  the  resonance  In  UFj  appeared  slronger  al 
liquid  air  than  at  room  lemperalure,  the  resonance  tn 
the  UF4  could  be  detected  only  at  room  and  at  elevaled 
temperatures.  The  results  favor  lhe  Interpretation  tf.al 
the  2  unpaired  electrons  In  U**  are  6d  electrons,  thal 
the  crystalline  field  tn  UF4  was  essentially  cubtc,  and 
that  either  the  lowest  component  of  the  Stark  multiple! 
was  a  nonmagnetic  singlet  or  that  the  electrons  had  a 
high  degree  of  anliferroinagnetlc  altgnment  The  re¬ 
sults  onUF3  showed  that  the  crystalline  field  had  an 
aztally  symmetric  component.  (ASTIA  abstract) 
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DUK.  03:025  -  DUK.  03:028 


DUK.  03:025 

Duke  U.  Microwave  Lab. ,  Durham,  N.  C 

MILLIMETER  WAVE  SPECTRA  AND  CENTRIFUGAL 
oTRETCHING,  by  W.  J.  O.  Thomas,  J.  T.  Cox,  and 
W.  Gordy.  [  1954  ]  [  15  ]p.  tncl.  dtagrs.  tables. 

(Special  rept.  no.  2)  [  AFOSR-TN-54-180]  (Bound 
with  Its  Quarterly  progress  rept.  no.  6,  May  1- Aug.  1, 
1954;  AD  36814)  (AF  18(600)497)  AD  36814(b) 

Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  22:  1718-1722, 
May  1954. 

High  J  transitions  of  the  methyl  halides  have  been 
measured  and  have  been  used  to  calculate  accurate 
values  for  the  centrifugal  distortion  constants.  The 
values  obtained  for  Bq,  Dji  and  Djj{  are  (tn  mc/s  and 
kc/s  respectively);  CH3.Fl9,  25,536.11,  59.3,  445; 
CH3.C.35,  13,292.86  18.1,  198;  CH3.Br39,  9,568.20 
9.9,  128.3;  CH3.Br81,  9,531.82,  9.7,  127.  4;  CH3.112?, 
7,  501.  30,  6.  28,  98.  5.  The  new  Djj  value  for  CH3.  Cl3$ 
Is  In  good  agreement  with  the  value  of  18.4  kc/s  theo¬ 
retically  predicted  by  Chang  and  Dennison.  For  all  four 
molecules,  the  Djj  constants  were  found  to  be  In  good 
agreement  with  those  predicted  from  Kratzer's  formula 

Djj  =  4B03/  J, 

where  '*>  Is  the  vibrational  frequency  corresponding  to 
the  stretching  of  the  carbon  halogen  bond.  (Contractor's 
abstract) 


DUK.  03:026 

Duke.  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

MILLIMETER  WAVE  SPECTRA  OF  SbH3  AND  SbD3,  by 
A.  W.  Jache,  G.  S.  Blevins,  and  W.  Gordy.  [  1954  ] 

[  20  ]p.  lncl.  dlagr.  tables,  refs.  |  AFOSR-TN  54-316  ] 
(Bound  with  Its  Quarterly  progress  rept.  no.  7,  Aug.  1, 
1954-Nov.  1,  1954;  AD  49803)  |  AF  18(600)497] 

AD  49803(a)  Unclassified 


0. 18  mc/sec  for  Sb123.  The  ratio  of  these,  C12V 
Cl23  =  1.84,  is  In  good  agreement  with  the  known 
ratio  of  the  nuclear  g  factors,  g121/g123  =  1.  8465. 
Slightly  different  values  of  ihe  interatomic  dtstances 
were  observed  for  the  normal  and  deuterated  forms. 

In  SbH3  the  SbH  distance  Is  1. 707  A  and  the  HSbH 
angle  ts  91°18\  In  SbD3  the  SbD  distance  is  1. 702  A 
and  the  DSbD  angle  is  90°56’.  (Contractor's  abstract) 


DUK.  03:027 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

MILLIMETER  WAVE  SPECTRA  OF  AsH3  AND  AsD3, 
by  G.  S.  Blevins,  A.  W.  Jache,  and  W.  Gordy. 

[  1954]  [  12 ] p.  lncl.  dtagr.  tables.  [  AFOSR-TN-54- 
317]  (Bound  with  Its  Quarterly  progress  rept.  no.  7, 
Aug.  1,  1954-Nov.  1,  1954;  AD  49803)  [  AF  18(600)- 
497]  AD  49803(b)  Unclassified 

Also  published  in  Phvs.  Rev.,  v.  97:684-686,  Feb.  1, 
1955. 

The  J  =  0—11  rotational  transitions  of  AsH3  and  of 
AsD3  have  been  measured  tn  the  one  to  three  mtllt- 
meter  wave  region.  The  Bq  values  obtained  are,  tn 
mc/sec :  112,  468.  46  for  As<5h3  and  57,  477. 15  for 
As75d3.  The  observed  nuclear  quadrupole  coupltng, 
eQq,  of  differs  for  the  two  species  and  is 
-160. 1  1  0.4  mc/sec  lor  As23H3  and  -165.  9  *  0.  4  me/ 
sec  for  As75D3.  Detectable  As‘5  nuclear  magnetic 
Interaction  was  found  with  the  magnetic  coupling  con¬ 
stant  A  =  0.  33  me  /sec  for  AsH3  and  A  =  ~  0.  07  me/ 
sec  lor  AsD-j.  From  a  consideration  of  previous 
microwave  work  on  AsH2D  and  a  consideration  of  the 
dllferences  In  the  bond  angles  In  normal  and  deuterated 
stiblne,  the  bond  angle  In  AsH3  Is  assumed  to  be 
91°50’  and  that  In  AsD3  is  assumed  to  be  91°30'.  These 
angles,  with  the  observed  moments  of  Inertia,  yield  the 
value  1. 5192  A  for  the  AsH  length  and  1. 5145  A  for  the 
AsD  length.  (Contractor's  abstract) 


DUK.  03.028 


Phys.  ltev. ,  v.  97.  680  683,  Feb.  1, 


The  J  0  — >  1  relational  transitions  of  normal  and  deu 

teraled  stiblne  have  been  measured  In  the  shorter  mllll 
meter  wave  region.  The  Bp  values  obtained  are,  In 
mc/sec:  88,031.9  lorSbl2Ul3,  88,015.5  tor  Sb>2:>H3, 
44,  693.  3  lor  Sbl2>D3,  and  44,  677.  1  for  Sb,23D3.  The 
observed  Sb  nuclear  quadrupole  couplings,  eQq,  dlller 


lor  the  normal  and  deuleraied  lorms  ol  stiblne  and  are 
In  mc/sec:  lorSb*^,  458.7  t  0.  8  me  In  Sbli3,  and 
465.  4  x  0.8  In  Sbl)3;  for  Sb123,  586.0*  0.  8  In  SbH3, 
and  592.  8  *  0.  8  In  SbD3.  These  couplings  lead  lo  lhe 
ratio  q123  q!21  1.275  i  0.003.  The  Sb  nuclear 


quadrupole  moments  are  estimated 
0.8  i  10  24  cm2.  O123  1.0x1 


to  be:  ol2l 


cant  Sb  nuclear  magnetic  coupling  was  observed  for 


t!ie  normal  stiblne.  In  Sbll3  the  magnetic  coupling 
constant  Is  found  to  be  0.33  me  sec  for  Sl>121 


Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

ZEEMAN  EFFECT  IN  THE  ROTATIONAL  SPECTRUM 
OK  NO.  by  M.  Mlzushlma,  J.  T.  Cox,  and  W.  Gordy. 

(  1954  j  [  22  J  p.  lncl.  Ulus,  dlagr.  tables,  rels. 

(  AFOSH-TN- 54-318  ]  (Pound  with  Its  Quarterly  prog¬ 
ress  rept.  no.  7,  Aug.  1,  1954-Nov.  1,  1954; 

AD  49803)  [  AF  18(600)497)  AD  49803(c) 

Uticlassllled 

Also  published  In  Phys.  Hev.  ,  v.  98:  1034  1038, 

May  15,  1955. 

The  Zeeman  splitting  of  the  2  mm  wave,  J  1  2-*  3  2 
rotational  transition  of  In  the  2rr  j  3  electronic 

state  has  been  measured  with  fields  of  the  order  of  100 
gauss.  The  observations  were  made  ulth  a  waveguide 
o*U  colled  between  the  poles  of  a  Vartan  magnet. 
Magnetic  field  measurements  were  made  with  the 
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electronic  resonance  of  DPPH  at  frequencies  of  the 
order  of  300  me.  A  general  theory  of  the  Zeeman  effect 
with  hfs  has  been  developed  and  applied  specifically  to 
N*’0  .  The  g-factors  for  the  four  states  under  Inves¬ 

tigation  were  found  theoretically  to  be  expressed  as: 

J  =  l/2,  gc=a,  gd  =  -a;  J  =  3/2,  g£  =  g  +  (2/5) a, 
gd  =  g  -  (2/5) a,  where  c  and  d  are  the  lower  and  upper 
components  of  the  A  -type  doublet,  respectively.  This 
relation  was  found  to  hold  experimentally  with  the 
values,  g  = +  0.0232  and  a  =  +  0.0029.  Theorttically,  g 
comes  from  the  mixing  of  2rr  j/2  and  2ir  states,  and 
a  comes  from  that  of  2  rrj  and  2  £  states.  It  was 
found  by  the  theory,  In  which  the  centrlfuga'.  force  and 
the  spin  orbit  coupling  were  taken  Into  account,  that  the 
electronic  wave  function  of  the  two  rotational  <\ates 
should  be: 

J  =  1/2,  (2  rr  1/2|  -0.  0021(2  ::  | ;  J  =  3/2,  (2  rr  J/2 

-0.  0247(^  rr  -0.  0021(2  .  |.  These  wave  functions 

give  g(theo.  )  =  +  0.  0228  and  a  (then. )  =  +0.  0020,  which 
agree  very  well  with  the  observed  values.  The  observed 
g  factor  In  J  =  3/2  state,  g  =  0.  0232  Bohr  magnetrons 
shows  that  In  the  supposedly  "nonmagnetic"  2 
state  the  NO  molecule  has  a  sizeable  magnetic  moment. 
(Contractor's  abstract) 


DUK.  03:029 

DukeU.  [  Microwave  Lab.  ]  Durham,  N.  C. 

METHYL  ALCOHOL.  1.  MICROWAVE  SPECTRUM,  by 
P.  Venkateswarlu,  H.  D.  Edwards,  and  W.  Gordy. 

[  1954  ]  [  21  ] p.  lncl.  dlagrs.  tables,  refs.  [AFOSR- 
TN-54-319]  mound  with  Its  Quarterly  progress  rept. 
no.  8,  Nov.  1,  1954-  Feb.  1,  1955,  AD  54864) 

[  AF  18(600)497  ]  AD  54864(a)  Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  23:  1195-1199, 
July  1955. 

The  J  0--+1,  K  0  -»  0  rotational  lines  of  methyl  alco¬ 
hol  have  been  observed  and  Identified  with  the  Stark 
effect  for  C^HaO^H,  C1:tH3016H,  Cl2H3016D, 

Ci:  H3016d,  C'2D3016h,  and  c12D3016d.  These  lines 
are  obtained  not  only  for  the  molecules  In  the  ground 
state,  but  also  for  those  In  the  first  two  torsional  ex 
cited  states,  n  1  and  n  2.  All  these  lines  except 
those  .if  the  c12D3016d  were  observed  to  be  doublets, 
the  doublet  separation  beln^  different  for  different 
molecules.  Some  further  experimental  data  on 
C12D;!016h.  C12H3016D,  and  C1:,H3O,0H  are  included. 
(Contractor’s  abstract) 


Dl  K.  03:030 

Duke  l  [  Microwave  Lull,  j  Durham,  N.  C. 

METHYL  ALCOHOL.  11.  MOLE  CUT  aMt  STltl  CTUItE, 
by  1’  Venkateswarlu  and  W.  Gordy.  |  1954  ]|  13  ]  p. 
lncl.  dlagr.  tables.  ]  AFOSlt  TN  54-320  |  j  11  lU'Ul  with 
1th  Quarterly  progress  rept.  no.  H,  Nov  1,  1954 


Feb.  1,  1955;  AD  54864)  [  AF  18(600)497  ] 

AD  54884(b)  Unclassified 

Also  published  In  Jour.  Chem.  Phys.,  v.  23:  1200- 
1202,  July  1955. 

From  the  moments  of  inertia  of  six  different  Isotopic 
species  of  methyl  alcohol  as  obtained  from  the 
J  =  0— >1  rotational  lines  a  complete  structural  de¬ 
termination  of  methyl  alcohol  has  been  made.  The 
structural  parameters  so  obtained  are  the  following: 
doH  =  0.  958  *  0.  010  A,  dCQ  =  1.  427  *  0.  007  A, 
dCH  =  1.096  +  0. 10  A,  ZHCH  =  109“2’i  30’,  aiCOH  = 
180° 52’  +  1°,  and  the  distance  of  the  oxygen  atom  from 
the  symmetry  axis  of  the  CH3  group  =  0.  083  ±  0.  003  A. 
(Contractor's  abstract) 


DUK.  03:031 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

CENTRIFUGAL  DISTORTION  IN  THE  METHYL 
HALIDES  (Abstract),  by  J.  T.  Cox,  W.  J.  O.  Thomas, 
and  W.  Gordy.  [  1954  ]  [  1  ] p.  [  AF  18(600)497] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Knoxville,  Tenn. ,  Apr.  1-2,  1945. 

Published  In  Phvs.  Rev.,  v.  95:  299,  July  1,  1954. 

The  extension  of  the  workable  millimeter  wave  region 
(W.  C.  King  and  W.  Gordy,  Phys.  Rev. ,  v.  90:  319, 
1953)  has  made  possible  measurements  of  high  J  tran¬ 
sitions  In  the  methyl  halides,  where  centrifugal  dis¬ 
tortion  displacements  of  rotational  lines  amount  to  many 
me.  High  J  transitions  of  these  substances  have  been 
measured  for  a  more  accurate  evaluation  of  the  distor¬ 
tion  constants.  The  new  Dj  value  for  CH3C12^, 

18.  0  t  0.  5  kc,  Is  In  good  agreement  with  the  value 
of  18.  4  me,  theoretically  predicted  by  Chang  and  Denni¬ 
son  (Jour.  Chem.  Phys.,  v.  21:  1293,  1953).  Earlier 
measurements  (Phys.  ltev. ,  v.  80:  338,  1950)  on  lower 
J  transitions  gave  Dj  26.  4  kc.  (Contractor's  abstract) 


DUK.  03:032 

Duke  IL  (  Microwave  l.al>,  ]  Durham,  N.  C. 

THE  EFFECT  OF  POLAH1ZAD11.1TY  ON  THE  STARK 
EFFECT  OF  ROTATIONAL  SPECTRA,  by  M. 
Ml/.ushlma.  [  1954  ][o]p.  (Bound  with  11$  Quarterly 
progress  rept.  no.  5,  Feb.  1,  1954  May  1,  1954; 

AD  31816)  (AF  18(600)497)  AD  31816(d) 

l  nclasslfled 

The  formula  for  the  Stark  effect  of  rotational  spectra 
due  to  the  polarizability  Is  obtained.  It  Is  1  mnd  that 
only  the  anisotropy  of  the  polarizability  Is  effective, 
which  Is  reasonable  The  effect  was  estimated  for  the 
case  of  CO  to  lie  alK.ul  and  15‘(  of  the  total  Stark  el 
feet  In  J  0  ■  t  1  and  1  — >2  transition,  respectively 
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The  polarizability  effect  Increases  rapidly  when  J  goes 
large.  (Contractor’s  abstract) 


DUK.  03:033 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

LINE  WIDTH  OF  ROTATIONAL  SPECTRA  OF  SOME 
SYMMETRIC  TOP  MOLECULES  DUE  TO  NUCLEAR 
QUADRUPOLE  MOMENTS,  by  T.  Ito,  Y.  Tanabe,  and 
M.  Mtzushima.  [  1954  ]  [  7  ]  p.  incl.  tables,  refs. 

[  AF  18(600)497  ]  Unclasstfted 

Published  In  Phvs.  Rev.,  v.  93:  1242-1248,  Mar.  15, 
1954. 

The  hyperflne  structure  of  rotational  spectra  ts  some¬ 
times  so  complicated  that  It  cannot  be  analyzed  eastly. 

In  many  other  cases  It  Is  dlfftcult  to  resolve  the  hfs  and 
the  whole  spectrum  ts  observed  as  a  somewhat  broad 
stngle  line.  In  these  cases  the  ltne  width  or  the  mean- 
square  frequency  devtation  may  have  a  more  practical 
significance.  Explicit  formulas  are  given  for  the  mean- 
square  frequency  devtation  as  a  function  of  the  nuclear 
quadrupole  coupling  constant  and  lhe  quantum  numbers 
I,  J,  K.  Thus  by  means  of  these  formulas  we  shall  be 
able  to  obtain  the  nuclear  quadrupole  coupling  constant 
from  the  ltne  width  of  the  rotational  line  wtthout  analyz¬ 
ing  hfs.  Calculations  were  made  on  symmetric  top 
molecules  which  have  one  or  three  Identical  nuclei  with 
electric  quadrupole  moments.  The  effect  of  other  nuclei 
which  have  electrtc  quadrupole  moments  can  be  eastly 
taken  Into  account.  The  method  of  separating  the  pres¬ 
ent  ltne  wtdth  from  that  of  the  pressure  broadening  and 
that  due  to  the  centrtfugal  dtstortlon  ts  discussed. 
(Contractor's  abstract) 


DUK.  03:034 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

MICROWAVE  SPECTRUM  OF  02,  by  M.  Mtzushtma  and 
R.  M.  Hill  [  1954  ]  [  4  ] p.  Incl.  dtagr.  tables,  refs. 

[  AK  1 8(600)497  ]  Unclasslfted 

Published  In  Phvs.  ltev.,  v.  93:  745-748,  Feb.  t5,  t954. 

Twenty  four  Itnes  of  the  microwave  spectrum  of  oxygen 
molecule  have  been  carefully  measured  The  theoretical 
origin  of  thts  spectrum  Is  reexamined  and  the  effect  of 
centrifugal  dlstortton  ts  taken  Into  account.  The  agree¬ 
ment  between  theory  and  experiment  ts  satisfactory.  It 
Is  pointed  out  that  this  spectrum  Is  not  suitable  to  de 
termtne  the  velocity  of  ltght.  (Contractor's  abstract) 


DUK.  03  035 

Duke  U.  [  Microwave  Lab  )  Durham,  N.  C. 

M1MJMETER  WAVE  SPECTRUM  OF  ARSLNE  (Ab- 
slracl),  by  A.  W.  Jaclie,  G.  S.  llievlns,  and  W.  Gordy 
1954  ,t  it.  ;  AF  18(600)497  Unclassified 


Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Knoxville,  Term. ,  Apr.  1-2,  1954. 

Published  In  Phvs.  Rev.,  v.  95:  299,  July  1,  1954. 

The  0— >1  rotational  transition  of  arsine  has  been 
measured  at  2.  61  mm  wavelength,  and  a  B  value  of 
57,476.  15  i  0. 1  me  has  been  obtained.  The  nuclear 
quadrupole  coupling  of  As75  was  found  to  be -165.  6  me, 
In  good  agreement  with  the  earlier  value  (C.  C. 

Loomis  and  M.  W.  P.  Strandberg,  Phys.  Rev. ,  v.  81: 
798,  1951 )  —  1 64  obtained  for  A8H2D.  Similar  measure¬ 
ments  on  A8H3  are  betng  made.  (Contractor’s  abstract) 


DUK.  03:036 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

MILLIMETER  WAVE  SPECTRUM  OF  PHOSPHINE  (Ab¬ 
stract),  by  C.  A.  Burrus,  A.  W.  Jache,  and  W.  Gordy. 

[  1954  ]  [  1  ]p.  [  AF  18(600)497  J  Unclasslfted 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Knoxville,  Tenn. ,  Apr.  1-2,  1954. 

Publtshed  tn  Phys.  Rev.,  v.  95:  299,  July  1,  1954. 

The  0->l  rotational  transition  of  PD3  has  been  meas¬ 
ured  at  2.  16- mm  wavelength.  The  observed  B  value  ts 
69,468.  99  me.  The  ftrst  rotational  line  of  PH3  has  been 
found  at  1. 12- mm  wavelength  and  measured  with  a 
cavtty  wavemeter  only.  It  will  be  more  precisely 
measured  wtth  a  frequency  standard,  and  the  data,  com- 
bin'-d  wtth  that  of  PD3,  wtll  be  used  for  calculation  of 
the  structure  of  the  molecule.  (Contractor’s  abstract) 


DUK.  03:037 

Duke  U.  [  Mtcrowave  Lab.  ]  Durham,  N.  C. 

ONE -TO  TWO  MILIJMETER  WAVE  SPECTROSCOPY. 
PART  V.  PH3  AND  PDp,  by  C.  A.  Burrus,  A.  W.  Jache, 
and  W.  Gordy.  [  t954  J  [  t2]p.  incl.  dtagrs.  tables. 
(Pound  with  its  Quarterly  progress  rept.  no.  5,  Feb.  t, 
1954-May  t,  1954;  AD  318t6)  [  AF  18(600)497  1 
AD  3t 81 6(b)  Unclasslfted 

Also  published  In  PhvB.  Rev.,  v.  95:  706-708,  Aug.  t, 
1954. 

The  J  0->!  rotational  transition  of  PH3  has  been 
measured  at  vQ  266,  944.  Oi  1.0  mc/sec 
(\  =  t.  t2  mm).  With  Dj  =  3.  15  mc/sec  from  Infrared 
spectroscopy  this  measurement  ytelds  Bq  t33,  478.  3 
me  sec.  Similarly,  the  0-*  t  transition  of  PD3  was 
measured  at  vq  1 38,  937.  98  t  0.30  inc/sec  (V 
2  16  mm)  and  Bo  69,  470.  4t  mc/sec  was  obtained 
using  Dj  =  0.71  mc/sec  from  Infrared  spectroscopy. 
The  bond  length  in  the  two  compounds  was  found  to  be 
sltghtly  dtfferent  with  dpH  t.  4206  1  0.  005  A  and 
dpp  1.4166  1  0.005  A.  (Contractor's  abstract) 
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DUK.  03:038 


Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 


RELATION  OF  NUCLEAR  QUADRUPOLE  COUPLINGS 
TO  THE  CHEMICAL  BOND,  by  W.  Gordy.  Aug.  1954 
i  2]p.  lncl.  dlagr.  [  AF  18(600)497]  Unclassified 


Aug.  1954. 


i  Jour.  Chem.  Phys. ,  v.  22:  1470-1471, 


This  communication  asserts  that  the  difficulty  of  the 
large  asymmetry  parameters  of  I2  has  been  cleared  up 
without  the  requirement  of  s  hybridization,  and  that  the 
Ionic  character  electronegativity  relation,  Ionic  char¬ 
acter  [XA  -  *B_I,  obtained  from  quadrupole  coupling 


w.'th  the  assumption  of  no  s  hybridization  of  the  Hal 
orbitals  seems  to  be  borne  out  by  recent  experimenta¬ 
tion.  The  Heltler-London  theory  Is  discussed,  and  the 
Schatz  application  of  it  Is  criticized. 


DUK.  03:039 


Duke  U.  [  Microwave  Lab.]  Durham,  N.  C. 


THE  STRUCTURE  OF  THE  NITRIC  OXIDE  DIMER,  by 
W.  J.  O.  Thomas.  [  19541  [4  Ip.  (Pound  with  its 
Quarterly  progress  rept.  no.  5,  Feb.  1,  1954-May  1, 
1954;  AD  31816)  [  AF  18(600)497  ]  AD  31816(c) 

Unclassified 


1268,  July  1954. 


1  Jour.  Chem.  Phys.,  v.  22:  1267- 


A  discussion  Is  presented  of  the  structure  of  (NO)2  as 
suggested  by  the  IR  and  Raman  spectra  of  liquid  and 
solid  NO  (Jour.  Chem.  Phys.,  v.  19:  189,  1951).  The 
spectral  analysts  suggested  either 
^O 


as  the  structural  formula,  but  this  was  not  confirmed 
by  x  ray  diffraction  studies  which  appeared  to  favor  a 
rectangular  structure: 


rr 


Th«*  x-ray  data  and  the  fact  that  there  appears  to  be  no 
frequency  tn  the  lit  or  Raman  spectrum  corresponding 
Iff  \{NN)  Is  considered  as  almost  conclusive  evidence 
against  the  ONNO-type  structure.  Based  on  a  consider¬ 
ation  of  the  nature  of  th:  electronic  bonds  of  the  rec¬ 
tangular  structure,  the  suggestion  is  made  that  each  O 
and  N'  atom  tias  associated  with  it  one  bond,  2  local¬ 
ized  •  -bonds,  and  a  one  electron  -type  bond  so  that 
each  atom  is  quudrtvulent 


DUK.  03:038  -  DUK.  03:041 


DUK.  03:040 


Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 


THEORY  OF  THE  HYPERFINE  STRUCTURE  OF  NO 
MOLECULE  [  1  ],  by  M.  Mizushima.  [  1954  ]  [  24  ]p. 
incl.  diagrs.  tables,  refs.  (Bound  with  its  Quarterly 
progress  rept.  no.  5,  Feb.  1,  1954-May  1,  1954; 

AD  31818)  (AF  18(600)497)  AD  31816(a) 

Unclasslfled 


Phys.  Rev.,  v.  94:  569-574,  May  1, 


The  theory  of  the  hyperfine  structure  of  the  NO  mole¬ 
cule  due  to  the  magnetic  moment  and  the  electric  quad¬ 
rupole  moment  of  the  N  nucleus  Is  analyzed.  By 
assuming  that  the  electron  which  Is  rotating  around  the 
molecular  axis  is  in  the  pure  p-state,  some  relations  be¬ 
tween  coupling  constants  were" derived  and  were  found 
to  agree  with  experimental  relations.  The  derivation 
assumed  that  the  spin  Is  strongly  coupled  to  the  molec¬ 
ular  axis;  In  this  case,  the  molecular  magnetic  mo¬ 
ment  Is  parallel  to  the  molecular  axis  and  has  the  mag¬ 
nitude  p  X  +  2 pi ,  where  X  and  I  are  the  components 
of  the  electronic  orbitat  and  spin  angular  momentum, 
respectively,  along  the  molecular  axis  and  p  Is  the 
Bohr  magneton.  The  formula  of  the  nuclear  electron 
quadrupole  effect  was  derived  for  this  case  and  also  for 
a  general  coupling  case.  This  electric  quadrupole  ef¬ 
fect  was  different  for  X-type  doublet  states.  The  differ¬ 
ence  appeared  for  every  coupling  case  Including  the  case 
where  the  spin  was  strongly  coupled  to  the  molecular 
axis.  Satisfactory  agreement  was  obtained  between  the 
theoretical  and  experimental  results. 


DUK.  03:041 


Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 


ONE-TO-TWO  MILLIMETER  WAVE  SPECTRA  OF 
TCI  AND  TBr,  by  C.  A.  Burrus,  W.  Gordy  and  others. 
|  1954  ]  |  14  ]p.  lncl.  diagrs.  tables,  refs.  |  APOSR- 
TN-55-28  ] (Bound  with  Us  Quarterly  progress  rept. 
no.  8,  Nov.  1,  1954 -Feb.  1,  1955;  AD  54864) 

[  AF  18(600)497  )  AD  54864(d)  Unclassified 


Also  published  In  Phvs.  ltev.,  v.  97:  1661  1664,  Mar. 
15,  1955. 


The  J  0-*t  rotational  transitions  of  TCt  and  TBr  h»e 
been  measured  at  1.36  mm  and  1.74  mn.  wavelength 
respectively.  These  measurements,  with  and  D 
from  Infrared  data,  yield  the  following  constants: 

For  tritium  chloride: 


VytO-Fl)  222,143.78  ■  0.4  me, sec 

221,t95.40t  0.  4  mc/sec 

i'o 

111,  075.  76  me  sec 

ltD,  601.53  inc/sec 

Be 

112.032,0  me  /sec 

lit,  550.  6  mc/sec 

r0 

t .  28003  A 

1. 28002  A 

re 

t.  274  56  A 

1. 27456  A 

eQq(Cl) 

57.  0  i  0.  6  me  sec 

53.0  <0.6  mc/sec 

•  • 


•  • 


•  • 


•  • 


•  r 


•  • 
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DUK.  03:042  -  DUK.  03:046 


For  tritium  bromide: 


V0(0-»1)  172,499.051  0.3  nu^sec  172,343.23±  0.4  miplsec 


eQq(Br) 


86,252.24  mc/sec 
86,947.2  mc/sec 
1.42012  A 
1.41443  A 
530  i  2  mc/sec 


87,174.33  mc/sec 
86,868.8  mc/sec 
1.42011  A 
1.41442  A 
443  i  2  mc/sec 


From  the  TBr  measurements  and  similar  measure¬ 
ments  or  DBr  made  previously  In  this  laboratory  the 
mass  ratio  mT  =  1.  49747  was  obtained.  (Contractor’s 
abstract)  mD 


DUK.  03:042 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

THE  VARIATION  OF  LINE  WIDTH  WITH  ROTATIONAL 
STATE  AND  TEMPERATURE  IN  THE  MICROWAVE 
SPECTRUM  OF  OCS,  by  R.  S.  Anderson.  [  1954  ] 

[  29  ]p.  incl.  dlagrs.  tables,  refs.  [  AFOSR-TN-55- 
29]  (Round  with  its  Quarterly  progress  rept.  no.  8, 
Nov.  1,  1954-Feb.  1,  1955:  AD  54864)  (AF  18(600)- 
497  )  AD  54864(c)  Unclassified 


15,  1955. 


.  Phys.  Rev.,  v.  97:  1654-1660,  Mar, 


The  earlier  measurements  on  the  self-broadening  of 
OCS  rotational  transitions  by  Johnson  and  Stager  have 
been  extended.  Measurements  have  been  made  on 
seven  rotational  transitions  In  the  ground  vibrational 
state  from  J  =  3— >4  to  J  =  15-J>16  at  room  temperature, 
as  well  as  several  at  dry-ice  temperature.  The  data 
have  been  Interpreted  by  assuming  a  constant  contrlbu 
tlon  to  line  width  from  dlpole-dlpole  Intel  actions  and  an 
additional  contribution  from  rotational  resonance  Inter 
actions.  According  to  this  Interpretation  the  observed 
line  widths,  A  follow  the  law 

Av-  6.0  4  0.0288(J  t  1)  (2J  +  i;e'hDJ(J  +  '0/KT  mc/sec 
at  1-min  Hg  pressure.  The  collision  diameters  for 
OCS  are  found  to  be  approximately  linear  functions  of 
the  rotation  state.  The  microwave  collision  diameters 
are  greater  than  those  determined  by  the  kinetic  theory. 
(Contractor's  abstract) 


DUK.  03:044 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

MILLIMETER  WAVE  SPECTRUM  OF  METHYL  MER¬ 
CURY  CHLORIDE,  by  J.  T.  Cox  T.  Gaumann,  and 
W.  J.  O.  Thomas.  [  1955  ]  [  13  ]p.  Incl.  dlagrs,  ta¬ 
bles,  refs.  [  AFOSIi-TN-55-123  ]  (Bound  with  its 
Quarterly  progress  rept.  no.  9,  Feb.  1,  1955-May  1, 
1955;  AD  63581)  [  AF  18(600)497  ]  AD  63581(b) 

Unclassified 

Also  published  In  Faraday  Soc.  DlKciiRRtnnK  No  19- 
52-55,  1955. 

The  J  -  16— >17  rotational  transition  has  been  studied 
for  CH3HgCl35  for  the  most  abundant  Hg  Isotopes. 
These  measurements  have  led  to  new  values  for  the 
spectral  constants  Bt)  and  Djjj  and  10  values  for  Djj, 
the  distortion  constant  associated  with  eial-over-end 
rotation.  (Contractor’s  abstract) 


DUK.  03:045 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

ELECTRONEGATIVITIES  OF  THE  ELEMENTS,  by  W. 
Gordy  and  W.  J.  O.  Thomas.  [  1955  ]  [  21  ]p.  Incl. 
dlagrs.  tables,  refs.  [  AFOSR-TN-55-230  ]  (Bound 
with  Its  Quarterly  progress  rept.  no.  10,  May  1,  1955- 
Aug.  1,  1955;  AD  70063)  [  AF  18(600)497  ] 

AD  70063(a)  Unclassified 


Feb.  1956. 


1  Jour.  Chem.  Phys. ,  v.  24:439-444, 


Electronegativity  (1.  e.,  the  power  of  an  atom  In  a  mole 
cule  to  attract  electrons  to  Itself)  values,  derived  from 
various  methods  are  compared,  and  a  complete  elec¬ 
tronegativity  scale  Is  presented  In  tabular  form  for  all 
of  the  98  elements.  A  chart  Is  presented  which  shows 
the  systematic  relationship  of  electronegatlvtty  to  the 
periodic  system  of  the  elements.  It  ts  pointed  out  that 
a  simple  linear  relationship  exists  between  electroneg¬ 
ativity  and  the  work  functions  of  metals. 


DUK.  03:043 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

INTRODUCTORY  PAPER:  QUADRI  POLE  COUPLINGS, 
DIPOLE  MOMENTS,  AND  THE  CHEMICAL  BOND,  by 
W.  Gorily,  i  1955  ]  [  45)  p.  tncl.  dlagrs.  tables,  refs, 
i  AKOSlt  I  N  55  85  1  (bdUttd.wHh  Ur>  Quarierly  prog¬ 
ress  rept.  no.  9,  Feb.  1,  1955-May  1,  1955;  AD  635811 
[  AT  18(600)497  '  AD  035;)t(a)  Unclassified 

Also  published  irj  Farad:1)  Soc.  Discussions,  No.  19: 
tt  29,  1 95a. 

Quadrup-.le  t  nupllngs  and  dipole  moments  are  consid¬ 
ered  in  their  relationship  to  the  ctiemic.il  bond. 


DIK.  03:046 

Duke  U.  !  Mtcrowave  Lab.  ]  Durham,  N.  C. 

PARAMAGNETIC  RESONANCE  OF  X  IRRADIATED 
TEFLON  -  EFFECTS  OF  ABSORBED  OXYGEN,  by  W. 
II.  Ard,  H.  Shietds,  aixl  W.  Gordy.  [  19551!  5  ] p. 
loci,  iltagr.  [  AKOSlt  TN  55  23 1  |  (Bound  wRhJ.ls 
Quarterly  progress  rept.  no.  10,  May  1,  1955  Aug.  I, 
1955:  AD  70063)  i  AF  18.600)497  |  AD  70003(b) 

CncI-KStfled 

Also  published  tn  Jour.  Chem.  Phys. ,  v.  23:  1727- 
1726,  Sept.  1955. 

Flxamtuatton  of  the  f.-knic  resonance  of  Teflon  samples 
Immediate;)  « -irradiation  !••••;::  temperature 

shown!  a  structure  consisting  o!  8  ; ymmetrlcal 
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components  with  an  additional  resonance  superimposed 
near  the  center  of  the  group  which  did  not  fit  Into  the 
symmetrical  pattern.  The  resonances  of  samples  that 
were  then  aged  for  several  days  In  nitrogen  or  In  a  vac¬ 
uum  were  found  to  represent  the  same  structure  as  Im¬ 
mediately  after  Irradiation;  however,  samples  that  were 
aged  In  air  or  oxygen  for  the  same  time  had  only  the 
strong  central  absorption  remaining,  the  superimposed 
resonance  appearing  to  have  "swallowed  up”  its  neigh¬ 
bors.  These  results  strongly  Indicated  that  the  central 
resonance  was  the  result  of  the  absorbed  oxygen.  A 
relatively  wide  resonance,  with  some  evidence  of  unre¬ 
solved  structure,  was  observed  with  Teflon  at  90°K. 


DUK.  03:047 

Duke  U.  [  Microwave  Lab.  ]Durham,  N.  C. 

THREE -MILLIMETER  WAVE  RADIATION  FROM  THE 
SUN,  by  W.  Gordy,  S.  J.  Ditto  and  others.  [  1955  ] 

[  4  ]p.  incl.  diagrs.  [  AFOSR-TN-55-232  ]  (Bound  with  Its 
Quarterly  progress  rept.  no.  10,  May  1,  1955-Aug.  1, 
1955;  AD  70063)  [  AF  18(600)497  ]  AD  70063(c) 

Unclassified 

Also  published  In  Phvs.  Rev.,  v.  99:  1905,  Sept.  15, 
1955. 

A  radiometer  has  been  developed  and  utilized  to  detect 
solar  radiation  of  3.  20-mm  wavelength.  The  radiometer 
employs  a  superheterodyne  receiver  with  the  local  os¬ 
cillator  being  supplied  by  the  K-to-G  crystal  harmonic 
generator  developed  by  King  and  Gordy  (Phys.  Rev. , 
v.  90:  319,  1953  and  v.  93:  407,  1954).  The  IF  band¬ 
pass  Is  only  3  me,  and  therefore,  the  radiometer  Is 
highly  selective.  (Contractor's  abstract,  modified) 


DUK.  03:048 

Duke  U.  [  Microwave  Lab.  !  Durham,  N.  C. 

MICROWAVE  SPECTROSCOPY  OF  BIOLOGICAL  SUB¬ 
STANCES.  1.  PARAMAGNETIC  RESONANCE  IN  X 
IRRADIATED  AMINO  ACIDS  AND  PROTEINS,  by  W. 
Gordy,  W.  B.  Ard,  and  H.  Shields.  [  1955  ]  [  30  ]p. 
Incl.  diagrs.  (  Technical  rept.  no.  2  ]  [  AFOSH-TN- 
55-323  ]  (Bound  with  Its  Quarterly  progress  rept.  no. 
11.  Aug.  1,  1955-Nov.  1,  1955;  AD  79522)  (Sponsored 
jointly  by  Air  Force  Ofllce  of  Scientific  Research  under 
[  AF  18(600)497  J  and  Olllce  of  Ordnance  Research) 

AI)  79522(b)  Unclassified 

Also  published  in  1‘roc.  Nat'l.  Acad.  Sciences,  v.  41: 
983-996,  Nov.  15,  1955. 

A  wide-scale  Investigation  Is  being  made  ol  lhe  radia- 
tlun  damage  to  biologically  significant  substances 
through  direct  observation  with  microwaves  ot  the  tree 
radicals  which  are  produced  by  the  x- Irradiation,  l’re 
Uimnary  results  are  given  lor  several  amino  acids, 
nucleic  acids,  and  proteins.  In  all  the  biological  sub 
stances  examined  at  9  anti  23  kmc.  a  g  factor  was  ob¬ 
tained  which  Is  very  close  to  that  tor  the  free  electron 


spin  This  Indicated  almost  complete  quenching  of  ihe 
e.bltal  momentum.  A  complex  structure  was  observed 
In  almost  all  samples.  All  the  nuclear  Interactions 
which  were  observed  In  the  amine  acids  were  Identified 
as  arising  from  Interactions  with  H  nuclei.  Resonance 
In  these  proteins  appeared  to  arise  predominantly  from 
their  cystine  constituent.  Results  suggest  that  Ioniza¬ 
tion  will  leave  a  plus  charge  on  N  or  even  on  O  before 
It  will  sever  a  C-H  or  C-C  bond  unless  highly  symmet¬ 
rical  radicals  can  be  formed  which  permit  stabilization 
through  resonance,  or  the  spreading  of  the  wave  func¬ 
tion  of  the  odd  electron.  The  electron- resonance  mech¬ 
anisms  may  partially  account  for  the  protection  to  living 
matter  provided  by  fibrous  proteins  such  as  hair  and 
hide.  The  mechanisms  do  not  allow  proteins  to  hold 
together  or  heal  wounds  which  are  Inflicted  by  stronger 
radiations  which  break  up  entire  atoms.  Preliminary 
nucleic  acid  studies  also  Indicate  strong  effects  of  O. 
(ASTIA  abstract) 


DUK.  03:049 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

MICROWAVE  SPECTROSCOPY  OF  BIOLOGICAL  SUB¬ 
STANCES.  n.  PARAMAGNETIC  RESONANCE  IN  X- 
1RRAD1ATED  CARBOXYLIC  AND  HYDROXY  ACIDS,  by 
W.  Gordy,  W.  B.  Ard,  and  H.  Shields.  [  1955  ]  [  20  ]p. 
Incl.  diagrs.  (  Technical  rept.  no.  3  ]  [  AFOSR-TN- 
55-324  )  fBound  with  Its  Quarterly  progress  rept. 
no.  11,  Aug.  1,  1955-Nov.  1,  1955;  AD  79522) 
(Sponsored  jointly  by  Air  Force  Office  of  Scientific  Re¬ 
search  under  [  AF  18(600)497  ]  and  Office  of  Ordnance 
Research)  AD  79522(c)  Unclassified 

Also  published  In  Proc.  Nat’l.  Acad.  Sciences,  v.  41: 
996-1004,  Nov.  15,  1955. 

Microwave  methods  whlrh  were  described  previously 
were  applied  to  falty  acids  which  contain  a  carboxylic 
head,  COOH,  and  a  hydrocarbon  tall  (R).  A  comparison 
of  Irradiated  samples  of  AcOH  and  Me2CO  Indicated 
that  MC2CO  has  the  same  sharp  lines  and  30-gauss 
spread  at  77  “K  thal  AcOH  has  when  warmed.  The 
(CH2CO)*  radical  In  Me2CO  apparently  tumbles  about 
sufficiently  at  77 “K  to  average  oul  the  direct  dlpole- 
dlpole  Interaction  which  was  postulated  to  explain  lhe 
increase  In  the  spaclngs  and  line  widths  ol  the  triplet 
ol  AcOH.  llCOOH.when  Irradiated  and  Immediately  ob¬ 
served  at  77  "K,  showed  a  doublel  ol  about  a  12  gauss 
separation.  A  quartet  wllh  a  total  spread  of  80  gauss 
was  observed  lor  palmlllc  and  propionic  acids. 

(COOH)2  after  Irradiation  for  several  hr  gave  only  a 
barely  detectable,  apparently  single  resonance.  Gly 
colic  acid  gave  a  pair  ol  doublets  which  are  not  of 
equal  intensity,  and  which  may  arise  lrom  2  different 
radicals.  Otrlc  add  resonance  has  a  strong  doublet 
with  a  separation  of  about  12  gauss.  Pyruvic  acid 
gave  a  doublel  with  the  weak  shoulders  characteristic 
ot  direct  dipole  dipole  Interaction  of  the  electron  with 
1  proton  In  a  polyc rysulllne  material.  Lactic  acid 
gave  a  quintet  structure  ol  an  83  t  7-gauss  sp  "ead  al 
most  like  that  nl  alunlr.e.  X-lrradlated  laurlc  and 
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stearic  acids  Indicated  the  presence  of  more  than  1 
radical  with  proton  coupling.  The  over-all  results  In¬ 
dicate  that  caging  Is  an  Important  factor  In  determining 
the  effects  of  radiation  on  molecules  In  solids.  (ASTIA 
abstract) 


DUK.  03:050 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

MICROWAVE  SPECTROSCOPY  OF  BIOLOGICAL  SUB¬ 
STANCES.  in.  PARAMAGNETIC  RESONANCE  IN 
PLANTS,  by  H.  Shields,  W.  ri.  Ard,  and  W.  Gordy. 
1955]  [  9  ] p.  lncl.  dlagrs.  |  Technical  rept.  no.  4] 
AFOSR-TN-55-325  ]  (Bound  with  Its  Quarterly  prog¬ 
ress  rept.  no.  11,  Aug.  1,  1955-Nov.  1,  1955; 

AD  79522)  (Sponsored  jointly  by  Air  Force  Office  of 
Scientific  Research  under  |  AF  18(600)497  ]  and  Office 
of  Ordnance  Research)  AD  79522(d)  Unclassified 

Results  are  presented  for  unlrradlated  and  e.nlyophlllzed 
plant  materials  such  as  pine  cones,  pine  needles,  maple 
bark,  oak  leaves,  a  dead  Ivy  stem,  dead  pine  needles, 
a  rib  of  cotton,  and  an  oak-leaf  stem.  Mn4  4  was  de¬ 
tected  In  these  substances  and  appears  to  be  essentially 
dissolved  In  the  plant  H2O  content.  A  sharp  single  line 
resonance  similar  to  that  observed  In  lyophlllzed  sub¬ 
stances  and  attributed  to  bound  or  semibound  O  and  a 
broad  resonance  tentatively  attributed  to  Cu*  *  Ions 
were  observed  In  many  plants.  In  cotton  leaves,  no 
Mn4  4  resonance  was  evident. 


DUK.  03:051 

Duke  U.  |  Microwave  Lab.  ]  Durham,  N.  C. 

THE  QUADltUPOLE  SPECTRUM  OF  BICI3,  by  H.  G. 
Robinson.  |  1955  ]  [  20  ]p.  lncl.  dlagrs.  tables  refs. 

[  Technical  rept.  no.  5  |  [  AFOSR-TN  55-326  ]  (Bound 
wllhlte  Quarterly  progress  rept.  no.  11,  Aug.  1,  1955- 
Nov.  1,  1955;  AD  79522)  ]  AF  18(600)497  ]  AD  79522(e) 

Unclassified 

Also  published  In  Phys.  Rev.,  v.  100:  1731-1734, 

Dec.  15,  1955. 

Pure  nuclear  quadrupole  resonance  absorptions  were 
observed  for  Di2(i9,  C l  -te ,  and  C|37  nuclei  In  polycrys 
tal line  UICI3  at  both  room  and  liquid  air  temperatures:. 
Line  assignments  and  Ihe  evaluation  of  the  electric- field 
gradient  asymmetry  parameter  •  allow  the  following 
coupling  constants  lo  be  calculated:  |eQq]  318.70 

me  sec  for  •  0.555:  |eQq|,  [35  30.  190  mc/sec, 

3H.310  me  sec.  Two  “forbidden"  .  ir’  3  transitions 
w<  re  observed.  A  brief  discussion  of  the  data  In  con¬ 
nection  with  chemical  bonding  in  the  solid  Is  given.  The 
Cl  resonances  indicated  2  nonequivalent  positions  in  the 
unit  cell.  The  line  widths  anil  intensities  indicate  ap¬ 
proximately  equal  numbers  1  1,  or  1  2,  of  Cl  nuclei  In 
each  of  the  positions  al  room  and  li  |uld  air  tempera¬ 
tures.  The  low  value  ol  the  Cl  coupling  Indicates  an 
ionic  character  ol  atnjut  051  for  the  HUT  Isolds. 


DUK.  03:052 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

THE  MAGNITUDE  OF  THE  SPLITTING  OF  THE  LOW¬ 
EST  LEVEL  IN  CHROMIUM  ALUM,  by  P.  H.  E. 
Meljer.  [  1955]  ]  4]p.  [  Technical  rept.  no.  6] 

]  AFOSR-TN-55-415  ]  (Bound  with  Its  Quarterly  prog¬ 
ress  rept.  no.  11,  Aug.  1,  1955-Nov.  1,  1955; 

AD  79522)  (  AF  18(600)497]  AD  79522(f) 

Unclassified 

Also  published  In  Phvs.  Rev.,  v.  100:  742,  Oct.  15, 
1955, 

The  energy  difference  between  the  2  doubly  degenerate 
states  of  the  lowest  level  In  Cr  alum  Is  expressed  as: 
h  =  c  A\2/(h  vc)2,  where  X  is  the  spin  orbit  coupling 
constant;  hvc  -  150,  the  distance  between  the  levels 
1'2  and  I'5  caused  by  the  cubical  field;  and  A  =  (1^2)a, 
the  strength  of  the  cylindrical  field  which  Is  expressed 
In  the  splitting  of  Pj  because  of  this  field.  The  numerl 
cal  constant  c  Is  152/9,  which  Is  about  twice  that  found 
by  Van  Vleck  (Jour.  Chem.  Phys. ,  v.  7:71,  1939). 

The  parameters  5  and  Qare  the  radial  averages  of  the 
coefficients  a  and  Q  In  the  Hamiltonian  of  the  electrical 
field:  Hel  = 

Q(r)  ^ ( 1 0) */2(Y 4  —  Y^3)  ♦  (Y),/2Y°Jr  aYj0.  The 
relations  between  splitting  and  field  strength  are: 
t  -  (15/2)a  and  h»c=  15Q.  The  value  of  Q  Is  practi¬ 
cally  unchanged,  but  a  becomes  552  b  cm'1.  These 
results  disagree  with  those  of  Broer  (Physlca,  v.  9: 
547,  1942)  (contractor's  abstract) 


DUK.  03:053 

Duke  U.  |  Microwave  Lab.  ]  Durham,  N.  C. 

SUPERCONDUCTIVITY  AT  MILLIMETER  WAVE 
FREQUENCIES,  by  G.  S.  Blevins,  W.  Gordy,  and 
W.  M.  F'alrbank.  [  1955  1|  10  ]p.  lncl.  dlagrs. 

]  Technical  rept.  no.  1  ]  1  AFOSlt-TN  55  417  ] 

(Bound  wRhils  Quarterly  progress  rept.  no.  11, 

Aug.  1,  1955-Nov.  1,  1955;  AD  79522)  (Sponsored 
jointly  by  Air  Force  Office  of  Scientific  Research 
under  [  AF  18(600)497  [and  Office  of  Ordnance  Re¬ 
search)  AD  79522(a)  Unclassified 

Also  published  In  l'hys.  Rev.,  v.  100:  121 5  1 216, 

Nov.  15,  1955. 

The  energy  gap  between  the  superconducting  and 
normal  slates  was  measured  for  Sn  at  wavelengths  of 
2,  2.  5,  3,  and  4  mm  (77  kmc  to  150  me)  by  a  refined 
millimeter  wave  technique  which  was  developed  by 
King  and  Gordy  (Phys.  Rev.,  v.  90:319,  1953  ami 
v.  93:  407,  1954).  Preliminary  results  Indicated  that 
th  cflectlve  energy  gap  Increases  as  the  temperature 
Is  decreased  below  the  critical  temperature  (Tc).  A 
value  1  I  (7  kmc  or  3.9  mm  was  obtained  fur  th  maxi¬ 
mum  gap  at  3.72  K,  at  wiileiiue  superconductivity  be¬ 
comes  complete.  At  lower  teui|»- ratines,  the  effective 
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gap  is  greater  than  at  3.  72°  K.  A  comparison  of  the 
value  R/Rfj,  where  R  Is  the  absolute  value  of  the  sur¬ 
face  resistance  and  Is  the  value  of  the  resistance 
in  the  normal  state,  wlih  values  al  longer  wavelengths 
(Advances  In  Eleclronlcs  and  Electron  Physics,  v.  6: 
1-13,  Academic  Press,  N.  Y. ,  1954)  suggesls  thal  R 
may  not  become  zero  al  absolute  zero  for  lhe  frequen¬ 
cies  from  77  kmc  to  150  me.  (ASTIA  abstracl) 


DUK.  03:054 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

PARAMAGNETIC  RESONANCE  OF  X-RAYED  TEFLON, 
by  E.  E.  Schneider.  May  1955  [  2  ]p.  incl.  diagr. 

(AF  18(600)497)  Unclassified 

Published  In  Jour.  Chem.  Phys. ,  v.  23:  978-979, 

May  1955. 

Paramagnetic  resonance  absorption  at  23,  700  me  was 
observed  in  specimens  of  commercial  Teflon  (polytetra- 
fluoreihylene)  Irradiated  with  x-rays  from  a  beryllium 
window  50-kv  Machlett  tube  (AEG  50).  Both  the  Irradi¬ 
ation  and  the  resonance  observations  were  carried  out 
at  room  temperature.  A  sensitive  bridge  type  K-band 
resonance  spectrometer  was  used  lo  detect  the  weak 
resonances.  Results  are  given  and  a  typical  spectrum 
is  shown  in  a  graph. 

DUK.  03:055 

Duke  U.  [  Microwave  Lab.  )  Durham,  N.  C. 

THEORY  OF  THE  HYPERF1NE  STRUCTURE  OF  THE 
NO  MOLECULE.  11.  ERRATA  AND  SOME  ADDITIONAL 
DISCUSSION,  by  C.  C.  Lin  and  M.  Mizushima.  [  1955  ) 

|  5  Ip.  incl.  tables,  refs.  I  AF  18(000)497  ] 

Unclassified 

Published  In  Phys.  Rev.,  v.  100:1726-1730,  Dec.  15, 
1955. 

A  theoretical  formula  for  the  magnellc  hfs  of  diatomic 
molecules  previously  given  by  one  of  us  (M.  M. )  is  re¬ 
vised  by  Including  the  Fermt  term  and  correcting  an 
error  tn  the  choice  of  phase.  The  new  formula  gives 
eQq  -1.7  mc/sec  and  eQq’  22  mc/sec  for  the  211  state 
of  the  NO  molecule.  It  was  found  that  these  constants 
together  with  the  values  o  23.14  mc/sec,  b  14.056 
mc/sec,  for  the  parameters  of  the  magnetic  hfs,  defined 
tn  the  first  paper  give  theoretical  frequencies  which  ex¬ 
plain  not  only  1/2  — >3/2  spectra  but  also  the  3/2— F  5/2 
transitions  of  the  2iij  ^  state.  A  discussion  on  the  theo¬ 
ry  of  the  magnetic  resonance  spectrum  of  the  2lL(/2 
state  ts  also  given.  (Contractor’s  abstract) 

DUK.  03:056 

Duke  l  .  [  Microwave  t  ab.  |  Durham,  N.  C. 

MILLIMETER  AND  SUBM1L1.1METEH  WAVE  SPEC 
TROSCOPY,  by  C.  A  llurrus  amt  W.  G  irdy.  [  1956  | 

|  22  ]p.  Incl.  dtagrs.  tables.  |  AFOSlt  TN  56-74  ] 


(Bound  with  ils  Quarterly  progress  repl.  no.  12, 

Nov.  1,  i95j-Feb.  1,  1956;  AD  91509)  [  AF  18(600)- 
497]  AD  91509(a)  Unclassified 

Also  published  In  Phys.  Rev.,  v.  101:599-602, 

Jan.  15,  1956. 

Rotallona!  lines  of  several  linear  molecules  have  been 
measured  with  high  precision  in  the  region  of  0.  8  to 
2.  0-mm  wavelenglh.  The  energy  source  for  this  re 
glon  Is  a  Si  crystal  multiplier  driven  by  a  cm  wave 
klyslron.  A  Si  crystal  was  also  used  as  the  deteclor. 
An  evacuated  bolometer  detector  was  developed  for 
the  3- mm  wave  region  and  was  used  to  delect  rotation¬ 
al  lines  down  to  2.0  mm.  Although  11s  sensitivity  Is 
lower  than  that  of  the  cry  tal  deleclor,  the  bolometer 
will  be  useful  for  absolute  power  measuremenls  In  lhe 
shorter  mm  region.  (Contractor's  abstract) 


DUK.  03:057 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

BOLOMETER  DETECTION  OF  NUCLEAR  QUADRU- 
POLE  RESONANCE,  by  H.  G.  Robinson.  [  1956  | 

[  6  ] p.  Incl.  diagrs.  [  AFOSR-TN-56-75  ]  (Bound  with 
iiS  Quarterly  progress  repl.  no.  1 2,  Nov.  1,  1955- 
Feb.  1,  1956;  AD  91509)  ]  AF  18(600)497  ] 

AD  91509(c)  Unclassified 

Also  published  in  Rev.  Sclenl.  lnsirumenls,  v.  27: 
163-164,  Mar.  1956. 

The  possibility  of  using  bolometer  detection  for  quadru- 
pole  resonance  Is  lr.vesllgated.  Preliminary  results 
tn  the  30  cm  region  Indicate  that  such  a  detection  nit  .- 
od  can  be  made  to  operate  easily  and  at  a  sensitivity 
comparable  to  conventional  regenerative  detectors. 
Scalint  i  oiher  frequencies  should  be  possible  wlihout 
the  difficulties  encountered  In  regenerative  and  super- 
regenerative  detectors.  (Contractor’s  abstract) 


DUK.  03:058 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

ZEEMAN  EFFECT  OF  SOME  LINEAR  AND  SYMMET¬ 
RIC-TOP  MOLECULES,  by  J.  T.  Cox  and  W.  Gordy. 

|  1956  ||  13  |p.  incl.  dtagrs.  tahles.  |  AFOSR-TN-56- 
76  ]  (Bound  with  Its  Quarterly  progress  rept.  no.  12, 
Nov.  1,  1955-  Feb.  1,  1956;  AD  91509)  [  AF  18(600) 

497  |  Al)  91509(h)  Unclassified 

Also  published  In  l'hys.  llev.,  v.  101:  1298-1300, 

Feh.  15.  1956. 

The  Zeeman  eftect  tn  the  microwave  rotational  spectra 
of  some  linear  molecules  and  symmetric  -  top  molecules 
has  been  Investigated.  The  rotational  g  factors  ob¬ 
tained  arc  tn  nuclear  maghetons:  |g|  0.  0295  i  0.  005 

lor  OCS;  |g|  0.  268  i  0.  005  lor  CO.  In  the  symmetric 

top  molecules,  the  components  ol  the  rotational  g  (actor 
along  the  symmetry  axis,  g^.,  and  perpendicular  to 
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this  axis,  g^,  were  measured  as  follows:  |gjJ  - 
0.  0624  t  0.  005  and  (gx  -  gK)  =  0.  549  for  CH3F; 

|gjJ  =  0.  03  for  CF3H;  gjSs  0  and  gK  =  0.  290  *  0.  006 
ior  CH3CCH;  g^  0  and  gK  =  0.  31  ±  0.  01  for 
CH3CCD;  |gj  =  0.  065  *  0.  01  for  PF3;  |  gj  =  0.  03  for 
POF3.  The  rotational  g  factor  for  OCS  was  measured 
with  several  different  transitions  up  to  J  =  13  — >14, 
and  was  found  to  be  a  constant,  Independent  of  J  within 
the  accuracy  of  the  measurements.  (Contractor’s  ab¬ 
stract) 

DUK.  03:059 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

SPECTRA  OF  SOME  SYMMETRIC-TOP  MOLECULES 
IN  THE  ONE  TO  FOUR-MILLIMETER  WAVE  REGIUN, 
by  C.  A.  Durrus  and  W.  Gordy.  [  1956]  [l9]p.  lnci. 
dlagrs.  tables.  (AFOSR-TN-56-202)  (Bound  with  Its 
Quarterly  progress  rept.  no.  14,  May  1,  1956-Aug.  1, 
1956;  AD  87515)  [  AF  18(600)497  ]  AD  87515(a) 

Unclassified 


Feb.  1957. 


I  Jour.  Chem.  Phys. ,  v.  26:  391-394, 


Rotational  transitions  of  several  symmetric -top  mole¬ 
cules  have  been  measured  In  the  1  to  4 -mm  wave  region. 
The  molecular  rotational  constants  for  the  most  abundant 
Isotopic  species  are:  Bo  =  8,  545.  877  mc/sec,  Dj  = 

2.  960  kc/ sec,  DJK  =  162.9  kc/sec,  for  CH3CCH;  BQ  = 
10,  348.  862  mc/sec,  Dj  -  11.3  kc/sec,  DJK  =  -18.06 
kc/sec,  for  CF3H;  Bq  4,  594.  262  mc/sec,  Dj;  1.020 
kc/sec,  Djk  1.  284  kc/sec,  lor  OPF3;  B0  =  7,  208.  049 
mc/sec,  Dj  -  7.  55g  kc/sec,  Djk  - 12.  45  kc/sec,  lor 
SI28  F3H:  Bo  -  2,  945.  523  mc/sec,  Dj  0.  30G5  kc/sec, 
D.JK  5.  814  kc/sec,  for  CF3CN.  These  constants  were 
found  to  predict  all  observed  lines  within  the  accuracy  of 
measurement  t  0.2  mc/sec.  Higher  order  stretching 
terms  were  too  small  to  measure.  (Contractoi 's  ab¬ 
stract) 


1)LK.  03:060 

Duke  U.  Microwave  l.ab.  ,  Durham,  N.  C. 

MILLIMETER  WAVE  SPECTRUM,  MOLECULAR 
STRUCTURE,  AND  Dll’Ol  E  MOMENT  OF  HYDROGEN 
SE1.EN1DK,  by  A.  W.  Jache,  1’.  W.  Moser,  and  W. 
Gordy.  1950  .  1 1  .  p.  lnci.  diagr.  tables.  (AFOSll- 
TN  56  203)  (D-'Ulsl  With  Its  Quarterly  progress  rept. 
no.  13,  let.  1,  1956  Mayl,  1956;  AD  87516)  A K  18 
(600)497  AD  87516(b)  t  nclassilled 

A Uu  published  in  Jour.  Chem.  1’hys..  v.  25  209  210, 
Aug.  1956. 

Several  rotational  tiansllions  of  various  Me  isotropic 
species  id  il'vSe  and  DoSe  were  measured  In  the  shorter 
millimeter  wave  region.  Values  of  1,460  >  0,  013  A  for 


bond  length  and  91.  0*  ±  0.  6°  for  the  bond  angle  were 
obtained.  Stark-effect  measurements  on  2  of  the 
transitions  yielded  0.  24  *  0.  02  Debye  for  the  molecu¬ 
lar  dipole  moment.  (Contractor’s  abstract) 


DUK.  03:061 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

EFFECTS  OF  X-IR RADIATION  UPON  SOME  ORGANIC 
SUBSTANCES  IN  THE  SOLID  STATE:  SIMPLE  ALCO¬ 
HOLS,  AMINES,  AMIDES,  AND  MERCAPTANS,  by 
C.  F.  Luck  and  W.  Gordy.  [  1 956  ]  [  1 2]  p.  lnci. 
dlagrs.  (AF OSR -TN - 56-204 )  (Also  bound  with  Its 
Quarterly  progress  rept.  no.  13,  Feb.  1,  1956-May  1, 
1956;  AD  87516)  [  AF  18(600)497  ]  AD  87517 

Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  78: 
3240-3243,  July  20,  1956. 

Microwave  magnetic  resonance  has  been  employed  to 
study  the  effects  of  Ionizing  x-rays  on  some  simple 
alcohols,  amines.  inputs,  and  mercaptans  In  the 
solid  state.  The  pro!  ”  hyperfine  structure  of  the 
electron  spin  resonance  allows  fairly  definite  Identifi¬ 
cation  of  the  radicals  produced  In  certain  of  these.  For 
example,  MeOH,  acetamide,  and  sodium  methoxide 
appear  to  fc  rm  the  radical  (CH2)4  ,  which  could  be  at¬ 
tached  to  seme  other  molecule  or  group  provided  that 
the  group  has  no  nuclei  which  could  Interact  with  the 
electron  spin.  EtOH  and  propionamlde  appear  to  form 
the  radical  ^H^)4  .  Such  radicals  are  not  formed  by 
the  sulfur  compounds,  and  it  Is  believed  that  the  odd 
electron  (electron  vacancy)  In  these  compounds  re¬ 
mains  on  the  S  atom  or  atoms.  (Contractor’s  abst .  act) 


DUK.  03:062 

Duke  U.  [  Microwave  Lab.  Durham,  N.  C- 

M1LL1  METER  WAVE  SPECTRUM  OF  FORMALDE¬ 
HYDE,  by  G.  Erlandsson.  [  1956  4  ]p.  lnci.  table. 

AFOSR- TN  - 56-369  (Buupsl  with  Its  Quarterly  prog¬ 
ress  rept.  no.  14,  May  1,  1956-Aug.  1,  1956; 

AD  87515)  (AF  18(600)497)  AD  87515(c) 

Unclassified 

Also  published  In  Jour.  Chem.  l’hys. ,  v.  25:  579  580, 
Sept.  1956. 

The  rotational  constants  ol  H2C*20  were  studied  by 
measuring  the  transitions  J  1 — *2  and  2 — >3  at 

about  2  aid  1.3  nun  wavelength,  respec lively.  The 
center  frequencies  of  the  K  j  pairs  were  lltted  with  a 
symmetric  top  approximation  for  the  centrifugal  dis¬ 
tortion.  The  following  values  were  obtained  by  the 
mrthid  ol  least  sjuan^i  11  •  C  72.838.44  me, 

(11  -CL  t  0.5’  2)  94. 90  me,  l)j  0.0820  me,  aid 

l)jK  1.311  me.  The  assumption  that  the  0 — >1 
transition  Is  only  very  slightly  inlluenced  l>y 
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cenlrlfugal  distortion  as  reporled  by  Lawrence  and 
Slrandberg  (Phys.  Rev. ,  v.  83:363,  1951)  was  confirmed. 


D'JK.  03:063 

Duke  U.  Microwave  Lab. ,  Durham,  N.  C. 

FURTHER  EXTENSION  OF  MICROWAVE  SPECTROS¬ 
COPY  IN  THE  SUBMI1  LIMETER  WAVE  REGION,  by 
M.  Cowan  and  W.  Gordy.  [  Sepl.  1956]  [  9  ]  p.  lncl. 
dlagrs.  tables.  (AFOSR-TN- 56-442)  (Bound  with  Its 
Quarterly  progress  repl.  no.  15,  Aug.  1,  1956-Nov.  1, 
1956;  AD  96785)  (AF  18(600)497)  AD  96785(a) 

Unclassified 

Also  published  In  Phys.  Rev.,  v.  104:  551-552,  Oct.  15, 
1956. 

In  this  study,  microwave  eleclronlc  measuremenls  have 
been  extended  lo  0.  58  min  or  510,  457  me.  Spectral 
lines  have  been  observed  on  lhe  cathode  ray  scope  lo 
0.  68-mm  wavelengths.  A  rotational  transition  of  HI 
has  been  measured  al  X  =  0.  778  mm,  and  from  11  the 
lnleralomlc  distances  and  nuclear  coupling  conslanl  of 
lhe  molecule  are  obtained. 


DUK.  03:064 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

MILLIMETER  WAVE  SPECTRUM  OF  FORMIC  ACID, 
by  G.  Erlandsson.  !  1956  ]  [6]p.  lncl.  tables. 

(  AFOSlt-TN-56-495  ]  (Bound  with  Its  Quarterly  prog¬ 
ress  repl.  no.  14,  May  1,  1956-Aug.  1,  1956; 

AD  87515)  (AF  18(600)497)  AD  87515(b) 

Unclassified 

Also  published  In  Jour.  Chem.  Phys.,  v.  25:379, 

Aug.  1956. 

All  type  a  R-branch  transitions  of  HCOOH  up  to  J  5 
were  measured.  The  results  on  the  1  — »2  transitions 
agree  within  lhe  limits  of  error  wllh  those  reported  by 
Lerner,  Friend,  and  Dailey  (Jour.  Chem.  Phys., 
v.  23:  210,  1955)  An  attempt  was  made  to  fll  lhe  cen¬ 
trifugal  distortion  of  the  lines  wllh  a  symmetric -top 
formula:  v  v()  —  4Dj(J  +  1)®  —  2Dj^(J  ♦  1)K^, 
where  v0  Is  the  rigid  rotor  frequency.  The  center 
frequencies  of  the  pairs  were  determined  completely 
by  4  constants.  The  values  of  tiiese  constants  aie: 

(11  ♦  C)  22,471.26  me,  (B  -  C)  (f  -  0.  5’  2)  40.327 

me,  Dj  0.0116  me,  and  Djjj  0.089  me.  The  ac¬ 
curacy  of  the  reduced  frequencies  was  apparently  about 
t  0.  1  me.  (Extracted  from  rept.  ) 


DLK.  03:065 

Duke  U.  Microwave  Lab.  Durham,  N.  C. 

MILLIMETER- WAVE  LINES  OF  HEAVY  WATER,  by 
G  Erlandsson  and  J.  T  Cox  .1956]  ]4  p.  lncl.  table. 
(AFOSlt  TN-56-519)  (Also  bound  with  Its  Quarterly 


progress  repl.  no.  15,  Aug.  1-Nov.  1,  1956; 

AD  96785)  (AF  18(600)497)  AD  96785(a);  AD  110334 

Unclassified 

Also  published  In  Jour.  Chem.  Phys.,  v.  25:778-779, 
Ocl.  1956. 

From  lhe  rotational  and  cenlrlfugal  distortion  conslanls 
of  HDO  given  by  Posener,  the  lj  j  — >  1  j  q  line  of 
HDO  was  observed  al  the  frequency  80,  518. 15  me,  and 
the  2j  2  j  line  was  observed  at  241, 561.  3  me. 

In  addition  a  number  of  other  lines  of  HDO  and  D2O 
were  observed  In  lhe  mllllmeler  region.  The  observed 
lines  and  lhelr  frequencies  are  tabulated. 


DUK.  03:066 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

ELECTRON-SPIN  RESONANCE  IN  X-IltRADlATED 
HORMONES  AND  VITAMINS  (Abstract),  by  H.  N. 
Rexroad  and  W.  Gordy.  I  1956]  [1  ]p.  [  AF  18- 
(600)497  ]  Unclassified 

Presented  al  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C.  Apr.  26-28,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  II,  v.  1: 
200,  Apr.  26,  1956. 

Eleclron-spln  resonance  of  lhe  resulting  unpaired 
eledrons  Is  being  used  to  evaluate  lhe  effects  of  Ioniz¬ 
ing  radiations  on  various  hormones  and  vllamlns.  The 
resonance  obtained  of  progesterone  Is  a  lrlplel  similar 
to  that  of  glycine,  and  Is  believed  to  arise  from  tire 
(CH2>+  radical,  probably  bonded  lo  some  olher  group 
wllh  no  coupling  nuclei.  Parathyroid  gave  a  doublel 
resonance  of  15  gauss  separation  similar  lo  thal  of 
certain  prolelns.  llexeslrol  gave  no  delectable  reso¬ 
nance  after  prolonged  Irradiation.  Vllainln  A,  vitamin 
K-5,  and  blolln  gave  only  single  broad  resonances. 
Ascorbic  acid  gave  a  doublel  of  20  gauss  spacing  with  a 
weaker  resonance  superimposed.  The  g-factors  are 
all  very  close  lo  lhe  value  (or  the  free  electron  spin. 
Other  similar  subslances  are  under  Investigation. 
(Contractor’s  abstract) 

DUK.  03:067 

Duke  U.  i  Microwave  l.ab.  ,  Durham,  N.  C. 

ELECTRON-SPIN  RESONANCE  IN  X  IRRADIATED 
SUGARS  AND  CELLULOSE  EIDERS  (Abstract),  by 
H.  Shields,  W.  B.  Ard,  and  W.  Gordy.  1956]  [2  p. 
'  AF  18(600)497  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C.,  Apr.  26-28,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc,,  Series  11.  v.  1: 
200,  Apr.  26.  1956. 

Electron- spin  resonance  of  the  resulting  unpaired 
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electrons  has  been  used  for  study  of  the  effects  of 
Ionizing  radiations  on  various  sugars  and  cellulose 
fibers.  The  spin  resonance  pattern  most  often  ob¬ 
served  Is  a  doublet  of  the  order  of  10  to  20  gauss 
separation.  Some  sugars  Including  ribose,  gave  only 
a  single,  fairly  sharp  resonance.  X-lrradlated  lactose 
gave  a  quartet  hypurllM  _ti  actirc  wile!  n  ay  arts* 
from  the  CH3  radical.  Like  the  similar  ones  observed 
In  certain  other  hydrogen- bonded  material,  the  doublet 
resonances  are  hellev&l  to  arise  from  electrons  local¬ 
ized  on  oxygens  which  are  Involved  In  hydrogen  bridges 
and  which  Interact  mainly  through  dipole -dipole  coup¬ 
ling  with  the  bridging  proton.  Similar  doublets  were 
observed  for  various  x-lrradlated  woods  and  cell  walls 
of  plants.  Purified  cellulose,  also  cotlon  fiber,  gave 
a  more  complex  structure  which,  however,  may  be 
superposition  of  similar  doublets  separated  slightly  by 
crystalline  Leid  enects.  (Contractor  s  abstract; 


DUK.  03:068 

Duke  U.  t  Microwave  Lab.  ]  Durham,  N.  C. 

MICROWAVE  DETECTION  OF  METALLIC  IONS  AND 
ORGANIC  RADICALS  IN  PLANT  MATERIALS,  by  H. 
Shields,  W.  B.  Ard,  and  W.  Gordy.  [  1956  ]  [2]p. 
iirl  dU/rn  r^pul.MjrtX!  jolttl'y  by  Office  tl  O-dnanee 
Research  and  Office  of  Scientific  Research  under 
l  AF  18(600)497])  Unclassified 

Published  In  Nature,  v.  177:  984-985,  May  26,  1956. 

The  6-llne  <  lectron- magnetic  resonance  hyperflne 
structure  of  Mn  was  found  for  untreated  samples  of 
numerous  plant  substances.  The  structure  was  Identi¬ 
cal  with  that  found  for  Mn  In  aqueous  solution.  A  sharp 
resonance  with  a  g  factor  of  2.  00  was  attributed  to 
bound  or  semibound  oxygen  and  was  most  Intense  with 
dried  samples.  A  broad  resonance  with  a  g  factor  of 
2.  06  which  was  found  with  some  samples  was  attributed 
to  Cu  Ions,  possibly  Indicating  occasional  substitution 
of  Cu  for  Mn  In  the  chlorophyll. 

DUK.  03:069 

Duke  U.  Microwave  Lab.  Durham,  N.  C. 

EFFECTS  OF  TEMPERATURE  AND  ISOMERIC  STRUC 
TUltE  ON  THE  ELECTRON-SPIN  RESONANCE  OF  X 
IRRADIATED  AMINO  ACIDS  (Abstract),  by  W.  Gordy 
and  H.  Shields.  1956  !  ll  !p.  AF  18(600)497  I 

Unclassified 

Presented  at  meeting  of  the  Amer.  l’hys.  Soc. , 
Nashville,  Tenn. ,  Mar.  29-31,  1956. 

Published  In  Hull.  Amer  l'hys.  Soc.,  Series  II,  v.  t: 
267,  June  21,  1956. 

t  the  temperature  of  liquid  nitrogen  the  paramagnetic 
resonance  patterns  of  x  Irradiated  glyclre,  valine,  and 
leucine  become  more  complex  and  less  resolvable  than 
those  which  have  been  observed  at  room  temperature. 


These  changes  may  Indicate  the  quenching  of  certain 
types  cf  motions  which  at  room  temperature  tend  to 
reduce  anisotropic  Interactions,  or  they  may  Indicate 
structural  changes  In  the  radicals  themselves  or  In 
ihelr  Immediate  surroundings.  The  only  noticeable 
effect  of  cooling  to  77"K  on  the  alanine  quintet  Is  al- 
tiKict  to  equalize  the  iutensUiec  cl  the  live  Cuiiipv.rieiAc. 
The  reason  for  this  strange  effect  Is  not  evident. 
Samples  of  Irradiated  alanine  and  glycine  were  heated 
to  temperatures  twar  tlu.fr  mil  tin,1  point  without  in¬ 
struction  of  their  resonances.  Preliminary  evidence 
Indicates  that  It  Is  much  more  difficult  to  produce  res¬ 
onances  In  alanine  when  It  Is  Irradiated  at  liquid  air 
temperature  than  when  Irradiated  at  room  temperature. 
Other  amino  acids  and  proteins  are  being  Investigated 
fur  this  effect  which  suggests  that  temperature  may 
have  an  Important  effect  on  radiation  damage.  Notice¬ 
able  difference  In  the  effects  of  ionizing  radiations  has 
been  detected  for  different  isomeric  forms  of  leucine: 
DL- leucine  gives  a  sextet  hyperflne  structure;  DL- 
lsoleuclne,  a  symmetrical  seven-component  structure; 
L(  — )  —  leucine,  a  triplet  with  shoulders  like  the  pat¬ 
tern  for  Irradiated  glycine.  In  contrast,  the  patterns 
obtained  for  D-  and  L-alanlne  are  alike.  Other  Iso¬ 
meric  forms  are  under  investigation.  (Contractor's 
abstract; 


DUK.  03:070 

Duke  U.  [  Microwave  Lab.  ]  Durham,  N.  C. 

ELECTRON-SPIN  RESONANCE  OF  X -IRRADIATED 
NUCLEIC  ACIDS  (Abstract),  by  H.  Shields  and  W. 
Gordy.  [  1956  ]  l  1 J  p.  [  AF  1 8(600)497  ] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc,  , 
Nashville,  Tenn.  ,  Mar.  29-31,  1956. 

Published  In  Dull.  Amer.  Phys.  Soc.,  Series  II,  v.  I: 
June  21,  1956. 

Electron  spin  resonances  have  been  observed  of  the 
nucleic  acids  and  certain  of  their  constituents  after  x- 
irradl  tlon.  The  resonances  of  DNA  a. id  RNA  are 
similar  and  consisl  of  a  strong  component  of  g  factor 
2.  00  and  a  weak  satellite.  Some  of  their  constituents 
gave  more  complex  resonances.  The  resonance  of  thy¬ 
midine,  for  example,  has  a  proton  hyperflne  structure 
structure  of  7  components.  That  of  guanoslne  is  a 
triplet  with  Droad  components  suggesting  further  unre¬ 
solved  structure.  Guanyllc  acid  exhibits  a  triplet  Im¬ 
mediately  afler  Irradiation,  but  upon  exposure  to  air 
Ihe  trtplel  Is  slightly  converted  to  a  singlet.  Adenosine, 
also  muscle  adenylic  acids,  gave  a  strong  central  com¬ 
ponent  with  weak  side  lobes.  Cy'ddlne,  cytldyllc  acid, 
adenosine,  and  lnoslne  gave  only  single  resonances 
with  g  factors  of  2.00.  These  resonances  are  being 
Investigated  lurther  under  dlflerer'  physical  conditions 
In  lbe  hope  of  finding  out  something  of  the  mechanism  of 
radiation  damage  to  lhe  cell  nucleus.  (Contractor's 
abstracl) 
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EAS.  01:001 

Eastern  Research  Group,  Brooklyn,  N.  Y, 

REVERSE  THRUST,  VERTICAL  LIFT,  AND  JET 
SLIDE  FORCE  BY  MEANS  OF  CONTROLLED  JET- 
DEFLECTION,  by  L.  Meyerhof!  and  S.  Meyerhoff. 

Jan.  1956,  53p.  lncl.  dlagrs.  tables,  refs.  (AFOSR- 
TN-  56-168)  (AF  13(600)1530)  AD  86589 

Unc  lasslfled 

Forces  obtained  by  deflection  of  the  propulsive  jet  are 
Investigated  as  a  possible  means  for  augmenting  the 
control  of  jet  aircraft.  Emphasis  is  given  to  its  use  at 
low  speeds.  Jet  aviation  is  faced,  seemingly,  with  a 
low-speed  "barrier"  resulting  from  the  design  necessi¬ 
ties  to  fly  at  sonic  speeds.  Take-off  and  landing  speeds 
may  exceed  cruising  speeds  of  pre-war  commercial 
transports  If  the  trend  continues.  An  important  aviation 
development  is  reverse  thrust  produced  by  deflecting  the 
Jet  almost  IF'.0  forward  ii.  order  to  trike  the  lir.dtr  ; 
run.  Reverse  thrusts  up  to  90%  of  rated  positive  thrust 
have  been  measured  at  zero  airspeed.  For  jet-braking 
at  high  speeds,  the  analysis  predicts  several  hundred 
percent  reverse  thrust.  Various  consequences  of  these 
values  are  investigated.  Thrust  reversal  is  not  the  only 
application  of  jet  deflection.  This  paper  also  considers: 
(a)  side  forest  for  jet  steer" rg;  (b)  jet  a tad  "forced  " 
lifts  to  permit  flight,  below  the  normal  stalling  speed; 
and  (c)  thrust  modulation  by  jet  deflection.  (Con¬ 
tractor’s  abstract) 


EMO.  01:001 

[  Emory  U.  Dept,  of  Mathematics,  Atlanta,  Ga.  ] 

;  INVESTIGATION  OF  THE  oTRUCTUkE  OF  UE 
ALGEBRA!  by  H.  E.  Campbell.  |  Nov.  19531  2p. 

Final  Research  reot.  (AF  18(600)684) 

Unc  lasslfled 

The  following  facts  were  proved:  (1)  if  the  Killing  form 
of  a  Lie  algebra  L  is  non  degenerate,  then  the  Casimir 
operator  relative  to  this  form  is  the  identity  transforma 
bon;  (2)  if  L  is  a  Lie  algebra  with  radical  R  such  that 
LR  =  0  and  L/R  has  non-degenerate  Killing  form,  then 
there  is  an  algebra  S  such  that  L  =  S  i  R,  S  =  L/R; 

(3)  if  l  is  a  Lie  algebra  of  characteristic  p  /  0,  K  =  u, 
trace  (S^S^)  is  a  non-degenerate  bilinear  form,  p  does 

not  divide  the  dimension  of  any  simple  component  of 
L/  it,  then  then  is  an  algebra  d  such  thal  L  =  S  *  R, 

S  S  L/  R;  and  (4)  in  the  case  where  R’  -  0,  if  a  certain 
linear  mapping  r(x)  of  L/  R  ->  R  does  not  have  the 
property  that  r(x)  rjSr  for  a  fixed  r,  of  R  than  L 
does  noi  decompose. 


Enrico  Fermi  Inst,  for  Nuclear  Studies,  Chicago,  111. 
See  Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear 
Studies.  Ill 
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ESC.  01:001 

Escher  Wyss,  Ltd. ,  Zurich  (Switzerland). 

APPLICATION  OF  THE  CLOSED- CYCLE  PRINCIPLE 
TO  AIRCRAFT  PROPULSION  SYSTEMS.  VOLUME  I. 
CLOSED  CYCLE  AIRCRAFT  PROPULSION  SYSTEMS, 
by  R.  Tognonl  and  W.  Spillman.  Final  technical  rept. 
July  21,  1956  [  1 38 ] p.  lncl.  diagrs.  tables.  (Rept. 
no.  Sp-AK-56  027;  Z  no.  5-862-563)  (AFOSR-TR-56- 
45)  (AF  61(514)854)  AD  97087  Unclassified 

Various  configurations  of  a  closed-cycle  gas  turbine 
driving  ducted  fans  were  investigated.  Three  possible 
air  (or  gas)  heater  arrangements  were  considered. 

One  was  built  into  jet  engine  combustion  chamber; 
another  was  built  into  an  afterburner  in  ducted  fan 
airflow;  and  a  third  was  a  gas  cycle  nuclear  reactor. 

The  air  (gas)  cooler  was  in  the  ducted  fan  airflow  in 
all  cases.  A  complete  powerplant  with  airheater  in 
1  47  ajbibttiH'itt  Chanter  was  laid  out,  A1 
point  (Mach  0. 85  at  40, 000  ft),  the  specific  fuel  con¬ 
sumption  (1.08)  is  comparable  with  modern  jet  engines, 
but  the  specific  weight  is  high,  partly  due  to  the  low 
turbine  ir.let  temperature  (1480°F)  enforced  by  the  air- 
heater.  Various  heat  exchanger  types  were  studied 
theoretically,  and  (cold)  drag  tests  on  various  cross- 
Hcw  lube  bank*  were  run  Artual  drst-ga*  of  tl^il 
weight  air  coolers  and  of  air  heaters  for  closed  cycle 
engines  were  carried  out.  Driving  of  boundary  layer 
suction  fans  with  the  closed-cycie  gas  turbine  was 
investigated  in  a  preliminary  way,  also  the  feasibility 
ol  a  closed-cycle  high  altitude  aircraft  accessory 
powerplant.  The  combination  of  closed  cycle  driven 
ducted  fan  with  gas  cooled  nuclear  reactor  appears 
most  promising.  The  performance  of  this  powerplant 
was  calculated  (up  to  Mach  2.0  at  40,000  ft),  the  size 
u!  lire  tompotitids  «*1  Hit  weight  eetHnated.  A 
potential  superiority  over  other  nuclear  aircraft  power- 
plants  in  simplicity,  safety  and  possible  in  specific 
weight  became  apparent.  (Contractor’s  abstract, 
modified) 


ESC.  01:002 

Escher  Wyss,  Ltd.  ,  Zurich  (Switzerland). 

APPLICATION  Or  THE  UluoeD- CYCLE  PiuNClPLE 
TO  AIRCRAFT  PROPULSION  SYSTEMS.  VOLUME  II. 
CLOSED  CYCLE  AIRCRAFT  PROPULSION  SYSTEMS, 
‘.y  li  Tognoal  sad  W  Spillman  Final  tor  hale  il -ipf 
July  21,  1956,  lv.  lncl.  illus.  diagrs.  tables.  (Kept, 
no.  Sp-AK-56-027:  Z  no.  5  862  564)  (AFOSIt  TR-56 
46)  (AF  61(514)854)  AD  97088  Unclassified 

A  propulsion  system  was  studied  which  consisted  of  a 
heal  source,  a  closed-cycle  (cc)  plant  to  generate 
mechanical  energy,  a  ducted  fan  as  a  propelling  device, 
and  a  cooling  air  blower.  A  J47GE15  jet  engine  com 
bustion  chamber  was  assumed  as  the  heal  source  for 
the  closed-cycle  air  healer.  This  system  utilized 
neither  a  heat-exchanger  nor  boundary- layer  suction. 

A  complete  design  and  general  assembly  drawings  were 
made  for  a  nonregeneratlve  dueled- fan  unit  which 
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ESC.  01:003  -  ESC  01:006 


comprised  a  turbine-compressor  cycle  machine,  a 
power  turbine  driving  a  ducted  fan,  and  a  single  cooler 
In  the  compressed  fan  air.  Design  studies  Indicated 
that  the  bullt-ln  air  heaters  In  the  jet-engine  combustion 
chambers  were  large  and  heavy  and  that  the  tube- wall 
temperatures  for  the  air  heaters  were  limited  by  avail¬ 
able  tube  materials.  Higher  cc  temperatures  and  ai; 
temperatures  would  allow  Increased  efficiencies.  A 
number  of  feasible  prospects  are  proposed  for  self- 
contained  ducted- fan  propulsion  systems  with  fossil- 
fuel  heaters  and  control  systems  for  the  cc  plant  are 
discussed.  Variations  in  cc-plant  output  can  be  ac¬ 
complished  by  varying  either  the  turbine  Inlet  tempera¬ 
ture  or  the  system  pressure  level.  (AfTTIA  abstract) 


ESC.  01:003 

Escher  Wyss,  Ltd. ,  Zurich  (Switzerland). 

WAKE  STREAM  ACCELERATION  AS  MEANS  FOR  RE¬ 
DUCING  AIRPLANE  DRAG,  VOLUME  HI,  by  A. 
Burgdorfer.  [  Final  technical  rept.  ]  July  21,  1956 
[56'p.  lncl.  diagrs.  tables.  (Technical  note  no.  lj 
rept.  no.  Sp- AK-56-029;  Z  no.  5-862-565)  ( AFOSR  - 
TR-56-47)  (AF  61(514)854)  AD  97089  Unclassified 

A  propulsion  unit  which  used  the  recovered  kinetic 
energy  from  the  wake  stream  of  a  flight  body  for  pro¬ 
ducing  thrust  and  a  second  unit  which  did  not  utilize  the 
recovery  of  this  energy  source  were  evaluated.  The 
unit  which  used  the  recovered  kinetic  energy  demon¬ 
strated  the  higher  efficiency.  The  gain  achieved  was 
between  10%  for  a  thrust/drag  ratio  of  5,  and  15%  for 
a  thrust/ drag  ratio  of  1.  The  unit  which  utilized  the 
wakestream  energy  required  an  Inlet  with  a  cross 
section  10%  it>  20%  larger  than  that  of  the  other  unit. 

The  arrangement  of  the  drive  gear  at  the  end  of  the 
filghtbody  may  also  reduce  the  calculated  10  to  15%  gain. 
(ASTIA  abstract) 


ESC.  01:004 

Escher  Wyss,  Ltd. ,  Zurich  (Switzerland). 

A  GENERAL  RELATION  FOR  PRESSURE-DROP  AND 
HEAT  TRANSFER  FOR  COOLERS  AND  HEAT  EX¬ 
CHANGES,  VOLUME  IV  [PARTI],  by  A.  Burgdorfer. 

[  Final  technical  rept.  ]  July  21,  1956,  lip.  (Technical 
not?  no.  3:  rept.  no.  Sp- AK-56-030;  Z  no.  5-862-566) 
(AFOSR  TR  56-48  T  Pt.  1])  (AF  61(514)854) 

AD  97090  Unclassified 

By  a  rearrangement  of  the  formulas  for  pressure 
drop  and  heat  transfer  of  heat-exchangers  and  elimina¬ 
tion  of  the  friction  factor  and  heat- transfer  coefficient 
of  the  surfaces,  a  relation  Is  found,  which  makes  It 
possible  to  discuss  pressure  loss  problems  of  heat- 
exchangers  and  coolers.  For  gases,  the  pressure  ioss 
of  heat- exchangers  is  given  as  a  function  of  the  How- 
stream  Mach  number,  the  gas  properties,  the  tempera¬ 
tures  and  the  characteristic  values  of  the  heat- exchanger 
surfaces.  (Contractor’s  abstract) 


ESC.  01:005 

Escher  Wyss,  Ltd. ,  Zurich  (Switzerland). 

THE  PRESSURE  LOSS  COEFFICIENTS  OF  DIFFER¬ 
ENT  ARRANGEMENTS  OF  TUBE  ROWS,  VOLUME  IV 
[PART  III ,  by  A.  Burgdorfer.  [  Final  technical 
rept.]  July  21,  1956  [8]p.  lncl.  diagrs.  (Technical 
note  no.  2;  rept.  no.  Sp- AK-56-030;  Z  no.  5-862-566) 
(AFOSR- TR-56-48  [  Pt.  2])  fBound  with  Its  Technical 
note  no.  3;  AD  97090)  (AF  61(514)854)  AD  97090(a) 

Unclassified 

The  pressure  loss  coefficients  of  one  to  four  rows  of 
round  tubes  have  been  measured  with  the  Intention  to 
get  the  Influence  of  an  Inclination  of  the  tube-rows 
plane  to  the  flow- stream  direction.  The  results  for 
two  angles:  90  and  45°  are  presented  in  form  of  di¬ 
mensionless  diagrams.  (Contractor's  abstract) 


ESC.  01:006 

Esther  Wyss,  Ltd. ,  Zurich  (Switzerland). 

APPLICATION  OF  THE  CLOSED  CYCLE  PRINCIPLE 
TO  AIRCRAFT  AUXILIARY  POWER  PLANTS. 

VOLUME  V.  COOLING  PROBLEM  STUDY  FOR  A 
SMALL  CONSTANT- POWER-OUTPUT  CLOSED- 
CYCLE  GAS  TURBINE  FOR  VERY  HIGH  ALTITUDES 
AND  HIGH  FLIGHT- MACH- NUMBERS,  by  W. 

Spillman.  Final  technical  rept.  July  21,  1956  [  23  ]  p. 
lncl.  diagrs.  (Technical  note  no.  4;  rept.  no.  Sp-AK- 
56-025;  Z  no.  5-8  6  2  -  544)  (AFOSR- TR-56-49) 

(AF  61(514)854)  AD  97351  Unclassified 

A  constant-power  output  auxilliary  plant  was  considered 
for  an  aircraft  or  missile  traveling  at  a  100,  000-ft 
altitude  and  M  =  4.0.  Closed- cycle  (cc)  power  plants 
are  able  to  work  under  any  ambient  pressure  and 
supply  a  constant  power  output  Independent  of  the  den¬ 
sity  of  the  surrounding  atmosphere.  The  plants  are 
not  Independent  of  the  ambient  temperature.  A  heat 
rate  of  Q/N  =■  1b  transferred  to  the  ambient  air, 
where  n  Is  the  thermal  efficiency,  N  Is  the  power 
output,  and  Q  Is  the  heat  flow  rate  of  the  heat  ex¬ 
changer.  The  best  and  simplest  cooling  for  the  circuit 
cooler  of  a  cc  plant  Is  the  use  of  fuel  cooling.  If 
liquid  fuel  is  not  available,  as  the  nuclear-flred  plants, 
direct- air  cooling  Is  possible  up  to  14- km  altitude  at 
M  =  2.  0.  Below  14  km,  vaporizing  cooling  gives 
smaller  plant  efficiencies.  Next  to  direct  fuel-flow 
cooling,  the  vaporizing  of  water  at  the  cooler  surface 
gives  the  best  cooling  at  extreme  altitudes.  A  com¬ 
bination  of  air-cooUng  for  low  altitudes  and  vaporizing 
cooling  for  high  altitudes  gives  a  nearly  constant  plant 
efficiency  for  the  assumed  flight  conditions.  Radiation 
cooling  may  be  practical  for  small  amounts  of  heat 
and  In  some  special  cases  (high -altitude  night  flight) 
for  small  hot- running  components.  (ASTIA  abstract) 
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Experiment,  Inc. ,  Richmond,  Va. 

N6orl- 10503,  Project  Squid  see  under  Princeton  U. 
James  Forrestal  Research  Center,  N.  J.  (Project 
SQUTD1  item  nos.  PRI.  11:078  -  PRI.  11:080. 


EXP.  01:001 

Experiment,  Inc.,  Richmond,  Va. 

AN  APPARATUS  FOR  STUDYING  THE  BURNING  OF 
DUST  CLOUDS,  by  L.  E.  Line,  Jr. ,  W.  J.  Clark,  and 


J.  C.  Rahman.  July  30,  1956,  25p.  Incl.  lllus.  diagrs. 
refs.  (Rept.  no.  TP-102A)  (AFOSR-TN-56-280) 

(AF  18(600)1508)  AD  894  90  Unclassified 

Also  published  in  Sixth  Symposium  (International)  on 
Combustion,  Yale  U.  ,  New  Haven,  Conn.  (Aug.  19-24, 
1956),  N.  Y. ,  Reinhold,  1957,  p.  779-786. 

An  apparatus  Is  described  for  studying  the  ignition  and 
burning  of  wall-free  and  wall-confined  nonturbulent 
dust  clouds  under  controlled  conditions.  Some  prelim¬ 
inary  results  with  lycopodium  are  presented.  (Con¬ 
tractor's  abstract) 


AIR  FORCE  SCIENTIFIC  RESEARCH 


FLA.  01:001  -  FLA.  01:005 


Pels  Research  Inst. ,  Yellow  Springs,  Ohio,  see  Antioch 
Coll.  Pels  Research  Inst. ,  Yellow  Springs,  Ohto. 


FLA.  01:001 

Flortda  State  U.  Dept,  ol  Chemistry,  Tallahassee. 

TRANSLATIONS  OF  RUSSIAN  SPECTROSCOPIC  RE¬ 
SEARCH  PAPERS,  VOL.  I,  by  M.  Kasha.  Dec.  1955 
l  36  Ip.  lncl.  dtagrs.  tables,  refs.  (Sponsored  jointly 
by  Air  Force  Office  of  Scientific  Research  under  [  AF  18 
(600)678]  and  Office  of  Naval  Research)  Unclassified 

The  followtng  translations  of  Russian  spectroscopic  re¬ 
search  papers  are  tncluded:  111  Theory  of  Absorption 

Exper .^Tteoret^Phym Tu^S.  Ry ),  v.  18:  2^0,  1948); 
(2)  Directed  Valences  wtth  Participation  of  F-Electrons. 
by  M.  G.  Shlrmazan  and  M.  E.  Dyatldna  (Jour.  Phys. 
Chem.  (U.S.S.  R. ),  v.  27:491,  19531:  (31  Directed 
Valences  for  Coordination  Numbers  6  and  8.  by  M.  G. 
Shlrmazan  and  M.  E.  Dyatldna  (Doklady  Akad.  Nauk, 
v.  82:  755,  1952);  f41  Hybrid  Orhltals  for  Coordination 
Numbers  7  and  9,  by  M.  G.  Shlrmazan  and  M.  E. 
Dyatklna  (Doklady  Akad.  Nauk,  v.  77:  75,  1951);  and 
(5)  On  the  Low  Intensity  Bands  In  the  Ultraviolet  Ab- 

Phys.  Chem.  (U.  S.S.R. ),  v.  27:  157,  1953). 


FLA.  01:002 

Flortda  State  U.  Dept,  of  Chemistry,  Tallahassee. 

MOLECULAR  ELECTRONIC  SPECTROSCOPY.  SPfN 
INTERCOMDf NATIONS  IN  MOLECULES,  by  M.  Kasha 
and  S.  P.  McGlynn.  Dec.  1955,  38p.  refs.  (AFOSR- 
TN-56-463)  [  pt. ]  1  )  (Bound  with  Its  Technical  rept. 
no.  1;  AD  97081)  (AF  18(600)678)  AD  97081(a) 

Unclasstfled 


424,  1956. 


t  Ann.  Rev.  Phys.  Chem.,  v.  7:403- 


A  review  Is  made  of  electronic  spectroscopy  research  on 
molecular  spin  Intercomblnattons  published  In  1955  as 
well  as  of  perttnent  key  papers  from  earlter  literature. 
Experimental  ftndtngs  and  theory  are  discussed  concern¬ 
ing  the  trtplet  ->  singlet  emissions  of  numerous  mole¬ 
cules,  the  very  weak  singlet  -* triplet  absorptton  spec¬ 
tra,  the  transient  triplet triplet  spectra.  Intramolec¬ 
ular  and  lntermolecular  sptn-orbltal  perturbadons 
Introduced  by  high- Zand  paramagnetic  atoms,  all  of 
which  have  Increased  understanding  of  radiationless 
transtttons  and  applications  of  sptn-orbltal  coupling 
theory.  The  theory  of  chemical  reactlvtty,  the  Interpre¬ 
tation  of  fluorescence  quenching,  photochemical  reac¬ 
tions,  photochromtsm,  and  thermochromlsm  are  treated. 

FLA.  01:003 

Florida  State  U.  Dept,  of  Chemtstry,  Tallahassee. 
INTERPRETATION  OF  THE  LOWEST  FREQUENCY 


ELECTRONIC  ABSORPTION  BANDS  OF  INORGANIC 
MOLECULES  OF  TYPE  XOJHaS  n ->  n* TRANSI¬ 
TIONS,  by  S.  P.  McGlynn  and  M.  Kasha.  [1956] 

[  7]  p.  tncl.  tables.  (AFOSR-TN-56-463  [pt.  2]) 
(Bound  with  Its  Technical  rept.  no.  1 ;  AD  97081) 

(AF  18(600)678)  AD  97081(b)  Unclassified 


[Jour.  Chem.  Phys.,  v.  24:481-482, 


Feb.  1956. 


The  lowest  frequency  electronic  transitions  tn  simple 
tnorganlc  molecules  of  the  type  XO*(')  were  studied 
theoretically.  In  the  formula,  O  \s  an  oxygen,  or  a 
sulfur  atom;  X  ts  generally  a  nonmetalllc,  or  a  transi¬ 
tion  metal  atom;  y  =  1,2,  3,4;  z-  0,1,2,  3.  A  table  Is 
presented  which  gives  for  each  case  the  selection  rule 
for  the  lowest  frequency  transition,  and  the  experimen¬ 
tal  absorption  tntenstty  observed.  (Contractor’s  ab¬ 
stract) 


FLA.  01:004 

F’lorlda  State  U.  Dept,  of  Chemtstry,  Tallahassee. 

ON  THE  APPLICATION  OF  THE  MOLECULAR  ORBIT¬ 
AL  METHOD  TO  THE  SPECTRA  OF  SUBSTITUTED 
AROMATIC  HYDROCARBONS,  by  L.  Goodman,  I.  G. 
Ross,  and  H.  Shull.  [  1956  ]  [26  ]p.  tncl.  dlagr.  refs. 
(AFOSR-TN-56-463  [  pt.  3])  (Bound  with  Its  Technl- 
cal  rept.  no.  1;  AD  97081)  (AF  18(600)678) 

AD  97081(c)  Unclassified 


Mar.  1957. 


[Jour.  Chem.  Phys.,  v.  26:  474-480, 


The  molecular  orbital  theory  of  the  spectra  of  substi¬ 
tuted  hydrocarbons  Is  presented  In  general  terms  with 
necessary  precautions  noted  regarding  Introduction  of 
Inevitable  approximations.  Prevtous  treatments  of  the 
problem,  notably  by  Sklar,  Herzfeld,  and  Matsen  are 
discussed;  satisfactory  calculations  of  energy-level 
shifts  are  considered  to  need  closer  attention  to  the 
definition  and  dtssection  of  the  perturbed  Hamiltonian. 
The  most  Interesting  Intensity  effects  concern  enhance¬ 
ment  of  weak  transitions.  Consequences  of  the  earlier 
treatment,  which  do  not  satisfy  requirements  of  ortho- 
normality  of  the  perturbed  MO’s  and  neglect  Interac¬ 
tions  wtth  Intense  transitions,  are  discussed.  (Con¬ 
tractor’s  abstract,  modlfted) 


FLA.  01:005 

Florida  State  U.  Dept,  of  Chemistry,  Tallahassee. 

THEORY  OF  SOLVENT  EFFECTS  ON  MOLECULAR 
ELECTRONIC  SPECTRA.  FREQUENCY  SHIFTS,  by 
E.  G.  McRae.  1956  [  47  ] p.  lncl.  dlagrs.  table, 

refs.  (AFOSR-TN-56-463  [pt.  4])  (Bound  with  l|s 
Technical  rept.  no.  1;  AD  97081)  (AF  18(600)678) 

AD  97081(d)  Unclasstfted 


[Jour.  Phys.  Chem  ,  v.  61:  562-572, 


AIR  FORCE  SCIENTIFIC  RESEARCH 


Electronic  band  frequency  shifts  In  solution  spectra, 
caused  by  dipole  Interactions,  are  analyzed  theoretical¬ 
ly  and  a  general  eipresston  for  the  frequency  shift  Is 
derived  by  perturbation  theory.  The  frequency  shift  Is 
the  sum  of  contributions  of  dispersive  and  static  dipole 
Interactions.  The  dtsperstve  contribution  represents 
the  general  red  shift  which  Is  present  In  all  solution 
spectra  and  Is  partially  dependent  on  the  weighted 
mean-wavelength  characteristic  of  the  solvent.  In  the 
electrostatic  contribution  the  role  of  the  quadratic 
Stark  effect  Is  emphasized.  The  Introduction  of  a  sim¬ 
ple  electrostaltc  model  permits  the  derivation  of 
formulas  relating  frequency  shifts  In  both  emisston  and 
absorption  spectra  to  the  refractive  Index  and  static  di¬ 
electric  constant  of  the  solvent.  Illustrative  numerical 
applications  are  described.  (Contractor's  abstract, 
mod  lit  ed) 


FLU.  01:001 

Florida  U.  Engineering  and  Industrial  Experiment 
Station,  Gainesville. 

RESEARCH  IN  THE  GENERAL  FIELD  OF  THE  MECH¬ 
ANISM  OF  CELLULOSE  SYNTHESIS  AND  DEGRADA¬ 
TION,  by  G.  A.  Greathouse,  D.  E.  Barnes,  and  G.  T. 
Tsao.  Final  technical  rept.  Mar.  1,  1954- Feb.  28, 
1955.  52p.  tncl.  dtagrs.  tables,  refs.  [  AFOSR-TN- 
55-9]  (AF  18(600)1126)  AD  64566  Unclassified 

Investigations  Into  the  mechanisms  of  cellulose  synthe¬ 
sis  and  cellulose  degradation  were  conducted,  and  at¬ 
tention  was  given  to  the  enzyme  and  growth  character¬ 
istics  of  Acetobacter  xvllnum.  Twenty-one  C14-cellu- 
tose  membranes  were  prepared:  12  from  1-C14-D- 
glucose,  and  3  each  from  2-cH-D-[  dextro  ]-glucose, 

6  C^-D- glucose,  and  J ,  3-C14-glycerol.  In  the  mem 
branes  prepared  from  1 -C14-glucose,  when  the  radio¬ 
active  glucose  was  added  after  the  culture  was  24  hr 
old,  a  shift  of  10%  was  noted  In  the  C14  content  of  post- 
tlon  1.  This  enhances  the  hypothesis  that  glucose  under¬ 
goes  a  direct  polymerization  to  cellulose.  When  1,  3- 
c'^-glycerol  was  used  as  the  only  C  source,  membranes 
of  C*  -cellulose  were  formed  as  rapidly  as  from  glu¬ 
cose  and  In  slmttar  yields,  which  shows  that  3  C  com¬ 
pounds  can  be  used  effectively  by  A-  xyllnum.  A  meth¬ 
od  for  the  degradation  of  glucose  based  on  oxidations 
and  the  formation  of  benzimidazole  derivatives  of  the 
acids  was  developed,  and  the  step-wise  degradation  of 
glucose  was  Initiated.  A  complete  C^4  balance  was 
carried  out  on  all  the  membranes  prepared,  and  the 
C(>2  produced,  the  residual  medium,  and  the  cellulose 
were  all  assayed  for  Cl4.  In  experiments  on  A  ay  11 
HUB)  enzymes,  resting  cells  were  pnxluced  by  freeze¬ 
drying  the  celt  suspension,  but  no  celt-free  enzyme 
could  be  prepared.  The  growth  characteristics  of  A. 
xvllnum  were  Investigated  with  respect  to  pH  change, 

C(>2  formation,  and  cellulose  production.  An  Informal 
hypothesis  for  the  mechantsin  of  cellulose  formation  Is 
discussed.  (AST1A  abstract) 


5l‘,: AlHU  Orlando  Research,  Inc.,  Fla.  UenLnog. 
OltL.OLOOt  OWL.  01:003. 
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FOR. 01:001 

Forest  Products  Lab. ,  Madison,  Wis. 

[  A  FUNDAMENTAL  INVESTIGATION  OF  ADHESION.  ] 
I.  METHOD  FOR  CASTING  GELATIN  FILMS,  by  B. 
Coleman,  H.  Tarkow,  and  R.  C.  Weatherwax.  [  Sept. 
8,  1955]  [  5 ]  p.  incl.  dlagrs.  ([  AF]OSR-TN-55-335) 
(In  cooperation  with  Wisconsin  U. ,  Madison)  (CSO- 
670-55-27)  AD  80112  Unclassified 

Also  published  tn  Jour.  Polymer  Science,  v.  19:380- 
381,  Feb.  1956. 

A  new  method  for  casting  gelatin  films  was  developed 
whtch  consists  of  allowing  the  solvent  (H2O)  to  evapo¬ 
rate  from  both  faces  of  a  dtsk  of  a  swollen  gel  held 
under  lateral  tension.  Swollen  gels  were  successfully 
dried  to  equilibrium  with  30%  relative  humldtty  wtth- 
out  breaking  the  film  away  from  the  glass  wall.  Films 
were  successfully  cast  from  solutions  containing  3  to 
15%  gelatin. 


FRA.  01:001 

Franklin  Inst.  Bartol  Research  Foundation,  Swarthmore, 
Pa. 

COMPARISON  OF  MASSES  OBTAINED  FROM  MASS- 
SPECTROSCOPY  AND  NUCLEAR  REACTION  DATA, 
by  D.  M.  Van  Patter.  [1956  ]  [  1 8  ]  p.  lncl.  dlagrs. 
tables,  refs.  [  AF  18(600)1320  ]  Unclassified 

Published  In  Proc.  Conference  on  Nuclear  Masses  and 
Their  Determination,  Max-Planck  lnstttut  fur  Cheinle, 
Mainz  (Germany)  (July  10-12,  1956),  London,  Perga- 
mon  Press,  1957,  p.  143-160. 

An  examination  Is  made  of  the  general  trend  of  meas¬ 
urements  of  Important  masses  in  'he  region  of  *H  lo 
32S,  and  some  of  the  discrepancies  and  thetr  possible 
sources  are  considered.  It  was  concluded  that  In  the 
region  below  1®0,  no  obvtous  error  source  could  be 
found  which  would  explain  the  remaining  small  discrep¬ 
ancies.  It  Is  probable  that  future  small  adjustments  to 
both  the  mass- spectroscoptc  and  nuclear- reaction  data 
will  bring  the  masses  into  even  better  agreement.  In 
the  case  of  the  masses  between  U>0  and  32s,  there  are 
at  least  2  places  where  Inconsistencies  exist  among  the 
present  Q  values.  In  addition,  because  of  the  fact  that 
most  of  the  nuclear  reaction  energies  have  been  meas¬ 
ured  only  at  the  Massachusetts  Institute  of  Technology, 
Cambridge,  It  seems  ltkely  that  a  systematic  error 
may  be  present,  which  accumulates  as  higher  and  high¬ 
er  masses  are  calculated.  Thus  some  discrepancy  re¬ 
sults  on  comparison  of  these  values  with  the  mass- 
spectroscoplc  values.  Although  the  calculations  of  the 
masses  from  the  nuclear- reaction  data  have  compen¬ 
sated  for  this  systematic  error  to  a  degree,  tt  is  prob¬ 
able  that  some  remains  and  should  be  take  n  tnto  ac¬ 
count  tn  the  ftnal  errors  quoted  for  the  masses.  Inde¬ 
pendent  measurements  of  the  Q  values  tn  this  region 
by  other  laboratories  wtll  resolve  this  question. 
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FRA.  01:002 

Franklin  Inst.  Barlol  Research  Foundation,  Swarthmore, 
Pa. 

NUCLEAR  REACTION  Q-VALUE  MEASUREMENTS 
MADE  RECENTLY  AT  THE  BARTOL  RESEARCH 
FOUNDATION,  by  D.  M.  Van  Paller,  C.  E.  Mande- 
vllle  and  others.  [1958  ]  [lo]p.  lncl.  dlagrs.  tables. 
[AF  18(600)1320]  Unclassified 

Published  In  Proc.  Conference  on  Nuclear  Masses  and 
Their  Determination,  Max- Planck  I.'Stitut  fflr  Chemle, 
Mainz  (Germany)  (July  10-12,  1956),  London,  Perga- 
mon  Press,  1957,  p.  99-108. 

Descriptions  of  the  experimental  techniques  and  equip¬ 
ment  utilized  In  obtaining  these  nuclear  reaction  Q- 
value  measurements  are  given.  The  ONR-Barlol  van 
de  Graaff  accelerator  provided  protons  of  up  to  5  mev. 

A  relative  measure  of  the  magnetic  field  of  lhe  spec¬ 
trometer  was  obtained  by  means  of  a  torsion  balance, 
placed  al  the  90°  position  of  the  magnet.  A  number  of 
energy  calibrations  were  made  during  the  measuremenls. 
A  dally  calibration  of  the  torsion  balance  was  provided 
by  a  Po-a  source  which  could  be  moved  lnlo  a  position 
al  the  center  of  the  reaction  chamber.  The  final  energy 
calibrations  consisted  of  observations  of  several 
charged- particle  groups  from  Al  targets  al  known  bom¬ 
barding  energy.  The  results  of  one  such  bombardmenl 
(at  an  energy  of  3.  633  mev)  are  shown  for  a  target  9 
kev  thick  for  the  27Al(p,  p)  group,  corresponding  lo  a 
resonance  for  the  2^Al(p,  a  )  24Mg  group.  In  order  lo 
determine  correctly  the  location  of  each  group,  a  de¬ 
tailed  analysis  of  the  various  contributions  lo  the  mo¬ 
mentum  profile  of  each  group  was  necessary.  Knowing 
the  bombarding  energy  for  the  observed  groups,  and 
taking  the  Q-values  for  each  group,  the  calibration  con¬ 
stant  K  :  Hp  x  R  (where  R  =  reading  of  the  torsion  coll 
current)  was  calculated  and  an  energy  calibration  curve 
was  plotted.  Having  established  an  energy  calibration 
curve,  the  Q  value  for  each  reaction  group  was  calcu¬ 
lated  using  the  relativistic  Q  equation,  and  the  total 
error  for  each  group  being  estimated.  Estimates  were 
made  of  the  uncertainties  associated  with:  (a)  the  loca¬ 
tion  of  each  particle  group;  (b)  dally  calibration  of  the 
torsion  balance;  (c)  calculated  corrections  to  the  mo¬ 
mentum  profiles  lor  target  thickness,  acceptance  angle, 
and  resolution;  and  (d)  energy  calibration.  A  table 
shows  the  results  obtained  for  the  ground-state  Q  values 
of  the  31P(p,  a  ),  35Cl(p,  a),  and  3  'Cl(p, a  )  reactions. 

In  another  table,  the  wilgMed  average  value*  for  the  t 
ground-state  Q  values  are  compared  to  the  mass  spec- 
trosrraohtc  data  of  Ogata  and  Matsuda  (1953). 


FRA.  01:003 

Franklin  Inst.  Bartol  Research  Foundation,  Swarthmore, 
Pa. 

Q- VALUE  MEASUREMENTS  FOR  PHOSPHORUS  AND 
CHLORINE,  by  D.  M.  Van  Patter,  C.  P.  Swann  and 
others.  [1956  ]  [21  p.  lncl.  dlagrs.  table,  refs. 

[  AF  18(600)1320  Unclassified 


Also  published  In  Phvs.  Rev.,  v.  103:  856-661,  Aug. 

1,  1956. 

Targets  containing  P  and  Cl  have  been  bombarded  by 
proions  accelerated  by  the  ONR-Barlol  Foundation  van 
de  Graaff  generator.  Charged  particles  from  nuclear 
reactlonshave  been  analyzed  al  90°,  using  al80°double- 
focusslng  magnetic  spectrometer.  The  following 
ground-stale  Q-values  have  been  determined:  P31(p, 
a)  Si28,  Q  =  1.911  i  0.005;  CI35(p,  a)S32,  Q  =  1.851 
,0.  007;  CI37(p,  a)S34,  Q  =  3.  015  *  0.011  mev.  The 
following  level  positions  have  been  measured:  P31 
1.  264  *  0.  004;  S34  2. 129  ±  0.  014;  Cl35  1.  219  ±  0.005; 
and  1 ,  760  tO.  004  mev.  At  Ep  =  3.  055  mev ,  a  survey 
was  made  for  Inelastic  proton  groups  from  P33  corres¬ 
ponding  lo  levels  from  0  lo  1.43  mev  excitation.  Only 
1  group  (Q  =  -1.  264  mev)  was  observed.  No  other 
groups  were  observed  with  an  intensity  greater  than 
15%  of  the  Intensity  of  this  group.  (Contractor's  ab¬ 
stract) 


FRA.  02:001 

Franklin  Inst.  Labs,  for  Research  and  Development, 
Philadelphia,  Pa. 

MAGNETOSTRICTION,  by  F.  J.  Donahoe.  Final  repl. 
Apr.  9,  1951-Mar.  22,  1952,  5p.  lncl.  dlagrs.  (AF  33 
(038)22698;  continuation  of  AF  18(600)302)-  Unclassified 

Delalls  are  briefly  given  concerning  the  constmction, 
assembly  and  preliminary  testing  of  laboratory  appa¬ 
ratus  designed  to  study  the  relationship  between  alloy 
composition,  structure  and  magnetostriction  In  a 
search  tor  new  magnetostrlctive  element  materials. 


FRA.  03:001 

Franklin  Inst.  Labs,  for  Research  and  Development, 
Philadelphia,  Pa. 

EFFECT  OF  ORDER  ON  THE  ELECTRICAL  RESISTIV¬ 
ITY  OF  FERROMAGNETIC  ALLOYS,  by  F.  J.  Donahoe. 
[  1954  ]  [  8  jp.  lncl.  dlagrs.  ([  AF  ]  OSR-TN  - 54-358) 
(AF  18(60)302;  continuation  of  AF  33(038)22698) 

unclassified 

The  behavior  of  resistivity  on  ordering  will  depend  on 
the  relative  positions  of  the  2  critical  temperatures, 
tin.  Curie  Umf*ratart  j  at  which  ferromagnetism 
vanishes  and  the  critical  temperature  Tc  at  which  long- 
range  lattice  order  vanishes.  The  behavior  also  will 
depend  upon  the  direction  of  change  of  with  order, 
represented  by  J  nj/dS,  where  S  Is  an  order  parameter. 
Four  cases  are  distinguished  and  are  discussed;  resis¬ 
tivity-temperature  diagrams  are  shown  for  each  case: 
(1)  Tc  '  ’1f'.  >  0.  A  FejPt  alloy  (30  atomic  % 

Pt)  Is  used  as  an  example  la  the  diagram;  (2)  >  Tc; 

i-'f/dS  >  0,  Illustrated  by  published  FeNlj  data;  (3) 

T  >  *"f;  >y«JS  0;  and  (4)  3f  >  T^dydS  <  0. 
Diagrams  for  the  latter  two  cases  are  schematic.  De¬ 
partures  from  the  Ideal  behavior  pictured  may  be 
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expected  when  the  occupancy  ol  the  d- shells  changes 
during  lhe  ordering  reaction. 

FRA.  03:002 

Franklin  Insl.  Labs,  lor  Research  and  Development, 
Philadelphia,  Pa. 

MAGNETOSTRICTION  [PARTI],  by  F.  J.  Donahoe. 
Final  progress  repl.  Apr.  10,  1952-Apr.  9,  1953,  8p. 
lncl.  dlagrs.  (Kept.  no.  F-2306)  [  AFOSR-TR-54-24] 
(AF  18(600)302)  AD  10832  Unclassified 

Five  specimens  of  Fe-Pl  alloys  containing  20  to  30 
atomic  %  Pt  were  prepared  In  rod  and  wire  forms.  X- 
ray  studies  of  the  lalllce  parameters  of  Nl-Mn  alloys  of 
20  lo  30  atomic  %  Mn  showed  a  linear  expansion  of  the 
N1  lattice  of  0.  0028  A/alomlc  %  Mn.  In  lhe  disordered 
slale,  lhe  reslslivlly  (R)  was  a  fairly  linear  function  of 
both  the  lemperalure  during  lhe  heating  cycle  from  500” 
to  1100’K  and  lhe  composition  from  20  lo  30  atomic  % 
Mn.  Preliminary  measurements  during  the  cooling 
cycle  Indicated  thal  the  temperature  of  the  resistivity 
anomaly  Is  a  monotonlc  Increasing  function  of  Mn  con¬ 
tent.  Some  ordering  of  the  alloy  was  Indicated  In  lhe 
temperature  range,  since  the  resistance  decreased  lso- 
thermally  with  time.  At  the  expected  ordering  tem¬ 
perature  aboul  50“  above  the  observed  anomaly,  the 
temperature  coefficient  of  R  seemed  to  become  small. 
The  thermal  coefficient  of  expansion  of  I  e-Pt  alloys  Is 
sensitive  to  short-range  ordering.  (ASTIA  abstract) 


FRA.  03:003 

Franklin  Insl.  Labs,  for  Research  and  Development, 
Philadelphia,  Pa. 

DEVELOPMENT  OF  MAGNETOSTRICTIVE  AND  RE¬ 
LATED  MATERIALS,  PART  Q,  by  F.  J.  Donahoe. 

Final  progress  rept.  Apr.  10,  1952-Apr.  9,  1954,  55p. 
tncl.  lllus.  dlagrs.  tables,  refs.  (Repl.  no.  2306) 

[  AFOSR-TN-54-24a  j  (AF  18(600)302)  AD  41119 

Unclassified 

Studies  were  made  of  the  effects  of  lhe  order-disorder 
transformation  on  alloy  with  compositions  near  N^Mn, 
FejPt,  and  FePdj.  Measurement  was  made  of  satura- 
lton  moment  of  alloys  at  low  lemperatures  and  of  the 
long  range  order  parameter.  The  saturation  momenl 
of  alloys  near  FeFd3  appears  to  be  unaffected  by  the  de¬ 
gree  of  order.  The  Curie  temperature  on  the  other 
hand  Is  strongly  Influenced  In  the  early  stages  of  order¬ 
ing.  The  klnellcs  of  the  ordering  In  Fe^Pt  alloys  were 
studied  al  temperatures  from  450  lo  750  C.  Resistiv¬ 
ity  measurements  on  polycry stalltne  wtres  were  used 
lo  follow  the  ordering  process.  The  results  appear  to 
confirm  the  general  features  of  the  phase  diagram  as 
set  forth  by  Kussmann  and  Rtttberg  (Metallkunde,  v.  41: 

470,  1950),  with  some  dlffe.  aces  In  detatl.  The  order¬ 
ing  process  can  be  fitted  lo  a  rate  law  governed  by  exp 
-(!/■•  r'  i  with  an  actlvatton  of  about  50  kcal/mol.  Mag¬ 
netic  studtes  confirmed  the  fact  that  the  major  portion 
of  the  reststtvity  change  observed  at  0"C  are  associated 
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with  the  rapid  Increase  In  ferromagnetic  Curie  lem- 
perature.  As  In  the  FePd3  system,  major  changes  In 
the  Curie  lemperature  were  noled  afler  very  shorl  an¬ 
neals.  Magneloslrlctlon  measurements  on  disordered 
polycrystalllne  specimens  of  the  30.  0  alomic  %  Pt 
alloy  were  made.  The  linear  magneloslrlctlon  cceftl- 
cienl  at  room  lemperature  was  49.7  x  10-6  and  In¬ 
creased  lo  83.  9  x  10-6  al  80'K.  (ASTIA  abslracl) 


FRA.  03:004 

Franklin  Insl.  Labs,  for  Research  and  Development, 
Philadelphia,  Pa. 

PHASE  TRANSFORMATIONS  IN  IRON-PLATINUM 
ALLOYS  NEAR  THE  COMPOSITION  Fe3Pt,  by  A.  E. 
Berkowllz,  F.  J.  Donahoe  and  others,  (n.d.)  [  39  ] p. 
lncl.  lllus.  dlagrs.  [  AF  18(600)302  ]  Unclassified 

The  kinetics  of  the  ordering  process  In  Fe-Pl  alloys 
near  the  composition  Fe3Pt  were  studied  al  tempera¬ 
tures  ranging  from  450°  lo  750*C.  Resistance  meas- 
uremenls  on  polycryslalllne  wires  were  used  to  follow 
lhe  ordering  process.  Al  the  annealing  temperature 
resistivity  was  almost  independent  of  the  degree  of 
order.  However,  the  ferromagnetic  Curie  lempera¬ 
ture  was  found  lo  be  strongly  Influenced  by  the  degree 
of  order.  At  0‘C  the  reslsllvlty  changes  were  large 
and  linear  In  the  reduced  magnetic  temperature, 

273 */6f>  where  ft{  Is  the  ferromagnetic  Curie  tempera¬ 
ture.  The  changes  In  0”C  resistivity  produced  during 
anneals  below  850“C  can  be  titled  by  «  rale  law  gov¬ 
erned  by  exp  -(t/y)l/2  where  y  1b  temperature  depend¬ 
ent  with  an  activation  energy  of  aboul  2  ev/atom. 
Quenched  alloys  containing  less  platinum  than  stlochlo- 
melrlc  Fe3Pt  were  mixed  face-centered  y  and  body- 
centered  u-phase.  The  lemperature  al  which  the  trans 
formation  Y  — »  a  begins  decreases  rapidly  with  the 
degree  of  order  In  the  V- phase.  Appreciable  changes 
In  the  Y -phase  Curie  lemperature  and  In  the  Y  — »  “ 
transformation  lemperature  occur  before  super-struc¬ 
ture  lines  appear  In  the  x-ray  diffraction  pattern. 

This  suggests  that  the  effecls  of  shorl-range  order  on 
these  properties  Is  comparable  lo  and  continuous  with 
the  effects  of  long-range  order. 
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FERROMAGNETISM  AND  ORDER  IN  Fe-Pl  ALLOYS 
NEAR  Fe3Pt  (Abstract),  by  A.  D.  Franklin,  A  E. 
Berkowllz,  and  E.  Klokholm.  [  1 954  ]  lp.  (AF  18- 
(600)302)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Detrolt-Ann  Arbor,  Mich.,  Mar.  17-19,  1954. 

Published  In  Phvs.  Rev.,  v.  94:  1432,  June  1,  1954. 

The  Fe-Pt  alloys  near  the  composition  Fe3Pt  exhtbtt 
an  Irreversible  transition  between  b.c.c.  a-  and 
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f. c.c.  Y  -phases.  Both  are  ferromagnetic,  but  the  y- 
phase  Curie  point  Ites  much  lower  than  that  of  the  a- 
phase.  It  Is  known  that  ordering  in  these  alloys  moves 
the  y -phase  Curie  potnt  to  higher-  and  the  y — »  a  tran¬ 
sition  to  lower  temperatures,  without  havtng  an  appre¬ 
ciable  effect  on  the  a  — *  y  transttlon.  These  ordering 
effects  have  been  studied  tn  greater  detail,  ustng  a 
B-H  curve  tracer  to  follow  the  transitions  magnetically. 
During  the  Irreversible  transitions,  especially  a — >y, 
tsothermal  changes  tn  magnetization  occur.  In  cold- 
worked  specimens,  the  beglnntng  of  the  y  ->  a  transition 
ltes  above  Uqutd  N2  temperatures  out  to  27  atomtc  %  Pt. 
The  Increase  In  the  Y-phase  Curte  temperature  and  the 
decrease  In  the  Y— Fa  transttlon  temperature  with  or¬ 
dering  occurs  to  an  appreciable  extent  tn  the  early 
stages  of  ordertng,  before  superstructure  ltnes  appear 
tn  the  x-ray  patterns.  (Contractor's  abstract) 
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RESISTANCE  STUDIES  OF  THE  PHASE  TRANSFORMA¬ 
TIONS  IN  Fe-Pt  ALLOYS  NEAR  THE  COMPOSITION 
FejPt  (Abstract),  by  R.  P.  Steljn  and  F.  J.  Donahoe. 

[  1954]  Ip.  (AF  18(600)302)  Unclassified 

Presented  at  meettng  of  the  Amer.  Phys.  Soc., 

Detrott- Ann  Arbor,  Mich.,  Mar.  17-19,  1954. 

Published  In  Phys.  Rev.,  v.  94:  1432-1433,  June  1, 

1954. 

The  y-phase  Fe-Pt  alloys  containing  approximately  25 
atomtc  %  platinum  are  known  to  develop  superstructure 
of  the  type  formed  tn  CU3AU.  In  addttlon,  the  f. c.c.  y- 
phase  transforms  at  low  temperatures  to  a  b.  c.  c.  u- 
phase  In  alloys  Containing  ~  27  atomtc  %  plattnuin  The 
resistance  changes  which  are  produced  hy  these  phase 
transformations  have  been  studied  tn  alloys  rangtng 
from  14  to  30  atomtc  %  plattnum.  In  Cu2Au  the  forma¬ 
tion  of  long  range  order  Is  accompanted  by  a  decrease 
In  resistance  which  may  be  observed  at  the  temperature 
at  which  order  formation  occurs.  No  such  effects  are 
observed  sr  Fe3l’t.  This  seems  to  be  generally  true  In 
ferromagnetic  alloys  of  this  type.  The  progress  of  the 
ordering  reaction  during  Isothermal  aging  at  elevated 
temperatures  can  be  followed  by  quenching  and  measur¬ 
ing  the  resistance  at  some  fixed  temperature  below  the 
ferromagnt-ttc  Crrte  point  xA  tht- dlwirdf  red  itHoy.  The 
Irreversible  u -*y  tran6ttton  also  produces  large 
changes  In  reslstarct  which  are  superposed  on  those  due 
to  changes  In  the  degree  of  order.  (Contractor's  ab¬ 
stract) 
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THE  GALLIUM -ANTIMONY  PHASE  DIAGRAM,  by  1.  G. 
Greenfteld  and  R.  L.  Smtih.  Aug.  13,  1954  18  p. 


lncl.  dlagrs.  table,  refs.  ( [  AF  ]OSR-TN-54-176) 

(AF  18(600)465)  AD  45041  Unclassified 

Cooling  curves  were  determined  for  Ga-Sb  alloys.  A 
cooling  rate  of  1*C  per  mtn  was  used  for  the  majortty 
of  the  alloys,  but  tn  several  tnstances,  a  rate  as  low 
as  l/20l>C/mln  was  used.  A  decided  change  tn  the 
slope  of  the  cooling  curve  was  recorded  for  most  of  the 
alloys.  The  ltqutdus  temperature  of  the  92  atomtc  % 

Ga  alloy  was  located  by  measuring  the  change  In  re¬ 
sistance  as  the  temperature  of  the  tngot  was  varted. 
Pure  Sb  had  a  tendency  to  undercool,  but  seeding  wtth 
crystallites  of  Ga  completely  removed  this  condttion. 
Th~  Ga-Sb  phase  diagram  consisted  of  the  lntermetal- 
Uc  compound  of  Ga-Sb  wtth  a  eutectic  on  either  stde. 
The  eutectic  composition  on  the  Sb-rlch  stde  was  11.78 
atomic  %;  the  eutectic  temperature  was  589.  8*  0.  5°C. 
The  eutectic  temperature  was  the  same  as  the  melting 
point  of  Ga.  No  solubtltty  of  Ga  In  Sb  was  observed. 

The  melting  point  of  GaSb  was  705.  9  il.  0°C.  (ASTIA 
abstract) 
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THE  CELLULAR  STRUCTLRE,  by  R.  P.  Stetjn. 

[  1954  ]  [  9]  p.  tncl.  tllus.  [  AFOSR-TN- 54-221  ] 

(AF  18(600)465)  Unclasslfted 

Published  In  Jour.  Metals,  v.  7:406-407,  Feb.  1955. 

It  has  been  observed  that  under  certain  condttlons  met¬ 
als  freeze  tnto  an  aggregate  cf  small  hexagonal  strands, 
parallel  to  one  another  and  wtth  their  axes  lying  ap¬ 
proximately  tn  the  dlrectton  of  growth,  thts  formatton 
being  termed  the  cellular  structure.  In  thts  cellular 
structure  study,  descrtpttons  and  photographs  are  gtv- 
en  of  prtsmatlc  and  other  substructures  grown  tn  Zn 
crystals  (99.  99'!,  pure)  under  various  external  condi¬ 
tions  of  soltdtflcatlon  of  the  melts.  They  disclose  that 
Zn  single-  and  blcrystals,  produced  tn  a  constant- 
gradtent  electrical  resistance  furnace,  exhibit  the  cel¬ 
lular  structure  after  e|f  Mnp  *n  15*^  HC1  Olhrr  7.rt 
crystals,  grown  by  a  modified  Czochralskl  technique 
using  a  seed  crystal  rotating  around  a  vertical  axis, 
show  after  etching  a  pattern  of  undulations  and  etch- 
figures  similar  to  the  cell  structure.  Blcrystals  and 
large  columnar  crystals  of  Zn,  grown  by  the  Bridge- 
man  method  In  a  high  frequency  Induction  furnace,  re¬ 
veal  after  etelAr.g  eotiewiWte  rings,  on  sections  perp  -to 
dtcular  to  the  growth  direction,  and  an  array  of  con¬ 
cave  bands  on  longttudlnal  cuts.  Careful  etching  of 
polished  sections  parallel  to  the  hexagonal  strands  In 
a  Zn  stngle  crystal  reveals  rows  of  cichplts  at  the 
sites  of  Taylor-Orowan  dislocations. 
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THE  PURIFICATION  OF  GALLIUM  BY  ZONE- 
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REFINING,  byD.  P.  Detwiter  and  W.  M.  Fox.  [Aug. 
1954]  5p.  lnct.  ltlus.  [  AFOSR-TN-54-233  ]  (AF  18- 
(600)465)  Unctasstfted 

PuhUshed  In  Jour.  Metats,  v.  7:  205,  Jan.  1955. 

In  an  attempt  to  obtain  Ga  for  greater  purity  than  that 
available  commerctatly,  a  method  has  been  evolved 
whtch  consists  of  actd-teachlng  to  clean  the  surface 
thoroughly,  followed  by  zone-melting  lo  remove  melat- 
Uc  Impurities.  The  zone-mettlng  process  Is  considered 
brlefty  tn  this  study.  It  Is  pointed  out  lhal  the  tow-mp 
and  relatively  high- thermal  conductivity  of  Ga  tntroduce 
difficulty  tn  maintaining  frozen-  and  motten- zones  In 
zone-reftnlng.  This  Is  overcome  by  circulating  Ice 
waler  In  asbeslos-lnsulaled  colls  around  the  regions  11 
Is  desired  to  maintain  frozen,  while  heat  Is  supptled  lo 
mollen  regions  by  resistance  colts.  The  Ga  Ingol  Is 
fastened  In  a  Pyrex  lube,  which  Is  positioned  tnslde  the 
cooling  and  heating  colts.  The  motten  zones  are  moved 
lhrough  the  Ingot  at  a  rate  of  2  In.  /hr  using  the  recipro¬ 
cating  method  of  Tannenbaum  (Jour.  Melats,  v.  6:  762, 
1954).  The  resutts  of  a  spectroscoptc  anatysls  of  a  Ga 
zone-reftned  Ingot,  as  welt  as  of  the  malertat  as  re¬ 
ceived  and  afler  actd- leaching,  are  presented.  They 
Indicate  thal  deftnlle  removat  of  tmpurltles,  Pb,  occurs 
during  the  zone- refining  process. 


FRA.  04:004 
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STUDY  OF  RECTIFYING  CONTACTS  BETWEEN  SEMI¬ 
CONDUCTORS,  by  D.  P.  Delwtter.  Final  rept.  Ocl.  1, 
1952-Sept.  30,  1954,  24p.  Incl.  dlagrs.  (Rept.  no. 

F- 2337-2)  (AF  18(600)465)  AD  48326  Unclassified 

Distillation  under  high  vacuum  and  zone  refining  was 
employed  for  Ihe  furlher  purification  of  Sb.  Zone  re¬ 
fining  of  Sb  was  carried  oul  under  an  atmosphere  of 
hydrogen  freed  of  oxygen  and  waler  vapor  by  passing 
successively  through  a  catatyllc  purifier,  a  hlgh-vollage 
discharge,  a  CaS04  drying  lower,  and  a  Uquld-N-cooled 
trap.  Sb  purified  under  this  atmosphere  exhibited  a 
mlrror-llke-surface  as  compared  to  the  dull  matle 
surface  caused  by  exlde  particles  on  Sb  melted  under 
less  highly  purified  H.  The  zone- refining  technique 
was  also  adapted  to  the  purification  of  Ga.  Samples  of 
zone  refined  GaSb  were  placed  In  sealed- off,  evacu¬ 
ated  Vycoi  glass  tubes  12  tn.  long  and  7  mm  In  dtamelcr 
with  several  1-nim  constrictions.  After  holding  the  fur 
race  temperature  fixed  for  several  hrs,  the  Vycor  lube 
was  removed  and  the  distillate  condensed  In  the  cool  end 
of  the  tube  was  analyzed  chemically  for  Sb  and  Ga. 
Several  samples  taken  at  temperatures  between  700' 
and  900'C  showed  Sb  contents  ranging  from  75  to  00 
atomic  {,  In  the  distillate.  The  phase  diagram  of  the 
Ga-Sb  system  was  determined  by  thermal  analysts.  The 
melting  point  of  GaSb  was  determined  to  be  705.  9  t  1°C. 
A  eutectic  on  the  Sb  rich  side  of  the  compound  was  found 
at  589.  8  t  0.  a*C  and  88.  2  atomic  SI  Sb,  while  the  solidus 
line  found  on  the  Ga-rlch  side  Indicated  Ihe  presence  of  a 
eutectic  at  very  small  Sb  concentrations  and  very  nearly 
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29.  7°C,  the  mettlng  point  of  pure  Ga.  The  conductivity 
and  Halt  coefftetent  of  a  number  of  samptes  of  GaSb 
were  measured  from  -196°  to  650* C.  (ASTIA  abstract) 
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CONDUCTIVITY,  HALL  EFFECT,  AND  RECTIFICA¬ 
TION  OF  GALLIUM  ANTIMONTDE  (Abstract),  by  D.  P. 
Delwtter.  [  1954  ]  lp.  (AF  18(600)465) 

Unctas  sifted 

Presenled  al  meeting  of  the  Amer.  Phys.  Soc. , 
Detrolt-Ann  Arbor,  Mtch. ,  Mar.  17-19,  1954. 

Pubttshed  In  Phvs.  Rev.,  v.  94:  1431,  June  1,  1954. 

Gattlum  antlmonlde  of  retatlvety  high  purity  has  been 
prepared  by  zone- refining  the  compound  and  growing 
stngle  crystats  by  pulttng  from  the  melt.  As  prepared 
under  a  hydrogen  atmosphere  tn  sttlca  cruclbtes,  thts 
material  exhlbtts  In  general  p-type  conductivity.  The 
electrlcat  conductivity  and  Hatl  constant  of  a  numberof 
samptes,  both  n- type  and  p-lype,  have  been  measured 
between  -190°  and  650‘C.  Room  lemperalure  conduc¬ 
tivity  ranged  from  a  few  ohm-1  cm"'  to  100  ohm-1 
cm'1.  The  room  temperature  Hatl  moblttly  of  hotestn 
retatlvety  pure  specimens  ts  about  2000  cm2  volfl 
sec'1,  while  that  of  electrons  ts  appreciably  higher. 

The  tnlrlnslc  energy  gap  Is  somewhat  grealer  than  lhal 
of  germanium.  Rectifying  p-n  junctions  have  been 
grown  from  the  metl  by  adding  letlurtum  to  a  p-lype 
mett.  tt  has  been  found  lhal  these  junctions  may  be 
locked  by  chemlcat  elchlng  with  a  mtxlure  of  hydrochlo¬ 
ric  and  nitric  acids.  Earty  Junctions  show  a  room  tem¬ 
perature  recltftcation  ratio  of  several  hundred  al  one 
volt  with,  however,  considerable  "soflenlng"  of  the 
reverse  charadertstlc.  Although  much  smalter  re¬ 
verse  currenls  are  obtained  at  77°K.  saluratlon  Is  still 
poor  In  the  units  lesled.  (Contractor's  abstract) 
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ELECTRICAL  PROPERTIES  OF  GALLIUM  ANTtMO- 
N1DE,  byD.  F.  Delwller.  [Nov.  1 954  13  p.  Incl. 

dlagrs.  (AF  18(600)465)  Unclassified 

Published  In  Phys.  Rev.,  v.  97:  1 575- 1 57fe,  Mar.  15, 
1955. 

Data  are  presented  on  the  conductivity  and  Hall  coeffi¬ 
cient  of  several  samples  of  GaSb  over  the  temperature 
range  from  -196°  to  650°C.  The  lowest  room- tempera¬ 
ture  conductivity  oblatned  was  12  ohm"1  cm'1.  All 
material  produced  from  zone -purified  components  was 
p-type;  n  -  type  material  was  produced  by  doping  wtthTe, 
as  were  p-n  junctions.  The  Intrinsic  band  gap  Is  estt 
mated  from  junction  rectification  data  to  be  0.  78  ev 
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at  -196°C.  The  mobility  of  electrons  was  found  by 
measurement  on  n-type  material  to  be  several  times 
greater  than  the  hole  mobility.  The  mobilities  of  both 
holes  and  electrons  are  found  to  vary  approximately  at 
•j-3/2  ln  y,e  lattice-scattering  range.  (Contractor’s 
abstract) 
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THE  APPLICATION  OF  ZONE -MELTING  TO  HIGH- 
MELTING- POINT  METALS  (Abstract),  by  R.  L.  Smith 
and  J.  L.  Rutherford.  [  Jan.  1955  ]  lp.  [  AFOSR-TN- 
55-36]  (AF  18(600)465)  Unclassified 

The  floating- zone  technique  used  by  Keck  (Rev.  Sctent. 
Instruments,  v.  23:  331,  Apr.  1954)  has  been  applied 
lo  such  high-mp  metals  a3  Fe,  Zr,  Nl,  and  Cu  ln  order 
lo  avoid  cructble  contamination  during  purification  by 
zone-mctting.  Fe  spectmens,  1/8  to  1/4  tn.  tndtame- 
te-,  have  been  zone  melted  ln  H2  ustng  tnduction-type 
heating.  The  floating- zone  ts  roughly  as  long  as  the 
specimen’s  dtameter.  C  ts  readtly  removed  by  this 
process,  micrographs  of  a  low-C  alloy  showing  a  com¬ 
plete  absence  of  vlstble  C  or  carbide  preclpttates  after 
zone-melting.  U  ts  potnled  oul  that  Fe  purified  by  zone 
melting  and  tested  tn  tenston  at  -196*C  has  a  very  duc¬ 
tile  cup- type  fracture  (78%  reduction  of  area). 


FRA.  04:008 

Franklin  Inst.  Labs,  for  Research  and  Development, 
Philadelphia,  Pa. 

STUDY  OF  PURIFICATION  AND  SUBSTRUCTURE 
FORMATION  OF  METALS  AND  THE  PROPERTIES  OF 
HIGH- PURITY  METALS,  by  M.  Herman,  J.  L. 
Rutherford,  and  R.  L.  Smith.  Final  rept.  Oct.  1 , 
1954-Sepl.  30,  1955,  25p.  lnci.  lllus.  dlagrs.  table, 
refs.  (Repl.  no.  F  2337-3)  ([  AF  ]OSR-TN-55-404) 

(AF  18(600)465)  AD  77906  Unclassified 

Induction  heating  equipment  for  the  floating  technique  of 
zone  melting  ts  described.  Major  changes  ln  the  Induc¬ 
tion  equipment  tnvolve  the  glass-to-metal  seals,  the 
bottom  chuck  mounl,  and  the  lop  specimen- support  rod. 
Fe  and  Tl,  melted  by  this  technique,  are  betng  evalu¬ 
ated.  A  radioactive  tracer  technique  Is  being  used  lo 
establish  the  dtslrlbutlon  of  controlled  additions  lo  the 
specimen.  After  6  zone  passes,  the  concentration  of 
P  ln  the  etartlng  end  dropped  lo  2.  2%  of  Us  original 
concentration.  The  concentration  of  solute  did  not  ex¬ 
ceed  the  Initial  concentration  for  the  flrsl  90%  of  the 
Oar,  because  of  the  short  zone  length  (7%  of  the  bar 
length).  Photographs  show  the  mtcrostructure  of  the 
Swedish  Iron  before  and  after  zone  purification.  Stud¬ 
ies  of  substructure  suggested  lhal  Pb  segregation  ac¬ 
counts  for  the  observed  substructure  and  pits  formed  ln 
the  etched  Zn,  although  11  Is  possible  that  the  Pb  segre¬ 
gates  ln  the  region  of  a  dislocation.  The  cellular  struc¬ 


ture  ts  bounded  by  simple  crystallographic  planes  and 
not  by  boundartes  that  are  apparently  oriented  random¬ 
ly. 
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ZONE  PURIFICATION  OF  REACTIVE  METALS,  by 
R.  L.  Smith  and  J.  L-.  Rutherford.  Feb.  1,  1956 
[33]p.  tncl.  lllus.  dlagrs.  (Interim  rept.  no.  I- 
A1878-1)  (AFOSR-TN- 56-70)  (AF  18(600)1581) 

AD  81522  Unclasslfted 

Also  published  In  Jour.  Metals,  v.  9:  1-7,  Apr.  1957. 

The  floating- zone  method  Is  described  for  zone  melting 
reactive,  high-melting  potnt  metals.  The  method  con¬ 
sists  of  the  formation  of  a  narrow  molten  zone  ln  a  rod 
by  tnduction  heating.  The  molten  zone  ts  supported  be¬ 
tween  the  2  solid  sections  of  the  rod  by  surface  tenston, 
and  ts  moved  longltudtnally  along  the  rod  to  effect  a  re¬ 
distribution  of  solute.  The  method  ts  more  advantage¬ 
ous  than  the  horizontal  method  since  cructble  contami¬ 
nation  ts  avoided,  but  tt  ts  a  more  difficult  technique. 
Only  one  zone  can  be  formed  at  a  time  wtth  the  floating- 
zone  method.  Hlgh-parlty  metals  can  be  obtained,  but 
the  method  does  not  remove  all  tmpurlty  elements.  The 
Impure  elements  which  cannot  be  redistributed  ln  an  In¬ 
got  during  zone  melting  must  be  removed  by  some  oth¬ 
er  means.  The  use  of  radioactive  tracers  ts  dtscussed 
for  determining  the  redistribution  of  solute  durtngzone 
melting.  Rods  of  Fe,  Tl,  Zr,  Nl,  and  Mo  were  zone 
me.’led  tn  preliminary  experiments.  Results  are  given 
for  P33  .n  Fe,  Au19»  tn  Tt  and  Zr,  and  Zn65  tn  Tl.  P 
and  C  ln  Fe,  and  Au  and  Zn  tn  Tt  segregrated  to  the  end 
of  the  Ingot  and  were  the  last  lo  solidify  durtng  melting. 
A1  77.  3"K,  tensile  teBts  on  Fe  showed  thal  a  progres¬ 
sive  Increase  ln  ductlltty  occurs  as  purer  specimens 
are  used.  Tenstle  lests  at  4.  2*K  showed  that  a  large 
reduction  tn  area  can  be  obtained  tn  highly  purified  Fe. 
(ASTIA  abstract) 


FRA.  05:002 

Franklin  Insl.  Labs,  for  Research  snd  Development, 
Philadelphia,  Pa. 

TENSILE  PROPERTIES  OF  ZONE-REFINED  IRON  IN 
THE  TEMPERATURE  RANGE  FROM  198  K  TO  4.  2  K, 
by  R.  L.  Smith  and  J.  L.  Rutherford.  Interim  repl. 
Sept.  1956  44  ip.  lncl.  lllus.  dlagrs.  tables,  refs. 

(Repl.  no.  1- AI878- 2)  (AFOSR-TN- 56- 490)  (AF  18- 
(600)1581)  AD  110304  Unclassified 

Also  published  In  Jour.  Melals,  v.  9  857-864,  July 
1957. 

The  tensile  properties  of  zone-  refined  Iron  have  been 
evaluated  ln  the  lemperalure  range  from  298°K  to 
4.  2“K.  It  has  been  found  thal  the  higher  lhe  purity, 
the  lower  the  flow  stresses  and  the  better  the  low 
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temperature  ductility.  Yield  stresses  as  low  as  3, 800 
psl  hive  been  observed  at  room  temperature  aid  elon¬ 
gations  of  10%  have  been  observed  at  4.  2’K.  The  major 
portion  of  the  ductility  at  4.  2°K  arises  from  twinning. 
Deformation  by  twinning  at  4. 2°K  Is  not  suppressed  by 
prestraining  at  room  temperature  and  the  twins  occur 
all  through  the  test.  Slip  traces  were  observed  to  Initi¬ 
ate  at  the  ends  of  previously  formed  twin  traces.  (Con¬ 
tractor's  abstract) 


FRD.  01:001 

Frederick,  Carl  L. ,  and  Associates,  Bethesda,  Md. 

MACH  NUMBER  MEASURING  DEVICES  FOR  USE  IN 
HIGH-SPEED  WIND  TUNNELS,  by  C.  L.  Frederick. 
Dec.  1954,  30p.  incl.  refs.  [ AFOSR-TN-54-363] 
(NATO  AGARDograph  rept.  no.  2)  (AF  18(600)797) 

Unclassified 

The  results  of  a  critical  review  of  progress  in  the 
development  and  use  of  Mach  number  measuring  devices 
in  the  field  of  high-speed  wind-tunnel  testing,  analysis, 
and  evaluation  of  the  various  methods  of  measuring  and 
Indicating  Mach  number  Is  presented.  The  paper  Is  de¬ 
voted  primarily  to  transonic  and  supersonic  testing  be¬ 
cause  of  the  basic  differences  In  testing  at  subsonic  and 
supersonic  speeds.  The  following  Mach  number  ranges 
are  used:  (1)  subsonic,  M  <  0.9;  (2)  transonic,  0.9  1 
M  t  1.2;  (3)  supersonic,  1.  2  §  M  <  5;  and  (4)  hyper¬ 
sonic,  M  >  5.  A  brief  listing  of  the  development  of 
Mach  number  measuring  devices  Is  given,  followed  by 
a  description  of  Mach  meters  In  use  today,  together 
w»Ui  their  advantages  ana  aisadvantages. 


FRD.  01:002 

Frederick,  Carl  L. ,  and  Associates,  Bethesda,  Md. 

DESIGN  AND  CONSTRUCTION  ASPECTS  OF  HIGH  POW¬ 
ER  WIND  TUNNEL  DRIVE  SYSTEMS  AND  LARGE  DI¬ 
AMETER  WINli  TUNNEL  CoMl  RESSoRS,  by  J.  Clark. 
Apr.  1954  [  54  ]  p.  lncl.  Ulus,  dlagrs.  [  AF  18(600)797  j 

Unclassified 

Presented  at  the  Netherlands  meeting  of  the  NATO- 
AGARD,  May  1954. 

A  brief  review  Is  presented  of  certain  aspects  of  the  de¬ 
sign  criteria  used  for  large  wind  tunnel  drives  which 
have  been  conducted  by  various  groups  In  the  NATO  na¬ 
tions.  Although  this  design  InformaUon  was  used  for 
large  wind  tunnel  drives,  11  Is  applicable  to  most  small 
and  medium -size  lnstallalions.  A  particularly  valuable 
feature  Is  that  11  may  be  used  to  predict  the  performance 
characteristics  of  drive  systems  whose  componenl  pans 
have  been  obtained  from  various  sources.  Thus,  diffi¬ 
culties  can  frequently  be  predicted  in  advance  and,  if 
necessary,  slight  changes  can  be  made  lo  these  parts 
'cjfore  lhey  are  assembled  Into  a  drive  syslem,  with  a 
consequent  reduction  in  Ume  required  lo  place  such 
drives  In  successful  operation.  The  requirements  and 
arrangement  of  various  types  of  large  wind  tunnel  drives 


are  compared.  Section  I,  discusses  some  of  the  major 
design  problems  that  are  usually  encourt  ed  in  these 
drives.  In  Section  n,  a  comparison  Is  presented  of 
the  various  types  and  mechanical  characteristics  of 
wind  tunnel  compressor  rotors.  This  Is  followed  by  a 
general  discussion  of  some  of  the  major  problems  en¬ 
countered  In  the  mechanical  design  of  large  wind  tunnel 
compressors. 


FRD.  01:003 

Frederick,  Carl  L. ,  and  Associaies,  Bethesda,  Md. 

AUTOMATIC  PRESSURE  MEASURING  SYSTEMS  USED 
WITH  HIGH-SPEED  WIND  TUNNELS,  by  C.  L. 
Frederick.  June  1955,  51p.  incl.  illus.  dlagrs,  refs. 
[NATO  AGARDograph  rept.  no.  10]  [  AF  18(600)  - 
797  ]  AD  77895  Unclassified 

A  brief  review  Is  given  of  high-  speed  wind  tunnel  char¬ 
acteristics,  particularly  with  respect  to  Instrumenta¬ 
tion  needs.  Major  elements  of  pressure  measuring 
systems  are  surveyed,  and  representative  United 
Stales'  systems  are  described.  The  representative 
systems  can  be  subdivided  lnlo  those  characterized  by 
fast  response,  short  running  time,  and  a  small  number 
of  pressure  channels  and  those  characterized  by  re¬ 
peated  multiple  measurements,  long  tunnel  running 
time,  and  long  instrument  stabilization  time.  Refine¬ 
ments  of  the  first  group  are  needed  in  the  pressure 
connecting  system,  the  sensing  element,  and  the  trans¬ 
ducer.  For  the  second  group,  novel  meniscus  trans¬ 
ducers  are  necessary  when  conventional  pressure  con¬ 
necting  a,  atcilia  and  conventional  liiauonietV*  b  ai  t.  unfed. 

Diaphragm  transducers  coupled  to  relatively  slow  re¬ 
sponse  pressure  connecting  systems  can  be  used.  The 
metal  diaphragm  and  wire  filament  provide  the  shortest 
response  times,  but  only  the  diaphragm  can  be  made  to 
provide  an  effectively  linear  response  over  a  relatively 
narrow  pressure  range.  Electrical  transducers  for 
measuring  diaphragm  response  are  highly  developed 
and  useful  In  automatic  recording  systems.  For  de¬ 
ter  mining  and  recording  a  discrete,  stabilized  preusuie 
value  for  each  gage,  the  liquid  manometer  with  electri¬ 
cal  transducer  competes  with  the  diaphragm.  (Ex¬ 
tracted  from  rept. ) 


FRE.  01:001 

Free  U.  of  Brussels  (Belgium). 

[ISOTOPIC  EFFECTS  AND  THERMODYNAMIC  PROP¬ 
ERTIES  IN  THE  CONDENSED  PHASE,  1  ]  Effets  lso- 
topiques  el  propridlds  thermodynamlques  en  phase  con- 
densA.  1,  by  1.  Prlgoglne,  R.  Bingen,  and  J.  Jeener. 
[1954]  [12  ,p.  [  AF  61(515)635-C  Unclassified 

Published  In  Physlca,  v.  20:  383-394,  July  1954. 

:  zero  point  of  energy  of  solid  isotopic  mixtures  Is 

discussed,  and  their  properties  are  comptred  with  those 
of  the  pure  isolopes.  The  case  of  a  1 -dimensional chain 
of  molecules  Is  considered  In  some  detail  because  the 
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calculations  may  then  be  performed  In  a  rigorous  way, 
Only  harmonic  osclllalors  are  considered.  II  Is  shown 
thal  the  zero-polnl  energy  Increases  sleadlly  with  the 
number  of  couples  of  flrsl  neighbors  between  molecules 
of  dlfferenl  masses.  The  zero-polnl  energy  Is  lowesl 
for  the  pure  lsolopes  and  highest  for  the  ordered  lal- 
tlce  ABAB  ....  Also  11s  value  for  a  random  distribu¬ 
tion  of  the  lsolopes  Is  higher  than  thal  for  the  pure  Iso¬ 
topes.  The  stable  slale  al  0°K  always  requires  a  sepa¬ 
ration  Into  pure  lsolopes.  Differences  In  masses,  1.  e., 
Isotopic  effects,  may  give  positive  deviation  from 
Raoult's  law  without  any  effect  of  the  statistics.  The 
results  obtained  Indicate  the  possibility  of  pure  quan¬ 
tum  transitions  in  the  phase  diagram  due  to  Isotopic  ef¬ 
fects  at  sufficiently  low  temperatures.  These  transi¬ 
tions  are  quantum  analogues  of  order-disorder  transi¬ 
tions.  The  differences  in  the  zero-point  energies  due 
to  dlffere.,1  spatial  dUtrlbutfons  of  the  Isotopes  are 
small,  however,  so  lhal  these  effecls  can  only  appear 
at  extremely  low  temperatures.  They  are  much  smaller 
than  the  effecls  calculated  by  Prlgoglne  and  Phlllppol 
which  a,  e  related  to  volume  changes  on  mixing  and  thus 
to  the  anharmonlclty  of  the  motion  of  the  molecules. 
(Contractor's  abstract) 


FRE.  01:002 

Free  U.  of  Brussels  (Belgium). 

ISOTOPIC  EFFECTS  AND  THERMODYNAMIC  PROP¬ 
ERTIES  IN  THE  CONDENSED  PHASE,  □  1  Effets  lso- 
toplques  el  proprlete's  thermodynamloues  en  phase  con- 
densee.  n,  by  1.  Prlgoglne  and  J.  Jeener.  19541 
15  Ip.  lncl.  table.  [ AF  61(514)635-C  ] 

Unclassified 

Published  In  Phvslca.  v.  20:  516-520,  Aug.  1954. 

The  method  developed  In  Pari  1  Is  exte-vded  to  real  3- 
dlmenslonal  lattices.  The  zero-point  energy  Is  calcu¬ 
lated  for  Isotopic  mixtures  and  pure  Isotopes.  The  re¬ 
sults  obtained  for  1 -dimensional  lattices  are  shown  to 
remain  qualitatively  valid  for  3-dlmenslonal  lattices; 
the  heal  of  mixing,  however,  Is  smaller  than  In  the  1- 
dlmenslonal  case.  The  stable  state  al  O’K  always  re¬ 
quire,!  a  separation  Into  pure  Isotopes.  (Contractor's 
abstract) 


FRE.  01.003 

Free  U.  of  Brussels  (Belgium). 

.  ISOTOPIC  EFFECTS  AND  THERMODYNAMIC  PROP¬ 
ERTIES  IN  THE  CONDENSED  PHASE.  Ill  Effets  lso- 
toplques  el  proprl^les  thermodynamlques  en  phase  con- 
densee.  Ill,  by  1.  Prlgoglne  and  J.  Jeener.  1954 
5  p.  lncl.  dlagrs.  tables,  refs.  AF  61  ( 5 14)635 - C 

Unclassified 

Published  Ul  Physlca,  v.  20:  633-654,  Sept.  1954. 

The  basic  assumption  of  this  paper  Is  Introduced  In  lhe 
following  form:  the  free  energy  of  an  Isotopic  mixture 


Is,  for  given  values  of  volume  per  particle  and  tem¬ 
perature,  the  sum  of  the  free  energy  of  the  pure  Iso¬ 
topes  and  of  a  term  due  to  the  enlropy  of  mixing.  This 
assumption  is  automatically  satisfied  in  simple  statis¬ 
tical  models  of  condensed  phases  like  the  cell  model 
or  an  assembly  of  anharmonic  osclllalors,  the  change 
on  mixing  of  the  zero-polnl  energy  nol  being  laken  ln- 
lo  account.  It  thus  constitutes  a  satisfactory  method 
of  approach  for  the  underslanalng  of  the  thermodynam¬ 
ic  properties  of  lsolopic  mixtures.  From  this  hypo¬ 
thesis  the  Itee  energy  ol  mixing,  tin.  excess  whHms 
and  the  heat  of  mixing  can  be  expressed  In  terms  of 
properties  of  the  pure  Isotopes.  This  theory  predicts 
for  Isotopic  mixtures  heat  absorption  and  positive  de¬ 
viations  from  Raoult's  law.  Some  simple  statistical 
models  are  considered  In  some  detail  In  order  to  un¬ 
derstand  the  thermodynamic  properties  of  the  pure 
Isotopet,  By  applying  lhe  fuoda.-rvecUl  a?  wunptkm  ol 
this  paper,  the  qualitative  features  of  the  mixture  can 
then  easily  be  discussed.  The  effecls  calculated  In 
this  paper  and  the  change  In  zero-polnl  energy  on  mix¬ 
ing  wTt  Lnu.pwred.  (Comravtur' s  abstract) 


FRE.  01:004 

Free  U.  of  Brussels  (Belgium). 

THERMODYNAMIC  PROPERTIES  OF  QUANTUM  SOL- 
TbS  AT  ABSOLUTE  ZERO,  by  R.  Bingen,  l  1954: 

[  19  ] p.  (AF  61(51  i)635-C)  Unclassified 

Published  In  Bull.  Acad.  Roy.  de  Belgique,  Cl.  Scl., 
V.  40:  815-833,  1954. 

A  chain  of  anharmonic  oscillators  Is  studied,  and  the 
effect  of  the  volume  on  the  elastic  conslanls,  and  of 
the  anharmonlclty  on  the  zero-point  energy  Is  dis¬ 
cussed. 


FRE.  01:005 

Free  U.  of  Drussels  (Belgium). 

STATISTICAL  MECHANICS  OF  IRREVERSIBLE  PROC¬ 
ESSES  IN  CRYSTALS,  PART  1,  by  1.  Prlgoglne  and  R. 
Bingen.  1954,  42p.  (AF  61  ( 5 1 4 )635 - C ) 

Unclassified 

Published  In  Physlca,  v.  21:299-311,  Apr.  1955. 

This  sludy  Is  concerned  with  Irreversible  phenomena 
in  crystals,  which  are  not  related  lo  processes  Involv¬ 
ing  energy  dissipation,  e.  g.  ,  anharmonlclty.  An  Infi¬ 
nite  3-dlmenslonal  assembly  of  harmonic  oscillators  Is 
studied.  Their  position  and  velocities  are  considered 
as  rando;.!  variables  whose  probability  distributions 
are  kn.’wn  at  lhe  Initial  momenl.  The  asymptotic  val¬ 
ues  of  these  dlslrlbutlon  functions  can  be  calculated  by 
solving  the  equations  of  motion  of  the  laltlce  points  In 
terms  of  the  Initial  conditions.  "Influence  functions” 
are  Introduced,  which  are  relaled  to  the  frequency 
spedrum  of  lhe  laltlce.  Some  of  their  asymptotic  prop¬ 
erties  canbe  established  afier  a  long  period  regardless 
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of  the  frequency  spectrum.  They  show  that  all  the  local 
distribution  functions  tend  to  Gaussian  distributions,  and 
the  crystal  ttself  to  local  homogeneity.  In  constrast 
with  the  1-dlmenstonal  case,  It  ts  not  posstble  to  ftnd 
simple  linear  combtnattons  of  the  second  moments  which 
are  lnvartant;  however,  the  second  moments  are  known 
to  be  quasl-lnvarlant,  l.e. ,  they  tend  to  a  definite  asym- 
totlc  value  after  a  more  or  less  complicated  vartatton. 

No  other  condition  Is  Imposed  on  the  Initial  ifstrlbutlon 
function  than  the  absence  of  correlation  at  1-  ge  dis¬ 
tances.  If  they  are  such,  however,  that  the  equtpartt- 
tlon  of  the  energy  is  Initially  achieved  between  the  norm¬ 
al  modes,  without  any  correlation  between  their  phases, 
all  the  various  moments  and  local  distribution  functions 
tend  to  thetr  equilibrium  value.  That  ts,  each  finite 
part  of  the  crystal  tends  to  local  thermodynamic  equi¬ 
librium.  This  local  ergodtclty  of  the  crystal  can  be 
considered  as  a  consequence  of  the  central  limit  theo¬ 
rem  of  statistics.  After  a  long  pertod,  the  local  dis¬ 
tribution  functions  are  determined  by  a  very  large 
number  of  random  vartables  (owing  to  the  dispersion  of 
the  frequency  spectrum,  this  number  Is  proportional  to 
r).  (Contractor's  abstract) 


FRE.  01:006 

Free  U.  of  Brussels  (Belgium). 

STATISTICAL  MECHANICS  OF  IRREVERSIBLE  PROC¬ 
ESSES  AND  THE  STEADY  STATE,  PART  II,  by  I. 
Prlgogtne  and  R.  Brout.  1954  [  22  ] p.  (AF  61(514)- 
635-C)  Unclassified 

The  thermodynamic  consequences  of  our  previous  stud- 
tes  on  the  harmonic  systems  ts  examined.  It  Is  found 
that  the  entrophy,  corresponding  to  the  asymptotic 
distribution  In  time,  (subject  to  rather  broad  condttlons) 
Is  a  maximum,  defined  ob  the  surface  gtVen  by  the 
mechanical  Invariants  of  the  system.  An  H  theorem  Is 
found  In  a  time  smoothed  sense,  systematic  oscillations 
being  due  to  the  second  order  differential  equations  of 
motion.  Anharmonicltles  are  then  Introduced  Into  the 
system  which  destroy  alt  mechanical  Invariants  other 
than  the  energy,  thereby  allowing  the  system  to  come 
to  the  standard  canonical  ensemble  (energy  the  only 
mechanical  Invariant).  The  evolution  of  entropy  a(  this 
stage  is  then  examined  using  equations  previously  de¬ 
veloped  by  Pelerls  In  the  study  of  thermal  conductivity 
of  solids.  Finally,  the  stationary  state  of  heat  flow  Is 
examined  In  the  presence  of  a  temperature  gradient. 

This  study  Introduces  the  concept  of  an  Intermediate 
time  scale,  which  allows  the  study  of  the  stationary 
state  without  Introducing  extraneous  Interactions  with 
the  external  world.  Rather,  the  thermal  gradient  Is 
propagated  from  the  ends  oi  the  system  ltseL"  A 
stationary  sl.au-  exists  Lr  Um»«  tong  .  ta ug)  to  .  siatllsh 
the  space  smoothed  and  time  smoothed  equations  of 
Pelerls,  and  short  enough  so  that  the  effects  of  the 
propagating  gradient  do  not  disturb  the  stationary 
character  of  the  system.  The  conditions  on  this  time 
are  given  and  such  times  are  shown  to  exist  for  suf¬ 
ficiently  large  systems  and  sufficiently  small  tempera¬ 
ture  gradient  Um>  SliUtUarjl  Stitr  ar'sts  fltim  har¬ 
monic  propagation  of  the  gradient  compensated  by  local 


decay  of  heat  flow  due  to  anharmontcttles.  It  Is  further 
shown  to  correspond  to  a  state  of  minimum  entropy 
production  for  ftxed  gradient,  thereby  corroborating  a 
well  known  theorem  In  phenomenologtcal  Irreversible 
thermodynamics.  (Contractor’s  summary) 

FRE.  01:007 

Free  U.  of  Brussels  (Belgium). 

THERMAL  CONDUCTIVITY  OF  REAL  GASES,  PART 
HI,  by  I.  Prtgoglne  and  S.  Lafleur.  1954,  15p.  lncl. 
table,  refs.  (AF  61(514)635-C)  Unclassified 

Published  tn  Physlca,  v.  21:  667-675,  Aug.  1955. 

In  a  real  gas,  In  the  presence  of  a  temperature  gradi¬ 
ent,  the  relative  concentrations  of  the  molecular  clus¬ 
ter  vary  from  point  to  potnt;  this  leads  to  a  dlffuston  of 
the  larger  clusters  towards  the  warm  regtons  and  of 
the  smaller  clusters,  and  monomolecules  towards  the 
cold  parts  of  the  apparatus,  where  they  respectively 
dissociate  or  recombtne  with  the  absorption  or  libera¬ 
tion  of  the  heat  of  formation.  The  tncrease  In  the  ther¬ 
mal  conductivity  of  the  gas  resulting  from  this  circula¬ 
tion  of  the  heat  of  formation  of  the  clusters  can  be 
evaluated  wtth  reasonable  accuracy  at  low  pressures 
when  only  stmple  and  double  molecules  need  to  be  tak¬ 
en  Into  account.  This  effect  is  negligible  at  high  tem¬ 
peratures  (above  Boyle  point),  where  the  vartatlon  of 
thermal  conductivity  with  pressure  can  be  represented 
to  a  high  degree  of  accuracy  by  Enskog's  theory;  tt  In¬ 
creases  wtth  decreasing  temperature,  and  becomes 
approximately  equal  to  Enskog’s  effect  In  the  neighbor¬ 
hood  of  the  critical  temperature;  It  Is  evaluated  that  In 
the  case  of  argon  the  Increase  Is  of  the  order  of  6%  per 
atm  at  the  boiling  point.  At  higher  pressures,  the 
larger  clusters  carrying  an  Important  heat  of  forma¬ 
tion  can  no  longer  be  neglected;  an  exact  evaluation  of 
their  contribution  Is  difficult,  but  qualitative  calcula¬ 
tions  based  on  crude  models  Indicate  that  the  calculated 
value  depends  strongly  on  the  model  assumed,  and  that 
for  homopolar  molecules  at  high  pressures  and  rela¬ 
tively  low  temperatures  this  excess  thermal  conduc¬ 
tivity  Is  largely  due  to  polydimensional  clusters  with 
Internal  cyclic  links.  (Contractor's  summary) 


FRE.  01:008 

Free  U.  of  Brussels  (Belgium). 

KINETIC  THEORY  OF  POLYATOMIC  GASES,  PART 
IV,  by  1.  Prtgoglne  and  S.  Lafleur.  1954  [43]  p.  lncl. 
refs.  (AF  61(514)635-C)  Unclassified 

An  rxtf  onina  ..( tl,r  ktn>  tlr  the  ry  d  gases  taking  l-t  j 
account  InelasUc  collisions  is  considered,  aid  the  ef¬ 
fect  of  these  Inelastic  collisions  on  transpor  t  proper¬ 
ties  (e.  g. ,  thermal  conductivliy)  Is  Investigated.  The 
kinds  of  Inelastic  collisions  considered  are  collisions 
leading  to  a  molecular  association  or  "dimerization" 
vand  Inversely  decomposlUon  of  an  associated  molecule) 
and  those  leading  to  an  excitation  land  Inversely  de- 
excltatlon)  of  one  of  the  colliding  molecules,  this  kind 
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of  process  being  very  likely  In  polyatomic  gases.  The 
Bollzmann’s  equation  of  a  system  consisting  of  simple 
molecules,  stable  and  excited  double  molecules  subject 
to  these  inelastic  processes  together  with  the  usual  elas¬ 
tic  collisions  are  derived.  Following  Grad’s  method  of 
solution  the  moments  equations  are  written,  and  from 
them  the  thermal  conductivity  Is  deduced  for  a  simple 
case  In  this  case  suppose  that  the  concentrations  of 
the  different  molecules  In  local  chemical  equilibrium 
and  a  sufficiently  small  equilibrium  concentration  of 
excited  molecules  so  that  11  can  be  neglected.  It  is 
shown  that  this  condttlon  Is  satisfied  If  the  heat  of  asso¬ 
ciation  Is  larger  than  a  few  times  the  thermal  energy 
tT.  The  results  corroborate  the  macroscopic  theory 
of  Nernsl,  Dirac,  Prlgogine,  and  Melxner,  and  show 
that  Inelastic  colltslons  can  give  rise  to  an  Important 
Increase  In  the  thermal  conductivity  through  a  "ctrcu- 
latton"  process  of  the  heat  of  association  between  the 
hoi  and  cold  p;.rts  of  the  system.  It  Is  shown  that  On- 
sager’s  reciprocity  relations  are  satisfied  by  the  sys¬ 
tem.  The  deviations  from  local  chemical  equtllbrtum 
are  then  shortly  dtscussed;  tt  Is  found  by  qualitative 
evaluation,  that  In  usual  condttlons,  these  deviations 
are  appreciable,  and  that  the  Increase  in  the  thermal 
conductivity  due  lo  tnelastic  collisions  ts  less  than  in 
the  case  of  local  chemtcal  equilibrium.  (Contractor’s 
summary) 


FRE.  01:009 

Free  U.  of  Brussels  (Belgium). 

QUANTUM  EFFECTS  AT  ABSOLUTE  ZERO  IN  PURE 
CRYSTALS  AND  ISOTOPIC  MIXTURES,  PART  V,  by 
I.  Prlgogine  and  R.  Btngen.  1954,  lv.  lncl.  dlagrs. 
table,  refs.  (AF  61(514)635-C)  Unclasstfled 

The  Influence  of  the  anharmonlclty  of  mollon  ts  studted. 
In  connection  wllh  the  properties  al  very  low  tempera¬ 
tures  of  solids  such  as  H^,  1U,  aid  their  isotopes, 
which  are  sufficiently  light  to  display  large  quantum  ef¬ 
fects.  In  Chapter  1,  the  properties  of  pure  crystals  at 
absolute  zero  were  studied.  A  one  dimensional  chain 
nf  anharmonlc  oscillators  Is  taken  as  statistical  model, 
v  1th  Lennard  Jones'  "6-12"  Interaction  between  nearest 
neighbors  only.  Two  effects  of  quantum  origin  are  tak¬ 
en  Into  account:  the  change  of  zero-point  energy  with 
volume,  due  to  changes  of  elastic  constants,  and  on  the 
uthi:  hatd  tlit  additional  conti tbotiu.i  to  the  zero-point 
energy  due  lo  the  anharmonictly  of  the  tnleracllon  polen- 
llal  The  volume,  lhe  free  energy  and  the  Debye  tem¬ 
perature  are  calculated  as  functions  of  de  Boer’s  quan¬ 
tum  parameter  A.  The  light  crystals  are  found  lo 
show  Important  deviations  from  classical  la-.vs.  Chap¬ 
ter  II  Is  devoled  lo  lhe  mass  effect  In  solid  Isotopic 
mixtures,  1.  e. ,  the  Influence  of  the  spatial  distribution 
of  the  two  Isotopes  upon  the  zero-potnl  energy.  The 
lalter  Is  always  higher  when  lhe  two  lsolopes  are  mixed 
than  when  separated;  In  the  case  of  equlmolecular  mix¬ 
tures,  the  zero-point  energy  Is  the  hlghesl  for  the  or¬ 
dered  lattice  ABAB. . .  The  stable  state  al  0*K  Is  thus 
given  by  the  separation  lnlo  the  pure  tsolopes.  tn 
Chapter  Ill,  the  volume  effeci  Is  discussed,  t.  e.  ,  the 
volume  change  and  the  corresponding  variation  of  zero- 


potnt  energy  which  occur  when  two  Isotopes  are  mixed. 
Thts  volume  effect  Is  more  Important  than  the  mass 
effect,  at  least  for  lighl  substances.  It  is  first  evalu¬ 
ated  In  the  case  of  1-dlmenstonal  crystals.  The  cal¬ 
culations  are  then  extended  to  reat  3-dlmenstonal  crys¬ 
tals,  showtng  that  the  excess  free  energy  Is  always 
positive.  This  theory  Indicates  thal  a  quantum  phase 
transition  must  be  expected  at  a  sufficiently  low  tem¬ 
perature,  below  which  the  two  Isotopes  are  separated. 
The  heat  mtxing  of  mixtures  such  as  H2  -  D2  are  found 
to  be  In  agreement  with  experimental  data  on  analogous 
ltquld  mtxtures.  (Contractor's  summary) 


FRE.  01:010 

Free  U.  of  Brussels  (Belgtum). 

STATISTICAL  MECHANICS,  by  I.  Prlgogine.  [  1955] 
[  26  ]p.  tncl.  refs.  (  AF  61(514)635-C;  continued  by 
AF  61(514)817)  Unclassified 

Published  In  Ann.  Rev.  Phys.  Chein. ,  v.  6:  457-482, 


Recent  literature  prtmarlly  of  1954  on  selected  toptes 
In  statistical  mechanics  Is  reviewed.  The  166  publica¬ 
tions  surveyed  are  concerned  wtth  the  thermodynamics 
of  trreverstble  processes,  the  statistical  mechanics  of 
trreverstble  processes,  some  equilibrium  properties 
tndudtng  condensation  of  tmperfect  gases,  the  Monte 
Carlo  method  of  evaluating  partition  functions  for  In¬ 
teracting  parades,  the  cell-cluster  model  for  the  liq¬ 
uid  stale,  and  the  vlbraUon  spectrum  of  perturbed  lal- 
Uces  and  Isotopic  mixtures.  Also  discussed  are  some 
recent  papers  on  ltqutd  helium. 


FRE.  02:001 

Free  U.  of  bruobels  (Belgium). 

ON  THE  DIFFERENTIAL  PROPERTIES  OF  ENTROPY 
PRODUCTION,  by  P.  Glansdorff  and  1.  Prlgogine. 

[  1954  ]  [  8  ]p.  ([AF  61(514)817]  conUnuaUon  of 
AF  61(514)635-C)  Unclassified 

Published  In  Physlca,  v.  20:  773-780,  Oct.  1954. 

The  time  va.laUon  of  die  entropy  prouuctlon  (pel  unit 
volume  and  unll  time)  ts  spilt  lnlo  lwo  parts.  The  first 
Is  related  lo  the  changes  of  the  generalized  forces  wllh 
lime  and  lhe  second  to  the  changes  of  the  rales  of  lhe 
Irreversible  processes.  If  some  restrlcUve  condlUons 
are  satisfied  (linear  phenomenologtcal  laws,  Onsager's 
reclproclly  relations,  constancy  of  the  phenomenologi¬ 
cal  coefficients)  both  parts  are  equal  and  decrease  In 
lime.  This  does  no  more  hold  If  these  condlUons  are 
nol  satisfied.  Postulating  only  mechanical  equilibrium 
and  Uine  tndependenl  boundary  condlUons,  11  Is  shown 
thal  lhe  flrsl  part,  related  to  the  change  of  the  general¬ 
ized  forces,  Is  always  negative  zero.  The  change  of 
lhe  generalized  forces  with  time  Is  therefore  such  thal 
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It  lowers  the  value  of  the  entropy  production.  Some  con¬ 
sequences  of  this  theorem  are  briefly  discussed.  (Phys. 
A.  abstract) 

FRE.  02:002 

Free  U.  of  Brussels  (Belgium). 

STATISTICAL  MECHANICS  AND  THERMODYNAMICS 
OF  IRREVERSIBLE  PROCESSES,  by  I.  Prlgoglne. 

[  1956]  lv.  lncl.  dlagrs.  refs.  (AFOSR-TN-56-417) 

(AF  61(514)817)  AD  96226  Unclassified 

A  study  Is  made  of  the  statistical  mechanics  and  ther¬ 
modynamics  of  Irreversible  processes,  and  Poincare’s 
theorem  Is  extended  to  systems  of  oscillators.  A  sys¬ 
tematic  theory  Is  developed  which  gives,  for  simple 
classes  of  Hamiltonians,  a  general  procedure  for  de¬ 
scribing  the  irreversible  behavior  starting  from  first 
principles.  The  connection  between  statistical  me¬ 
chanics  and  thermodynamics  Is  pointed  out.  The  more 
conventional  approach  of  the  thermodynamics  of  Irre¬ 
versible  processes  Is  discussed  by  using  a  differential 
property  of  the  entropy  production  to  study  variational 
principles  associated  with  stationary  nonequilibrium 
situations;  the  case  of  1  and  2  Independent  variables  is 
solved  In  a  general  way,  and  restrictions  which  exist 
for  more  than  2  variables  are  discussed.  The  thermo¬ 
dynamical  systems  which  are  described  by  antlsymet- 
rlcal  phenomenological  laws  are  studied  In  the  neigh¬ 
borhood  of  a  stationary  nonequilibrium  state;  an  ex¬ 
ample  of  such  systems  Is  given  by  Volterra's  (Thaorle 
Mathematlaue  de  la  lutte  pour  la  vie,  Paris,  Gauther 
VUlars,  1331)  model  oi  Interacting  biological populaUons. 
(ASTIA  abstract) 


FRE.  02:003 

Free  U.  of  Brussels  (Belgium). 

STATISTICAL  MECHANICS  OF  IRREVERSIBLE  PROC¬ 
ESSES,  PART  1.  ANHARMONIC  FORCES,  by  R.  Brout 
and  1.  Prlgoglne.  [  1956  ]  14p.  lncl.  dlagrs.  (Haund 
as  Chapter  1  of  AFOSR-TN-56-417;  AD  96226) 

(AF  61(514)817)  Unclassified 

Also  published  In  Physlca,  v.  22:  35-47,  Jan.  1956. 

The  weak  coupling  mechanism  described  by  the  complex 
amplitudes  of  the  normal  modes  b^  (with  bj|  b.^) 
where  k  Is  the  Index  for  the  wave-vector.  The  branch 
and  chain  "phonon  processes"  are  analyzed  by  the  com¬ 
parison  of  the  roles  of  certain  solutions  In  the  formation 
of  the  asymptotic  gausslan  distribution.  A  proof  Is  given 
of  the  asymptotic  gausslan  character  of  the  variates. 

FRE.  02:004 

Free  U.  of  Brussels  (Belgium). 

STATISTICAL  MECHANICS  OF  IRREVERSIBLE  PROC¬ 
ESSES,  PART  1.  GENERAL  THEORY  OF  WEAKLY 


COUPLED  SYSTEMS,  by  R.  Brout  and  I.  Prlgoglne. 

[  1956  ]  16p.  fBound  as  Chapter  2  of  AFOSR-TN-56- 
417;  AD  96226)  (AF  61(514)817)  Unclassified 

Also  published  In  Physlca.  v.  22:  621-636,  July  1956. 

In  this  mathematical  study,  a  general  procedure  for 
the  classical  mechanical  study  of  Irreversible  proc¬ 
esses  In  weakly-coupled  multiply  periodic  systems  Is 
presented.  By  weakly  coupled  systems,  It  Is  meant 
that  the  total  Hamiltonian  may  be  divided  into  two 
units,  H=  H®  4  XV,  where  |\V  l«  |H®I.  Xlsacoupllng 
parameter  characteristic  of  the  magnitude  of  the  per¬ 
turbation,  and  H®  Is  taken  to  be  a  sum  of  many  sub- 
Hamiltonians  H®  =  £  N  ^  h  .  Thus,  the  dynamical 

system  described  by  H®  has  N  analytic  Invariants  and 
hence  Is  nonergodlc.  The  small  addition  XV  Is  taken 
so  as  to  destroy  these  Invariants  which  presumably 
Insures  ergodlclty.  At  the  same  time,  XV  Is  consid¬ 
ered  so  small  that  It  does  not  enler  Into  the  equilibri¬ 
um  properties  of  the  system.  In  this  it  serves  the 
familiar  role  of  rare  collision  In  dilute  gases.  It  Is 
the  purpose  of  this  paper  to  study  the  Irreversible 
evolution  of  ensembles  of  systems  governed  by  the 
Hamiltonian  two  units  mentioned  above. 


FRE.  02:005 

Free  U.  of  Brussels  (Belgium). 

STATISTICAL  MECHANICS  OF  IRREVERSIBLE  PROC¬ 
ESSES,  PART  I.  BOLTZMANN  EQUATION,  by  R. 
Brout.  [  1956  ]  18p.  fBound  as  Chapter  3  of  AFOSR- 
TN-56-417:  AD  96226)  (AF  61(514)817)  Unclassified 

Also  published  In  Physlca,  v.  22:  509-524,  June  1956. 

The  transfer  from  lhe  reversible  equation  of  Llouvllle 
to  an  irreversible  "master  equation"  Is  effected  under 
the  following  hypotheses:  (1)  the  transitions  of  the 
molecules  from  one  state  to  another  are  almost  In¬ 
stantaneous  events;  (2)  the  system  Is  Infinite;  and  (3) 
the  Initial  distribution  Is  such  that  In  the  dilute  gas,  all 
the  positions  of  the  molecules  are  equally  likely  beyond 
a  certain  region  of  microscopic  correlation  (Stosszah- 
lansatz).  It  Is  also  shown  that  an  ulterior  reduction  of 
the  master  equation  to  the  Boltzmann  equation  can  only 
be  realized  by  Initial  conditions  such  that  the  distribu¬ 
tion  Is  already  factored. 


FRE.  02:006 

Free  U.  of  Brussels  (Belgium). 

STATISTICAL  MECHANICS  OF  IRREVERSIBLE  PROC¬ 
ESSES,  PART  1.  CONNECTION  WITH  THERMODY¬ 
NAMICS,  by  I.  Prlgoglne  and  R.  Balescu.  1956  ]  lip. 
fBound  as  Chapter  4  of  AFOSR-TN-56-417;  AD  96226) 
(AF  61(514)8P)  Unclassified 

The  connection  between  statistical  mechanics  and 
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Irreversible  thermodynamics  Is  studied  with  emphasis 
on  weakly  coupled,  multiply  periodic  systems  (of  pre¬ 
dominantly  homogeneous  variety).  Entropy  and  entropy 
production  are  discussed  where  neighborhood  of  equilib¬ 
rium  conditions  hold:  P  =  V^,  Xj(Vj,  Xj  conjugate 

rates  and  affinities.  A  variational  principle  character¬ 
ized  by  the  extreme  of  a  certain  Integral  Is  made  to  de¬ 
scribe  thermodynamic  equilibrium.  As  a  result,  On- 
sager's  reciprocal  relations  occur  in  the  moment  equa¬ 
tions  near  equilibrium.  Ideal  gases  and  chemical  re¬ 
actions  are  investigated  by  the  self-adjoint  transforma¬ 
tions.  The  self-adjoint  operator  H  is  used  in  describ¬ 
ing  the  irreversible  evolution  towards  equilibrium. 

FRE. 02:007 

Free  U.  of  Brussels  (Belgium). 

STATISTICAL  MECHANICS  OF  IRREVERSIBLE  PROC¬ 
ESSES,  PART  I.  REMARKS  ON  THE  QUANTUM  THEO¬ 
RY  OF  WEAKLY  COUPLED  SYSTEMS,  by  R.  Brout,  I. 
Prlgoglne,  and  J.  Jeener.  [1956  ]  5p.  (Bound  as 
Chapter  5  of  AFOSR-TN-56-417;  AD  96226)  (AF  61- 
(514)817)  Unclassified 

The  general  Poisson  form  master  equation  from  the 
quantum  theory  analysis  of  weakly  coupled  systems  is 

bP(E,  q)  =  2tt  \2  y  |<  E,  a  |v|  E',  a'>|2  6(E  -  E') 

6 1  ft2  e7V 

[  P(E ' ,  a ' )  -  P(E,  a)]  with  the  hermltlan  property 
|,E  a|v|E'  a’  >|2  =  |<  E'q'|v|e  a>|2 

and  the  a  (aj . .  . . .  . )  the  constants  of  motion 

of  unperturbed  Hamiltonian  H<j.  in  the  limit  t  =  o,  the 
equation  becomes  £P  l.  The  use  ol  single  action 
tt 

variables  In  the  quantum  mechanical  problem  Is  dis¬ 
cussed. 


FRE. 02:008 


FRE.  02:009 

Free  U.  of  Brussels  (Belgium). 

THERMODYNAMICS  OF  IRREVERSIBLE  PROCESSES, 
PARI  n.  CYCLIC  PROCESSES  IN  IRREVERSIBLE 
THERMODYNAMICS,  by  I.  Prlgoglne  and  R.  Balescu. 
[1956]  [  7  ]  p.  incl.  diagrs.  (Bound  as  Chapter  7  of 
AFOSR-TN-56-417;  AD  96226)  (AF  61(514)817) 

Unclassified 

Rotation  about  stationary  states  far  from  equilibrium 
In  thermodynamic  cases  are  studied  for  the  conse  - 
quences  ol  Glansdorff  and  Prlgoglne’s  ’nequallty 
dxP  =J7  vidx  -  0  where  dxP  fixes  the  sense  of  ro¬ 
tation.  The  example  given  Is  the  population  competi¬ 
tion  ol  two  biological  species  (Volterra’s  "struggle  for 
life"  problem). 

TRE. 02:010 

Free  U.  of  Brussels  (Belgium). 

STATISTICAL  MECHANICS  AND  THERMODYNAMICS 
OF  IRREVERSIBLE  PROCESSES.  POINCARE’S  THE¬ 
OREM  FOR  AN  ASSEMBLY  OF  OSCILLATORS,  by  R. 
Balescu.  [  1956]  4p.  (BouosLaS  Appendix  to  AFOSR- 
TN-56-417;  AD  96226)  Unclassified 

A  theorem  of  Poincard’  states  that  the  Hamiltonian  of  a 
dynamical  conservative  system  H  =  H  (  d^  . . .  dn)  + 
W  (dj  ...  dn;  a,  ...  Qn)  (  d1(  a,  ac lion- angle  vari¬ 
ables  of  the  nonperturbed  system,  \  small  dimension¬ 
less  parameter,  V-perlodlc  function  of  the  angle  vari¬ 
ables)  will  generally  describe  a  functional  relation  of 
every  analytic  and  uniform  Integral  of  the  motion. 

This  appendix  generalizes  upon  this  theorem  and  de¬ 
termines  the  conditions  which  V  satisfies  In  order 
that  the  system  admits  of  no  analytic  and  uniform  In¬ 
tegral  of  the  motion  other  than  H  (or  any  function  of  H). 


FreeU.  of  Brussels  (Belgium). 


FRE.  02:011 


THERMODYNAMICS  OF  IRREVERSIBLE  PROCESSES, 
PART  n.  DIFFERENTIAL  PROPERTIES  OF  THE  EN¬ 
TROPY  PRODUCTION,  by  1.  Prlgoglne  and  R.  Balescu. 
[  1956]  [7]p.  Incl.  diagrs.  (Bound  as  Chapter  6  of 
AFOSR-TN-56-417;  AD  96226)  (AF  61(514)817) 

Unclassllled 

Also  published  In  Bull.  Acad.  Roy.  de  Belgique,  Cl. 

Sci. ,  v.  41:917-918,  Oct.  1955. 

Starting  with  dxP  =  JIj  Vjdx^  0  for  time  Independent 

boundary  conditions,  the  possibility  ol  dellnltlon  of  a 
monotonlcally  decreasing  lunctlon  <p  (Xj  ....  xn)  Is  In¬ 
vestigated  In  Its  evolution  toward  a  stationary  state. 
Chemical  reactions  are  examined  and  £  Is  found  In 
some  cases,  but  It  Is  unable  to  be  solved  In  the  most 
general  case,  which  serves  to  point  out  the  differ¬ 
ence  between  equilibrium  states  and  stationary  states 
not  In  equilibrium. 


Free  U.  of  Brussels  (Belgium). 

STATISTICAL  MECHANICS  OF  IRREVERSIBLE  PROC¬ 
ESSES,  PART  VI.  THERMAL  CONDUCTIVITY  OF 
CRYSTALS,  by  R.  Brout  and  1.  Prlgoglne.  f  1956  J 
[  10  J  p.  [AF  61(514)817]  Unclassified 

Published  In  Physlca,  v.  22:  263-272,  Apr.  1956. 

It  was  shown  In  parts  III  and  IV  of  this  series  that  un¬ 
der  general  conditions  local  distribution  functions  In 
an  Infinite  harmonic  crystal  tend  asymptotically  to 
multivariate  gausslan  distributions.  This  result  has 
Interesting  consequences  which  are  discussed  In  the 
present  paper.  The  evolution  towards  equilibrium  of 
a  slightly  inharmonic  crystal  can  be  subdivided  Into 
two  steps  which  proceed  according  to  quite  different 
time  scales.  The  first  step  corresponds  to  the  ap¬ 
pearance  of  the  multivariate  gausslan  distribution  and 
Is  reached  In  times  ol  order  l/n>  ('»>  characteristic 
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fequency  of  the  harmonic  crystal).  The  second  step  ts 
the  disappearance  of  all  second  order  correlations  (ex¬ 
cept  of  course  autocorrelations)  through  the  effect  of 
anharmonlc  forces.  This  part  corresponds  to  the  evo¬ 
lution  towards  equlpartition  of  energy  between  normal 
modes  and  corresponds  to  a  ''long"  time  scale  related 
to  the  anharmonlctty  of  the  crystal.  It  tc  shown  that  If 
we  take  account  of  this  Initial  "preparation"  of  the  sys¬ 
tem  by  harmonic  forces,  the  molecular  theory  of  therm¬ 
al  conductivity  takes  a  remarkably  simple  form.  In¬ 
stead  of  using  the  full  Boltzmann  equation  for  this 
problem,  It  becomes  sufficient  to  use  the  equation  for 
the  second  moments  alone.  In  this  way  It  Is  easy  to 
obtain  an  explicit  form  for  the  thermal  conductivity  of 
the  crystal  tn  terms  of  molecular  quantities.  The  phe¬ 
nomenological  equation  for  the  change  of  temperature 
(Fourier’s  equation)  may  De  justified  In  the  same  way. 
This  study  Is  restricted  to  one-dtmenstonal  chains  with 
nearest  neighbor  Interactions.  An  appendix  Is  attached 
In  which  three-dimensional  systems  are  considered. 
(Contractor’s  abstract) 


FRE.  03:001 

Free  U.  of  Brussels.  Lab.  of  Molecular  Chemistry  and 
Physics  (Belgium). 

VAPORIZATION  OF  COMPOUNDS  AND  ALLOYS  AT 
HIGH  TEMPERATURE,  by  R.  E.  Honlg  and  J.  Drowart. 
Oct.  1956,  32p.  lnd.  dtagrs.  tables,  refs.  (Technical 
note  no.  1)  (AFOSR-TN-56-555)  (AF  61(514)868) 

AD  110374  Unclassified 

Elements  of  groups  IB  and  HIB  were  studied  tr.  a  60°, 
20-cm-radlus  mass  spectrometer  which  was  modified 
to  permit  the  vaporization  of  milligram  samples  from 
small,  electrically  heated  crucibles  made  of  suitable 
materials  such  as  C,  Mo,  Al202,  and  BeO.  The  ma¬ 
terial  was  chosen  tn  order  to  minimize  any  Interaction 
between  sample  and  crucible.  A  pyrex  window  opposite 
the  crucible  allowed  the  sample  to  be  viewed  and  Its 
temperature  to  be  measured.  A  fraction  of  the  neutral 
particles  vaporizing  from  the  sample  was  Ionized  by  a 
30  4  a-beam  of  70-ev  electrons,  accelerated,  and  mass- 
analyzed  In  the  usual  fashion.  For  Cu,  Ag,  and  Au,  the 
expected  atomic  species  and  small  concentrations  of 
the  dimers  were  found.  The  Ionic  ratios  X2/Xj  (about 
1 0“ 3)  were  measured  over  ranges  of  about  100°K  at 
pressures  between  10'4  and  10'®  mm  Hg.  Neutral 
ratios  X2/Xj  were  obtained  by  assuming  that  the  total 
tonlzatlon  cross  section  of  a  molecule  is  the  sum  of  the 
cross  sections  of  the  constituent  atoms.  For  Ga  and  In, 
no  dtmers  were  found.  Dissociation  energies  were 
computed  for  Cu2,  Ag2  and  Au2;  the  values  agreed  well 
with  those  obtained  by  the  slope  method  which  utilizes 
directly  measured  heats  of  vaporization  of  the  monomers 
and  dimers.  The  absolute  entropy  method  was  used  to 
obtatn  the  dtssoctatton  energies  of  the  Group  1VB  mole¬ 
cules  (C2,  Sl2,  Sn2,  Ge2,  and  Pb2).  The  mass  spec¬ 
trometer  was  considered  to  be  an  Instrument  capable 
of  supplying  much  detailed  Information  concerning  the 
vapor  phase  of  substances  which  are  solid  at  room  tem¬ 
perature.  (ASTIA  abstract) 


FRE.  03:002 

Free  U.  of  Brussels.  Lab.  of  Molecular  Chemistry  and 
Physics  (Belgium). 

MASS  SPECTROMETRIC  STUDY  OF  COPPER,  SILVER, 
AND  GOLD,  by  J.  Drowart  and  R.  E.  Honlg.  [1956J 
[ 5 Jp.  lncl.  tables.  (AF  61(514)868)  Unclasstfted 

Published  In  Jour.  Chem.  Phys. ,  v.  25:  581-582, 

Sept.  1956. 

As  part  of  a  study  of  the  vaportzatlon  of  solids,  the 
Group  IB  elements  Cu,  Ag,  and  Au  were  Investigated 
tn  a  60°  mass  spectrometer.  The  Instrument  was 
modified  to  permit  the  vaportzatlon  of  mtlllgram  sam¬ 
ples  from  small,  tndtrectly-heated  crucibles.  Among 
the  cructbles  tested  (C,  Mo,  Al203,  and  St02),  no 
single  material  satlsfted  completely  all  requirements, 
but  C  crucibles  were  be=t  sutted  for  the  sublimation, 
and  A12Oj  cructbles  for  the  evaporation  of  the  three 
elements.  A  Pyrex  window  allowed  the  appearance  of 
the  sample  to  be  observed.  Temperatures  were  meas¬ 
ured  with  an  optical  pyrometer,  and  the  known  melting 
potnts  served  to  standardize  the  temperature  scale. 

A  fractton  of  the  neutral  particles  vaporizing  from  the 
sample  was  Ionized  by  a  30  pa-beam  of  70-ev  elec¬ 
trons,  accelerated,  and  mass-analyzed  tn  the  usual 
fashton.  (Contractor's  abstract) 


FRE.  03:003 

Free  U.  of  Brussels.  Lab.  of  Molecular  Chemistry  and 
Physics  (Belgium). 

MASS  SPECTROMETRIC  STLDY  OF  GALLIUM  AND 
INDIUM,  by  J.  Drowart  and  R.  E.  Honlg.  Dec.  1956, 
3p.  (AF  61(514)868)  Unclassified 

Published  tn  Bull.  Soc.  Chlm.  Belg. ,  v.  66:411-413, 
May-June  1957. 

Galltum  and  mdlum  were  evaporated  from  BeO  and 
graphite  cructbles  Into  the  Ion  source  of  a  modified 
60°  mass  spectrometer  at  temperatures  ranging  from 
1035°  to  I320°K  for  Ga  and  from  800°  to  I130°K  for 
In.  Small  Ga2  and  Ga20+  and  In2  and  ln20+  peaks 
were  observed.  Tne  heat  of  evaporated  was  calculated 
to  be  59  i  4  kcal/mole  for  Ga}  (plot  of  log  (I  +  T)  vs 
1/T).  Between  1200°and  1320°Kdurtng  the  Ga  evapo¬ 
ration  small  peaks  appeared  at  masses  138  and  142. 
These  are  Interpreted  as  GaJ  +  tons  which  lose  one 
charge  during  transit.  During  the  evaporation  of  In  a 
small  mass  230  peak  of  nonreproductble  Intensity  was 
observed  between  1020°and  llSO^K. 

FRB.  01:001 

[Freiburg  U.  Inst,  for  Mathematics  (Germany).  ] 

THEORETICAL  INVESTIGATIONS  OF  THE  LAMINAR 
BOUNDARY  LAYER.  PROBLEM  II:  DECAY  OF 
SWIRL  IN  AN  AXIALLY  SYMMETRICAL  JET,  FAR 
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FROM  THE  ORIFICE,  by  H.  Gortler.  Final  rept. 

Mar.  10,  1954,  40p.  [AFOSR-TN- 54- 164]  (AF  61- 
(514)627-C)  AD  33781  Unclassified 

Also  published  In  Rev.  Mat.  Hlspano  Americana,  Ser. 

4,  v.  14:  143-193,  1954. 

By  llrearlzlng  the  equations  of  motion  of  laminar  jet 
flow  with  respect  to  the  swirl  component  (the  latter 
being  weak  relative  to  the  velocity  component  In  the  di¬ 
rection  of  the  axis),  an  eigenvalue  problem  of  a  second- 
order  ordinary  differential  equation  Is  developed.  A 
change  of  variables  reduces  It  to  a  Legendre  equation, 
providing  a  complete  and  exact  solution  of  the  eigen¬ 
value  problem.  The  theory  Is  similarly  applied  to 
turbulenl  jel  under  the  conditions  of  a  hypothesis  orig¬ 
inally  due  to  L.  Prandtl.  The  theory  shows  that  the 
swirl  In  a  free  jet  always  decreases  according  to  a 
higher  power  of  the  Inverse  distance  from  the  orifice 
than  the  velocity  component  of  the  jet  In  the  direction 
of  the  axis.  For  a  given  weak  swirl  distribution  In  a 
cross  section  of  the  jet,  the  theory  provides  a  precise 
evaluation  of  the  progress  of  the  swirl  further  down¬ 
stream.  (ASTIA  abstract) 


FRB.  01:002 

Freiburg  U.  Inst,  for  Mathematics  (Germany). 

THEORETICAL  INVESTIGATIONS  OF  THE  LAMINAR 
BOUNDARY  LAYER.  PROBLEM  I:  GROWTH  OF  THE 
LAMINAR  BOUNDARY  LAYER  OF  YAWED  CYLINDERS 
STARTING  Fl'OM  REST,  ty  K.  WuneU,  Final  rept. 

Apr.  5,  1954,  42p  Incl.  dlagrs.  tables,  refs. 
[AFOSR-TN  54-165]  (AF  61(514)627-0)  AD  33782 

Unclassified 

A  system  of  3-dlmensional  boundary-layer  equations  for 
Incompressible  fluids  Is  solved  for  the  case  of  a  yawed 
cylinder.  The  method  of  solution  employs  power-series 
expansions  In  terms  of  the  time  as  given  by  Blaslus 
(Zelt.  Math.  u.  Phys. ,  v.  54:  1-37,  1908).  Different 
laws  of  motion  lead  to  universal  coefficient  functions  of 
the  coordinate  representing  the  distance  from  the  wall. 
The  functions  are  calculated  to  a  high  degree  of  accuracy 
for  the  case  of  an  Impulsive  start  from  rest  to  a  state 
of  uniform  motion.  Calculations  are  given  for:  (1)  the 
components  of  the  transverse  flow  (perpendicular  to  the 
axis)  as  an  extenalon  of  the  results  of  Gortler  (Arch. 
M-ilh  v  i- na-iu7  iqa*  and  iQ4«-  v  t- 2ifi-23i 
1952;  and  lng.  Arch.,  v.  14:286-305,  1944);  and  (2)  lhe 
additional  axial  component  as  a  continuation  of  previous 
work  of  Gbrller  (FIAT  Rev.  Ger.  Scl.  1939-1946,  5,  pt. 
3:  68,  1948).  The  circular  cylinder  Is  chosen  as  an  ex¬ 
ample,  and  the  growth  of  the  boundary  layer  Is  studied 
numerically  and  graphically  from  the  beginning  of  the 
motion.  The  process  of  separation  is  Investigated. 
(ASTIA  abstract) 

FRB.  02:001 

Freiburg  U.  Inst,  for  Mathematics  (Germany). 

A  NEW  SERIES  FOR  THE  CALCULATION  OF  STEADY 


LAMINAR  BOUNDARY-LAYER  FLOWS,  by  H. 
Gortler.  Sept.  1955,  lOOp.  incl.  illus.  dlagrs.  refs. 
(AFOSR-TN- 56- 8,  vol.  1)  (AF  61(514 )642-C) 

AD  82006  Unclassified 

A  new  and  general  rigorous  method  was  developed  to 
solve  problems  of  plane  and  Incompressible  steady 
laminar  boundary-layer  flows  with  arbitrary  outer 
pressure  distribution.  This  method  is  based  on  the 
Introduction  of  the  dimensionless  quantities 

Jr  r  k  1  1/2 
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as  new  Independent  space  variables,  where  x  and  y  are 
the  usual  boundary  layer  coo:dlnates,  U(x)  the  given 
outer  velocity  distribution,  and  v  the  kinematic  vis¬ 
cosity.  The  solution  of  the  boundary  layer  problem  Is 
then  given  as  a  power  series  with  respect  to  t  with 
coefficient  functions  depending  on  ij.  A  number  of  ex¬ 
amples  were  evaluated  to  show  the  success  aid  also 
the  limitations  of  the  method.  For  flows  along  flat 
plates  the  convergence  of  the  new  series  was  very 
satisfactory,  and  in  most  cases  (mainly  of  retarded 
flows)  provided  a  good  approximation  by  the  truncated 
series  (fifth-order  approximation)  from  the  leading 
edge  to  a  point  Immediately  ahead  of  the  separation 
point.  The  separation  point  can  then  be  easily  de¬ 
termined  by  a  short  extrapolation.  Application  of  the 
new  series  to  cylinders  with  rounded  noses  showed  no 
aiLantagc  uvtT  Hit  equally  applicable  Blaslus  sellea. 
However,  a  one-term  zero-order  approximation  of 
the  new  series  Bhould  be  advantageous  for  certain 
« eoreUcfcl  >.!  vtnUgaUci.B  l(.vcWlt.g  the  separable  i  c( 
variables  in  a  large  domain  from  x  =  0  downstream. 
The  quality  of  convergence  appeared  lo  be  best  for 
monolone  (retarding  or  accelerating)  ouler  velocity 
distributions.  (For  vol.  2  see  Harvard  U.  item  no. 
HAR.O.ubl)  (ASTIA  abstract) 


FRS.  01:001 

Fresno  State  Coll.  Dept,  of  Chemistry,  Calif. 

TERNARY  PHASE  SYSTEMS  OF  POLYSTYRENE  AND 
POLYISOBUTYLENE  IN  CARBON  TETRACHLORIDE 
R.  M.  Kallo  and  D.  E.  Braun.  Technical  ncte.  June 
4,  1954  [29]p.  Incl.  dlagrs.  tables.  (Rept.  no.  6) 

( [  AF  ]OSR-TN-  54-222)  (AF  18(600)588)  AD  55125 

U  ryf  Is  QtqttfVl 

The  phase  diagrams  of  five  ternary  syslems  we-e  de¬ 
termined,  consisting  of  polylsobutylcne  and  polystyrene 
In  carbon  lelrachloride.  It  was  found  that  the  region 
of  lmmtsclblllty  Increases  as  the  molecular  welghls  of 
the  two  polymers  Increase,  but  lhal  the  tie  line  slopes 
are  essentially  insensitive  to  the  molecular  weights. 

A  new  rneiWl  R.r  Use  Arternrtnatkni  d  lie  lines  by  os  ¬ 
motic  pressurep  is  proposed.  This  method  Is  especial 
ly  useful  for  higher  molecular  weight  polymer  pairs, 
where  light  scattering  effects  make  difficult  any  visual 
means  for  the  determination  of  the  composition  of  the 
r  j>  jugate  phawv  (Ciitrartef '*  aJ-tUract) 
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FRS.  01:002 

Fresno  Statp  Coll.  Dept,  of  Chemistry,  Calif. 

TERNARY  POLYMER  SOLUTIONS,  by  R.  M.  Kallo 
and  D.  E.  Braun.  Jan.  12,  1956  [ 31  ]p.  lncl.  diagrs. 
tables,  refs.  (Technical  rept.  no  8)  ([  AF]OSR-TR- 
55-33)  (AF  18(600)588)  AD  83674  Unclassified 

Weight-ratio  and  osmotic-pressure  methods  were  used 
to  determine  the  tie  lines  of  polystyrene-polyisobutylene  - 
carbon  tetrachloride  compositions  of  different  polymer 
molecular  weights.  Results  showed  that  the  region  of 
lmmlsclbllity  increases  with  the  molecular  weights  of 


the  polymer  pairs,  and  that  the  tie  lines  dip  toward  the 
polystyrene  vertex  either  on  a  volume-  or  weight- 
percentage  plot.  Ternary  phase  diagrams  were  de¬ 
termined  for  the  polystyrene-benzene- methanol  and 
polystyrene- benzene- lsopropanol  systems.  The 
region  of  immiscibility  was  greater  for  the  MeOH  sys¬ 
tem.  In  both  cases,  the  tie  lines  slope  toward  the 
alcohol  vertex  either  on  a  weight-  or  volume -percent¬ 
age  plot.  (ASTIA  abstract) 


Frick  Chemical  Lab. ,  Princeton,  -N.  J.  afifi.  Princeton 
U.  Frick  Chemical  Lab. ,  N.  J. 
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Gates  and  Crellln  Labs. ,  Pasadena,  Calif,  see  California 
Inst,  of  Tech.  Gates  and  Crellln  Labs. ,  Pasadena. 


GEC.  01:001 

Geckler,  R.  D. ,  Arcadia,  Calif. 

THE  MECHANISM  OF  COMBUSTION  OF  SOLID  PRO¬ 
PELLANTS,  byR.  D.  Geckler.  [Dec.  1953]  [5l]p. 
lncl.  dlagrs.  tables,  refs.  (AF  18(600)846) 

Unclassified 

Presented  at  NATO-AGARD  Combustion  Colloquium, 
Cambridge  U.  (England),  Dec.  7-11,  1953. 

Published  In  Selected  Combustion  Problems,  Cambridge 
U.  (England)  (Dec.  7-11,  1953),  London,  Butterworths 
Scientific  Publications,  1954,  p.  289-339. 

The  normal  linear  burning  rate  of  solid  propellants  In¬ 
creases  with  (1)  an  Increase  In  the  pressure  of  the  gases 
In  contact  with  the  burning  surface,  (2)  an  Increase  In 
the  temperature  of  the  solid  propellant,  and  (3)  an  In¬ 
crease  In  the  velocity  of  the  combustion  gases  parallel 
to  the  burning  surface.  Experimental  data  on  these 
phenomena  are  summarized  for  both  colloidal  and  com¬ 
posite  propellants.  An  attempt  Is  then  made  to  show  the 
relationship  between  the  concepts  and  methods  devel¬ 
oped  for  the  study  of  deflagration  In  gases  and  the  theo¬ 
ries  of  solid-propellant  combustion.  The  present  sta¬ 
tus  of  the  theoretical  study  of  solid-propellant  combus¬ 
tion  Is  reviewed  with  particular  attention  being  given 
to  the  theories  of  Professor  O.  K.  Rice  and  Professor 
B.  L.  Crawford,  Jr.  The  values  of  various  kinetic 
parameters  deduced  by  the  application  of  their  theories 
to  experimental  burning-rate  data  are  compared  with 
values  obtained  In  other  ways.  A  summary  of  experi¬ 
mental  and  theoretical  Information  on  unstable  combus¬ 
tion  Is  also  given.  The  distinctive  feature  of  this  phe¬ 
nomenon  Is  an  abnormally  high  burning  rate  that  ac¬ 
companies  high-frequency  pressure  oscillations  In 
rocket  combustion  chambers.  It  Is  concluded  that  the 
theoretical  understanding  of  the  combustion  of  solid 
propellants  Is  not  sufficient  to  be  of  much  practical  aid 
to  the  propellant  chemist  seeking  formulations  with  Im¬ 
proved  properties.  (Contractor’s  summary) 


GEN.  01:001 

General  Electric  Co. ,  Schenectady,  N.  Y. 

DISLOCATIONS  AND  MECHANICAL  PROPERTIES  OF 
CRYSTALS;  AN  INTERNATIONAL  CONFERENCE  HELD 
AT  LAKE  PI.ACID,  SEPTEMBER  6-8,  1956,  ed.  by 
J.  C.  Fisher,  W.  G.  Johnston  and  others.  New  York, 
John  Wiley  it  Sons,  Inc.,  1957,  634p.  lncl.  Ulus,  dlagrs. 
tables,  refs.  (AF  18(603)101)  Unclassified 

The  42  papers  presented  cover  much  of  the  recent  the¬ 
oretical  and  experimental  research  on  dislocations  In 
crystals,  reviewing  different  areas  of  the  subject  field 
and  descrtbtng  new  experimental  techniques  and  their 
findings.  The  papers  are  grouped  under  the  followtng 


categories:  direct  observations  of  dislocations;  de¬ 
formation  of  pure  single  crystals;  work  hardening  and 
recovery;  alloy  crystals,  Impurities,  yield  point  phe¬ 
nomena;  dislocation  damping  and  fatigue;  theory  of  dis¬ 
locations;  whiskers  and  thin  crystals;  and  radiation 
damage. 


George  Washington  Carver  Foundation,  Tuskegee,  Ala. 
see  Tuskegee  Inst.  George  Washington  Carver  Foun¬ 
dation,  Ala. 


GEO.  01:001 

George  Washington  U. ,  Washington,  D.  C. 

CRITIQUE  ON  EVALUATION  OF  MEDICAL  RESEARCH 
IN  WESTERN  EUROPEAN  COUNTRIES,  by  N.  R. 

Burch.  Final  rept.  Aug.  1956,  23p.  lncl.  refs. 

(Rept.  no.  56-10-B)  (AF  18(600)1180)  Unclassified 

This  report  by  Dr.  N.  R.  Burch,  Dept,  of  Psychiatry, 
Baylor  U.  College  of  Medicine,  represents  the  second 
of  three  reports  and  Is  primarily  concerned  with  a 
survey  of  the  methodology  and  techniques  of  Investiga¬ 
tions  In  human  consciousness,  with  special  reference 
to  the  "psycho-chemicals.”  A  review  of  work  being 
accomplished  by  persons  and  laboratories  visited  Is 
given. 


GEO.  01:002 

George  Washington  U. ,  Washington,  D.  C. 

A  REVIEW  AND  COMPARISON  OF  AERO-MEDICAL 
RESEARCH  EFFORTS  IN  NATO  COUNTRIES; CRITIQUE, 
by  R.  Margarla.  Final  rept.  Oct.  1956,  4p. 

(Project  no.  56-16)  (AF  18(600)1180)  Unclassified 

Dr.  R.  Margarla  compares  the  aero-medical  research 
In  the  U.  S.  with  that  In  Europe.  The  research  In  the 
U.  S.  Is  of  a  more  practical  nature  and  Is  developed  In 
response  to  actual  Information  often  urgently  needed 
by  engineers  and  pilots.  The  research  carried  on  In 
Europe  ts  generally  diversified  and  Is  apt  to  have  a 
single  application;  but  It  Is  also  of  a  basic  scientific 
character.  ColIaboraUon  is  urged  between  European 
and  U.  S.  research  workers,  both  civilian  and  military. 
An  action  by  the  U.  S.  toward  a  more  Intensive  ex¬ 
change  of  individuals  and  more  collaboration  would 
bring  not  only  greater  achievement  In  the  field  of  avta- 
tton  medicine,  but  It  would  be  also  of  a  great  social  and 
political  Importance,  for  It  would  constitute  a  means  of 
cultural  penetration  of  the  U.  S.  tn  Europe. 

GEO.  02:001 

George  Washington  U.  Dept,  of  Pharmacology 
Washington,  D.  C. 

STUDIES  ON  THE  METABOLISM  OF  RADIOACTIVE 
PARA- AM1NOBEN ZOIC  ACID  IN  AN  ESCHERICHIA 
COLI  MUTANT,  by  G.  Davidson,  H.  G.  Mandel  and 
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others.  (.Dec.  1955]  lip.  lncl.  tables,  refs.  (Spon¬ 
sored  Jotntly  by  Atomtc  Energy  Commission  under 
AT(30-1)1107  and  Air  Force  Offtce  of  Sctentlftc  Re¬ 
search  under  AF  18(600)853)  Undasstfted 

Published  In  Proc.  Soc.  Exper.  Biol.  Med.,  v.  91: 
160-164,  Jan.  1956. 

Radioactive  p- amt noben zoic  acid  has  been  tncubated 
with  an  x-ray  mutant  of  Escherichia  coll  which  requires 
this  substance  as  a  growth  factor.  By  column  chroma¬ 
tography  four  soluble  radtoacrive  fractions  have  been 
isolated  from  the  cell  bodtes  of  the  organtsms,  none  of 
them  consisting  of  the  ortglnal  substrate.  Two  of  the 
fractions  possess  cttrovorum  factor  actlvtty,  but  none 
of  them  are  tdentlcal  with  foltc  actd,  cttrovorum  factor 
or  certain  of  Its  derivatives.  (Contractor's  summary) 


GEO.  02:002 

George  Washington  U.  Dept,  of  Pharmacology, 
Washington,  D.  C. 

CYSTEAMINE  OXIDASE  (Abstract),  by  R.  Salvador  and 
R.  O.  Brady.  1  1956]  Lljp.  L AF  18(600)853] 

Undasstfted 

Presented  at  meeting  of  the  Amer.  Soc.  of  Btol. 
Chemists,  Atlantic  Ctty,  N.  J. ,  Apr.  16-20,  1956. 

Published  In  Fed.  Proc.,  v.  15:  345,  Mar.  1956. 

The  presence  has  been  observed  of  an  enzyme  In  solu¬ 
ble  extracts  of  pigeon  liver  acetone  powder  which  cata¬ 
lyzes  the  oxidation  of  2-mercaptoethylamtr.e  when  Incu¬ 
bated  In  the  presence  of  2,  3,  5-trtphenyltetrazoltum 
chlortde.  The  enzyme  has  been  purtfled  15-fold  by 
fractionation  with  ammonium  sulfate  (0-30%  saturation), 
alcohol  (0-21%  ethanol),  and  elution  from  calcium  phos¬ 
phate  gel.  Dlphosphopyrldtne  nucleotide  ts  required 
although  trlphosphopyrtdtne  nucleotide  shows  slight  ac¬ 
tivity  in  the  crude  extract.  N-acetyl-2-mercaptoethyl- 
amlne  ts  oxidized  about  1/10  as  raptdly  as  cysteamlne, 
whereas  pantetheine,  mercaptoethanol,  cystetne,  glu¬ 
tathione,  and  cystamlne  are  Inactive  as  substrates  for 
this  enzyme.  Coenzyme  A  appears  to  be  oxldtzed  or.ly 
very  slightly  tn  the  parttally  purified  system.  When 
S  -labeled  cysteamlne  was  Incubated  with  the  enzyme 
precipitating  between  0-21%  ethanol,  which  still  ex¬ 
hibited  dlaphorase  activity,  one  of  the  major  products 
appeared  to  be  cystamlne  dlsulfoxlde.  Cell-free  ex¬ 
tracts  of  C..  kluvverl  contain  a  similar  enzyme  al¬ 
though  the  product  of  this  reaction  has  not  been  Identi¬ 
fied.  This  preparation  differs  somewhat  from  that 
obtained  from  pigeon  liver  stnce  2- mercaptoethanol  as 
well  as  cysteamtne  was  rapidly  oxidized  by  the  enzyme 
system  obtained  from  C.  kluyverl.  (Contractor's  ab¬ 
stract) 


GIT. 01:001 

Georgia  Inst,  of  Tech.  Engineering  Experiment  Station, 
Atlanta. 

EFFECT  OF  VARIATION  OF  TEMPERATURE  AND 
PRESSURE  ON  COMPOSITION  OF  ALLOYS,  by  W.  M. 
Spicer.  Final  rept.  Jan.  1,  1954-Dec.  31,  1955,  56p. 
lncl.  dlagrs.  tables,  refs.  L  AFOSR-TR-56-6] 

(AF  18(600)974)  AD  81533  Unclasstfied 

Experiments  were  performed  on  several  solid  alloys 
tn  an  attempt  to  show  that  concentration  gradtents 
mtght  develop  as  a  result  of  a  pressure  gradtent  or  a 
temperature  gradtent.  The  results  on  the  pressure  ef¬ 
fect  were  tnconclustve.  However,  the  results  on  the 
temperature  effect,  especially  those  on  the  Pb-14.  8 
per  cent  Sn  and  the  Al-21. 9  per  cent  Zn  alloys,  tndt- 
cate  strongly  that  a  concentration  gradtent  dtd  develop 
as  a  result  of  the  temperature  gradient.  In  the  case 
of  the  Pb-14.  8  per  cent  Sn  alloy,  the  percentage  tin 
reached  a  maximum  of  15.  71  per  cent  near  the  hot  end 
and  a  mtnlmum  of  13.  84  per  cent  near  the  cold  end. 
Wtth  the  Al-21. 9  per  cent  Zn  alloy,  the  percentage  of 
ztnc  attained  a  maximum  of  25.  57  per  cent  and  a  mtnl¬ 
mum  of  18. 12  per  cent  In  one  of  the  three  runs. 
(Contractor's  abstract) 


GIT.  02:001 

Georgia  Inst,  of  Tech.  Engineering  Experiment  Station, 
Atlanta. 

BOUNDS  ON  INFLUENCE  COEFFICIENTS  FOR  CIR¬ 
CULAR  CYLINDRICAL  SHELLS,  by  E.  Retssner  and 
M.  B.  Sledd.  Dec.  1,  1956  l33]p.  tncl.  dtagrs. 
(Rept.  no.  1)  (AFOSR-TN-56-575)  (AF  18(600)1459) 
AD  110397  Undasstfted 

Rotatlonally  symmetric  deformations  of  a  thtn  elastic 
circular  cylindrical  shell  of  variable  wall  thickness 
and  of  finite  or  seml-lnflnlte  axial  length  are  consid¬ 
ered.  The  determination  of  upper  and  lower  bounds 
for  the  dtrect  Influence  coefftctents  c  and  the  tnverse 
Influence  coefficients  k  Is  made  by  the  application  of 
the  mtnlmum  prtnclples  for  displacements  and  for 
stresses  of  the  theory  of  elasticity.  The  boui  'Ing  of 
several  such  coefficients  Is  attempted  simultaneously. 
An  application  Is  made  to  a  seml-lnflnlte  circular  cy¬ 
lindrical  shell  wtth  exponentially  varying  wall  thick¬ 
ness.  The  results  are  seen  to  extend  to  ranges  of 
thtckness  variations  over  short  axial  distances. 


GIT.  03:001 

Georgia  Inst,  of  Tec  h.  Engineering  Experiment  Station, 
Atlanta. 

A  METHOD  OF  MEASURING  THE  MOBILITY  SPECTRA 
OF  NEGATIVE  IONS  IN  GAS  MIXTURES  (Abstract)  by 
E.  W.  McDaniel  and  H.  R.  Crane.  Oct.  1956,  Ip. 

(AF  18(600)1524)  Unclassified 
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GOT.  01:001 


Presented  at  Gaseous  Electronics  Conference 
Pittsburgh,  Pa.,  Oct.  31-Nov.  3,  1956. 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.,  New 
York,  Jan.  30- Feb.  2,  1957. 

Published  li  Bull.  Amer.  Phys.  Soc.,  Serter  n,  v.  2: 
82,  Jan.  30,  1957. 

A  new  pulse  method  of  measurtng  the  low-fteld  mobility 
of  negative  gaseous  tons  is  described.  Negative  tons 
are  formed  by  the  capture  of  the  electrons  produced  in 
the  tonizatlon  path  of  an  a  particle  which  crosses  one 
end  of  a  long,  uniform-field  drift  tube.  The  a  partlcls 
enters  a  proportional  counter  at  the  end  of  tts  path. 

The  arrival  of  each  Indtvldual  negative  ion  at  the  other 
end  of  the  drift  tube  ts  stgnalled  by  a  second  proportion¬ 
al  counter.  The  ftrst  counter  trtggers  the  sweep  of  a 
synchroscope,  and  the  second  counter  modulates  the 
beam  brtghtness.  A  large  number  of  such  sweeps  ts 
integrated  photographically.  In  each  run,  with  a 
different  gas  mixture,  a  sharp  line  appears  in  the 
photographic  spectrum.  This  gives  the  drift  time  for 
the  negative  Ion  In  that  gas.  The  mobilities  of  the  nega¬ 
tive  ions  In  pure  oxygen,  and  In  mixtures  consisting 
of  varying  percentages  of  oxygen  In  He,  Ne,  A,  Kr, 

Xe,  CC>2,  and  H2  were  measured  and  wlU  be  discussed. 
The  mobility  of  the  negative  ion  In  pure  SFg  was  found 
to  be  -  57.  This  agrees  well  with  the  range  for  SFg 
predicted  by  the  Langevln  theory  Including  charge  ex¬ 
change,  namely  4f  to  V  {Contractor's  abstract) 


Glenn  L.  Martin  Inst,  of  Tech.  ,  College  Park,  Md.  see 
Maryland  U.  Glen  L.  Martin  Inst,  of  Tech. , 

College  Park. 


GOT.  01:001 

Gtittlngen  U.  Inst,  of  Physiology  (Germany). 

DEVELOPMENT  OF  NEW  TYPES  OF  OXIMETERS,  by 
K.  Kramer.  Final  rept.  Jan.  6,  1956  [28  ]p.  lnci. 
tllus.  dtagrs.  [  AFOSR-TR-56-41  ]  (In  cooperation 
with  Marburg  U.  (Germany))  (AF  61(514)740-C;  con¬ 
tinuation  of  AF  61(514)427)  AD  96798  Unclassified 

The  development  and  construction  of  ths  following  three 
types  of  oximeters  are  desertbed:  (1)  ear  oximeters 
self  compensating  for  blood  content  changes  In  the  ear 
(etther  by  bucking  red  and  Infrared  selsnlum  cells 
against  each  other,  or  by  control  of  the  amplified  out¬ 
put  of  the  red  photocell);  (2)  a  toe  oximeter  with  sepa¬ 
rate  red  and  Infrared  stgnals  allowing  possible  readr 
lngs  of  oxygen  saturation  and  blood  content  of  the  toe 
(or  finger);  and  (3)  reflexion  oximeters  conststing  of 
a  pair  of  selenium  cells  selectively  sensttlve  for  red 
and  Infrared  light  placed  In  a  plexlglas  housing  side  by 
Ride  with  a  micro  hmggien  hnlh  and  so  constructed 
that  they  can  be  placed  on  the  surface  of  various  or¬ 
gans  (brain,  kidney,  muscle,  skin,  etc. ). 

Guggenheim  Aeronautical  Lab. ,  Pasadena,  Calif,  see 
California  Inst,  of  Tech.  Guggenheim  Aeronautical 
Lab. ,  Pasadena. 

Guggenheim  Inst,  of  Flight  Structures,  New  York.  afi£ 
Columbia  If.  Guggenheim  Inst  of  pllgh'  Structures, 
New  York. 

Guggenheim  Jet  Propulsion  Center,  Pasadena,  Calif,  see 
California  Inst,  of  Tech.  Guggenheim  Jst  Propulsion 
Center,  Pasadena 
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HAM.  01:001 

[Hamburg  U.  (Germany).] 

FINITE  DIFFERENCE  METHODS  FOR  THE  FIRST 
BOUNDARY  VALUE  PROBLEM  OF  A  u(x,  y)  =  r(x,  y,  u) 
AND  CURVED  BOUNDARIES,  by  W.  Uhlmann.  July  1956, 
39p.  incl.  dlagrs.  (AFOSR-TN-56-390)  (AF  61(514)- 
881)  AD  96048  Unclassified 

Approximate  solutions  u(x,  y)  are  sought  for  the  differ¬ 
ential  equation  Au(x,  y)  =  r(x,  y,  u(x,  y))  for  a  given 
domain  G  of  the  x,  y  plane  such  thal  u(x,  y)  takes  on  pre¬ 
scribed  values  on  the  boundary  I'  of  G.  Mehrslellen 
formulas  are  compared  with  the  ordinary  formulas  of 
finite  difference  methods  In  the  numerical  compulation 
of  the  torsion  problem  for  a  girder  with  a  semicircular 
cross  section.  Relative  errors,  compared  with  the 
exact  solution,  of  the  order  of  0. 05%  are  obtained  for  the 
most  favorable  Mehrstellen  method.  (ASTIA  abstract) 


HAM.  02:001 

Hamburg  U.  lnsl.  of  Applied  Mathematics  (Germany). 

A  DIFFERENTIATION  TECHNIQUE  FOR  PARTIAL 
DIFFERENTIAL  EQUATIONS  WITH  NONUNEAR 
BOUNDARIES,  by  J.  Albrecht.  Jan.  18-July  18,  1954, 
7p.  Incl.  dlagrs.  table.  (Technical  nole  no.  EOARDC- 
TN-54-1)  (AF  61(514)631-C)  AD  74984 

Unclassified 

Boundary  conditions  in  the  cases  of  curved  boundaries 
and  of  rectangular  ranges  are  treated,  and  direct  com¬ 
pulation  of  the  flrsl  partial  derivatives  ujq  and  uQ1  are 
given.  Approximate  numerical  solution  of  the  differen¬ 
tial  equation,  Au  =  u2g  ♦  Uq2  -  r(x, y)  In  B,  by  means 
of  the  difference  method,  requires  a  consideration  of 
the  boundary  conditions  u  -  f(s)  on  1'  or  un  =  f(s)  on 
1'  ,  (n  =  outer  normal  of  Ihe  boundary  of  the  range  B  In 
the  x,  y-plane).  Some  finite  expressions  are  presented 
for  this  purpose  showing  a  higher  "Taylorabglelch" 
(equalizing  up  to  terms  of  h2  Inclusive)  than  the  formula 
of  linear  Interpolation  (equalizing  up  to  h1  Inclusive). 

The  attempt  lo  Improve  these  formulas  to  correspond- 
cr^e  up  to  terms  of  h-*  Inclusive  was  not  suc_essful.  An 
attei.  ot  was  also  made  to  approximate  the  boundary  con¬ 
dition  u  .  =  f(s)  more  accurately  In  the  case  of  rectangu¬ 
lar  ranges  by  considering  the  values  of  f  and  also  those 
of  the  derivatives  of  the  functions  f(s)  and  r(x,  y).  For¬ 
mulas  are  stat.-d  which  permit  computation  of  the  partial 

derivatives  arKj  du  jrom  (|,e  differential  equa- 

dx  dy 

tlon  Au  ;  r(x,  y)  and  the  boundary  conditions  u  f(s) 
or  u„  f(s)  numerically  In  a  direct  manner. 

HAM.  02.002 

Hamburg  U  Inst,  of  Applied  Mathematics  (Germany). 

A  DIFFERENTIATION  TECHNIQUE  FOR  PARTIAL 
DIFFERENTIAL  EQUATIONS  WITH  NONIJNEAH 
BOUNDARIES,  by  J  Albrecht.  July  19,  1954  Jan.  18, 


1955,  lip.  incl.  dlagrs.  tables.  (Technical  nole  no. 
EOARDC-TN-54-2)  (AF  61(514)631 -C)  AD  74983 

Unclassified 

The  general  case  of  the  first  boundary  value  problem 
for  a  second  order  elliptic  differential  equation  In  a 
region  with  a  curved  boundary  Is  discussed.  The  Intro¬ 
duction  of  some  kinds  of  regular  nets  Is  described,  and 
computing  as  well  as  terminal  points  are  defined.  The 
creation  Is  explained  ot  Irregular  equations  for  higher 
approximation  ot  the  special  case  A  u  =  r(x,  y)  for  tri¬ 
angular  and  square  nets.  Some  numerical  examples 
demonstrate  the  greater  accuracy  thus  attained.  (Con¬ 
tractor's  introduction,  modified) 


HAM.  02:003 

Hamburg  U.  lnsl.  of  Applied  Mathematics  (Germany). 

[  A  VARIANT  OF  THE  TECHNIQUE  OF  SOLUTION  OF 
DIFFERENCE  EQUATIONS  THROUGH  THE  METHOD 
OF  "MEHRSTELLENVERFAHREN”]  Elne  Variable 
des  Mehrstellenverfahrens,  by  J.  Albrechl.  (  1955] 

[ 6 i p.  (AF  61(514)631-0 ]  Unclassified 

A  generalization  of  a  technique,  attributed  lo  Numerow, 
In  the  process  of  central  differences  for  problems  with 
Initial  values  with  differential  equation  u"(x)  =  r(x)u(x) 
is  made  through  the  central  difference  procepa  multi- 
place  method  (Mehrslellenverfahren).  The  formulas 
attained  simplify  the  compulation  without  affecting  lhe 
accuracy.  The  general  formulation  of  a  special 
"Mehrslellenverfahren"  for  Initial  and  boundary  condi¬ 
tions  In  N^1  order  differential  equations  follows  lhe 
method  description  tor  ordinary  2nd  order  differential 
equation.  F.xamples  given  are  finite  equations  for  heal 
conduction  Au  -  Kut  =  ru  and  Au  =  q  +  ru  (In  addition, 
the  formula  for  the  generalized  problem  Ay  _  q).  The 
"Mehrslellen"  procedure  of  Collatz  for  eigenvalue  prob¬ 
lems  Au  ♦  Xu  =  o  arrange  themselves. 


HAM.  02:004 

Hamburg  U.  lnsl.  of  Applied  Mathematics  (Germany). 

(A  FINITE  DIFFERENCE  METHOD  OF  PARABOLIC 
AND  HYPERBOLIC  DIFFERENTIAL  EQUATIONS] 

Zum  Dlfferenzenver  fahren  bel  parabollschen  und  hy- 
perbollschen  Dlfferenllalgelchungen,  by  J.  Alhrecht. 

L  1955  j  [34jp.  Incl.  dlagrs.  tables.  [AF  61(514)- 
631-C]  Unclassified 

Several  general  points  are  of  significant  Importance  In 
lhe  setting  up  of  computation  formulas  for  ihe  flnlle 
difference  method  In  parabolic  and  hyperbolic  differ¬ 
ential  equations,  as  shown  In  examples  of  the  heal  con¬ 
duction  and  rod  and  membrane  vlbrallon  equations. 
These  points  Include  (1)  verification  of  lhe  stability  of 
lhe  technique;  (2)  use  of  a  multiterm  Taylor  expansion 
to  get  a  greater  accuracy;  (3)  lhe  step  parameter  should 
be  as  large  as  possible;  and  (4)  efficient  easy  and  sim¬ 
ple  numerical  nielhods.  Stability  and  Instability  ex¬ 
pressions  are  proved  and  lhe  dependence  upon  the 
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chotce  of  lattice  points  Is  seen  for  each  step  value. 
Regions  of  the  xj,  x2  -  plane  bound  by  curves  are  stud- 
ted,  with  consideration  both  of  "regular  finite  expres¬ 
sions"  and  of  "Irregular  finite  expressions.  ”  Finally 
the  Runge-Ketta  method,  used  on  regular  differential 
equations,  Is  applied  to  partial  differential  equattons. 


Hamilton  Coll. ,  Ont.  (Canada).  sfi£  McMaster  U. 
Hamilton  Coll. ,  Ont.  (Canada). 


Hammond  Metallurgical  Lab. ,  New  Haven,  Conn,  see 
Yale  U.  Hammond  Metallurgical  Lab. ,  New  Haven, 
Conn. 


HAR.  01:001 

Harvard  U.  Comoutatlon  Lab. ,  Cambridge,  Mass. 

DESIGN  AND  OPERATION  OF  DIGITAL  CALCULATING 
MACHINERY,  by  G.  Salton.  Prog  ess  rept.  no.  37, 
Mar.  1955,  lv.  lncl.  tables.  (AFOSH-TR-56-8,  v.  2) 
(AF  33(038)9461)  AD  59703  Unclasstfied 

Forty-stx  third  order  differential  equaione  with  two 
polnl  boundary  conditions,  submitted  by  Prof.  H.  Gort- 
ler  of  the  University  of  Freiburg  (Germany)  are  solved 
on  the  Mark  IV  calculator.  Two  equations  are  nonlinear 
of  the  form  F'”  +  FF"  +  p  (1-F'2)  =  0  and  the  remainder 
are  linear  of  the  form  y'"  +  Fy"  -  2(n  ♦  p  )F'y'  + 

(2n  ♦  l)F"y  =  R(  r|).  p  =  o  and  p  =  1  for  the  computa¬ 
tions  and  the  boundary  conditions  are  F(0)  =  F'(0)  =  0 
and  F'(c>)  =  1  for  the  first  lwo  equations  and  for  the  rest 
y(0)  =  y'(0)  =  0=  y’(<  )=  0.  (Fo*  vol.  1  see  Hem  no. 
FRB.  02:001.) 


HAR.  02:001 

Harvard  U.  Cruft  Lab. ,  Cambridge,  M- ss. 

THE  NATURE  OF  THE  MONTE  CARLO  METHOD,  by 
J.  Keilson.  Nov.  5,  1951,  16p.  lncl.  lllus.  (Technical 
rept.  no.  137)  (Sponsored  jolntW  by  Office  of  Naval 
Research,  Signal  Corps,  and  i  Air  Force  Office  of 
Scientific  Research  J  under  N5orl-7601)  ATI-122523 

Unc  lasslfled 

A  survey  Is  given  of  Ideas  underlying  the  various  numer 
leal  approaches  to  the  solution  of  differential  and  Inte¬ 
gral  equations  based  on  probability  Ideas  and  known  as 
Monte  Carlo  melhods.  Evaluallon  of  Integrals,  differ¬ 
ential  equations,  and  an  lnlegral  equation  are  Identified 
and  discussed. 


HAH.  02:002 


search,Stgnal  Corps,  and  LAtr  Force  Office  of  Scientif¬ 
ic  Research]  under  N5ori-7601)  ATI-130423 

Unclassified 

Measurements  have  been  made,  using  an  tmage-plane 
technique,  of  the  diffraction  near  conducting  spheres 
whose  radii  are  comparable  to  a  wavelength  and  near 
the  edge  of  a  conducting  half-plane.  Measured  distri¬ 
butions  of  both  the  phase  and  amplttude  of  the  electric 
field  were  obtained  for  two  self-resonant  spheres  and 
for  one  sphere  having  a  radius  corresponding  to  a  rel¬ 
ative  maximum  of  the  back-scattertng  cross  section. 

In  one  case  the  measurements  are  compared  wtth  the 
theory  and  are  found  to  be  in  good  agreement.  With  the 
diffraettng  edge  such  a  comparison  shows  that  consid¬ 
erable  error  is  Introduced  by  the  point  source.  How¬ 
ever,  the  substttutton  of  the  equivalent  of  a  line  source 
once  agatn  brtngs  the  measurements  into  close  agree¬ 
ment  with  theory.  (Contractor’s  abstract) 


HAR.  02:003 


Harvard  U.  Crufi  Lab. ,  Cambrtdge,  Mass. 

A  TABULATION  OF  SELECTED  CONFLUENT  HYPER¬ 
GEOMETRIC  FUNCTIONS,  by  D.  Middleton  and  V. 
Johnson.  Jan.  5,  1952,  39p.  dlagrs.  (Technical  rept. 
no.  140)  (Sponsored  jotntly  by  Office  of  Naval  Re¬ 
search,  Stgnal  Corps,  and  ( Air  Force  Office  of  Scien¬ 
tific  Research]  under  N5ori-7601)  U21243; 

ATI- 136249  Unclasstfied 


A  iabulation  of  the  confluent  hypergeometrlc  function 
iFjkis,  z)  =  1 7  -ft *  +  ••• 

is  given  for  jFj(a,  (i,  -p)  In  the  followtng  ranges: 
half  Integral  values  of  a  (-1/2,  1/2,  3/2,  . . . );  tntegral 
values  of  P  (1  to  10);  and  (0  1  p  1  2. 0)  for  a  0.  25  in¬ 
terval,  (2.  0  L  p  <  10.  0)  for  a  0.  50  interval.  Addition¬ 
al  values  are  tabulated  for  p  =  20  lo  100  In  steps  of  10. 
The  functions  are  graphed  for  the  above  values  of  a 
and  P  and  (0  <  p  <  9.  5)  (TIP  abstract) 


HAR.  02:004 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

RELAXATION  EFFECTS  IN  THE  FERROMAGNETIC 
RESONANCE,  by  R.  W.  Damon.  Jan.  15,  1952,  73p. 
lncl.  lllus.  dlagrs.  '-els.  (Technical  rept.  no.  136) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Stgnal 
Coros,  and  Air  Force  Office  of  Scientific  Research ] 
under  N5orl-7601)  U21473  Unclassified 

Also  published  In  Rev.  Modern  Phys.,  v.  25.239-245, 
Jan.  1953. 


Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

DIFFRACTION  BY  SPHERES  AND  EDGES  AT  1.  25 
CENTIMETERS,  by  C.  Huang  and  R.  D.  Kodls.  Nov.  30, 
1951,  24p.  lncl.  lllus.  dlagrs.  refs.  (Technical  rept. 
no  138)  (Sponsored  jolnlly  by  Office  of  Naval  Re- 


Ferromagnetic  resonance  in  nickel  ferrite  was  studied 
al  high  levels  of  mtcrawave  power.  Saluration  of  the 
spin  system  was  observed  by  (1)  the  decrease  In  rela¬ 
tive  energy  absorbed  ay  the  sample  and  (2)  the  change 
in  z-component  of  magnetization  al  high  power  levels. 
The  microwave  magnetic  field  strength  required  for 
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saturation  differed  In  these  2  Instances.  The  change  In 
magnetization  occurred  at  the  resonant  value  of  static 
field  and  extends  to  smaller  fie  is.  These  effects  were 
essentially  Independent  of  crystal. ographlc  orientation 
although  they  showed  some  dependence  on  crystal  Imper¬ 
fections.  The  calculated  spin-lattice  relaxation  time  was 
3  x  10'®  sec.  Spin-lattice  Interaction  contributed  little 
to  the  resonance  line  width.  The  selection  rule  for  con¬ 
servation  of  wave  number  In  a  transition  did  not  appear 
to  be  rigorously  true,  but  the  spin  waves  of  short  wave 
length  could  be  excited  by  Induced  transitions.  An  ex¬ 
planation  Is  offered  for  the  discrepancy  between  the 
tr^icoplc  epUttlt.g  factor  (g),  obtained  Iforr.  recj 
nance  experiments,  and  the  gyromagnettc  ratio  (g-), 
measured  by  magnetomechanical  methods.  (TIP  ab¬ 
stract) 


HAR.  02:005 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

AN  EXPERIMENTAL  INVESTIGATION  OF  THE  SINGLE 
WIRE  LINE,  by  T.  E.  Roberts,  Jr.  Feb.  J,  1952,  25p. 
dlagrs.  tables,  refs.  (Technical  rept.  no.  139)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  Signal  Corps, 
and  [Air  Force  Office  of  Scientific  Research]  under 
N5orl-7601)  U21600;  ATI  15003R.  Unclassified 

Also  published  In  Jour.  Appl.  Phys. ,  v.  24:  57-87, 

Jan.  1953. 

Experiments  were  performed  to  chec':  theoretical  re 
suits  concerning  the  single-wire  transmission  line. 
Measurements  were  made  of  attenuation  and  phase  ve¬ 
locity  of  the  principal  mode,  an  equivalent  circuit  for 
the  transition  from  a  coaxial  to  a  single-wire  line,  and 
current  and  charge  distributions.  The  equipment  con¬ 
sisted  of  a  stable  RF  generator,  detecting  equipment,  a 
straight  wire  supported  at  earlt  end,  and  a  traveling 
probe.  A  wave  length  of  3.  2  for  the  RF  signal  per¬ 
mitted  a  line  length  of  80  A  current  distribution  cal¬ 
s' tor  tin  ctis.  cf  rwuxrUt^  th»  wire  l.  ir  mm! 
line  of  very  small  outer  radius  agreed  well  with  experi¬ 
mental  results.  The  theoretical  efficiency  of  exciting 
the  guided  mode  was  verified  by  observation.  Some 
measurements  were  obtained  to  Illustrate  the  loss  of 
power  with  gradual  curves  In  the  wire,  and  the  addition¬ 
al  reflection  loss  with  sharp  bends.  (TIP  abstract) 


HAR.  02:006 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

RAY  THEORY  APPLIED  TO  A  SPHERICAL  IONO¬ 
SPHERE,  by  A.  T.  Waterman,  Jr.  Feb.  15,  1952,  68p. 
Inch  dlagrs.  refs.  (Technical  rept.  no.  142)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  Signal  Corps, 
and  [  Air  Force  Office  of  Scientific  Research  under 
N5orl-762«)  U22014;  ATI-  150436  Unclassified 

A  theoretical  analysis  was  undertaken  on  the  application 
of  simple  ray  theory  to  HF  sky-wave  propagation  over 
large  distances  when  the  curvature  of  both  the  earth  and 


the  reflecting  layers  Is  considered.  Limitations  In  the 
extension  of  the  plane-tonosphere  equivalence  theorems 
to  conditions  of  spherical  geometry  are  discussed.  For 
the  Interrelationships  between  distance,  equivalent 
path  length,  and  equivalent  virtual  height,  inequalities 
are  derived  which  establish  bounds  within  which  the 
exact  relations  must  lie.  A  method  of  approximate  so¬ 
lution  for  ray  paths  Is  developed  for  the  case  of  oblique- 
incidence  reflection  by  a  single  ionospheric  layer  hav¬ 
ing  a  parabolic  distribution  of  electron-density.  Com¬ 
parison  Is  made  between  the  approximate  solutions  for 
a  parabolic  layer  and  numerical  solutions  for  a  Chap¬ 
man  layer  wtM.  a;«t  'rtUuul  a  regU.'.:  buinU..'  (F ) 
beneath  that  causing  the  reflection  (F2).  The  methods 
used  In  computing  ‘he  distance,  equivalent  path  length 
(or  transmission  time),  focusing  effect,  and  absorption 
Fit  reftecttoi  from  a  Ctiajnfta t  type  kmcsphur*’  tw«  cut- 
lined;  results  are  presented  In  graphical  form.  Curves 
are  given  for  these  quantities  as  a  function  of  relative 
critical  frequencies  of  the  Ionospheric  layers  when  the 
distance  is  kept  fixed.  (TIP  abstract) 


HAR.  02:007 

Harvard  U.  Cruft  Lab.  ,  Cambridge,  Mass. 

THE  COUPLED  RECEIVING  ANTENNA,  1,  by  C. 

Moritz.  Mar.  5,  1952,  58p.  lncl.  dlagrs.  refs.  (Tech¬ 
nical  rept.  no.  146)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  j  Air  Force  Office 
of  Scientific  Research]  under  N6orl-7601)  U22651; 

ATI- 155830  Unclassified 

Consideration  was  given,  theoretically  and  by  experi¬ 
ment,  to  the  antenna  which  Is  Immersed  In  a  traveling 
plane  wave.  The  antenna  Is  comprised  of  two  spaced 
parallel  conducting  cylinders,  the  currents  of  which  are 
coupled  through  their  mutal  proximity.  The  study  ex¬ 
amines  the  behavior  ot  tlie  tuTTent  exc itvd  on  the  radia¬ 
tors  and  the  properties  of  the  antenna  which  depend  op- 
on  these  currents.  The  following  are  discussed:  the 
iGmry  A  two  r  jupleVS  ryUr«‘ere  rirllri  Uy  j  rUii  , 
numerical  computations,  and  natural  behavior.  (TIP 
abstract) 


1  .R.  02:008 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

THE  COUPLED  RECEIVING  ANTENNA,  11,  by  C. 
Moritz.  Mar.  5,  1952,  36p  Ulus,  dlagrs.  (Technical 
rept.  no.  147)  (Sponsored  jointly  by  Office  of  Naval 
Research,  Signal  Corps,  anil  [  Air  Force  Office  of 
Scientific  Research  under  N5orl- 7601)  U2281  1. 

ATI  158185  Unclassified 

The  experimental  methods  and  equipment  used  In  Inves¬ 
tigating  the  behavior  of  2  coupled  receiving  antennas 
are  described.  Basically,  the  method  Is  an  adaptation 
of  single-cylinder  practice  so  that  results  may  be  ob¬ 
tained  from  both  antennas  simultaneously.  The  anten 
nas  In  this  setup  projected  horizontally  from  vertical 
ground  plane  attached  to  the  side  of  a  building  with  the 
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measuring  equipment  Inside  the  building.  The  equipment 
was  designed  to  operate  at  220  to  320  me.  (TIP  abstract) 


HAR.  02:009 

Harvard  U.  Crult  Lab.  ,  Cambridge,  Mass. 

IONOSPHERIC  ABSORPTION  OF  OBLIQUELY  INCIDENT 
RADIO  WAVES,  by  A.  T.  Waterman,  Jr.  Mar,  20,  1952, 
G9p.  tncl.  illus.  diagrs.  rels.  (Technical  rept.  no.  143) 
(Sponsored  jointly  by  Office  ol  Naval  Research,  Signal 
Corps,  and  [  Air  Force  Office  of  Scientific  Research] 
under  N5ori-7628)  U22668;  ATI-155831  Unclassified 

A  stable,  logarithmic,  automatically-calibrating  re¬ 
ceiving  equipment  was  used  to  record  the  amplitude  of 
Individual  sky-wave  pulses  transmitted  over  a  1309- km 
path  at  12.  9  me.  The  arriving  wave-train  was  inter¬ 
preted  In  terms  of  the  absorption  encountered  tn  the  Ion¬ 
osphere.  Consistency  between  computed  and  measured 
results  at  oblique  Incidence  confirmed  the  nature  of  Ion¬ 
ospheric  Influences  on  received  signal  strength,  The 
F- region  exhibited  negligible  absorption,  but  defocuslng 
strongly  Influenced  the  amplitude  of  Pedersen  rays.  The 
E- region  had  a  reverse  effect  on  rays  reflected  from 
the  F^-laytr.  Focusing  appeared  to  In.  a  minor  factor 
(except  at  longer  distances,  where  It  can  become  criti¬ 
cal),  and  absorption  was  the  major  Influence.  A  quanti¬ 
tative  determination  of  these  Influences  was  achieved. 

The  procedure  provided  a  means  of  assessing  the  colll- 
slonai  frequencies  In  the  E-reglon.  Values  obtained 
were  lower  than  those  elicited  from  ionospheric  cross- 
modulation  experiments,  though  the  discrepancy  could 
l«e  removed  by  a  slight  adjustment  lo  E-layr  r  hrl.’M 
The  resulting  distribution  of  collislonal  frequency  and 
the  dependence  of  this  distribution  on  the  height  of  the 
E-layer  are  summarized.  Implications  regarding  the 
frequency  of  electron- molecule  collisions  in  lhe  iono¬ 
sphere,  and  the  ettectlve  cross  section  for  such  colli¬ 
sions  are  discussed.  (TIP  abstract) 


HAR.  02.010 

Harvard  U.  Crult  Lab. ,  Cambridge,  Mass. 

THEORY  OF  ELECTRICALLY  SHORT  TRANSMITTING 
AND  RECEIVING  ANTENNAS,  by  U.  King.  Mar.  20, 
1952  iSttip.  Inc!,  tables,  refs.  (Technical  repi.  no. 
141)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  '  Air  Force  Office  of  Scientific  Re¬ 
search  under  N5orl -7001 )  U22096;  ATI-  150729 

Unclassified 

Also  published  In  Jour.  Appl.  Phys  ,  v.  23:  1174-1187, 
Oct.  1952. 

Complete  and  quantitatively  accurate  solutions  of  the 
properties  of  electrically  short  transmitting  and  receiv¬ 
ing  antennas  (of  length  2h  such  that  2rh/'0  v  1)  are  ob¬ 
tained  by  determining  the  distributions  of  currenl  that 
actually  satisfy  the  In’egral  equations.  Components) of 
current  In  phase  and  In  phase  quadrature  with  the  driv¬ 
ing  voltage  or  the  Incident  electrtc  fteld  are  evaluated 


together  with  the  Impedance,  the  effective  length  and 
the  gain.  It  Is  shown  that  when  the  Klng-Mlddleton 
method  of  solving  Hallrfn's  Integral  equation  by  Iteration 
Is  applied  correctly,  quite  accurate  results  are  obtained 
even  In  a  ftrst- order  solution.  The  greatest  error  In 
the  ftrst- order  formulas  Is  shown  to  be  In  the  resist¬ 
ance,  a  small  quant1')'  of  higher  order  compared  with 
the  reactance.  The  newly  determined  values  are  com¬ 
bined  with  the  Klng-Mlddleton  second- order  results  to 
obtain  more  complete  and  more  accurate  tmpedances 
and  effective  lengths  In  the  range  of  0  C  2irh/\  <  1.  4. 
(Contractoi ’s  summary) 


HAR.  02:011 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

AN  ANALOG  COMPUTER  FOR  CORRELATION  FUNC¬ 
TIONS  IN  COMMUNICATION  SYSTEMS,  by  R.  A. 
Johnson.  Mar.  25,  1952,  28p.  lncl.  Illus.  diagrs. 
table,  refs.  (Technical  rept.  no.  144)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[  Atr  Force  Office  of  Scientific  Research]  under 
N5ort-7601)  U22255;  ATI-152473  Unclasstfled 

The  analog  tut.ipulor  was  designed  to  measure  correla¬ 
tion  functions  of  noise  and  signal  voltages  before  and 
after  detection  In  an  AM  communication  system.  Vari¬ 
able  time  delay  Is  achieved  by  moving  a  pickup  head 
along  a  rotating  magnetic  drum  on  which  the  signal  un¬ 
der  Investigation  is  recorded.  A  second  channel  has  a 
fixed  delay,  so  that  zero  (or  negative)  delays  can  be  ob¬ 
tained.  Multiplication  of  the  2  signals  Is  accomplished 
ar  analog  •  Urtror  Ir  nultlplli  r  The  dislrcd  corre¬ 
lation  function  is  then  plotted  by  a  recording  meter 
whlcn  Indicates  the  average  value  of  the  multiplier  out¬ 
put  as  the  time  delay  Is  varied.  The  basic  components 
of  the  correlator,  the  multiplier  and  delay  unit,  are 
explained  In  detail.  The  associated  equipment  neces¬ 
sary  for  the  study  of  noise  and  signals  before  and  after 
rectification  by  a  linear  detector  is  discussed.  The 
Umitaltons  and  advantages  of  the  equipment  are  com¬ 
pared  to  those  of  other  correlators.  (TIP  abstract) 


HAR.  02:012 

Harvard  U.  Cruft  Lab. ,  Cambrtdge,  Mass. 

RADIATION  OF  THE  DOSS  ANTENNA,  by  C.  II.  Papas 
and  i>.  B.  Brick.  Apr.  1,  1952,  8p.  lncl.  dlaers.  refs. 
(Technical  rept.  no.  148)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Stgnal  Corps,  and  [Atr  Force  Of¬ 
fice  of  Scientific  Research  under  N5ori-7601) 

U22256;  ATI- 152471  Unclassified 

Ideally  the  boss  antenna  consists  of  a  conducting  hemi¬ 
sphere  placed  so  close  lo  a  perfectly  conducting  Image 
plane  that  the  fteld  distribution  across  the  gap  between 
hemisphere  and  plane  can  be  represented  by  a  Dirac 
t.  function.  The  problem  differs  from  that  of  Stratton 
( Electromagnetic  Theory.  N.  Y. ,  McGraw  Hill,  1941, 
p.  555-557)  in  that  the  antenna  Is  driven.  The  coaxial 
line  which  drives  the  radiator  consists  of  an  inner 
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conductor  which  connects  to  the  hemisphere  and  an  ouler 
connector  if  which  1  boundary  forms  the  Infinlle  image 
plane.  The  radiation  field  Is  derived  in  spherical  har¬ 
monics,  making  use  of  ihe  image  theorem.  The  appara¬ 
tus  used  to  measure  the  radiation  pattern  consisted  of  a 
?,/4  dipole  pickup  aiiached  io  a  swinging  arm  actuated 
under  selsyn  control.  Good  qualitative  agreement  be¬ 
tween  theory  and  experiment  was  obtained.  (TIP  ab¬ 
stract) 


HAR.  02:013 

Harvard  U  Crufi  Lab. ,  Cambridge,  Mass. 

A  GENERAL  THEORY  OF  PLANE-WAVE  SCATTERING 
FROM  FINITE  CONDUCTING  OBSTACLES  WITH  APPLI¬ 
CATION  to  the  two- Antenna  problem,  by  j. 
Sevlck  and  J.  E.  Storer.  Apr.  10,  1952,  44p.  inci. 
dlagrs,  refs.  (Technical  rept.  no.  149)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[Air  Force  Office  of  Scientific  Research]  under  N5orl- 
7601)  U22914;  ATI-158430  Unclassified 

Also  published  in  Jour.  Appi.  Phys. ,  v.  25:  369-376. 
Mar.  1954. 

An  approximate  procedure  Is  presented  for  ihe  handling 
of  3-dimensional  electromagnetic  scaiierlng  by  finite, 
perfeclfy  conducting  obstacles  where  coupling  is  expli¬ 
citly  laken  Into  account.  The  variational  formulation  of 
Levine  and  Schwinger  (Communications  on  Pure  and 
Applied  Mathematics,  III,  no.  4,  1950)  Is  used  In  deriv¬ 
ing  an  expression  for  ihe  scaiiered  field  distribution  in 
the  far  zone  In  terms  of  Ihe  currents  flowing  on  Ihe  ob- 
siacles.  An  expression  obtained  for  Ihe  back- scattering 
cross  sections  in  terms  of  stationary  quantities  is  ap¬ 
plied  to  Ihe  sludy  of  Ihe  back-scalterlng  cross  section  of 
2  Identical,  nonslaggered,  unloaded  anlennas  wnich  are 
oriented  parallel  to  Ihe  Incident  field.  The  case  of 
broadside  radlalion  is  irealed  for  haff-wave  and  full- 
wave  anlennas.  Curves  of  back  scaiierlng  vs  anlenna 
spacing  are  similar  in  shape  for  bolh  antennas  bul  greal- 
iy  different  in  magnitude.  This  difference  may  be  ex¬ 
plained  by  Ihe  resonant  current  of  Ihe  full-wave-lenglh 
anlenna  being  an  odd  function  and  Iherefore  nol  excllable 
by  an  incident  plane  wave  polarized  parallel  lo  the  an¬ 
lenna.  (TfP  abstract) 


HAlt.  02:014 

Harvard  U.  Cruft  Lab.  ,  Cambridge,  Mass. 

WAVE  PROPAGATION  IN  A  TWO -DIMENSIONAL  PERI 
OUfC  MEDIUM,  by  J.  E.  Storer.  May  1,  1952,  29p. 
dlagrs.  refs.  (Technical  repl.  no.  152)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
Air  Force  Office  of  Scientific  Research  under  N5*  r. 
7601)  U24292-.  ATI  169954  Unclassified 

Aii  approximate  solution  to  the  problem  of  propagation 
of  electromagnetic  waves  In  a  2  dimensional  array  of 
perfectly  conducting  cylinders  Is  presented.  The  meth¬ 
od  used  to  obtain  a  solution  is  similar  to  that  employed 


by  Levine  and  Schwinger  (Phys.  Rev  ,  v.  74:  958-974, 
1948)  In  diffraction  problems.  An  Integ-al  equation  Is 
derived  for  the  currents  flowing  on  ihe  cylinders,  and 
a  variational  principle  Is  used  to  obtain  at:  approximate 
solution  to  this  equation.  This  method  can  be  general¬ 
ized  to  3-dimenslonal  periodic  arrays.  (Contractor's 
abstract) 


HAR.  02:013 

Harvard  U.  Crufi  Lab.  ,  Cambridge,  Mass. 

MICROWAVE  DIFFRACTION  MEASUREMENTS  IN  A 
PARALLEL-PLATE  REGION,  by  R.  V.  Row.  May  5, 
1952,  30p.  ind.  iilus.  dlagrs.  (Technical  rept.  no. 

153)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Force  Office  of  Scientific  Re¬ 
search  ]  under  N5orl-7601)  U23775;  ATi-165612 

Unclassified 

Also  published  In  Jour.  Appl.  Phys.,  v.  24:  1448-1452, 
Dec.  1953. 

An  experimental  arrangement  for  scattering  problems 
was  constructed  for  use  In  the  3-cm  wave-length  region. 
The  finite  parallel  plates  support  a  lransverse  electro¬ 
magnetic  wave  with  the  electric  field  normal  to  the 
plates.  Absorbing  wedges  ai  the  outer  boundary  of  ihe 
plaies  reduce  reflections  from  ihese  boundaries.  The 
scattered  fields  may  be  investigated  by  means  of  a  di¬ 
pole  penetrating  into  the  region.  Measurements  of  the 
total  field  scattered  by  0°,  45°,  and  90°  conducting 
wedges  showed  satisfactory  agreement  wlih  theory.  The 
effect  of  finite  ihickness  of  Ihe  diffraction  screen  (for 
the  0  wedge)  in  Increasing  Ihe  amplitude  of  the  scat¬ 
tered  wave  Is  noted  and  compared  io  theoretical  resulls 
derived  for  scaiierlng  from  a  conducting  half-  plane  with 
a  cylindrical  edge.  (TIP  abslracl) 


HAR.  02:016 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

THE  RECTIFICATION  OF  SIGNALS  AND  RANDOM 
NOISE  BY  A  LINEAR  DETECTOR,  by  R.  A.  Johnson. 
May  5,  1952,  54p.  incl.  dlagrs.  iables,  refs.  (Tech¬ 
nical  repl.  no.  145)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  [  Air  Force  Office 
of  Scientific  Research]  under  N5orl-7601)  U23404; 

ATI- 161576  Unclassified 

Pari  1  presents  compuled  correlation  funclions  of  Ihe 
low-frequency  componcnls  generated  In  Ihe  rectification 
of  unmodulated  carriers  and  normal  random  noise  for 
various  S/N  values  of  the  Input.  Part  fl  gives  meas¬ 
ured  correlallon  funclions  In  Ihe  threshold  region  (In¬ 
nut  signal  and  noise  of  comparable  power)  for  comblna 
tlons  of  the  relevant  parameters.  Part  Iff  discusses 
tha  applicability  of  theoretical  results  on  resistive  non¬ 
linear  circuits  to  the  linear  detector  with  an  RC  load. 
(Contractor's  abstract) 
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HAR.  02:0f 7 

Harvard  U.  Cruft  Lab.  ,  Cambridge,  Mass. 

TANDEM-SLIT  DfFFRACTION  MEASUREMENTS,  by 
L.  R.  Alldredge.  May  18,  1953,  14p.  illus.  refs. 
(Technical  rept.  no.  176)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [Air  Force  Office 
of  Scientific  ResearchJ  under  N5ori-760f)  AD  22430 

Unclassified 

The  diffraction  of  a  plane  electromagnetic  wave  by  2 
identical  slits  in  tandem  was  Investigated  experimental¬ 
ly  for  normal  incidence  with  polarization  parallel  to  the 
edges  of  the  slits.  The  slits  were  assumed  to  be  infi¬ 
nitely  long,  a  condition  which  is  approximated  experi¬ 
mentally  by  use  of  a  parallel-plate  system  described  by 
R.  V.  Row.  Measurements  were  made  for  tandem 
separations  of  slits  from  0  to  nearly  2  wave  lengths  and 
for  slit  widths  from  0  to  f.4  wave  lengths.  For  a  tan- 
slid  separation  M  zer„,  which  corrtsp.j.tlc  to  single 
slit,  the  results  for  the  transmission  coefficients  were 
in  good  agreement  with  established  theoretical  results. 
The  results  showed  interesting  resonance  phenomena  as 
the  tandem-slit  separation  was  changed.  (ASTIA  ab¬ 
stract) 


HAR.  02:018 

Harvard  U.  Cruft  cab.,  Cambridge,  Mass. 

EXPERIMENTAL  AND  THEORETICAL  RESULTS  ON 
THE  HACK- SCATTERING  CROSS  SECTION  OF 
COUPLED  ANTENNAS,  by  .1.  Sevlck.  May  20,  1952, 

Bp.  Inch  dlagrs.  refs.  (Technical  rept.  no.  150) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research 
under  N5ort-'i'601 )  U22913;  ATI- 158449 

Unclassified 

A  general  theory  on  the  plane-wave  scattering  of  ob¬ 
stacles  where  coupling  Is  taken  Into  effect  was  applied 
to  the  determination  of  the  back- scattering  cross  section 
of  2  identical,  nonstaggered,  unloaded  antennas  oriented 
parallel  io  Ihe  Incident  radiation.  Three  aspects  of  the 
general  problem  are  the  determination  of  (1 )  the  back- 
scattering  cross  section  (  )  as  a  function  of  the  spacing 
(l>)  and  the  angle  (  •)  between  the  plane  of  the  antennas 
and  a  plane  perpendicular  to  the  direction  of  the  incident 
radiation,  (2)  as  a  function  of  h  and  the  thickness  for 
0,  amt  (3)  •  as  a  function  of  h  and  the  height  of  the 
antenna  for  0.  R  was  concluded  that  broadside 
scattering  is  greater  than  that  for  any  oilier  angle:  back 
scattering  amplitudes  depend  on  Independent  scattering 
of  the  elements.  The  shapes  of  the  back- scattering 
curves  arc  similar  for  half  and  full  wave  antennas.  A 
theoretical  treatment  considering  Uie  antennas  as  lade 
pendent  scatterers  is  inaccurate  even  at  spactngs  ol  3'  . 


HAR.  02:019 

Harvard  U.  Crult  Lab. ,  Cambridge,  Mass. 

AN  EXPERIMENTAL  METHOD  OF  MEASURING  BACK- 
SCATTERfNG  CROSS  SECTfON  OF  COUPLED  ANTEN¬ 
NAS,  by  J.  Sevlck.  May  28,  f  952,  18p.  illus.  dlagrs. 
(Technical  rept.  no.  f  5f )  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [Air  Force  Of- 
lica  of  Scientific  ResearchJ  under  N5ori-760f) 

U23222;  ATI- 159852  Unclassified 

A  method  of  measuring  back-scattering  cross  sections 
is  described  In  which  the  measuring  scheme  utilizes 
an  Image  plane  and  cancellation  procedure.  The  tech¬ 
nique  involves  measuring  the  incident  field  at  a  point 
in  the  far  zone  with  respect  to  the  scattering  obstacles 
before  they  are  in  place,  canceling  out  the  effect  of  the 
incident  signal  with  a  signal  taken  from  the  transmitter, 
and  then  measuring  the  absolute  value  of  the  scattered 
signal  alter  Uu  obstacles  are  placed  Iv,  putAMun.  11  the 
distances  between  the  source,  testing  probe,  and  scat- 
terer  are  known,  a  simple  relationship  can  be  obtained 
for  the  back- scattering  cross  section.  The  system  of¬ 
fers  a  means  of  obtaining  quick  experimental  results 
with  a  knowledge  of  the  errors  involved.  The  method 
is  limited  to  obstacles  containing  a  plane  of  symmetry. 
The  derivation  of  the  experimental  equation  for  the 
back  scattering  cross  section  Is  given  as  well  as  the 
procedure  used  iu  Hit  experimental  process,  adescilp- 
Uou  ot  the  equipment,  and  a  discussion  of  the  possible 
sources  of  error. 


HAR.  02:020 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

ON  THE  MAGNETIC  RESONANCE  ABSORPTION  IN 
CONDUCTORS,  by  N.  Bloembergen.  June  5,  1952, 

20p.  dlagrs.  refs.  (Technical  rept.  no.  156)  (Spon¬ 
sored  jointly  by  Office  o'  Naval  Research,  Signal 
Corps,  and  Air  Force  ORice  of  Sclentillc  Research 
under  N5ori-7G01)  l  '24100;  ATI-169047 

Unclassified 

Also  published  In  Jour.  Appl.  I’hys. ,  v.  23.  1383-1389, 
Dec.  1952. 

The  electromagnetic  losses  In  conductors  are  analyzed 
In  terms  ol  magnetic  absorption  and  conduction  losses. 
The  significance  ol  quantities  observed  in  a  magnetic 
resonance  experiment  depends  on  the  dimensions  o!  the 
sample  relative  to  the  skin  depth.  Pot  muias  lor  elec¬ 
tric  and  magnetic  losses  are  given  lor  a  plane  sheet  and 
a  sphere.  The  Influence  ol  Ihe  conductivity  on  the  line 
shape  aixl  saturation  effects  is  discussed  lor  nuclear 
ami  magnetic  resonance.  (Contractor’s  abstract) 
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Harvard  U.  Cruft  Lab.  ,  Cambridge,  Mass. 


’IHE  SUSCEPTANCE  OF  A  CIRC  1  1.AR  OBSTACLE  TO 


l  • 


rtIR  FORCE  SCIENTIFIC  RESEARCH 


•  • 


HAR.  C2:022  -  HAR.  02:025 


AN  INCIDENT  DOMINANT  CIRCULAR- ELECTRIC 
WAVE,  byL.  S.  Shelngold.  June  15,  1952,  22p.  Ulus, 
table.  (Technical  rept.  no.  159)  (Sponsored  jointly  by 
Office  of  Naval  Research,  Signal  Corps,  and  [Air  Force 
Office  of  Scientific  Research  1  under  N5ort-7601) 

AD  6566  Unclassified 

Also  published  in  Jour.  Appl.  Phys. ,  v.  24:  414-422, 
Apr.  1953. 

Lower-  and  upper-bound  expressions  were  obtained  for 
the  susceptance  of  a  circular  obstacle  excited  by  the 
TE0i  mode  tn  a  circular  wave  guide.  The  solutions 
were  obtained  by  a  variational  method.  Experiments 
showed  the  TEqj  mode  to  oe  about  60  db  above  extrane¬ 
ous  modes  over  a  free- space,  wave-length  range  of 
7.  30  to  11. 90  cm.  The  discrepancies  between  theoret¬ 
ical  and  experimental  results  are  attributed  to  finite 
thickness  and  conductivity  of  the  obstacle,  elliptictty  of 
the  circular  wave  guide,  presence  of  lower-order 
propagating  modes,  and  typical  errors  involved  In  the 
measurement  of  admittance  by  the  resonance-curve 
method. 


HAR.  02:022 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

AN  ALTERNATIVE  METHOD  OF  SOLVING  HALLEN'S 
INTEGRAL  EQUATION  AND  ITS  APPLICATION  TO  .AN¬ 
TENNAS  NEAR  RESONANC  E,  byR.  King.  July  1, 

1952,  14p,  diagrs.  (Techntcal  rept.  no.  154)  (Spon¬ 
sored  jointly  by  Offtce  of  Naval  Research,  Signal  Corps, 
and  L  Air  Force  Offtce  of  Scientific  Research]  under 
N5ort-7601)  U24191;  ATI-16  9  048  Unclasstfted 

Also  published  in  Jour.  Appl.  Phys.,  v.  24:  140-147, 
Feb.  1953. 

Hallen's  complex  integral  equatton  for  the  current  tn  a 
cylindrical  antenna  ts  separated  into  2  real  tntegral 
equations  for  the  components  of  current  in  phase  and  in 
phase  quadrature  with  the  driving  voltage.  Each  of 
these  equations  ts  solved  by  iteration  using  zeroth-order 
currents  and  vector- potential  differences  to  define  ex¬ 
pansion  parameters.  It  is  shown  that  for  electrical 
half  lengths  near  odd  multiples  of  a  quarter- wavelength, 
at  least  a  third-order  solution  is  required  in  order  to 
determtne  accurately  the  component  of  current  in  phase 
with  the  driving  voltage  and  the  conductance.  Conduct¬ 
ances  for  a  range  of  radii  are  evaluated  by  the  new  third- 
order  formula  and  compared  with  the  King-Mtddleton 
second  order  values  and  the  experimental  data  of  Hartig. 
The  new  formula  agrees  excellently  with  experimental 
results  at  h  \  4,  whereas  the  earner  second-order 

formula  has  its  largest  error  (near  8  to  10* )  in  a  small 
range  near  resonance  It  is  concluded  that  for  antennas 
near  resonance,  just  as  for  very  short  and  very  long  an 
tennas,  adequate  account  must  be  taken  In  the  iteration 
of  both  components  of  current.  (Contractor's  abstract) 
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HAR.  02:023 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

A  SIMPLE  GRAPHICAL  ANALYSIS  OF  WAVEGUIDE 
JUNCTIONS,  by  J.  E.  Storer,  L.  S.  Shelngold,  and 
S.  Stein.  Aug.  25,  1952,  34p.  diagrs.  refs.  (Techni¬ 
cal  rept.  no.  160)  (Sponsored  jotntly  by  Office  of  Naval 
Research,  Signal  Corps,  and  [  Air  Force  Office  of 
Scientific  Research]  under  N5ori-7601)  U25381; 
ATI-187945  Unclassified 

Also  published  in  Proc.  Inst.  Radto  Engineers,  v.  41: 
1004-1013,  Aug.  1953. 

A  graphical  analysis  based  on  the  work  of  Deschamps 
is  presented  for  obtaining  the  scattering  matrix  of 
waveguide  junctions  from  standtng- wave  measurements. 
A  method  is  outlined  for  graphically  obtaining  the  re¬ 
flection  coefficient  of  a  load  terminating  the  junction 
from  the  measurement  of  the  reflection  coefficient  as 
seen  through  the  junction.  (Contractor’s  abstract) 

HAR.  02:024 

Harvard  U.  Cruft  Lab.,  Cambrtdge,  Mass. 

MEASUREMENT  OF  CORRELATION  FUNCTIONS  OF 
MODULATED  CARRIERS  AND  NOISE  FOLLOWING  A 
NONLINEAR  DEVICE,  by  R.  A.  Johnson  and  D.  Middle- 
ton.  Sympostum  on  Appltcattons  of  Communication 
Theory,  London,  Sept.  1952  [l7Jp.  tncl.  tllus.  refs. 
(Sponsored  jotntly  by  Office  of  Naval  Research,  Stgnal 
Corps,  and  [Atr  Force  Offtce  of  Scienttftc  Research] 
under  N5ort-7601)  AD  122693  Unclasstfted 

An  analog  electronic  device  capahle  of  measurtng  auto- 
and  cross-correlatton  functions  ts  desrrtbed.  A  vari¬ 
able  time  delay  ts  achieved  by  moving  a  pickup  head 
slowly  along  a  rotattng  magnetic  drum,  on  whtch  the 
stgnal  under  tnvesttgatton  is  recorded.  A  second  chan¬ 
nel  has  a  ftxed  delay,  so  that  zero  (or  negative)  delays 
can  he  obtatned.  Multtpltcatton  of  the  two  signals  Is 
accompttshed  by  an  analog  electronic  multiplier.  The 
desired  correlation  function  Is  then  plotted  by  a  re¬ 
cording  meter  which  Indtcates  the  average  value  of  the 
multiplier  output  as  the  ttme  delay  Is  varied.  Data 
r«rorded  in  investigating  the  recttftcatton  of  a  modulated 
carrier  arid  noise  are  presented.  (Contractor's  ab¬ 
stract) 


HAR.  02:025 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

SKY-WAVE  FIELD  INTENSITY.  1.  LOW  AND  VERY- 
LOW  R.ADIO  FREQUENCIES,  by  J.  A.  Pterce.  Sept.  i. 
1952,  107p.  dtags  s.  (Technical  rept.  no  158)  (Spon¬ 
sored  jointly  by  Office  of  Nava]  Research,  Signal  Corps 
and  Air  Force  Office  of  Scientific  Research  under 
N5orl-7601)  U24899;  ATI  - 185675  Unclassified 

A  general  theory  of  unabsorbed  sky-wave  field  strength 
is  developed  which  Is  app'icable  to  transmission  by 
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HAR.  02.026  -  HAR.  02:029 


either  E-  or  F-layer  rellections.  The  application  of 
the  theory  Is  worked  out  only  for  low  radio  frequencies. 
Based  on  an  expression  given  to  define  unabsorbed  Held 
strength,  the  transmission  losses  at  low  Irequencles 
fall  into  a  simple  and  coherent  pattern.  The  logarithm 
of  the  losses  in  these  cases  is  nearly  linear.  The  theory 
is  used  In  the  analysis  of  measurements  of  field  strength 
In  the  frequency  region  below  100  kc  which  were  made 
during  1951.  The  observed  variations  of  atmospheric 
noise  with  frequency  and  time  are  used  as  the  basis  for 
computing  the  power  requtred  to  maintain  communica¬ 
tion  and  the  corresponding  S/N's  and  optimum  radio  fre¬ 
quencies. 


HAR.  02:026 

Harvard  U.  Cruft  Lab. ,  Cantbrldge,  Mass. 

A  COAXIAL  MAGfC-T,  by  T.  Morita  and  L.  S.  Sheingold. 
Oct.  10,  1962,  7p.  Ulus.  (Technical  rept.  no.  162) 
(Sponsored  jointly  by  Oflice  of  Naval  Research,  Signal 
Corps,  and  ["Air  Force  Office  of  Scientific  Research  j 
under  N5ori-7601 )  AD  4104  Unclassified 

Three  dtfferent  destgns  of  coaxial  hybrid  junctions  hav¬ 
ing  performance  analogous  to  a  wave-guide  maglc-T  are 
discussed.  The  experimental  results  with  each  type  in¬ 
dicate  that  SWICs  less  than  2  looking  tnto  any  arm  are 
easily  obtainable  over  a  frequency  band  of  about  10%. 

With  carefully  matched  loads,  decoupling  greater  than 
70  db  can  he  obtained.  An  application  of  the  maglc-T 
tn  phase  measurement  is  described  whtch  ts  Independent 
of  the  stgnal  amplitude  and  Is  similar  to  the  homodyne 
system  of  phase  measurement.  (ASTI A  abstract) 


HAR.  02:027 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

ON  THE  DIFFRACTION  OF  ELECTROMAGNETIC 
WAVES  BY  ANNULAR,  ELLIPTICAL  AND  RECTANGU¬ 
LAR  APERTURES,  by  C.  Huang.  Feb.  15,  1953,  34p. 
Ulus.  refs.  (Technical  rept.  no.  163)  (Sponsored  joint¬ 
ly  by  Office  of  Naval  Research,  Signal  Corps,  and  'Air 
Force  Office  of  Scientific  Research  under  N5ort-7601) 
AD  10246  Unclasstfted 

The  derivation  of  a  Klrchhoff- type  approximation  to  the 
transmission  coefficient  of  an  aperture  In  an  tnftnttely 
extended,  perfectly  conducting  plane  screen  of  Infinites¬ 
imal  thickness  with  an  Incident  plane  electromagnetic 
wave,  as  gtven  by  Levine  and  Schwinger  (Communications 
on  Pure  and  Appi.  Math.,  v.  3:  4,  Dec.  1950),  ishrief- 
ly  recapitulated.  The  resulttng  Integral  formula  Involves 
only  the  tangential  component  of  the  aperture  magnetic 
field,  this  Is  shown  to  be  equal  to  the  tangential  conipo 
(lent  of  the  magnetic  field  of  the  known,  Incident  wave. 
Using  this  formula,  the  approximate  transmission  co¬ 
efficients  of  annular,  elttotical,  and  rectangular  aper 
tures  are  evaluated  for  normal  Incidence.  Results  have 
been  computed  and  plotted  for  appropriate  dimensions  of 
each  aperture.  (Contractor’s  abstract) 


HAR.  02:028 

Harvard  U.  Crult  Lab. ,  Cambridge,  Mass. 

CIRCUMFERENTIAL  GAP  IN  A  CIRCULAR  WAVE¬ 
GUIDE  EXCITED  BY  A  DOMINANT  CIRCULAR- 
ELECTRIC  WAVE,  by  J.  E.  Storer  and  L.  S.  Sheingold. 
Mar.  1,  1953,  25p.  ilius.  refs.  (Technical  rept.  no. 

1 66)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Force  Olfice  of  Scientific  Re¬ 
search]  under  N5ori-7601 )  AD  14952  Unclassified 

Also  published  in  Jour.  Appl.  Phys. ,  v.  25:  545-552, 
May  1954. 

The  scattering  matrix  oi  a  360°  circumferential  slot 
In  an  Infinitely  long  circular  wave  guide  (with  an  inci¬ 
dent  dominant  circular-electric  wave)  is  obtained  by  a 
variational  principle.  The  characteristics  of  a  of 
thts  type  in  5.  775-in.  -id  brass  tubing  were  measu  ed 
at  a  free-space  wave  length  of  10,  000  cm.  The  expen 
mental  values  of  amplitude  and  phase  as  determined 
separately  by  Deschamps’  method  were  in  excellent 
agreement  with  the  theory  for  values  of  2  g  (gap  width) 
up  to  1,  000  In. ,  corresponding  to  g/\  =  0.127.  The 
validity  of  the  theory  was  only  claimed  for  values  of 
((?/"'  )2<<1.  (ASTfA  abstract) 


HAR.  02:029 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

THE  EFFECT  OF  THE  SUtFACE  ON  THE  MAGNETIC 
PROPERTIES  OF  AN  ELECTRON  GAS,  by  H  Brooks 
and  F.  S.  Ham.  Mar.  10,  1953,  46p.  ilius.  rels. 
(Technical  rept.  no.  169)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [  Atr  Force  Of¬ 
fice  of  Scientific  Research)  under  N5ori-7601) 

AD  6210  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  92:1113-1119,  Dec. 

1,  1953. 

A  determination  of  the  magnetic  susceptibility  of  a  sys¬ 
tem  of  electrons  confined  in  a  box  Is  presented  whtch 
considers  the  dependence  of  susceptibtllty  on  the  form 
of  the  wall  potential.  An  tmproved  argument  is  given 
for  a  cylindrical  box  in  which  the  balancing  of  diamag¬ 
netic  and  paramagnettc  states  Is  clarifted,  and  which 
determines  (by  means  of  the  WKB  approximation)  the 
nature  of  the  boundary  states.  A  more  detailed  deriva¬ 
tion  Is  given  which  establishes  corrections  to  the  terms 
In  the  susceptibility  that  dominate  at  htgh  Held  strengths. 
The  derivation  Is  vaild  only  If  the  radius  of  the  conftning 
box  Is  considerably  larger  than  the  classical  orhit  radi¬ 
us  of  an  electron  moving  In  a  plane  perpendicular  to  a 
magnetic  Held  with  energy  equal  to  the  Fermi  energy 
of  the  system.  Darwtn’s  model  Is  shown  not  to  gtve  the 
same  results  as  the  electron m  a  box  model  when 
Fermi  statistics  are  used.  (AST1A  abstract) 


9 


AIR  FORCE  SCIENTIFIC  RESEARCH 


HAR.  02:030  -  HAR.  02:033 


HAR.  02:030 


Sctenttflc  Research]  under  N5ort-7601)  AD  14953 

Unclassified 


Harvard  U.  Cruft  Lab. ,  Cambrtdge,  Mass. 

A  TABULATION  OF  THE  FRESNEL  INTEGRALS,  by  R. 
[D.  ]  Turner  and  A.  F.  Downey  Mar.  15,  1953,  19p. 
(Technical  rept.  no.  173)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Stgnal  Corps,  and  [Air  Force  Office  of 
Scientific  Research]  under  N5ort-7601)  AD  8175 

Unclasstfted 


A  tabulation  of  the  Fresnel  integrals 


C(x)  =  —  ‘cost*  S(x)  - 


v2rr  Jq 


vt 


v  2tt 


sin  t — 
vt 


Is  gtven  for  0  <_  x  £  1. 00  by  steps  of  0.  01,  and  for  1.  0 
<_  x  <_  30.  0  by  steps  of  0. 10.  In  addition,  values  are 
given  for  x  =  nK,  n=  1-20.  Differences  are  tabulated, 
2 

to  factlltate  Interpolation.  Some  applications  of  the  In¬ 
tegrals  are  ltsted.  Alternative  forms  and  asymptotic 
expansions  valtd  for  large  x  are  given.  (Contractor’s 
abstract) 


HAR.  02:031 

Harvard  U.  Cruft  Lab. ,  Cambrtdge,  Mass. 

EXPERIMENTAL  AND  THEORETICAL  IMPEDANCES 
AND  ADMITTANCES  OF  CENTER-DRIVEN  ANTENNAS, 
by  P.  A.  Kennedy  and  R.  King.  Apr.  1,  1953,  lv.  Incl. 
dlagrs.  tables,  refs.  (Technical  rept.  no.  155)  (Spon¬ 
sored  jotntly  by  Office  of  Naval  Research,  Signal  Corps, 
and  [  Atr  Force  Offtce  of  Scientific  Research  ]  under 
Naorl-7601)  AD  11434  Unclassified 


Also  publtshed  In  Jour.  Appl.  Phys. ,  v.  26:660-675, 
June  1955. 

The  problem  of  the  scattering  of  an  lnctdent  cylindrical 
electromagnetic  wave  by  an  arbitrary  array  of  perfectly 
conducting  circular  cylinders  ts  solved  for  the  case  of 
the  electric  vector  parallel  to  the  axes  of  the  cylinders. 
The  total  field  is  calculated  by  the  use  of  a  Green's 
theorem.  The  application  of  the  boundary  conditions 
results  tn  a  set  of  Integral  equations  for  the  current  on 
each  cylinder;  arbitrary  excitations  and  coupltng  be¬ 
tween  all  the  elements  are  taken  Into  account.  The  cur¬ 
rents  are  expanded  tn  a  complex  Fourter  sertes;  this 
transforms  the  Integral  equations  Into  an  tnflnite  set  of 
linear  algebraic  equations  In  the  unknown  Fourier  co¬ 
efficients.  The  theory  ts  specialized  to  the  case  of  2 
Identical  cylinders.  In  addttton,  neglect  of  the  coupling 
between  dtfferent  current  modes  yields  a  simple  formu¬ 
la  for  the  scattered  field  In  wlitch  the  effect  of  coupltng 
ts  apparent.  For  2  cyltnders  equidistant  and  far  from 
the  source,  the  scattered  field  Is  computed  from  these 
approximations  for  cylinders  as  large  as  a  wave  length 
In  dtameter  and  for  spacings  of  1  to  4  Xw  between  the 
centers.  The  approximations  were  confirmed  by  meas¬ 
urements  at  3. 185  cm  w  tn  a  parallel  plate  regton. 

Both  theory  and  experiment  Indicate  significant  de¬ 
partures  from  the  predictions  of  the  Independent  scat¬ 
tering  hypothesis.  (AST1A  abstract) 


HAR.  02:033 

Harvard  U.  Cruft  Lah. ,  Cambrtdge,  Mass. 


Recent  experimental  and  theoretical  results  pertaining 
to  lhe  impedance  and  admlltance  of  center-drtven  an¬ 
tennas  have  been  consolidated  Into  one  report.  A  com¬ 
pile  set  of  tables  and  curves  with  Instructions  for  lhelr 
use  follows  a  general  dlscusston  of  the  problem.  The 
essentials  of  the  Ktng-Mlddleton  second-order  theory 
and  the  final  equation  for  the  second-order  Impedance 
are  presented  along  with  necessary  spacing  and  end- 
effect  corrections  which  must  be  considered.  Experi¬ 
mental  results  from  vartous  sources  have  been  compared 
wllh  theory.  In  particular  Hartlg's  experimental  results 
on  the  effecl  of  circular  apertures  In  a  horizontal  ground 
plane  on  the  tmpedance  of  a  hatf-dtpole  have  been  deval¬ 
uated  and  found  lo  agree  well  with  theory.  Special  re¬ 
lated  topics  such  as  the  electrically  sliorl  antenna  aixi 
the  receiving  antenna  have  also  been  discussed.  (Con 
tractor’s  abstract) 


HAH.  02:032 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

ELECTROMAGNETIC  SCATTERING  FROM  TWO  f’Al! 
A1.1.E1.  CONDUCTION  CIRCULAR  CYLINDERS,  by  R. 
V  Row.  May  1,  1953,  58p  lllus.  refs.  (Techntcal 
rept.  no.  170)  (Sponsor«>d  jointly  by  Office  of  Naval 
Research,  Signal  Corps,  and  Air  Force  Office  of 


MODE  CONTROL  AND  OPERATING  VOLTAGES  OF  IN¬ 
TERDIGIT  AL  MAGNETRONS,  by  A.  Singh.  May  5, 

1953,  13p.  lllus.  (Technical  rept.  no.  179)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[Atr  Force  Offtce  of  Scientific  Research  ]  under  NSort- 
7601  j  AD  12823  Unclassified 

Studies  were  made  controlling  the  frequencies  of  all  the 
modes  up  to  the  second  order,  and  Investigations  were 
made  to  study  the  electronic  operation  rst-  and 
second -order  modes.  Experiments  with  operating  lubes 
show  that  under  given  condlllons,  the  first-  and  second- 
order  modes  can  operate  at  more  than  1  voltage.  The 
different  voltages  tan  be  attributed  to  the  excitation  of 
different  Fourier  componenls  of  lhe  field  conftgurallon. 
Varlatton  of  resonance  frequency  of  modes  of  dtfferent 
orders  with  changes  in  resonator  parameters  was  stud¬ 
ied  by  using  a  demountable  resonator.  It  was  Indicat'd 
that  an  Increase  of  cavity  radius  reduces  lhe  resonance 
frequency  and  Increases  the  separation  of  the  different 
inodes;  the  ratio  by  which  the  resonance  frequency 
changes  for  a  given  variation  of  cavity  radius  is  smaller 
for  the  higher  order  modes.  An  increase  of  radial 
thickness  of  the  fingers,  or  a  decrease  of  the  separation 
between  lingers,  reduces  the  resonance  frequency  A 
mode  of  separation  of  the  order  of  40T  Is  obtained  by 
choosing  the  ratio  of  cavity  radius  to  anode  radius  to  be 
3:1.  o-mslttve  control  over  the  various  modes  can  be 
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obtained  by  Introducing  radial  vanes  in  the  cavity.  The 
degenerate  pairs  of  modes  can  be  separated  out,  and  the 
modes  can  be  accurately  located  at  equal  intervals  if  the 
radial  penetration  of  the  vanes  is  chosen  properly. 
(ASTIA  abstract) 


HAF.  02:034 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

THE  RADIATION  OF  A  HERTZIAN  DIPOLE  OVER  A 
COATED  CONDUCTOR,  by  D.  B.  Brick.  May  10,  1953, 
49p.  incl.  illus.  refs.  (Technical  rept.  no.  172)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  Signal  Corps, 
and  [Air  Force  Office  of  Scientific  Research]  under 
N5ori-7601)  AD  16104  Unclassified 

The  idealized  problems  of  (a)  an  infinitesimal  Hertzian 
dipole  in  and  over  a  perfect  dielectric  coating  a  perfect 
conductor  and  (b)  as  Abraham  dipole  'ying  on  the  con¬ 
ductor  are  treated.  Unintegrated  forms  of  the  Hertz 
potentials  aie  obtained  for  both  electric  and  magnetic 
dipoles.  Integrated  far-  zone  forms  of  the  potentials 
and  fields  are  obtained  for  fdectric  dipoles  by  means  cf 
asymptotic  integrations.  Far- zone  radiation  are  given 
in  order  to  Indicate  the  distortions  of  the  fields  and  the 
magnitudes  of  the  residue  waves  caused  by  the  dielectric 
coatings.  It  is  proved  that  the  power  radiated  by  the  di¬ 
pole,  may  be  divided  into  two  independent  quantities: 
the  power  fed  to  radiation  type  and  that  fed  to  surface  or 
guided  type  fields.  For  certain  cases  numerical  results 
are  given  for  the  total  power  radiated  and  the  relative 
powers  fed  to  the  two  types  of  fields.  Formulas  are  de¬ 
rived  and  illustrated  with  numerical  examples  of  the 
radiation  resistances  of  tiis  dipoles  and  the  attenuation 
constants  of  the  surface  modes  due  to  finite  conductivity 
of  the  ground  plane.  (Contractor’s  abstract) 


KAR.  02:035 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

SCATTERING  OF  PLANE  ELECTROMAGNETIC  RADI¬ 
ATION  BY  AN  INFINITE  CYLINDRICAL  MIRROR,  by 
It.  D.  Turner.  May  15,  1953,  19p.  Illus.  refs.  (Tech¬ 
nical  rept.  no.  161)  (Sponsored  jointly  by  Office  of  Naval 
Research,  Signal  Corps,  and  Air  Force  Office  of  Scien¬ 
tific  Research  under  N5ori-7G01)  AD  18292 

Unclassified 

Using  a  variational  principle  In  conjunction  wlih  a  sutta 
bie  1 1  all  function,  etpT  esstous  lor  Hit  f .i :  -.oil  Held  ami 
scattering  cross  section  of  a  cylindrical  rror  excited 
by  a  plane  wave  art-  ohtaiued  that  are  va  over  a  wide 
range  of  frequencies.  The  plane  is  pola'izid  so  that  the 
electric  vector  is  parallel  to  the  axis  of  the  mirror. 
(Contractor's  abstract) 

HAIL  02.036 

Harvard  l  Cruft  1  ab.  ,  Cambr  idge,  Mass. 

THE  END  CORRELATION  FOR  A  COAXIAL  iJNL  WHEN 


DRIVING  AN  ANTENNA  OVER  A  GROUND  SCREEN, 
by  R.  King.  June  1,  1953,  7p.  Illus.  table,  refs. 
(Technical  rept.  no.  174)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [Air  Force  Of¬ 
fice  of  Scientific  Research]  under  N5ori-7601) 

AD  16103  Unclassified 

Theoretical  and  experimental  results  obtained  by  Hartlg 
for  the  end-correction  for  a  coaxial  line  driving  an  an¬ 
tenna  over  a  ground  screen  are  corrected.  Improved 
theoretical  and  experimental  curves  of  tne  quantity 
-CT/bc0  are  obtained,  where  -CT  is  the  lumped  nega¬ 
tive  capacitance  required  as  end-correction,  c0  is  the 
capacitance  per  unit  length  of  the  coaxial  line,  and  b 
is  the  Inner  radius  of  the  outer  conductor  of  the  line. 
(ASTIA  abstract) 


HAR.  02:037 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

INJECTION  AND  DIFFUSION  OF  HOLES  AND  ELEC¬ 
TRONS  IN  A  SEMICONDUCTOR,  by  H.  Brooks.  June 
3,  1953,  30p.  (Technical  rept.  no.  181)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[ Air  f  of rp  Cillire  if  SriroiUlr  IiSiarrh  ]  uadi;  Wrl- 
7601)  AD  20495  Unclassified 

A  small-signal  transient  solution  is  obtained  for  an  In¬ 
jected  pulse  of  holes  which  Is  applicable  to  semiconduc¬ 
tors  that  are  intrinsic  or  nearly  so,  as  well  as  to  ordi¬ 
nary  n-  and  p-types.  A  criterion  for  the  validity  of 
•he  assumption  of  space-charge  neutrality  Is  discussed. 
An  approximation  to  take  Into  account  the  beginning  of 
nonlinear  effects  for  large  Injected  pulses  is  also  de¬ 
rived  and  discussed.  The  theory  of  conductivity  pulses 
resulting  from  Injected  carriers  In  a  filament  Is  dis¬ 
cussed,  and  It  Is  shown  that  the  apparent  quantum  el 
flclency  lor  photoconductivity  In  an  Intrinsic  semicon¬ 
ductor  can  become  much  larger  than  b  +  1,  where  b  Is 
the  mobility  ratio. 


HAR.  02:038 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

VARIATIONAL  APPROXIMATIONS  TO  THE  DIFFRAC- 
TION  BY  CIRCULAR  AND  ELLIPTICAL  APERTURES, 
by  C.  Huang.  June  5,  1953,  34p.  Illus.  refs.  (Teel, 
ideal  rept.  no.  164)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  ;  Air  Force  Olllce 
ol  ScK-trtlflc  Research  urniei  Nbor:  I'iiili  AD  -.sbbu 

Unclassified 

Different  methods  are  reviewed  briefly  for  attacking 
the  problem  of  the  diffraction  of  a  plane  electromagnetic 
wave  by  a  circular  aperture  In  a  plane  screen  which  Is 
Infinitesimally  thin  arid  perfectly  conducting.  Spectil 
cally,  the  variational  method  derived  by  Levine  and 
Schwinger  has  been  used  to  evaluate  the  transmission 
coefficient  of  circular  and  elliptical  apertures.  For  the 
circular  aperture,  a  hlgh-ord*‘r  vector  trail  function 
with  undetermined  frequency-dependent  coefficients  Is 
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chosen.  By  using  lhe  stationary  property  of  the  expres¬ 
sion  for  the  transmission  coefficient,  equations  for  the 
undetermined  coefficients  are  derived.  These  equations 
are  solved  to  give  a  first-order  approximation  of  the 
transmission  coefficient,  and  ihe  numerical  values  are 
compared  with  previous  results.  For  elliptical  aper¬ 
tures,  a  zeroth-order  approximation  of  the  transmission 
coefficieni  is  evaluated  using  a  one-component  trail  func¬ 
tion.  Numerical  results  are  given  for  ellipses  wtih 
mlnor-to-major-axis  ratios  of  1/2  and  1/3.  (Contrac¬ 
tor's  abstract) 


HAR.  02:039 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

THE  MEASUREMENT  OF  APERTURE  TRANSMISSION 
COEFFICIENTS,  by  C.  Huang  and  R.  D.  Kodis.  June 
10,  1953,  7p.  lllus.  refs.  (Technical  rept.  no.  165) 
(Sponsored  jointly  by  Office  of  Nava!  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  N5orl-7601)  AD  18563  Unclassified 

The  transmission  coefficients  of  circular,  elliptical,  and 
square  apertures  in  a  plane  conducting  screen  are  de¬ 
termined  from  measurements  of  the  far-zone  scattered 
field  in  the  direction  of  Incidence.  The  measurements 
were  carried  out  at  K-band  frequencies  using  an  image- 
plane  technique.  Experimental  values  of  the  transmis¬ 
sion  coefficient  are  compared  with  the  results  of  a  num¬ 
ber  of  theoretical  formulations.  (Contractor’s  abstract) 


HAR.  02:040 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

BABINET'S  PRINCIPLE  FOR  PLANE  OBSTACLES,  by 
C.  Huang.  Jure  15,  1953,  9p.  (Technical  memo.  no.  8) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  Air  Force  Office  of  Scientific  Research 
under  N5orl  7601)  AD  24689  Unclassified 

Integral  formulas  are  deduced  for  representing  electric 
and  magnetic  fields  throughout  a  region.  The  formulas 
are  applied  to  the  problem  of  the  diffraction  of  electro 
magnetic  waves  by  a  perforated  plane  conducting  screen. 
Integral  equations  are  obtained  from  which  a  compact 
proof  of  Bablnet’s  principle  Is  obtained  for  the  diffrac¬ 
tion  by  the  screen.  (AST1A  abstract) 


HAR.  02:041 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

MODIFICATION  OF  STANDARD  NETWORK  SYNTHESIS 
TECHNIQUES  TO  USE  LOSSY  ELEMENTS,  by  J.  E. 
Slorer.  June  20,  1953,  7p.  Inch  lllus.  (Technical  rept 
no  180)  (Sponsoreu  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  Air  Force  of  Scientific  Research 
under  N5orl-7601)  AD  16102  Unclassified 

A  uethud  is  presented  for  adapting  standard  network 


synthesis  techniques  to  yield  circuits  having  lossy  ele¬ 
ments.  The  usual  procedures  of  synthesizing  transfer 
impedances  or  transfer  functions  can  be  modified  so 
thru  the  final  circuit  has  a  resistance  in  series  with 
each  inductance  and  a  resistance  in  parallel  with  each 
capacitance.  The  procedure  used  is  the  inverse  of  the 
one  outlined  by  Guillemln  fCommunicatlons  Networks. 
v.  2,  John  Wiley,  N.  Y. ,  1951)  for  calculating  the  ef¬ 
fect  of  lossy  elements.  (ASTIA  abstract) 


HAR.  02:042 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

IMAGE -PLANE  AND  COAXIAL-LINE  MEASURING 
EQUIPMENT  AT  600  MC,  by  H.  W.  Andrews.  July  1, 
1953,  27p.  lllus.  refs.  (Technical  rept.  no.  177) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  N5ort-7601)  AD  22429  Unclassified 

Consideration  Is  given  to  the  construction  of  the  meas¬ 
uring  lines  and  the  associated  electronic  devices  for 
determining  the  driving  point  impedance  and  the  current 
and  charge  distributions  upon  antennas.  Configurations 
possessing  a  plane  of  symmetry  are  mounted  over  an 
Image  screen  behind  which  is  located  the  measuring 
equipment.  The  measuring  line  connects  into  the  image 
screen,  and  its  center  conductor  may  be  extended  to 
form  an  antenna.  The  conductor  is  slotted,  and  the  cur¬ 
rents  and  charges  disiributed  on  it  may  be  determined 
by  probes  sliding  within  it.  An  unmodulated  source  of 
RF  energy  Is  used,  and  the  modulation  Is  introduced  in 
the  superheterodyne  receiver  used  to  measure  the  sig- 
n.  t  level.  The  frequency  of  the  source  Is  monitored  by 
co  irlson,  in  a  spectrum  analyzer,  with  a  crystal- 
controlled  source  of  energy. 


HAR.  02:043 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

THE  COLUNEAR  ANTENNA  ARRAY.  THEORY  AND 
MEASUREMENTS,  by  11.  W.  Andrews.  July  15,  1953. 
47p.  lllus.  refs.  (Technical  rept.  no.  178)  (Sponsored 
jointly  hy  Office  of  Naval  Research,  Signal  Corps,  and 
"Air  Force  Office  of  Scientific  Research  under  N5orl 
7601  aiid  -7628)  AD  27101  Unclassified 

A  theory  for  the  close- spaced  coillnear  antenna  array 
was  formulated  on  the  basis  that  the  array  is  the  super¬ 
position  of  a  doubly  and  a  singly  driven  dipole.  Values 
for  compulation  of  Impedances,  comparison  of  probes, 
and  gap  (0  gap  10)  capacitance  were  obtained  both 
theoretically  and  experimentally.  The  theory  was  eval¬ 
uated  for  specific  configurations  typical  of  the  appllca 
ble  range  of  the  theory  as  a  check  of  the  basic  assump¬ 
tions  and  of  the  region  of  usefulness. 
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HAR.  02:044 

Harvard  U.  Cruft  Lab.  ,  Cambridge,  Mass. 

FULL-WAVE  DETECTION  OF  SIGNALS  IN  NOISE,  by 
N.  Stone  and  D.  Middleton.  Aug.  1,  1953,  62p.  lllus. 
table,  refs.  (Technical  rept.  no.  182)  (Sponsored  joint¬ 
ly  by  Office  of  Naval  Research,  Signal  Corps,  aal  LAlr 
Force  Office  of  Scientific  Research]  under  N5orl-7601) 
AD  40540  Unclassified 

The  experimental  background  for  the  theoretical  prob¬ 
lems  to  be  investigated  is  first  reviewed,  and  then  a 
brief  sketch  of  the  classical  detection  problem  Is  In¬ 
cluded.  A  slgnal-to-nolse  ratio  is  defined,  and  the  prin¬ 
cipal  results  of  the  study  are  summarized  and  discussed 
In  some  detail,  with  the  Important  quantities  in  the  der¬ 
ivation  of  the  output  slgnal-to-mlse  ratio  after  lull-wave 
rectification,  for  input  background  noise  of  gausslar. 
statistics,  being  obtained  from  the  correlation  function 
for  tire  output.  Tire  cases  trtatvd  are.  1(a)  a  sinusoidal 
signal  in  narrow-band  noise;  1(b)  a  narrow-band  noise 
"signal"  In  a  narrow-bard  noise  background;  2(a)  a  st- 
nusnidal  sl^nM  in  t mod -band  noise;  at*  2(h)  a  narrow- 
band  noise  "signal"  in  a  u  oad-band  noise  background. 
The  half-wave  and  full-wave  cases  are  compared.  The 
Important  devices,  the  ideal  clipper,  linear  detector, 

ar*H  nryiarp-law  rtpfflf|rv»*  5»nH  r vpH 

for  the  extremes  of  very  large  and  very  small  Input  slg- 
nal-to-notse  ratios.  Thus,  for  all  varieties  of  Input  out¬ 
lined  above  If  p  Is  the  Input  power  slgnal-to-nolse  ratio, 
then  fui  <Ci  y  oumll  p,  the  output  puwt,  Slgual-tu-  tnAse 
ratio,  P,  Is  related  to  p  by  P  —  p2,  for  all  devices. 

For  sinusoidal  signals  (large  p)  and  linear  and  quadratic 
detectors,  1  Is  prepurlkmaf  to  p,  whereas  lor  the  Weal 
clipper,  P —  (In  p)*p.  The  exact  relations  are  summa¬ 
rized  In  Part  1,  sec.  4  of  this  report.  (Contractor's  ab¬ 
stract) 


HAR.  02:045 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

ON  THE  NUCLEAR  MAGNETIC  RESONANCE  IN  METALS 
AND  ALLOYS,  by  N.  Bloembergen  and  T.  J.  Rowland. 
Aug.  20,  1953,  28p.  Ulus,  tables,  refs.  (Technical 
rept.  no.  186)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  i  Air  Force  Office  of  Scientif¬ 
ic  Research  under  N5ort  7601)  AD  19236 

Unclassified 

Also  published  tn  Acta  MetallunRca,  v.  1:731-746, 

Nov.  1953. 

A  Pound  Knight  Watkt ns  type  of  RF  spectrometer  (Rev. 
Scient  Instruments,  v.  21:  219,  1950)  was  used  tn 
measuring  the  shtft  of  nuclear  resonance  and  the  line 
width  in  a-  and  Sn,  Th,  Pb,  and  several  alloys.  A 
permanent  magnet  with  a  fteld  of  about  6000  gauss  In  a 
1.  25  111.  gap  and  with  4  in.  diam  pole  faces  was  also 
usiKi.  A  few  measurements  were  made  wlUi  an  electro 
magnet  at  fields  between  2000  and  5500  gauss.  The 
samples  were  made  from  powdered  metals  suspended  in 
mineral  oil  Gray  Sn  showed  no  shift  relative  to  Uie 


resonance  In  Insulating  compounds,  but  white  Sn  had  an 
anistropic  shift  of  0. 79%  along  the  tetragonal  axis  and 
0.  74%  perpendicular  to  It.  A  theory  Is  given  for  the 
anlstropy  and  symmetry  of  the  observed  line.  Thal¬ 
lium  had  an  anomalously  broad  resonance  line  with  a 
shift  of  1 .  54%.  The  shift  In  Th  alloys  varied  continu- 
ously  with  composition  In  each  phase  and  had  disconti¬ 
nuities  wi.cn  phase  transittunt  occurred.  The  iatenslAy 
of  the  Cu  resonance  In  pure  Cu  was  Increased  by  an¬ 
nealing  and  decreased  by  cold  work.  The  Intensity  In 
alleys  such  as  a -brass  and  Cu-Ag  decreased  rapidly 
with  Increasing  Zn  or  Ag  content.  These  effects  are 
explained  In  terms  of  quadrupole  Interaction.  (ASTIA 
abstract) 

HAR.  02:046 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

FERROMAGNETIC  RESONANCE  ABSORPTION  IN  CO¬ 
BALT  SINGLE  CRYSTALS,  by  T.  Ohtsafca.  Aug.  Vd, 
1953,  18p.  lllus.  refs.  (Technical  rept.  no.  187) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
CuT-E  'V.k!  .  Air  Fern  ■uttlr*  cf  Sr  teuflffr  EnfU&rch ] 
undei  N5o>‘l-7d01)  AD  25240  Unclassified 

The  ferromagnetic  resonance  absorption  of  Co  single 
tty  t\lu  Measured  at  ahuut  24  200  w  by  ualog  an 
experimental  techn-que  similar  to  that  described  by 
Bloembergen  (Phys.  Rev.,  v.  78:  572,  1950).  Three 
crystals  cut  in  different  orientations  and  In  the  shape  of 
thlu  lectaugutai  slabs  we.e  used.  Ly  using  experimen¬ 
tal  values  and  assuming  that  the  spectroscopic  splitting 
factor  g  Is  Isotropic,  the  anisotropy  constants  Kj  and 
Kj  were  EiUul&li*u.  The  line  srtdth  wan  ueterif.brt.il 
from  relative  values  of  the  resonance  permeability  up 
The  shift  In  the  easy  direction  from  the  hexagonal  axis 
to  the  hexagonal  plane  arises  from  the  temperature  de¬ 
pendence  of  the  first-order  effect  of  dipolar  coupling; 
the  second-order  effect  tends  to  suppress  the  switch¬ 
over  and  spread  It  out  over  a  finite  temperature  ta  ige. 
The  g-  value  decreased  from  2.  6  at  180°  C  to  2.  2  a. 
about  240°C,  leveled  ofr,  and  stayed  constant  up  to 
580°C.  The  line  widths  for  all  crystals  were  of  the 
order  of  a  few  hundred  oersteds.  Measurements  at 
200°  tc  400°C  confirmed  the  phenomenon  of  the  rever¬ 
sal  of  sign  In  Kj.  (ASTIA  abstract) 


HAR.  02:047 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

AN  EXPERIMENTAL  INVESTIGATION  OF  THE  TRANS¬ 
MISSION  PROPERTIES  OF  THE  DOMINANT  CIRCULAR- 
ELECTRIC  MODE,  by  L.  S.  Sheingold.  Sept.  1,  1953, 
31p.  lllus.  refs.  (Technical  rept.  no.  167)  (Sponsored 
jointly  by  Office  of  Nival  Research,  Signal  Corps,  axl 
’  Air  Force  Office  of  Scientific  Research  under  N5orl- 
7601)  AD  28258  Unclasstfled 

A  novel  method  of  measuring  Impedance  In  a  circular 
waveguide  supporting  only  the  dominant  circular 
electric  mude  ts  described.  4  complete  description  of 
the  experimental  arrangements  used  tn  the  TEqi 
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Impedance  measurements  Is  presented.  Results  are 
given  of  precise  impedance  measurements  made  on  circu¬ 
lar  obstacles  circumferential  gaps  and  radtattng  guides. 
These  experimental  results  are  compared  with  theoreti¬ 
cal  vatues  and  are  found  to  be  tn  excellent  agreement. 

It  ts  demonstrated  that  application  of  Deschamp's  graph¬ 
ical  methud  In  the  rlinbiit.il  deternrtnattun  ul  the 
scattering  parameters  of  a  clrcumferentlal-gap- junction 
results  In  a  rapid  determination  of  the  pertinent  quanti¬ 
ties;  1.  e. ,  the  power  reflected  by,  power  transmitted 
through,  and  power  dissipated  in  the  junction.  (Contrac¬ 
tor's  abstract) 


HAk.  05NJ48 

Harvard  U.  Cruft  Lab. ,  Cambrtdge,  Mass. 

THE  POLARIZATION  OF  RADIO  WAVES  REFLECTED 
FROM  THE  IONOSPHERE  AT  NONVERTICAL  INCI¬ 
DENCE.  I.  THEORETICAL  BACKGROUND,  by  G. 
Inouye.  Sept.  1,  1953,  87p.  tncl.  Ittus.  refs.  (Tech¬ 
nical  rept.  no.  190)  (Sponsored  jointly  by  Offtce  of 
Naval  Research,  Signal  Corps,  and  [Atr  Force  Oftlce 
of  Sclentiftc  Research;  under  N5ort-7601  and-7628! 

AL  31«u4  Unclassified 

The  magneto -Ionic  theory  of  radio  wave  propagation  In 
the  ionosphere  Is  reviewed  towards  the  understanding  of 
the  various  feature*,  associated  with  the  polarisation  ul 
the  downcoming  waves  which  have  traversed  a  nonvertt- 
cal  path.  The  dependence  of  the  potarlzation  tn  the  Ap¬ 
pleton  coordinates  on  the  angle  between  the  wave- normal 
and  the  e;.r|h’s  m:i*  aettr  fteld  ts  rnnvjtited  assuming  a 
magnetic  dip  of  68"  30'  which  applies  In.  the  United  States, 
This  polarization  Is  then  expressed  In  the  propagation 
coordinates  as  a  function  of  the  vertical  angle  of  arrival 
will  tin  uugtu'Ur  !"ariuy  1  l  hi  reclining  sU>  fro.  *  tt»- 
transmitter  as  a  parameter.  (Contractor's  abstrcct) 


HAR.  02:049 

Harvard  U.  Cruft  Lab. ,  Cambridge.  Mass. 

THE  POLARtZAT! ON  OF  RADIO  WAVES  REFLECTED 
FROM  THE  tONOSPHERE  AT  NONVERTICAL  INCI¬ 
DENCE.  tt.  MEASUREMENT  TECHNIQUES  AND  EX¬ 
PERIMENTAL  RESULTS,  by  G.  i.iouye.  Sept.  I,  1953, 
46p.  lllus.  refs.  (Technical  reot.  no.  191)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[  Air  Force  Offtce  of  Scientific  Research  under  N5orl- 
7001  and  -7628)  AD  3t605  Unclasstfled 

The  effect  of  the  ground  on  the  total  field  as  measured 
is  discussed  as  a  funetton  of  the  ground  constants  and 
the  vertical  angle  of  i '  rtv.il.  As  part  of  the  determi¬ 
nation  of  the  polarlzati  it.  the  techniques  for  measuring 
the  horizontal  and  vertical  angles  of  arrival  are  also 
discussed.  Equipment  Is  described  for  simultaneously 
recording  the  phase  difference  of  signals  consisting  of 
trains  of  HE  pulses.  The  amplitude  ratio  In  the  polarl 
zatlon  d  termination  ts  recorded  tn  a  manner  similar  to 
the  phase  angles  The  direction  of  arrival  of  down- 
coming  Ionospheric  r_dto  waves  was  measured  on  the 


9.  1- me  pulsed  transmissions  on  the  Glenvllle,  N.C.  to 
Lexington,  Mass,  path  (1310  km).  The  angles  of  ar¬ 
rival  had  random  variations  of  a  few  degrees  about  a 
mean  value,  wtth  periods  ranging  from  10  to  30  mtnutes. 
Aside  from  these  fluctuations,  the  horizontal  angle  of 
arrival  corresponded  to  propagation  vta  the  great-circle 
path  except  iuT  an  unexplained  deviation  ul  alii.nl  a  de 
gree  to  the  NW.  The  vertical  angle  averaged  about  5° 
higher  than  theoretical  predictions  for  F-layor  trans¬ 
missions.  The  polarization  was  as  predicted  by  the 
theory  when  the  magneto-ionic  components  were  sepa¬ 
rated  In  time  of  arrival  so  that  phase  Interference  was 
not  obscuring  the  polarization  of  individual  modes.  For 
the  particular  conditions  obtaining  in  measurements, 
the  pciai  izattuti  was  nearly  tirtntar  will,  the  iTdiuary 
ray  havtng  a  left-handed,  and  the  extraordinary  ray  hav- 
tng  a  right-handed,  sense  of  rotatton  tooklng  tn  the  di¬ 
rection  of  the  wave  normal.  (Extracted  from  report) 


HAR.  02:050 

Harvard  U.  [  Cruft  Lab.  ]  Cambrtdge,  Mass. 

RELAXATION  EFFECTS  IN  PARAMAGNETIC  AND  FER- 
ituMrtCiNE  l  iC  nbauNANub,  by  N.  Bloembergen  and 
S.  Wang.  Sept.  10,  1953  [12]p.  lncl.  dlagrs.  tables, 
refs.  (Technical  rept.  no.  188)  (Sponsored  jointly  by 
Office  of  Naval  Research,  Signal  Corps,  and  [Air  Force 
Ottli-fc  ul  Sae.itlttc  Keseafthj  uicicl  N jurl -  rout ) 

AD  21718  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  93:  72-83,  Jan.  1, 

Magnetic  resonance  experiments  have  been  carried  out 
at  3  cm  wavelength  In  paramagnetic  and  ferromagnetic 
fcX  i'pUt.  it  **’*y  high  i,  P  r  »  **>  power  levels  l<  * 
temperature  range  between  77°  K  and  700°  K.  Changes 
tn  the  microwave  suscepttbtltty  and  the  dc  magnettzatton 
have  been  observed  lor  nitcrowave  amplitudes  between 
1  and  50  oersted.  For  a  paramagnettc  salt, 

MnS04'4H20,  these  changes  are  readtly  Interpreted  In 
terms  of  a  spin- lattice  relaxation  mechanism.  The  val¬ 
ue  for  the  spln-latttce  relaxatton  ttme  ts  derived  In 
three  different  ways  and  agrees  well  wtth  that  obtained 
by  Gorter’s  nonresonant  method.  When  a  large  ex¬ 
change  Interaction  occurs  between  the  sptns,  the  situa¬ 
tion  above  the  Curie  point  can  be  described  In  terms  of 
a  conversion  of  magnetic  into  exchange  energy.  The 
magnetic  and  the  spin-exchange  systems  are  not  always 
tn  thermal  equlttbrlum.  The  characteristic  time  for 
the  transfer  of  energy  between  these  systems  Is  equal 
to  the  Inverse  ol  the  line  width,  whtch  Is  given  by  the 
Van  Vleck  Anderson  lormula  for  exchange  narrowing. 
Experimental  results  for  an  organic  free  radical  and 
some  ferrites  confirm  this  potnt  of  view.  Below  the 
Curie  temperature  the  sttuatlon  Is  more  complicated. 

The  experimental  data  for  several  ferrites  and  superm 
alloy  show  qualitatively  the  same  behavior.  Tile  ab 
sorbed  magnetic  energy  Is  again  converted  into  exchange 
energy  with  a  characterise  time  which  is  atways  :;hort 
er  than  3  x  10  8  sec.  At  high  temperatures  this  time  Is 
equal  to  the  Inverse  line  width  and  the  transition  to  the 
paramagnetic  region  Is  continuous.  At  low  temperatures 
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the  relaxation  time  increases  roughly  Inversely  propor¬ 
tional  to  the  temperature  although  the  width  remains  con¬ 
stant.  The  microwave  susceptibility  has  an  anomalous 
decrease  at  high  power  levels.  No  satisfactory  explana¬ 
tion  has  been  found  for  these  effects  In  existing  theories. 
(Contractor's  abstract) 


HAR.  02:051 

Harvard  U.  Cruft  Lab.,  Cambridge,  Mass. 

THE  MAXIMUM- MINIMUM  SHIFT  METHOD  FOR 
MEASURING  COMPLEX  DIELECTRIC  CONSTANTS  AND 
PERMEABILITIES,  by  R.  King.  Dec.  15,  1953,  21p. 
lllus.  refs.  (Technical  rept.  no.  192)  (Sponsored  joint¬ 
ly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[  Air  Force  Office  of  Scientific  Research  ,  under  N5orl- 
7601)  AD  28257  Unclassified 

An  absolute  method  for  measuring  dielectric  constants 
of  solids  and  liquids  (Rev.  Sclent.  Instruments,  v.  8: 

202,  1937  and  Phil.  Mag.,  v.  29:521,  1940)  Is  general¬ 
ized  to  permit  the  determination  of  both  dielectric  con¬ 
stant  and  permeability  of  a  moderately  low- loss  or  fluid 
medium.  The  method  ts  absolute  in  the  sense  that  only 
measurements  of  length  are  required  to  determine  Er 
and  ii.  r.  A  special  feature  Is  the  fact  that  Er  and  u 
are  each  determined  under  conditions  of  maximum  sen¬ 
sitivity.  The  determination  of  losses  involving  complex 
dielectric  constants  and  permeabilities  Is  also  described. 
(Contractor's  abstract) 


HAR.  02:052 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

THE  GAP  PROBLEM  IN  ANTENNA  THEORY,  by  R. 

King.  Dec.  21,  1953,  9p.  illus.  refs.  (Technical  rept. 
no.  194)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  Air  Force  Office  of  Scientific  Re¬ 
search  under  Nborl-7601)  AD  28757 

Unclassified 

Also  published  in  Jour.  Appl.  Phys. ,  v.  26:  317-321, 
Mar.  1955. 

The  so-called  gap  problem  In  antenna  theory  ts  consid¬ 
ered  critically.  It  Is  shown  that  whereas  there  exist 
problems  related  to  transmission -line  end  effect  and 
coupling  between  antenna  and  line,  there  Is  no  gap  and 
lienee  no  gap  problem,  when  a  physically  realizable  com¬ 
plete  transmitting  system  Is  considered  rather  than  an 
antenna  with  a  ftctttlous  mathematically  convenient  driv¬ 
ing  mechanism.  (Contractor’s  abstract) 


llAH.  02:053 

Harvard  U.  Cruft  tab.,  Cambridge,  Mass. 

DIFFRACTION  BY  APERTURES,  by  C.  Huang,  II.  1). 
Kodis,  and  11.  l.evlne.  Feb.  27,  1954.  15. p.  lncl. 

diagrs.  refs.  (Sponsored  jointly  by  Office  of  Naval 


Research,  Signal  Corps,  and  [Air  Force  ]  Office  of 
Scientific  Research  under  N5orl-7601)  Unclassllled 

Published  In  Jour.  Appl.  Phys.,  v.  26:  151-165, 

Feb.  1955. 

The  diffraction  of  plane  electromagnetic  waves  by  aper¬ 
tures  In  a  plar.o  screen  which  Is  Infinitesimally  thin  and 
perfectly  conducting  Is  studied  both  theoretically  and 
experimentally.  The  theoretical  analysis  employs  a 
dyadic  Green’s  function  to  develop  vector  formulas  for 
the  scattered  fields,  and  from  these  formulas  Integral 
equations  are  obtained  for  the  aperture  distributions. 

The  vector  representation  makes  possible  a  compact 
demonstration  of  the  electromagnetic  form  of  Bablnet's 
principle  by  means  of  which  one  may  extend  the  aperture 
analysis  to  complementary  disks.  The  Integral  equa¬ 
tions  are  then  used  to  construct  a  variational  principle 
for  the  aperture  transmission  coefficient.  Detailed 
analysis  and  numerical  computations  are  carried  out  for 
two  configurations.  For  the  circular  aperture  a  first- 
order  vector  trial  function  with  frequency  dependent 
coefficients  Is  chosen  for  the  aperture  distribution.  The 
approximate  transmission  coefficient  Is  found  to  agree 
closely  with  the  exact  value  In  the  region  2na/X<L3.  For 
elliptical  apertures  a  zeroth-order  approximation  Is 
evaluated  using  a  one- component  trial  function.  Numer¬ 
ical  results  are  given  for  mlnor-to-major  axis  ratios  of 
1/2  and  1/3.  Transmission  coefficient  measurements 
were  carried  out  In  the  24,  000  me  band  (X;  1.25  cm) 
using  an  Image  plane  technique.  The  apparatus  was 
first  calibrated  with  the  exact  solution  of  the  circular 
aperture.  The  approximate  results  calculated  for  ellip¬ 
tical  apertures  are  then  seen  to  be  In  good  agreement 
with  the  measurements  over  the  accessible  range. 
(Contractor’s  abstract) 


HAH.  02:054 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

FOLDED  ANTENNAS,  by  C.  W.  Harrison,  Jr.  Mar.  1, 
1954,  65p.  lllus.  (Technical  rept.  no.  193)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Co’-ps,  and 
Air  Force  Office  of  Scientific  Research  undt-  N5orl- 
7601  and  -7628)  AD  33389  Unclassified 


Also  published  In  Jour.  Anier.  Soc.  Naval  Engineers, 
v.  67:  2t3;  238,  Feb.  1955. 

The  Integral-equation  technique  for  solving  electrody¬ 
namic  problems  Involving  circuits  comparable  to  the 
wave  length  in  the  maximum  dimension  ts  employed  to 
develop  formulas  for  ine  driving-point  Impedance  of 
various  folded -wire  structures.  The  general  proce¬ 
dure  Is  to  equate  the  Helmholtz  Integral  for  the  total 
vector  potential  at  a  point  on  the  surface  of  a  wire  to 
the  solution  of  the  differential  equation  for  the  total 
vector  potential  at  the  same  point.  Formulas  are  de¬ 
veloped  for  (lie  driving-point  Impedance  of  2-,  3-,  and 
1  wire  antenna -transmission  lines,  and  a  general  the¬ 
ory  Is  advanced  for  3  wire  antenna-transmission  lines 
whose  cross  sections  are  equilateral  triangles.  A 
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formula  Is  developed  for  the  driving-point  Impedance  of 
a  structure  resembling  the  conventional  3-wlre  folded 
dipole,  but  consisting  of  a  center-driven  wire  of  a  given 
radius  and  2  other  wires  of  anolher  radius.  (ASTIA 
abstract) 


HAR.  02:055 

Harvard  U.  Crufl  Lab. ,  Cambridge,  Mass. 

A  SHIELDED  TWO- WIRE  HYBRID  JUNCTION,  by  E.  W. 
Matthews,  Jr.  Mar.  10,  1954,  26p.  oiagrs.  table. 
(Technical  repl.  no.  183)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [  Air  Force  Office 
of  Scientific  Research!  under  N5ori-7601)  AD  34780 

Unc  lasslfled 

A  theoretical  analysis  of  the  properties  of  a  shielded  2- 
wlre  hybrid  junction  Is  presented:  lhe  use  of  the  junction 
as  the  basic  element  of  an  Impedance  bridge  Is  empha¬ 
sized.  The  problem  of  definition  and  measurement  of 
Impedances  on  this  type  of  line,  with  2  propagating 
modes,  Is  discussed,  and  lhe  line  constants  are  evalu¬ 
ated  for  the  particular  line  configuration  used. 


HAR.  02:056 

Harvard  U.  Crufl  Lab. ,  Cambridge,  Mass. 

A  UHF  IMPEDANCE  BRIDGE  FOR  SHIELDED  TWO- 
WIRE  LINES,  by  E.  W.  Malthews,  Jr.  Mar.  10,  1954, 
41p.  lllus.  refs.  (Technical  repl.  no.  184)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
,  Air  Force  Office  of  Scientific  Research]  under  N5orl- 
7601)  AD  34777  Unclassified 

A  description  Is  presented  of  a  UHF -range  Impedance 
bridge  which  uses  a  shielded  2-wlre  hybrid  junction. 
Design  and  lesl  dala  are  presented  for  (1)  a  balance- 
unhalance  delector  used  for  separating  the  2  posslhle 
modes  and  (2)  an  adjustable  Impedance  standard  In  2- 
wlre  line.  Tesl  results  are  discussed. 


HAR.  02:057 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

A  THEORETICAL  AND  EXPERIMENTAL  INVESTIGA¬ 
TION  OF  RADIATION  OF  A  VERTICAL  ANTENNA 
OVER  A  COATED  CONDUCTOR,  by  D.  B.  Brick. 

Mar.  15,  1954  57  .  p.  lncl.  lllus.  dlagrs.  tables,  refs. 

(Technical  rept.  no.  195)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  Air  Force  Of¬ 
fice  of  Scientific  Research  under  N5orl-7001) 

AD  33472  Unclassified 

The  tdeallzed  problem  of  a  base  driven  cylindrical 
antenna  over  a  perfectly  conducting  dielectric -coated 
linage  plane  Is  treated  theoretically.  An  Integral  equa¬ 
tion  which  is  utilized  til  arriving  at  an  approximation  to 
the  current  distribution  on  the  antenna  Is  derived.  Use 
ts  made  of  tne  results  of  a  previous  report  In  the  derl 


vatlon.  The  far- zone  fields  for  the  configuration  are 
shown  to  be  composed  of  two  types  of  waves  —  those  of 
spherl.:al  type,  the  radlallon  or  compensating  field,  and 
lhose  of  cylindrical  type  which  attenuate  exponentially 
with  height  above  lhe  dielectric  surface,  the  surface  or 
guided  waves.  These  two  are  combined  at  a  typical 
distance  to  yield  theoretical  field  patterns.  The  ex¬ 
perimental  approximation  lo  the  Idealized  configuration 
Is  described  at  length.  Measurements  male  using  this 
apparatus  are  seen  lo  be  In  good  agreemenl  with  theory, 
thus  verifying  the  theory  contained  In  this  and  the  pre¬ 
vious  report.  Experimental  results  are  also  given  for 
partially  coated  surfaces  as  an  aid  towards  the  under¬ 
standing  of  the  phenomena.  Considerable  space  Is  de¬ 
voted  to  the  choice  and  the  calibration  of  the  measuring 
antennas.  In  lhe  course  of  lhls  study  a  new  concept  of 
lhe  complex  effective  receiving  lenglh  Is  Introduced. 
(Coniractor's  abstract) 


HAR.  02:058 

Harvard  U.  Crufl  Lab.,  Cambridge,  Mass. 

PRESSURE  DEPENDENCE  OF  THE  HALL  EFFECT  IN 
GERMANIUM  (Abstract),  by  W.  Paul,  G  B.  Benedek, 
and  H,  Brooks.  T  Mar.  1954]  [  1 J  p.  (Sponsored  joint¬ 
ly  by  Office  of  Naval  Research,  Signal  Corps,  and  Air 
Force  Office  of  Scientific  Research  under  [N5or’  i601  J) 

Unclassified 

Presented  al  meeting  of  lhe  Amer.  Phys.  Soc.,  De¬ 
troit  and  Ann  Arbor,  Mich.,  Mar.  18-20,  1954. 

Published  In  Phvs.  Rev.,  v.  94.  1415,  June  1,  195‘1. 

The  pressure  dependence  of  lhe  Hall  conslanl  and  re¬ 
sistivity  of  n-  and  p-lype  samples  of  germanium  of  dif¬ 
ferent  Impurity  :oncenlrallon  has  been  measured  from 
0  to  12  000  kg/cm2.  In  n-type  samples  chosen  so  thal 
the  carriers  are  all  of  one  lype  and  their  denslly  re¬ 
mains  conslanl  -  a  condition  deducible  from  lhe 
known  dependence  of  energy  gap  on  pressure  (Phys. 
Rev.,  v.  90:  336,  1952)  —  the  Hall  constant  Increases 
by  some  8  percent  to  12  000  kg/cm2.  Assuming  con- 
sl.tnt  carrier  concentration,  lhls  can  be  interpreted  as 
an  Increase  In  the  ralto  of  Hall  to  drift  mobility  for 
electrons.  Taken  in  conjunction  with  the  resistivity 
data  this  Implies  a  decrease  In  both  Hall  and  drift  mo- 
hlllly  for  electrons  under  pressure.  The  results  for 
n-type  germanium  with  a  considerable  number  density 
of  minority  carrier  are  not  inconctslent  wtlh  this  ex¬ 
planation.  The  changes  In  the  Hall  constant  and  resls 
tlvlty  In  the  p  type  samples  under  pressure  are  smaller 
than  In  the  n-type  but  do  Indicate  an  Increase  of  both 
Hall  and  drift  mobility  for  holes  under  pressure,  with 
a  decrease  In  their  ratio.  (Contractor’s  abstract) 
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THE  NUCLEAR  QUADRIPOLE  RESONANCE  AND 
CRYSTAL  STRUCTURE  OF  SOLID  IODINE,  by  K  W. 
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H.  Stevens.  Apr.  20,  1954,  lip.  Incl.  diagrs.  (Tech¬ 
nical  rept.  no.  197)  (Sponsored  jolrtly  by  Office  of 
Naval  Research,  Signal  Corps,  and  [Air  Force  Office  of 
Scientific  Research  j  under  N5orl-7601  and  -7628) 

AD  34779  Unclassified 

Previous  attempts  to  explain  the  anisotropy  of  the  quad¬ 
ruple  resonance  In  solid  Iodine  are  critically  reviewed 
and  an  attempt  Is  made  to  set  up  a  valence  bond  descrip¬ 
tion  of  the  Iodine  molecule  which  contains  the  possibility 
that  additional  weak  bonds  are  formed  In  crystalline  Io¬ 
dine.  This  Is  primarily  accomplished  by  Introducing 
d-hybrldlzatloo.  The  observed  bond  angles  are  then  used 
to  estimate  some  of  the  parameters  In  the  orbits.  Use 
Is  made  of  knowledge  about  nuclear  quadrupole  lnb  r- 
action  In  solid  1„  and  in  the  Iodine  atom  to  determine 
further  parameters,  and  in  this  way  a  picture  of  the 
Iodine  molecules  and  Its  behavior  In  a  crystal  Is  obtained. 
An  Interesting  possibility  which  then  arises  Is  that  the 
lobes  of  the  wave- function  of  different  iodine  molecules 

Jo  not  overlap  vc ky  otTim^ly  because  a  TuailliiUin  ...  i.c 

molecule  seems  to  be  directed  towards  a  minimum  of 
another.  Hiis  does  not  correspond  to  the  usual  ideas 
about  bonds,  but  as  the  theory  passes  smoothly  from  the 
notion  of  maximum  overlap  to  this  new  situation,  no 
discussion  Is  given  about  how  It  shoc'd  be  described.  It 
is  also  seen  that  the  observation  of  the  quadrupole 
resonance  in  single  crystals  of  Iodine  (If  this  becomes 
possible)  would  provide  very  usefih  information  and 
checks  on  the  theory.  (Contractor's  abstract) 


HAR.  02:060 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

THE  COLUNEAR  ANTENNA  ARRAY  WITH  A  SECTION 
OF  TWO-WIRE  LINE  AS  COUPLING  ELEMENT,  by  C. 

C.  H.  Tang.  May  1,  1954  f  30  ]  p.  Incl.  Ulus,  diagrs. 
(Technical  repl.  no.  196)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [  Air  Force  Of¬ 
fice  of  Scientific  Research]  under  N5orl-7601) 

AD  35948  Unclassified 

The  problem  of  a  symmetrical  three-element  colllnear 
antenna  array  with  a  section  of  two-wire  line  as  the 
coupling  element  between  antennas  Is  studied  In  order 
to  obtain  qualitatively  the  conditions  under  which  the 
currents  In  the  parasites  are  In  phase  wlln  the  currents 
In  the  driven  antenna.  The  phase  of  the  currents  In  the 
paraMUc  elements  Is  reversed  on.y  when  (1)  the  over 
all  length  of  the  section  of  two-wire  Une  and  the  para¬ 
site  Is  near  an  odd  Integral  multiple  of  a  quarter- 
wavelength,  and  (2)  the  position  of  the  short  circuiting 
bar  or  tandem  bridge  on  the  section  of  line  Is  about  a 
quarter- wavelength  away  from  the  array.  The  reversal 
of  lhe  phase  of  the  current  on  the  paraslle  Is  Independent 
of  the  length  of  the  driver,  but  the  length  of  the  driver 
Is  Involved  tn  the  driving  point  Impedance.  The  current 
on  the  at  ray  as  a  whole  can  be  decomposed  Into  a  main 
antenna  current  and  a  secondary  antenna  current.  The 
main  antenna  current  due  lo  the  driving  voltage  Is  ex¬ 
cited  on  the  driver  and  the  two-wire  line,  while  the  gap 
voltage  produced  Indirectly  by  the  main  antenna  current 
Is  responsible  for  the  secondary  antenna  current  on  the 


driver  and  parasite.  It  Is  the  secondary  antenna  mode 
that  causes  the  reversal  of  the  phase  of  the  current  on 
the  parasite.  The  radiaUon  field  of  the  array  as  a 
whole  Is  a  superposlUon  of  the  two-flelds  produced 
respectively  by  the  current  on  the  two-wire  line  and  that 
on  the  driver  and  parasites.  (Contractor’s  abstract) 


HAR.  02:061 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

SOME  SPIN  PROPERTIES  OF  FERRIMAGNETIC  AND 
ANTIFERROMAGNETIC  SIMPLE  CUBIC  CRYSTALS, 
by  J.  S.  Kouvel  and  H.  Brooks.  May  20,  1954,  36p. 
lllus.  tables,  rets.  (Technical  rept,  no.  198)  (Spon¬ 
sored  jointly  by  Office  of  Ibval  Research,  Signal  Corps, 
and  \  Air  Force  Office  of  Scientific  Research]  under 
N5orl-7601)  AD  34778  Unclassified 

The  fujdtl,  whoS-  "IduWi"  BplTi  wave  pfopeftlen  (1.  c. , 
the  temperature  variation  of  the  magnetization  and  of 
the  spin  specific  heat)  at  temperatures  very  low  com¬ 
pared  to  the  Curie  temperature  are  derived  seml- 
classically  in  this  paper,  Is  a  simple  cubic  single  crys¬ 
tal  consisting  of  two  magnetic  spin  aublattlces.  Due  to 
nearest-neighbor  negative  exchange  interaction  between 
the  sublattices,  their  associated  spin  vectors  tend  to  be 
oppositely  directed.  Hence,  when  the  magnitudes  of 
the  spin  vectors  of  the  sublattices  are  unequal,  the 
structure  Is  ferrlmagnetic,  and  when  they  are  equal, 
ltd*  st'ucture  It  asAUemni  AgneUr  The  n  AgneUrstk* 
and  spin  specific  heat  of  the  former  are  found  to  follow 
a  T3/2  law  (similar  to  the  results  of  previous  Investi¬ 
gations  of  feriv  magnetics)  while  the  spin  specific  heat 
of  the  latter  Is  t‘  nd  :o  vary  as  T3.  The  effecis  of 
magnetic  anlsolropj,  externally  applied  magnetic  fields, 
and  next-to-nearcst  neighbor  exchange  Interaction  on 
these  properties  are  also  considered.  (Contractor's 
abstract) 


HAR.  02:062 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

RECTIFICATION  OF  NEARLY  GAUSSIAN  NOISE,  by 
J.  A.  Mullen  and  D.  Middleton.  June  1,  1954,  85p. 
lllus.  tables,  refs.  (Terltnlcal  rept.  no.  189)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  Signal  Corps, 
and  .  Air  Font  ulilf.c  j!  StltnUttt  Research j  under 
N5orl-7601)  AD  35947  Unclassified 

Nongausslan  noise  occurs  sufficiently  often  thal  a  study 
of  Us  points  of  similarity  to  and  difference  from  gaus 
gian  noise  Is  desirable,  'l  t.'s  report  considers  an  Im¬ 
portant  sub-class  of  ion-normal  statistics,  viz.,  near¬ 
ly  normal  noise.  A  new  ferm  for  the  nearly  gausslan 
probability  densities  l:as  beer,  found:  this  Is  discussed, 
compared  to  the  convenUonal  Edgeworth  series,  and  re¬ 
lated  to  earlier  work.  Next  a  survey  of  physical  noise 
sources  Is  made  lnorder  to  classify  the  statistical 
nature  of  the  noise  that  each  produces.  The  rectifica¬ 
tion  of  nearly  normal  noise  and  a  c  -w  signal  In  a  half 
wave  7th-  law  detector  Is  analyzed  and  the  correlation 
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(unctions  of  the  output  obtatned.  The  behavior  of  the 
output  Is  compared  to  the  corresponding  results  for 
gausslan  notse  o(  the  same  input  intensity.  For  the 
linear  and  square-law  detectors,  the  cases  of  prime 
interest,  detailed  figures  and  a  number  of  more  tractable 
formulas  are  given.  Fiuatty,  the  problem  of  finite 
averaging  Is  briefly  constdered.  (Contractor's  abstract) 


HAR.  02:063 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

NUCLEAR  MAGNETIC  RESONANCE  IN  IMPERFECT 
CRYSTALS,  by  N.  Bloembergen.  June  IS,  1954,  Iv. 
incl.  dlagrs.  tabte,  refs.  (Technical  rept.  no.  199) 
(Sponsored  jointly  by  Office  o(  Naval  Research,  Signal 
Corps,  and  [  Air  Force  Offtce  of  Scientific  Researchj 
under  N5ort-7601)  AD  40603  Unclassified 

A  systematic  survey  ts  made  o(  how  various  kinds  of  im¬ 
perfections  in  a  crystalttne  lattice  will  affect  the  position, 
breadth,  shape  and  relaxation  time  of  the  nuclear  mag 
netlc  resonance.  In  accordance  with  SetU's  classifica¬ 
tion  the  following  Imperfections  are  considered,  (a) 
dislocations;  (b)  vacant  lattice  sttes  and  interstitial 
atoms;  (c)  foreign  atoms  tn  etther  Interstitial  or  sub¬ 
stitutional  position;  (d)  electrons  and  holes;  (e)  phonons; 
and  (f)  excltons.  Their  Interaction  with  the  magnetic 
dipole  moment  and  the  electrtc  quadrupote  moment  of 
the  nuclei  at  the  normal  latttcc  sites  Is  discussed  and 
the  available  experimental  information  is  revtewed. 
(Contractor’s  abstract) 


HAR.  02:064 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

DISCONTINUITIES  IN  OPEN-WIRE  LINES,  by  R.  King. 
July  10,  1 954,  lv.  Incl.  dlagrs.  tables.  (Technical 
rept.  no.  200)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  [  Air  Force  Office  of  Scientif¬ 
ic  Research,  under  N5ort-7601)  AD  45400 

Unclasstfled 

Also  published  In  Transmission  Line  Theory,  by  R.  King. 
N.  Y.,  McUraw  Hill,  1955,  Sec.  13-21,  Chap.  V. 

Conventional  transmission  Une  theory  take3  no  account 
of  variations  tn  the  parameters  of  the  transmission  ltne 
or  of  coupling  between  conductors  near  a  junetton  or 
termination.  A  first-order  correction  may  be  made  for 
this  omtsston  by  Introducing  junction- zone  networks  of 
lumped  series  and  shunt  elements  which  may  be  evalu¬ 
ated  for  each  discontinuity.  Followtng  the  general  theory 
developed  tn  eartter  work  junction- zone  networks  are  ob¬ 
tained  for  a  bend,  a  shunt  T-junction  and  sertes  T- 
connectlons  with  applications  to  certatn  types  of  antennas 
In  an  otherwtse  uniform  two- wire  ltne  or  stngle-wlre  line 
over  an  Image  plane.  (Contractor’s  summary) 


HAR.  02:065 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

A  PROBE  SIGNAL  STUDY  OF  TOE  HULL  MAGNETRON 
DIODE,  by  J.  A.  Bradshaw.  July  20,  1954,  68p.  iltus. 
refs.  (Technical  rept.  no.  185)  (Sponsored  jointly  by 
Office  of  Navr.1  Research,  Signal  Corps,  and  [Air  Force 
Office  of  Scientific  Research]  under  N5ori-760I) 

AD  40609  Unclassified 

The  inner  cylinder  of  the  Hutt  magnetron  diode  was  an 
Ni  sleeve  1/4  In.  tn  diam  wtth  an  oxide  coating  10  cm 
long.  The  outer  cytlnder  vas  a  heavy  Cu  anode.  The 
steeve  could  be  heated  above  1200°!^  and  a  steady  volt¬ 
age  could  be  applied  between  the  sleeve  and  the  anode. 
Anode  and  sleeve  were  also  sections  integrated  in  a 
coaxial  transmission  line  between  a  HF  osctllator  ar.d  a 
detector.  A  TEM  wave  could  pass  from  the  oscltlator 
through  the  diode  to  the  detector,  probing  or  exetting, 
a c  it  passed,  the  space  charge  of  electrons  emitted 
from  the  hot  oxide  coating.  When  a  uniform  steady 
magnetic  field  Is  Imposed  on  the  diode,  parallel  to  its 
cylindrical  axis,  the  flow  of  electrons  from  sleeve  to 
anode  may  be  virtuatly  cut  off,  and  the  diode  operates 
as  a  magnetron.  The  probe  signal  suffered  a  shar  p 
resonance  absorption  tn  transmission  through  the  mag¬ 
netron  when  the  cyclotron  frequency  was  close  to  the 
probe  frequency.  Near  this  absorption  frequency  the 
transmitted  signal  suffered  changes  of  phase  as  well  as 
of  amplttude.  These  were  observed  over  wide  ranges  of 
probe  frequency,  anode  voltage,  magnetic  field,  and 
cathode  temperature.  The  changes  were  correlated 
with  other  effects,  the  disturbance  ol  the  residual  cur  ¬ 
rent  by  the  probe  signal,  the  noise  generated  tn  the 
tube,  and  the  slgnat  at  the  second  harmordc  of  the  probe 
frequency.  An  examination  of  the  orbit  equations 
yielded  an  expression  for  the  conducUvtty  of  the  space- 
charge  cloud.  The  conductivity  depends  on  the  raUos  of 
probe  and  orbit  frequency  to  the  cyclotron  frequency, 
u  and  uQ,  respectively,  on  a  phenomenological  damping 
parameter  i,  and  on  the  average  charge  density. 

(ASTIA  abstract) 


HAR.  02:066 

Harvard  U.  Cruft  Lab.,  Cambridge,  Mass. 

THE  DISTRIBUTION  OF  SPACE  CHARGE  IN  THE  HULL 
MAGNETRON  DIODE,  by  J.  A.  Bradshaw.  Aug.  15, 
1954,  53p.  Ulus.  refs.  (Technical  rept.  no.  201) 
(Sponsored  jointly  by  Office  of  Nava!  Research,  Stgnal 
Corps,  and  Atr  Force  Offtce  of  Sctenttflc  Research) 
under  N5oil-7601)  AD  45403  Unclasstfled 

An  attempt  ts  made  to  ftt  TEM  probe  resonance  data 
tnto  a  self-consistent  modet  of  the  magnetron  diode. 
Consideration  is  given  to  the  effects  of  the  transit  time 
of  etectrons  tn  a  weak  magnetic  ftetd  In  the  regtme  be¬ 
fore  cutoff.  An  Integral  equation  ts  developed  as  a 
means  of  flndtng  the  anode  current  as  a  function  of  the 
ratto  of  steady  anode  potenttat  to  the  square  of  the  mag¬ 
netic  field  Imposed  In  a  cylindrical  tube.  A  rev.ew  ts 
given  of  the  characteristics  of  a  virtual  cathode  without 
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a  magnetic  Bald,  and  an  analysis  is  made  at  eanarimec- 
tal  data  on  bee  emission  current.  A  rough  cal<  uiatton  is 
presented  of  the  thermal  effects  to  be  eapectsd  ia  the 
Hull  cutoff  transition.  The  results  of  a  numerical  cal¬ 
culation  provide  a  means  of  contrasting  none  of  the 
features  of  the  cathode  region  before  and  after  a.  steady 
magnetic  field  is  imposed.  Studies  of  the  magnetron 
diode  after  cutoff  result  in  the  coociusioa  that  the  ^wce 
charge  entirely  Oils  the  interaction  apace  in  the  diode. 
The  potential  function  for  this  model  is  formulated.  An 
extension  is  made  of  the  statistical  approach  of  G.  Hide 
(Jour.  Appl.  Pfays. ,  v.  23:  983-989,  1952)  to  the  prob¬ 
lem  of  the  charge  distribution  within  a  magnetron  after 
cutoff,  and  consideration  ts  given  to  the  density  distri¬ 
bution  of  electrons  in  phase  space.  (ASTIA  abstract) 


HAR.  02.087 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

EXPERIMENTAL  STUDY  OF  COLUNEAR  SLOT  AN¬ 
TENNA  (AN  APPLICATION  OF  BABIN ET’S  PRINCIPLE), 
by  T.  Kallszewskl.  Sept.  6,  1954  [  t8]  p.  tncl.  Ulus, 
diagrs.  (Technical  rept.  no.  202)  (Sponsored  jolnUy  oy 
Office  of  Naval  Research,  Signal  Corps,  and  (Air  Force 
Office  of  Scientific  Research]  under  N5ori-7601) 

AD  48918  Unclassified 

The  effect  at  a  high  Impedance  transmission- Une  coup- 
llng  on  the  current  and  phase  relationship  on  a  three- 
element,  center-driven,  colUnear  slot  array  at  10  cm 
wavelength  Is  studied.  A  brief  summary  of  theoretical 
results  ts  followed  by  a  detailed  description  of  apparatus 
and  the  measurfi*  procedures.  Use  ts  made  of  Bablnet'a 
principle  in  carrying  out  the  measurements  in  an  attempt 
to  assess  the  validity  of  complementary  slot  techniques. 
Results  thus  obtained  are  compared  with  the  theory  and 
with  alternative  measurements  made  on  a  similar  struc¬ 
ture  employed  at  much  lower  frequency.  (Contractor's 
abstract) 


HAR.  02:088 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Maas. 

ANTENNAS  OF  DISCONTINUOUS  RADIUS,  by  C.  Fafilck. 
Sept.  7,  (954,  4tp.  tncl.  Utua.  refs.  (Technical  rept. 
no.  171)  (Sponsored  Jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  (  Air  Force  ]  Office  of  Scientific  Re¬ 
search  under  NSori-780t)  AD  53807  Unclassified 

A  transmission- Une  analogy  method  ts  described  which 
utUlses  the  known  input  Impedance  of  the  uniform  an¬ 
tenna  and  the  analogy  between  an  antenna  and  a  corre  - 
spending  tranamtaMon  Une  to  approximate  the  Input  Im¬ 
pedance  and  current  distribution  of  an  antenna  with  dis¬ 
continuous  radtus.  Comparisons  made  with  the  experi¬ 
mental  values  Indicate  that  thin  method  Is  more  accurate 
than  previous  methods,  and  that  for  sufficiently  thin  an¬ 
tennas  the  result*  are  acceptable  for  most  engineering 
purposes. 
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Harvard  U.  Craft  Lab.,  Cambridge,  Mass. 

PARASmC  SLEEVE  ANTENNA,  by  C.  Faflick.  Sept. 

7,  2954,  tip.  illus.  refs.  (Technical  rept.  no.  157) 
(Sponsored  Jointly  by  Office  of  Naval  Research,  Signal 
Corps,  asd  [  Air  For  e  Office  of  Scientific  Research  ] 
under  H5ori-78Sl)  AD  51174  Unclassified 

This  research  treats  theoretically  and  experimentally 
the  problem  of  the  parasitic  sleeve  antenna,  consisting 
of  a  coaxial  sleeve  mounted  on  a  cylindrical  antenna 
center  driven  over  an  Image  plane.  It  ts  first  shown 
that  the  problem  of  the  parasitic  sleeve  antenna  can  be 
resolved  Into  two  problems:  (1)  the  center-driven 
cylindrical  antenna  of  discontinuous  thickness;  and  (2) 
the  sleeve  antenna  of  discontinuous  radius.  Equipment 
ts  described  for  measuring  both  the  input  Impedance  and 
the  current  distribution  of  a  parasitic  sleeve  antenna. 
Current  distributions  on  the  outside  of  the  sleeve  are 
measured  by  a  separate  probe  connected  to  the  detecting 
system  by  miniature  cable  cotied  Inside  the  sleeve  wall 
and  threaded  down  the  Inside  of  the  antenna.  The  errors 
tn  Impedance  measurement  are  discussed  nd  tt  ts 
shown  that  the  measurements  are  accurate  to  within  a 
t%  circle  on  a  Smith  Chart.  Errors  In  phase  measure¬ 
ments  using  a  slotted  matched  Une  are  considered  and 
a  method  of  minimizing  errors  due  to  a  poorly  matched 
Une  ts  presented  for  the  case  when  U  Is  Impossible  to 
adjust  the  relative  amplitude  of  the  two  com  pal  son 
signals.  Graphs  of  input  impedance  vs  sleeve  tuning  of 
an  integral  sleeve  antenna  tn  which  caae  the  sleeve  la 
contained  within  the  cylindrical  antenna  are  shown  for 
several  positions  of  the  sleeve  moi  th.  As  predicted  the 
locus  ts  a  circle  on  a  Smith  Chart.  Curves  of  the  meas¬ 
ured  input  Impedance  of  a  large  number  of  parasitic 
sleeve  antennas  are  given  for  various  antenna  lengths, 
sleeve  positions,  sleeve  lengths,  and  sleeve  diameters. 
Several  representative  current  distribution*  are  shown 
and  the  general  behavior  of  the  current  la  shown  suc- 
clncUy  tn  a  novel  presentation.  Finally  the  effective¬ 
ness  of  the  parasitic  sleeve  autenna  tn  reversing  the 
current  In  the  outer  portion  of  the  aiuenna  ts  compared 
with  that  of  the  phase  reversing  stub.  (Contractor's 
abstract) 


HAR.  02:070 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Maas. 

MOVEMENT  OF  THE  F-REGION,  by  K.  Toman.  Sept. 
24,  1954  [30}p.  tncl.  Ulus.  F'sgra.  refs.  (Technical 
rept.  no.  207)  (Sponsored  Jointly  by  Office  of  Naval 
Research,  Signal  Corps,  and  ( Air  Force  Office  of  Sci¬ 
entific  Research!  under  N5ort-780t)  AD  47118 

Unclassified 

tn  the  course  nl  a  fixed- frequency  Ionospheric  study, 
employing  s  -  i- triggered  transmitter  operating  on 
3.  5  me /a  »  _ree  spaced- receivers,  the  transmission 
delay  was  continuously  recorded.  Aside  from  a  vertical- 
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Incidence  trim  mission  two  oblique  transmissions  were 
Urns  svsllsble  with  S3  mod  109  km  as  base-lines,  the 
latter  being  correspondingly  oriented  la  an  approximate 
west-east  and  north  west- sooth  east  direction.  An 
analysis  o 1  the  echoes  from  the  F- region  was  made  for 
the  period  between  Aug.  1953  and  Dec.  1953.  Successive 
Irregularities  observed  simultaneously  on  three  records 
displayed  frequently  consistent  time  displacements.  As¬ 
suming  the  mid- point e  of  the  transmissions  to  be  char¬ 
acteristic  aid  preferred  areas  for  the  reflection  of  the 
hf -pulses,  the  time  -displacements  were  Interpreted  as 
being  due  to  a  mechanical  motion  of  the  F- region.  Di¬ 
rection  and  speed  of  this  movement  was  thus  obtained 
and  semiannual  and  annual  periods  of  these  components 
became  apparent.  (Contractor’s  abstract) 


BAR.  03:071 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mann. 

NUCLEAR  SPIN  EXCHANGE  IN  SOUDS.  THE  Tl203 
AND  Tl205  MAGNETIC  RESONANCE  IN  THALLIUM 
AMD  THALUC  OXIDE,  by  N.  Bloembergeu  and  T.  J. 
Rowland.  Oct.  5,  1954,  40p.  111ns.  tables,  refs. 
(Technical  rept.  no.  305)  (Sponsored  Jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [  Air  Force  Office 
of  Scientific  Research]  under  N5ori-7«01)  AD  513*4 

Unclassified 

*!«>»  rmbHshed  In  Phvs.  Rev.,  v.  97:  1879-1699, 

Mar.  15,  1956. 

The  line  width  of  the  TI*0  and  Tl*®  unclear  magnetic 
resonance  la  thnlltwm  and  thnlflnm  iiMi  greatly  ex¬ 
ceeds  the  dipolar  width,  and  Is  a  teurttnn  of  the  aban¬ 
donee  of  the  other  isotope.  The  results  can  be  Inter¬ 
preted  in  terms  of  an  eve  hangs  Interaction  AI.- ij  be¬ 
tween  a  pair  of  anclear  apian  stteh  eaeeedn  the  normal 
dipolar  interaction.  Tbs  ear  hangs  between  different 
Isotopes  leade  to  broadening.  Ear  hangs  between  like 
nuclei  should  lead  to  narrowing.  bat  It  was  found  that 
samples  containing  98. 7  per  cant  TI*®  still  exhibit 
Usee  broader  than  the  dipolar  Interaction.  Two  causes 
are  shown  to  salat;  anisotropy  of  the  chemical  shift 
and  pseudo -dipolar  exchange  Interaction.  Analysis  with 
the  method  of  the  moments  gives  tor  the  exchange  inter¬ 
action  constant  Ah'1  *  15. 5  kc/aac  with  a  30%  anisotrop¬ 
ic  pntudn  dipolar  character  in  the  hexagonal  metal,  and 
Ah'1  -  13  kc/aac  with  leas  than  10%  peeudo-dlpoiar 
character  to  thalUc  oxide.  The  oxide  has  a  chemical 
shift  of  ♦  0. 55%  with  an  anisotropy  of  34%  of  this  amount. 
The  metal  exhibits  a  shift  of  1.  56%  with  18%  anisotropy. 
Ramsay’s  theory  of  nuclear  spin  exchange  via  excited 
electron  states  to  molecules,  to  extended  to  solids. 

Moat  heavy  Isotopes  to  metala  and  insulators  should  ex¬ 
hibit  exchange  effects.  From  the  anisotropy  of  the  et¬ 
chings  Information  about  the  relative  amount  of  p-  or  d- 
r  ha  racier  of  the  electron  wave  function  to  the  solid  can 
be  obtained.  It  U  predicted  that  thalUc  oxide  has  a 
nuclear  Curie  point  at  3. 5  x  10-«*K.  Whether  tt  will 
become  nuclear  ferro-  or  antllcrrotnagnetic  depends  on 
details  of  the  electronic  band  structure.  (Contractor's 
abstract) 
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Hwvajd  U.  Cruft  Lab. ,  Cambridge,  Maas. 

THE  DIURNAL  CARRIER-PHASE  VARIATION  OF  A 
16-  KILOCYCLE  TRANSATLANTIC  SIGNAL,  by  J.  A. 
Pierce.  Oct  10,  1954,  lOp.  Ulus.  (Technical  rept. 
no.  309)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Force  Office  of  Scientific  Re¬ 
search]  under  N5orl-7001  and  -7638)  AD  53753 

Unclassified 

Also  published  In  Proc.  Inst.  Radio  Engineers, 
v.  43:  584-588,  May  1955. 

The  diurnal  variation  of  the  time  of  arrival  of  n  18 
kilocycle  signal  traversing  a  transatlantic  path  has  been 
found  fo  be  about  40  microseconds.  This  variation  la 
presumably  canned  by  a  day-to-night  change  la  toe 
equivalent  height  of  reflection  of  10  to  13  km,  and  ap¬ 
pears  to  be  very  predictable.  The  great  phase  stabili¬ 
ty  of  very  tow- frequency  transmission  permits  Inter¬ 
continental  frequency  comparison  to  a  precision  of  at 
leaat  1  part  to  10111.  Variation*  at  the  frequency  of  the 
arriving  signal  are  apparently  always  lean  than  *  3 
parts  la  10*;  a  figure  to  be  compared  with  estimates  of 
the  order  of  ±  3  parts  in  10?  for  Idgb-frequency  trans¬ 
mission.  With  such  stability  of  propugatlon,  extremely 
narrow  receiving  bead  widths  are  attainable.  These 
bead  widths,  la  turn,  maka  possible  highly  reliable  net¬ 
working  of  frequencies  for  communication  station  allo¬ 
cation  and  lor  navigational  purposes.  (Contractor's 
abstract) 


HA*.  8*073 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mas. 

CAUSALITY  AND  RADIATION  CONDITION,  by  T.  T. 
Wu.  Nov.  34,  1954,  15p.  (Technical  rept.  no.  311) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  ScUatlflc  Research] 
under  N5ort-70O1)  AD  63008  Unclassified 

The  Sommerfeld  radiation  condition  la  obtained  from 
tha  requirement  of  classical  causality  under  quite 
general  conditions.  (Contractor's  abstract) 


HAR.  03:074 

Harvai  I  U.  Cruft  Lab. ,  Cambridge,  Maas. 

<  NOTE  ON  STRAY  LOADING  OF  PHASE  BRIDGES, 

«-y  J.  O.  Williams.  Jan.  S,  1955,  lip.  tncl.  dlagrs. 
(Technical  rept.  no.  308)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [  Air  Force  Of¬ 
fice  of  Scientific  Research]  under  NSort- 7601  and 
-7838)  AD  58734  UecUaaifled 

Tha  quadrature  voltages  derived  by  means  of  phase 
bridges  are  subject  to  error  to  relative  magnitude  or 
phase  angle  because  of  loading  of  toe  bridge  output  points 
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by  slray  Impedances.  Two  resistance-capacitance 
bridges  with  either  resistance-capacitance  or  purety 
capacitive  loading  are  considered,  and  It  Is  shown  that 
output  voltages  can  be  made  errorless.  For  one  con¬ 
figuration  It  Is  sufficient  to  satisfy  certain  relationships 
among  the  values  of  bridge  and  loading  elements  alike, 
while  In  the  case  of  the  other  circuit  constraint  equations 
must  be  supplemented  by  attenuation,  without  phase 
shift,  of  one  voltage  In  each  quadrature  pair .  When 
the  phase  bridge  Is  connected  to  the  quadrants  of  a  ca¬ 
pacitor-type  continuous  phase  shifter,  It  becomes  de- 
slrabte  to  augment  the  resultant  loading.  (Conlractor's 
abstract) 


HAR.  02:075 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

A  SPIN  WAVE  ANALYSIS  OF  THE  MAGNETITE  STRUC¬ 
TURE,  by  J.  S.  Kouvet.  Feb.  1,  1955,  26p.  lncl.  dlagrs. 
tabtes,  refs.  (Technical  rept.  no.  210)  (Sponsored  Jolnt- 
ty  by  Office  ol  Naval  Research,  Signal  Corps,  and  [  Air 
Force  Office  of  Scientific  Researchj  under  N5orl-760t) 

AD  60834  Unclassified 

A  semlclasslcnt  spin  wave  treatment  Is  applied  to  the 
ordered  spin  configuration  that  magnetite  is  believed  to 
have  below  lls  transition  temperature  of  about  120* K. 

All  nearest  neighbor  AB,  AA,  and  BB  Melange  Inter¬ 
actions  are  considered.  Expressions  are  obtained  for 
the  dispersion  equation  (for  very  long  wavelengths  com¬ 
pared  to  the  lattice  sparing*)  and  tor  the  magneUxaUco 
and  spin  specific  heal.  They  are  compared  quantitative¬ 
ly  with  the  expressions  previously  derived  by  Kaplan  tor 
the  Inverse  spinel  having  no  long-  range  spin  order  In 
lhe  B- sites.  Some  antiferromagnetic  cases  for  this 
structure  are  also  dlscursed.  (Contractor's  abstract) 


HAR.  02.076 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

NUCLEAR  MAGNETIC  REEOHAMCE  SATURATION  AMD 
ROTARY  SATURATION  IN  SOLIDS,  by  A.  G.  Redfleld. 
Feb.  15,  1955,  57p.  lncl.  dlagrs.  rtfs.  (Technical 
rept.  no.  206)  (Sponsored  Jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  [  Air  Force  Office  of  Sci¬ 
entific  Research  1  under  N5orl-7601)  AD  60147 

Unclassified 

Nuctear  spln-lalttce  relaxation  limes  of  Al27  In  pure  A1 
and  Cu®*  In  annealed  pure  Cu  have  been  measured  wllh 
a  nuclear  Induction  spectrometer,  by  the  method  of 
saturation.  The  experimental  values  of  Tj  are  4. 1  * .  8 
msec  for  Al*7  and  3.0  * .  6  msec  for  Cu®*,  In  reasonable 
agreement  wtih  theory.  The  dlsperston  mode  of  the 
nuclear  resonance  waa  also  observed,  and  tl  waa  found 
thal  x'  (the  real  part  of  the  rf  susceptibility)  does  not 
saturate  al  the  same  level  as  the  absorption,  x",  but 
remains  roughly  constant  out  to  a  radio- frequency  field 
Intensity  of  about  2  gauss.  Both  x'  and  x"  become  nar¬ 
rower  and  nearly  LorenUlan  In  shape  above  saturation. 
When  the  dc  magnetic  field  modulation  Is  Increased  from 


14  to  41  cyctes  the  phase  of  the  dispersion  signal  lags 
behind  the  modutatlon,  presumably  because  the  modu¬ 
lation  frequency  Is  then  comparable  lo  Tj.  Large  dis¬ 
persion  signals  above  saturation  have  also  been  ob¬ 
served  for  the  Na**  resonance  In  Nad.  This  behavior 
of  the  dispersion  mode  Is  In  conflict  with  the  predictions 
of  Bloembergen,  Purcell,  and  Pound  and  of  the  Bloch 
equations.  The  validity  of  these  theories  Is  reexamined, 
and  11  Is  concluded  thal  although  they  are  applicable  to 
nuclear  resonance  In  tlqulds  and  gases,  and  to  solids  at 
smatt  rf  Intensities,  they  contain  Incorrect  assumptions 
as  apptted  to  solids  at  high  rf  power  levels.  The  theory 
of  Bloembergen,  Purcell  and  Pound  Is  based  on  an  as¬ 
sumption  equivalent  to  that  of  a  spin  temperature.  It  Is 
shown  that  the  spin  state  cannot  be  strictly  described  by 
a  spin  temperature  because  the  phases  of  the  spin  quan¬ 
tum  states  are  not  Incoherent,  as  required  by  the  tem¬ 
perature  concept.  The  transverse  decay  of  the  nuclear 
magnetization  predicted  by  the  Bloch  equations  Is  shown 
to  be  parllatly  forbidden  by  energy  and  er.lropy  consid¬ 
erations  11  a  large  rf  field  at  the  resonance  frequency  Is 
continuously  applied  lo  the  solid.  A  theory  Is  developed 
which  is  applicable  only  to  solids  at  rf  magnetic  field 
Intensities  well  above  the  saturation  level  and  which  Is 
In  reasonable  agreement  with  the  experimental  observa¬ 
tions.  The  Hamiltonian  Is  transformed  to  a  coordinate 
system  rotating  at  the  frequency  of  the  rf  field.  The  re¬ 
sulting  Ume-depencert  parts  of  the  spin-spin  Interaction 
are  non- secular  perturbations  on  the  time- Independent 
part,  a«l  tan  therefore  be  Ignored.  Suttstttal  mechan- 
lcs  Is  applied  to  the  remaining  stationary  spin  Hamil¬ 
tonian;  specifically  It  Is  assumed  that  the  spin  system 
U  lr.  Us  most  probable  ,« ton  Ate  la  catvwAcal  dUUT 
buUon  of  quantum  stales)  with  respect  to  the  transformed 
spin  Hamiltonian.  This  assumpUon  Is  justified  because 
the  transformed  spin  Hamiltonian  Is  effectively  lime  In¬ 
dependent  and  the  spln-latUce  Interaction  Is  small,  and 
It  Is  analogous  to  assumpUons  basic  to  classical  acous- 
Ucs  and  fluid  mechanics.  The  spln-tatUce  Interaction 
merely  determines  the  expectaUon  value  of  the  trans¬ 
formed  sp&r.  HamlltoTAAi.,  which  tan  he  readily  calcu¬ 
lated  under  the  assumpUon  that  the  expectaUon  value  of 
the  spin  angular  momentum  of  each  spin  Is  relaxed  In¬ 
dependently  to  Its  thermal  equilibrium  value  by  the  lat- 
Ure  in  tlm#  Tl  Both  tasl  sod  slew  modulation  of  Uur  dr 
magnetic  field  can  be  treated.  "Rotary  saturaUon"  la 
observed  by  applying  an  audio- frequency  magneUc  field 
to  the  sample  tn  the  dc  field  direction  whUe  observing 
the  dlaperslon  dertvaUve  al  resonance  wtUi  a  targe  rf 
field  H(.  When  the  audio- frequency  approaches  r  Ht 
the  dispersion  signal  decreases  and  goes  through  a  min¬ 
imum.  The  effect  ta  easily  treated  theoreUcally  in 
solids,  liquids  and  gases  by  using  a  rotaUng  coordinate 
syatem,  and  Is  a  rotary  analogue  of  ordinary  saturaUon. 

It  ts  a  convenient  method  for  callbraUng  rf  magneUc 
fields  and  appears  polenUally  capable  of  providing  use¬ 
ful  InformaUon  on  the  solid  stale.  Experimental  data 
on  rotary  saturaUon  are  presented  and  discussed.  (Con¬ 
tractor's  abstract) 
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INTENSITY  St'ECTRA  AFTER  HALF  -WAVE  DETECTION 
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OF  SIGNALS  IN  NOISE.  I.  THEORETICAL  DISCUS¬ 
SION,  by  G.  E.  Fellows  and  D.  Mtddleton.  Feb.  20, 

1955  [  33  I  ji.  tncl.  diagrs.  refs.  (Technical  rept.  no. 
217)  (Sponsored  jointly  by  Offtce  of  Naval  Research, 
Signal  Corps,  and  [Atr  Force  Office  of  Scientific  Re¬ 
search]  under  N5orl-7601)  AD  66276  Unclassified 

When  narrow-band  noise  centered  about  a  frequency  fQ 
and  an  unmodulated  carrier  of  frequency  f0  are  added 
a  kl  pacsed  through  i  •.osiUi.-rir  device,  the  Intensity 
spectrum  of  the  output  wave  consists  of  zones  centered 
about  harmonics  of  the  frequency  f0.  The  spectral  shape 
and  the  carrier  and  noise  power  In  the  first  six  harmon¬ 
ic  zones  have  been  determined  both  theoretically  and  ex¬ 
perimentally  L.r  halt- wave  vtb-law  rtctUUra  ( v  =  1/2 
1,  2)  over  a  wtde  range  of  Input  carrier -to- noise  ratto. 
The  theoretical  aspects  of  this  problem  are  presented 
tn  this  report,  along  with  a  number  of  computed  results. 
(Contractor's  abstract) 


HAR.  02:078 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

INTENSITY  SUECTHA  AFTER  HALF  WAVE  DETEC 
TION  OF  SIGNALS  IN  NOISE.  II.  EXPERIMENTAL  DIS¬ 
CUSSION,  by  G.  E.  Fellows.  Feb.  20,  i955,  lv.  lncl. 
Ulus  (TichtAcal  rcpL  no  216)  (Spins*  red  jointly  by 
Ofilre  of  Naval  Research,  Stgnal  Corps,  and  lAtr  Force 
Offtce  of  Scientific  Research  J  under  N5ort-7601) 

AD  66277  Unclassified 

Thts  report  describes  the  experimental  measurement 
of  the  tntenstty  spectrum  at  the  output  of  a  half-wave 
vth-law  detector  fed  by  narrow-band  notse  and  an  un¬ 
modulated  carrier.  Included  ts  a  discussion  of  the  de¬ 
sign  of  the  analyser,  based  upon  an  analysis  of  expected 
statistical  and  system  errors.  Experimental  results 
are  presented  for  detectors  wtth  v  =  1/2,  1,  and  2,  and 
for  a  wide  range  of  Input  carrler-to-nolse  ratio.  The 
spectral  shape,  the  peak  tntenslty  In  the  conttnuum,  and 
the  tntenslty  of  the  carrter  component  are  determined 
for  the  first  stx  spectral  zones  tn  the  output  of  the  non¬ 
linear  device.  The  relative  error  Is  less  than  two  per 
cenl  for  almost  all  measurements.  (Contractor's  ab- 
sl racl) 


HAH.  02:079 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

THE  RECTIFICATION  OF  LOW-DENSITY  NOISE,  by 
J.  A.  Mullen  and  D.  Mtddleton.  Mar.  1,  1955,  18p. 
tncl.  dtagrs.  tables,  refs.  (Technical  rept.  no.  219) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  i  Atr  Force  Office  of  Scientific  Iteseachi 
under  N5ort-760I)  AD  66271  Unclassified 

This  report  considers  the  rectification  by  a  half-wave 
power  law  detector  of  a  c  w  signal  tn  notse  made  of 
randomly  occurring  pulses  which  overlap  only  slightly. 
It  Is  shown  that  for  this  problem,  though  not  In  general, 
the  distributions  may  be  approximated  by  a  form  of 
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Edgeworth  series.  The  mean  square  and  correlaUon 
function  of  the  output  of  the  rectifier  have  been  obtained. 
If  the  law  of  the  detector  Is  greater  than  1,  the  output 
power  ts  greater  for  low  density  noise  than  for  gaussian 
noise  of  the  same  input  power.  The  correlation  In  the 
output  relative  to  gaussian  notse  of  the  saiie  input  cor¬ 
relation  function  depends  on  the  shape  of  the  r.otse 
pulses.  Figures  are  presented  showing  the  effect  of 
slgnal-to-noise  ratic  and  detector  law  on  the  correlation 
j!  It*  iMtput.  (Contractor 's  abstract) 


HAR.  02:080 

Harvard  U.  Cruft  Lai  ,  Camlrtxlgr,  Va>i» 

CAUSALITY  AND  FREQUENCY-RESPONSE  FUNC¬ 
TIONS,  by  T.  T.  Wu.  Apr.  1,  1955, 45p.  tncl.  refs. 
(Techntcal  rept.  no.  223)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [Air  Force  Of 
flee  of  Sctentiftc  Research]  under  N5ori-7601) 

AD  66291  Unclassified 

A  general  system  is  studied  under  the  assumptions  of 
linearity,  passivity,  reproducibility,  and  causality. 
Under  esseiAlaUy  i.„  torthet  assumption,  frequency - 
response  functions  are  defined  for  such  systems  and 
Identified  with  positive  functions,  suitably  defined. 
Through  Uu>  Liljtvqui’  dec.  mptitULin  tbrurem,  a ay  fre¬ 
quency-response  function  may  be  decomposed  to  be  the 
sum  of  a  minimum- reactive  part  and  two  reactive  parts, 
one  of  which  Is  of  unfamiliar  nature.  This  procedure 
Is  carried  through  for  a  system  wtth  one  tnput-output 
and  again  for  a  system  with  multiple  Input- outputs.  As 
an  Illustration,  the  result  ts  applied  to  the  study  of  the 
Kronlg-Kramers  relations.  One  of  the  relations  Is 
proved  to  be  true  under  very  general  conditions,  but 
not  the  other.  (Contractor's  abstract) 


HAR.  02:081 

Harvard  U.  Cruft  Lab.  ,  Cambridge,  Mass. 

COHESIVE  ENERGY  OF  NOBLE  METALS,  by  K  Kambe. 
Apr.  5,  1955,  9p.  tncl.  tables,  refs.  (Technical  rept. 
no.  227)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [  Atr  Force  Office  of  Scientific  Re¬ 
search.  under  N5ort- 7601)  AD  62656  Unclassified 

The  method,  developed  by  Kuhn  and  Van  Vleck,  and  laler 
simplified  and  extended  by  Brooks,  for  calculating  the 
cohesive  energy  of  monovalent  metals.  Is  here  further 
extended  to  Include  the  effects  of  the  deviation  of  the  ef¬ 
fective  ton  core  potential  from  pure  hydrogenlc  form  tn 
the  vlctnlty  of  the  surface  of  the  s-  sphere.  A  formula 
Is  dertved  for  calculating  the  logarithmic  derivative  o( 
the  wave  function  at  the  surface  of  the  s- sphere.  From 
the  lugartlhmtc  derivatives  of  the  s-  and  p-funettons  the 
ground  stale  energy  and  the  Fermt  energy  can  be  evalu¬ 
ated.  The  method  thus  extended  Is  applted  to  (he  calcu¬ 
lation  of  the  cohesive  energy  of  the  monovalent  noble 
metals.  For  these  metals,  the  repu'slon  between  Ion- 
cores  Is  Important.  Combining  the.epulalve  energy, 
which  Is  calculated  by  Fuchs  wtth  a  modtlted  Thomas- 
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Fermi  method,  with  the  energy  of  valence  electrons 
calculated  by  the  present  method,  we  obtain  the  total 
cohesive  energy  of  copper.  Since  there  Is  no  calculation 
of  the  repulsive  energy  for  silver  and  gold,  the  Ion 
cores  are  assumed  to  be  rigid  and  the  energies  of  the 
valence  electrons  at  the  observed  lattice  spacing*  are 
determined  and  considered  as  the  approximate  total 
energies.  The  cohesive  energies  calculated  at  the  ob¬ 
served  lattice  spacing s  with  the  rigid  Ion- core  assump¬ 
tion  are  61.7  for  Cu,  SS.8  lor  Ag,  and  43.  2  for  Au  In 
comparison  with  the  experimental  values  of  81. 2,  68.0, 
and  92. 0  respectively.  Here  the  energy  unit  ts  K  cal/ 
mole.  (Contractor's  abstract) 


HAR.  02:082 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

IMPEDANCE  OF  THIN  WIRE  LOOP  ANTENNA,  by  J.  E. 
Storer.  May  1,  1955  [39]p.  lncl.  diagrs.  tables. 
(Technical  rept.no.  212)  (Sponsored  Jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  [Air  Force  Office 
of  Scientific  Research  J  under  N5orl-760l)  AD  69089 

Unclassified 

Also  published  In  Trans.  Amer.  Inst.  Elec.  Engineers, 
v.  75:  606-619,  July  1956. 

The  Hatlen  Integral  equation  for  the  current  and  tmped- 
ance  of  a  thin  wire  loop  antenna  Is  solved  using  a  Fourier 
Series.  Extensive  tables  of  theoretical  loop  antenna  Im¬ 
pedances  are  presented  which  (for  the  one  case  tested) 
are  In  satisfactory  agreement  with  experiment.  Some 
graphical  results  are  also  given  which  facilitate  the 
evaluation  of  the  current  distribution.  (Contractor's 
abstract) 


HAR.  02:083 

Harvard  U. .  Cruft  Lab. ,  Cambridge,  Mass. 

LOOP  ANTENNA  MEASUREMENTS,  by  P.  A.  Kennedy. 
May  1,  1955  [63]p.  lnct.  Ulus,  diagrs.  tables,  refs. 
(Technical  rept.  no.  213)  (Sponsored  Jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [  Air  Force  Of¬ 
fice  of  Scientific  Research]  under  N5ort-7601) 

AD  67832  Unclassified 

Experimental  measurements  on  three  loop  antenna  con¬ 
figurations  have  been  completed.  The  experimental 
technique  for  obtaining  tmpedance  and  current  distribu¬ 
tions  using  a  single- wire  transmission  Use  over  an 
Image  plane  ts  described  with  particular  attention  given 
to  the  difficulties  encountered.  The  experimental  Im¬ 
pedance  and  current  distributions  are  reproduced  In 
graphical  form  and  the  Impedances  are  tabulated.  For 
loops  where  theoretical  results  are  available,  curves 
comperlx  theory  and  experiment  are  presented.  (Con¬ 
tractor's  abstract) 


HAR.  02:084 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

VARIATIONAL  CALCULATIONS  ON  RIDGE  WAVE 
GUIDES,  byJ.  M.  Osepchuk.  May  5,  1955,  17p.  lncl. 
diagrs.  table.  (Technical  rept.  no.  224)  (Sponsored 
Jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[  Mr  Force  Office  of  Scientific  Research]  under  N5orl- 
7601 )  AD  66273  Unclassified 

A  particular  trial  function  ts  presented  which  Is  usefut 
In  variational  calculations  of  ridge  guide  properties. 
Such  calculations  for  rectangular  ridge  guides  are  seen 
to  agree  well  with  earlier  work  by  S.  B  Cohn.  The 
cutoff  wavelength  Xc  and  a  characteristic  Impedance 
Z0  are  calculated  for  the  ridge  guide  with  circular  en¬ 
velope.  The  results  of  Xc  agree  well  with  experimental 
measurements.  (Contractor's  abstract) 


HAR.  02:085 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

THE  MEASUREMENT  OF  ELECTRIC  CONSTANTS  AT 
A  WAVELENGTH  OF  FOUR  MILLIMETERS,  by  T. 
Morlta,  R.  D.  Kodls,  and  C.  Shafer.  May  25,  1955, 
l?p.  lncl.  lllus.  diagrs.  tables,  refs.  (Technical  rept. 
no.  228)  (Sponsored  Jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [  Mr  Force  Office  of  Scientific  Re¬ 
search]  under  N5orl-7601)  AD  68275  Unclassified 

This  report  deals  with  the  extension  of  conventional 
microwave  cavity  techniques  for  measuring  electrical 
constants  to  the  4  mm  wavelength  region  of  the  electro¬ 
magnetic  spectrum.  Results  are  presented  of  measure¬ 
ments  at  this  frequency  of  (1)  the  conductivity  of  ma¬ 
chined  silver  and  (2)  the  dielectric  constant  of  polysty¬ 
rene.  The  theoretical  basis  for  the  measurements  ts 
developed,  and  an  estimate  ts  made  of  the  accuracy  of 
the  results.  (Contractor's  abstract) 


HAR.  02:086 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

CHARACTERISTICS  OF  SPORADIC-E  IONIZATION  AT 
MIDDLE  LATITUDE,  by  D.  Davidson.  June  15,  1955, 
90p.  lncl.  lllus.  diagrs.  tables,  refs.  (Technical 
rept.  no.  230)  (Sponsored  Jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  [Mr Force  Office  of  Scientif¬ 
ic  Research]  under  N5ori-7601)  AD  80003 

Unclassified 

Operation  of  a  system  of  triangulating  pulse  sounding 
stations  for  3  yr  during  the  declining  phase  of  the  sun¬ 
spot  cycle  showed  that  clouds  of  tonlxatlon  which  dis¬ 
play  apparent  movement  occur  very  Infrequently  In  the 
E  region  and  are  confined  to  periods  of  elevated  geo¬ 
magnetic  activity.  Speeds  between  400  and  1000  km /hr 
were  observed,  and  the  favored  motion  appeared  as  an 
approach  from  an  east- northeasterly  direction.  The 
clouds  occurred  primarily  about  midnight  local  time. 
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Vertical  motion  of  Ionization  was  observed,  tail  with 
less  frequency  than  the  other  clouds  of  tontvulon.  The 
predominant  form  of  sporadic -E  Ionization  .as  marked 
by  multiple  reflections  from  a  thin  layer  In  the  100-  to 
120-km  region.  Comparison  of  the  records  of  3  stations 
Indicated  that  this  layer  ts  distributed  over  a  wide  geo¬ 
graphical  area.  An  tnverse  correlation  exists  between 
the  occurrence  of  sporadlc-E  Ionization  and  the  sunspot 
number;  this  correlation  Is  best  during  Oct.  through 
Dec.,  Is  fair  during  the  summer  months,  and  Is  practi¬ 
cally  absent  around  the  equinoxes.  An  tmproved  cor¬ 
relation  Is  obtained  If  the  square  of  the  F2-layer  critical 
frequency  Is  used  Instead  of  the  sunspot  number. 

(ASTIA  abstract) 


HAR.  02:087 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

SEQUENTIAL  DETECTION  OF  SIGNAL  TN  NOISE,  by 
J.  [J.  ]  Bueegang  and  D.  Middleton.  Aug.  31,  1955 
[  101  ]p.  tncl.  lllus.  refs.  (Technical  rept.  no.  175) 
(Sponsored  Jointly  by  Office  of  Naval  Research,  Signal 
Corpe,  and  [  Air  Force  Offtce  of  Scientific  Research  ] 
under  N5ort-7601)  AD  88055  Unclassified 

The  sequential  teal  and  the  sequential  method  of  analysis 
which  were  devised  by  A.  Wald  (Sequential  Analysle, 
John  Wiley,  N.  Y. ,  1947)  are  appUed  to  the  probleme  of 
delecting  slgnale  In  noise.  Sequential  detection  ts  die- 
cussed  within  the  framework  of  the  general  slaUetlcal 
decision  theory.  The  role  of  a  priori  Information  Is  ex¬ 
amined.  The  following  special  examplee  are  etudled 
which  are  frequently  encountered  In  communication 
probleme:  the  Incoherent  detection  of  a  sine  wave  In 
noise,  coherent  sequential  detection  of  casual  signals  In 
normal  nolee,  and  the  sequential  detection  of  normal 
raixlom  slgnale  In  normal  noise.  The  Importance  le 
emphasized  of  the  correction  of  the  square  Uw  term. 
The  operating  characterletlc  function  of  a  sequential 
leel  for  normal  noise  le  Independent  of  the  correlation 
matrix,  the  specified  signal  waveform,  and  the  number 
of  observations.  The  treatment  of  correlated  samples 
anl  lte  application  to  continuous  proceeeee  le  Illustrated 
on  RC- filtered  noise.  Detection  can  be  performed  tn  an 
arbitrarily  short  time  In  sequential  detection  of  varia¬ 
tion  with  a  Gaueslan  random  signal  and  notse.  The  sav¬ 
ing  tn  the  minimum  detectable  signal  level  caused  by 
sequential  operation  le  dlscuesed.  Exact  expreeslone 
for  the  error  probahlUtlee  which  result  from  truncation 
of  the  sequential  processes  are  derived  and  compared 
with  the  original  approximations  of  Wald.  Distribution 
functlone  of  the  sample  size  are  considered.  Symmetry 
propertlee  of  the  dletrt buttons  Are  obtained  for  the  case 
where  the  random  variable  le  normally  dlelrlbuted. 
(ASTIA  abe tract) 

HAR.  02:088 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mase. 

OPTIMUM  DECISION  SYSTEMS  FOR  THE  RECEPTION 
OF  SIGNALS  IN  NOISE:  PART  I,  by  D.  Van  Meter  and 
D.  Middleton.  Oct.  5,  1955  [77]p.  tncl.  Ulue.  table, 
refe.  (Technical  rept.  no.  215)  (Sponsored  Jointly  by 


Office  of  Naval  Research,  Signal  Corpe,  and  [  Air  Force 
Office  of  Sctentillc  Research]  under  N5orl-7801) 

AD  92755  Unclasslfted 

Also  published  In  part  In  Jour.  Soc.  Indus,  and  Appl. 
Math.,  v.  3:  192-253,  Dec.  1955.  (HU®  The  Decep¬ 
tion  and  Extraction  of  Signals  in  Noise  from  the  View¬ 
point  of  Statistical  Decision  Theory) 

The  techniques  of  the  dectslon  theory  of  A.  Wald 
(Statistical  Decision  Functions.  Wiley,  N.  Y.,  1950) 
are  used  tn  the  design  of  detection  and  extraction  sys¬ 
tems.  A  general  criterion  ts  supplied  for  the  solution 
of  any  statistic  al-tnference  problem  which  calls  for  a 
decleton.  Desirable  properties  are  demonstrated  of 
solutions  based  on  the  criterion.  Reception  Is  dis¬ 
cussed  as  statistical  tnference.  The  formulation  of  re¬ 
ception  problems  ts  treated  in  general  terms  as  a  de¬ 
cision  problem.  The  reception  situation  Is  analyzed  lo 
determine  what  syetem  inputs  are  poeslble  and  what  de¬ 
cisions  are  required.  A  loss  is  assigned  to  each  pos¬ 
sible  combination  of  input  and  decision  tn  accordance 
with  the  coneiralnts  of  the  problem.  Bayes  and 
Minimal  decision  rulee  for  average  and  conditional  loss 
ratinge  are  discussed.  The  general  propertlee  are  de¬ 
scribed  of  optimum  decision  rules.  Detection  systems 
are  presented  that  minimize  average  risk.  Risk  theory 
ts  applied  lo  the  general  binary  detection  problem. 

Ftxed  sample  size  or  nonsequential  dectslon  rules  alone 
are  considered.  The  Bayes  syetem  te  a  generalized 
likelihood -ratio  detector  when  the  preliminary  cost  as¬ 
signment  is  such  that  the  slgnale  are  weighted  according 
lo  the  claae  of  Input  which  they  repreeent  (null,  alterna¬ 
tive,  or  overlapping  class),  except  when  the  hypothesle 
classee  overlap.  The  uee  of  decision  curvee  which  re¬ 
late  the  Bayee  risk  lo  nignal  amplitude  te  discussed  as 
an  aid  lo  defining  the  delectable  signal  of  a  detection 
system.  (ASTIA  abetract) 


HAR.  02:089 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mase. 

STATIONARY  FORMS  FOR  THE  SCATTERING  CROSS 
SECTION  OF  AN  OBSTACLE,  by  I.  Stakgold.  Oct.  10, 
1955,  lip.  (Technical  rept.  no.  231)  (Sponsored  Joint¬ 
ly  by  Office  of  Naval  Research,  Signal  Corps,  and  [  Air 
Force  Office  of  Sctentillc  Research)  under  NSort-7601) 
AD  80717  Unclassified 

Two  new  stationary  forme  for  the  scattering  cross  sec¬ 
tion  of  an  obstacle  are  presented.  These  forme  Involve 
the  field  everywhere  In  epsce,  whcreae  the  Schwli^er- 
Levlne  principle  usee  only  the  current  on  the  obstacle. 
The  advantage  of  the  new  forms  le  the  slmpUcation  tn 
t  stag  ration  (the  Green’e  function  le  absent);  the  disad¬ 
vantage  Is  that  trial  fielde  are  three-dimensional  ln- 
elead  of  two-dimensional,  thereby  requiring  more 
gueeslng  tn  the  trial  functions.  These  new  stationary 
principles  arc  derived  by  analogy  with  the  capacity  prob¬ 
lem.  After  these  prlnclplee  have  been  surmisec,  tl  Is 
easy  lo  show  by  direct  computation  that  they  are  actual¬ 
ly  stationary.  (Contraclor'e  abstract) 
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HAR.  02:090 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

BIASED  UNEAR  AND  QUADRATIC  DETECTION  OF 
SIGNALS  IN  NOISE,  by  G.  E.  Fellows.  Oct.  25,  1955 
[l2!p.  'ncl.  dlagrs.  (Technical  rept.  no.  229)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  Signal  Corps, 
and  [Air  Force  Offtce  of  Scientific  Research;  under 
N5orl-760l)  AD  89314  Unclassified 

Experimental  results  are  presented  for  the  cases  of 
biased  linear  and  quadratic  detectors.  The  noise  power 
and  the  carrier  power  tn  each  of  the  first  6  spectral 
zones  were  measured  over  a  wide  range  of  bias  and  In¬ 
put  carrter-to-nolse  ratio.  For  a  given  output  zone,  the 
curves  of  carrier  power  vs  bias  have  the  same  general 
form  as  the  curves  ol  notoe  power  vs  bias.  As  a  result, 
the  zonal  carrier  component  power-to-nolse  power  ratio 
P[  Is  not  a  sensitive  lunctlon  of  the  btas.  Values  of  bias 
exist  for  which  the  carrier  compon^  :t  tn  a  given  zone 
disappears  (for  a  given  value  of  p).  No  corresponding 
bias  values  exist  which  enhance  the  ratio  pj  significantly 
over  Its  value  for  zero  bias.  For  biased  linear  and  quad¬ 
ratic  detectors,  It  Is  not  possible  to  obtain  values  of  p1 
lor  1  >  1  which  exceed,  or  approach,  p,  lor  a  given  In¬ 
put  carrter-to-nolse  power  ratio  p.  (ASTIA  abstract) 


HAR.  02:091 

Harvard  U.  Cruft  Lab. ,  Cambrtdge,  Mass. 

OPTIMUM  DECISION  SYSTEMS  FOR  THE  RECEPTION 
OF  SIGNALS  IN  NOISE:  PART  H,  by  D.  Van  Meter. 

Oct.  25,  1955  [  54  ]  p.  tncl.  tllus.  refs.  (Technical  rept. 
no.  216)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [  Air  Force  Office  of  Scientific  Re¬ 
search,  under  N5orl-7601)  AD  90935;  PB  104046 

Unclassified 

Also  published  In  part  in  Jour.  Soc.  Indus,  and  Appl. 
Math.,  v.  4:  86-119,  June  1956.  (Title  The  Deception 
and  Extraction  of  Signals  In  Noise  from  the  Viewpoint  of 
Statistical  Decision  Theory) 

Statistical  decision  theory  Is  applied  to  extraction  prob¬ 
lems.  Discussions  are  presented  ol  extraction  systems 
that  minimize  average  risk  ”nd  on  Information  loss  as 
a  criterion  lor  optimum  detection  and  extraction.  The 
classical  maximum  likelihood  estimate  maximizes  the 
probability  of  a  correct  decision.  It  ts  a  Bayes  estimate 
either  (I)  when  unit  loss  Is  assigned  to  every  Incorrect 
decision  and  zero  loss  to  a  correct  one  or  (2)  when  the 
loss  Is  proportional  to  the  square  of  the  decision  error 
and  the  joint  distribution  ol  stgnal  and  noise  has  a 
certain  symmetry.  The  general  characterization  of 
Bayes  estimates  for  the  squared  error-loss  lunctlon  Is 
discussed.  Specific  cases  are  examined  of  (I)  coherent 
and  Incoherent  extraction  with  Gaussian  and  Rayleigh 
statistics  and  (2)  Mlntmax  extraction  with  additive  signal 
and  notse.  The  relevance  of  optimum  predetection  filters 
to  extraction  Is  Indicated.  Optimum  smoothing  and  pre¬ 
diction  ol  structurally  determinate  and  Indeterminate 
signals  ts  treated:  previously  known  results  are  exhibited 


as  special  cases  of  the  general  solutions.  Sufficient 
statistics  and  thetr  relation  to  information  loss  are  dis¬ 
cussed.  The  Information  measure  of  Shannon  (Bell 
System  Tech.  Jour.,  v.  27:  397,  623,  1948)  and  ts  com¬ 
pared  wtth  that  of  Ftsher  (Proc.  Cambrtdge  Phil.  Soc  , 
v.  22:700,  1925).  Opttmum  detectors  for  the  Informa¬ 
tion  loss  function  are  also  Ukelthood  ratio  detectors. 
Universal  curves  are  gtven  for  determining  the  opttmum 
detectton  threshold.  The  general  condition  under  which 
an  estimate  minimizes  Information  loss  ts  satisfied  by 
a  sufficient  statistic.  (ASTIA  abstract) 


HAR.  02:092 

Harvard  U.  Cruft  Lab. ,  Cambrtdge,  Mass. 

TABLES  FOR  THE  CALCULATION  OF  COULOMB 
WAVE  FUNCTIONS,  by  F.  S.  Ham.  Itov.  5,  1955,  84p. 
incl.  lllus.  tables,  refs.  (Technical  rept.  no.  204) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Stgnal 
Corps,  and  [Air  Force  Offtce  of  Scientific  Research) 
under  N5orl- 7601)  Hi)  83437  Unclassified 

Tables  of  the  coefficients  In  the  series  expansions  of 
Coulomb  wave  functions  In  powers  of  the  energy  t  = 
-l/n^  are  given,  and  the  theory  of  these  expansions 
Is  reviewed  and  extended.  It  ts  shown  that  the  series 
used  by  Kuhn  to  calculate  the  Irregular  Coulomb  function 
(Quart.  Appl.  Math.,  v.  9:  1,  1951)  dtverges  but  repre¬ 
sents  this  function  asymptotically  In  the  ltmtt  |  n |  -*■  w, 
|arg(n)|  (  n  .  L  <  it.  A  convergent  series  is  derived 
which  may  be  used  to  calculate  this  function  to  greater 
accuracy  than  ts  possible  wtth  the  asymptotic  series. 

The  coefficients  tn  the  series  for  both  the  regular  and 
Irregular  functtons  and  their  derivative  wtth  respect  to 
the  radial  parameter  r.  are  tabulated  for  L  =  0,  z  - 
3.  5(0.  1)7.  5.  Coefficients  In  both  the  asymptotic  and 
convergent  series  for  the  trregular  function  are  given, 
together  wtth  tables  of  a  function  Gn(0,  n),  needed  tn  cal¬ 
culating  the  Irregular  function  (z/2)N™(z)  from  the  con¬ 
vergent  Irregular  series.  Tables  of  the  coefficients  for 
the  regular  function  and  t»s  z-derlvatlve  for  L  *  8  are 
also  given  for  the  same  range  of  z.  Related  tables  ol 
an  appropriate  power  of  (z/2)  times  the  series  coeffi¬ 
cients  lor  both  L  i  0  and  L  =  8  are  given  which  make 
possible  Interpolation  In  z.  Recurrence  relations  gtven 
by  Infeld  are  put  In  a  form  suitable  for  use  In  calculating 
tiie  functions  of  0  -I  L\  8  from  functions  of  L  =  0  or  8 
obtatned  from  these  tables.  T.ie  present  tables  extend 
those  gtven  by  Xuhn  and  correct  several  errors  In  his 
tables.  Both  sets  of  tables  make  possible  the  calcula¬ 
tion  of  Coulomb  functions  for  an  attractive  Coulomb 
potential  only.  (Contractor's  abstract) 


HAR.  02:093 

Harvard  U.  Cruft  Lab.  ,  Cambridge,  Mass. 

ELECTROMAGNETIC  RADIATION  OVER  AND  INTO  AN 
IMPERFECT  DIELECTRIC,  by  S.  Stein.  Dec.  1,  1955, 
lv.  tncl.  tllus.  tables,  refs.  (Technical  rept.  no.  226) 
(Sponsored  jointly  by  Olltce  of  Naval  Research,  Stgnal 
Corps,  and  ’  Air  Force  Office  of  Scientific  Research  ! 
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under  N5orl-7601)  AD  105487  Unclassllled 

The  electromagnetic  fields  are  studied  In  relation  to  a 
vertical  electric  point  dipole  source  located  above  a 
horizontal  plane  Interlace  between  two  distinct  but  In¬ 
dividually  homogeneous  media.  A  general  saddle- point 
method  o(  evaluation  ol  the  resulting  tntegrals  Is  used, 
leading  to  asymptotic  (far- zone)  results.  Specific  formu¬ 
las  are  derived  for  the  case  where  both  media  are 
"imperfect  dielectrics"  subject  only  to  the  lower  medium 
being  electrically  denser,  and  computational  results  are 
presented  for  the  specific  case  where  the  upper  medium 
is  air.  Various  ranges  of  the  material  parameters  are 
considered  and  the  corresponding  changes  tn  the  char¬ 
acter  of  the  wave  complex  are  shown  to  be  related 
mathematically  to  the  behavior  of  the  singularities  of 
the  Integrands.  The  transition  to  well-known  limiting 
cases  is  also  described.  (Contractor's  abstract) 


HAR.  02:094 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

DIURNAL  ROTATION  OF  THE  IONOSPHERE,  by  K. 
Toman.  Dec.  5,  1955  f  9  j  p.  lncl.  Ulus,  dlagrs.  table. 
(Technical  rept.  no.  233)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  l  Air  Foret,  Otllee 
of  Scientific  Research]  under  N5orl-7601  and  -7628) 

AD  88056  Unclassified 

Ionospheric  transmission-delay  Irregularities  were 
recorded  at  Concord,  Gloucester,  and  Sandwich,  Mass, 
frum  2  simultaneous  oblique  transmissions  (with  base- 
Uiies  <A  abuut  tl  and  4*9  4t*A)  and  1  vertical  irav.smlsskxi 
from  Concord.  The  receiving  arrangement  was  previous¬ 
ly  used  by  Toman  (Jour.  Geophys.  Research,  v.  60:  57, 
1955).  The  F- region  transmission-delay  records  from 
0600  to  1600  EST  on  Oct.  24,  1952  were  sampled  from 
minute  to  minute.  Two-hour  corre'.aUon  periods  which 
overlapped  by  1  hr  were  chosen  and  correlation  coeffi¬ 
cients  (r)  were  obtained  for  variable  Ume  lags  between 
records.  The  time  displacements  with  maximum  r's 
between  the  F- region  traces  of  the  Concord  to  Gloucester 
and  Concord  to  Sandwich  transmissions  were  evaluated 
and  the  direction  and  speed  of  movement  were  deduced. 
Straight  frontal  Irregularities  within  the  reflecting  region 
were  assumed  which  move  perpendicularly  to  thetr 
orientation.  The  mean  direction  of  movement,  mean 
speed  of  movement,  and  maximum  values  of  r  are  tabu¬ 
lated.  Plots  are  given  of  the  diurnal  variation  of  the 
mean  direction  and  mean  speed  of  the  movement  of  the 
Ionosphere.  The  mean  values  of  r  diminished  as  the  day 
advanced.  The  over -all  movement  was  a  clockwise  ro¬ 
tation  from  about  85"  to  220*  east  of  north  between 
0800  and  1500  EST.  The  speed  behavior  suggests  a  tran¬ 
sition  from  observed  Irregularities  In  the  F-regton  re¬ 
flection  level  to  those  lit  the  E- region  retardation  level. 
The  mean  speed  (expressed  tn  km/hr)  decreased  until 
the  0800  to  1000  hr  Interval,  Increased  until  noon,  de¬ 
creased,  and  Increased  starling  in  the  1300  to  1500- hr 
Interval.  (AST1A  abstract) 
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Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

FIELD  EMISSION  FROM  GERMANIUM  IN  A  MUELLER 
FIELD  EMISSION  MICROSCOPE,  by  F.  G  Allen.  Dec. 

5,  1955  [  32  j p.  lncl.  lllus.  dlagrs.  tables,  refs. 
(Technical  rept.  no.  237)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  [Air  Force  Office 
of  Scientific  Research]  under  N5ori-760i)  AD  91606 

Unclassified 

Attempts  were  made  to  use  single- c  rystal  Ge  tips  as 
emitters  tn  studying  the  work  function,  Its  variation 
with  crystal  direction,  and  gas  contamination  processes 
on  a  clean  Ge  surface.  One  end  of  a  small  rod  of  Ge 
0.  030  In.  square  In  cross  section  and  cut  with  a  (110) 
axis  was  turned  to  a  tapered  conical  tip  with  emery  paper. 
The  Up  was  etched  eiettroiytVcaily  tii  a  Cl  - 4  solution 
(25  cc  concentrated  HNO3,  15  cc  glacial  HAc,  15  cc  con¬ 
centrated  HF,  and  several  drops  of  Br).  Electron- 
microscope  profiles  were  taken  at  3500X  and  7000X 
magnification  by  an  MIT-bullt  microscope  similar  to  the 
RCA -type  UMT.  Magnification  wa*  cemputud  fur  each 
tip  from  the  image  size  of  a  fine  0.  0003- In.  -dlam  W 
wire.  Field  emission-producing  visible  spots  on  the 
fluorescent  screen  was  obtained  with  all  the  Getips  at 
Initial  anode  voltages  ol  150b  to  lb,  l>00  \ .  Scatter  In 
the  data  was  caused  by  a  slight  Instability  of  the  emitting 
surface.  Electron  microscope  profiles  of  the  tips  after 
field-emission  use  and  cleaning  by  A  bombardment  re¬ 
vealed  that  bombardment,  when  excessive,  can  sputter 
away  the  entire  tip.  Field  emission  was  obtained  from 
Intrinsic  and  n-  and  p-type  Ge  Ups.  Results  are  sum¬ 
marized  srttti  respett  H>  Wit  elleei  ol  applied  Held  on 
energy  levels  at  the  surface  for  no  surface  states;  modt- 
flcaUons  introduced  by  surface  states;  field  strength  at 
tips  for  emission;  the  effect  of  the  penetraUon  of  field 
Into  surface  on  the  field  strength  at  the  Up;  the  effects 
of  finite  emission  denslUes;  field  strengths  required  for 
Ge  field  emission;  the  slope  of  the  field -emission  curve 
and  the  absolute  value  of  the  work  function;  and  reasons 
for  failures  to  obtain  good  emission  patterns.  (AST1A 
abstract) 


HAR.  02:096 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

GERMANIUM  SURFACE  POTENTIAL  STUDIES  AT 
HIGH  VACUUM,  by  F.  G  Allen.  Dec.  15,  1955,  73p. 
lncl.  lllus.  d‘  grs.  tables,  refs.  (Technical  rept.  no. 
230)  (Sponaoi  d  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  .  Air  Force  Office  of  Scientific  Re¬ 
search  under  N5orl-760t)  AD  91809  Unclassified 

In  this  study,  the  following  subjects  are  discussed  1. 
Dependence  of  the  work  function  0  on  crystal  face  orien¬ 
tation.  (a)  Previous  results  with  metals;  (b)  variation  of 
the  work  function  with  crystal  face  orientation  for  ger¬ 
manium;  and  (c)  an  attempt  to  measure  the  work  function 
variation  with  face  orientation  on  a  single  nickel  crystal. 
11.  Variation  of  the  work  function  of  germanium  with 
temperature  and  doping,  (a)  Theoretical  predictions  for 
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the  simple  surface  model;  (b)  previous  experimental  evi¬ 
dence;  (c)  experimental  methods  used;  (d)  results  of  ob¬ 
servations  on  variation  of  germanium  work  function  with 
temperature;  (e)  results  on  the  variation  of  germanium 
work  function  with  doping;  and  (f)  absolute  value  of  the 
work  function  for  germanium,  m.  Photovoltage  at  a 
free  semiconductor  surface,  (a)  Apparatus  and  techniques 
used  In  change  In  contact  potential  with  light  ( LCP)^ 
measurements;  and  (b)  results  of  (£CP)i,  measurements 
In  germanium.  IV.  Some  observations  on  the  changes  in 
contact  potential  of  germanium  surfaces  produced  by  gas 
contamination.  Appendixes  present  the  correction  for 
the  thermoelectric  voltage  In  CPD  (contact  potential  dif¬ 
ference)  circuit  and  the  applicability  of  the  Schottky  ex¬ 
haustion  layer  theory  to  a  sample. 


HAR.  02:097 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

SOME  NOTES  ON  HIGH- VACUUM  APPARATUS  AND 
TECHNIQUES,  by  F.  G.  Allen.  Dec.  15.  1955  [l7]p. 
lncl.  lllus.  dlagra.  (Technical  rept.  no.  238)  (Spon¬ 
sored  jointly  by  C  'Ice  of  Naval  Research,  Signal  Corps, 
and  [  Air  Force  Office  of  Scientific  Research  J  under 
N5orl-7601)  AD  91810  Unclassified 

Some  of  the  apparatus  and  techniques  used  In  the  hlgh- 
vacuum  studies  on  single  crystal  germanium  surfaces 
are  described.  A  schematic  diagram  and  a  photograph 
of  the  apparatus  are  presented.  The  combination  of  2 
mercury  diffusion  pumps,  patterned  after  a  design  of 
W.  B.  Nottingham  (Massachusetts  Inst,  of  Tech. ),  uti¬ 
lizes  a  divergent  jet  to  produce  the  high  vacuum 
(5  x  10  •,0mm  Hg  or  less)  and  a  convergent  jet  to  serve 
ns  Its  backing  pump.  Pumping  speed  la  5  to  10  1/sec. 

In  addition  observations  are  presented  on  the  rate  of  dep 
osltlon  of  gas  contamination  on  a  tungsten-surface  In  a 
high  vacuum,  on  the  use  of  argon-ton  bombardments  for 
cleaning  germanium  surfaces,  and  on  the  application  of 
a  conducting- transparent  coating  for  the  pyrex  vacuum 
apparatus. 


HAR.  02:098 

Harvard  U.  Cruft  l.ab. ,  Cambridge,  Mass. 

ON  THE  DYNAMIC  TEMPERATURE  RESPONSE  OF  A 
VACUUM  CALORIMETER,  by  J  S.  lftnivel.  [1955] 
[4jp.  lncl.  dtagrs.  table,  refs.  (Sponsored  jotntly  by 
Office  of  Naval  Research,  Stgna’  Corps,  and  Air  Force 
Office  of  Sctentlftc  Research  under  NSort-7601) 

Unclassified 

Published  In  Jour.  Appl.  1  hys. ,  v.  27:  639 -M2,  June 
t956. 

A  simple  graphical  method  Is  described  tor  computing 
the  heal  capacity  of  a  specimen  In  a  vacuum  calortraeter 
system  from  the  temperature  response  In  the  atler- 
heattng  period.  The  applicability  of  this  method  when 
there  are  appreciable  lime  lags  due  to  thermal  gradients 


In  the  specimen  or  due  to  the  characteristics  of  a  galva¬ 
nometer,  is  discussed.  (Contractor's  abstract) 


HAR.  02:099 

Harvard  U.  [  Cruft  Lab.  1  Cambridge,  Mass. 

NUCLEAR  SPIN-LATTICE  RELAXATION  TIME  IN 
COPPER  AND  ALUMINUM,  by  A.  G.  FedUeld.  [  1956] 
[2]p.  lncl.  dlagr.  refs.  (Sponsored  jcdntly  by  Office 
of  Naval  Research  [Signal  Corps,  and  Air  Force  Office 
of  Scientific  Research]  under  N5ori-7601) 

Unclassified 

Published  In  Phvs.  Rev.,  v.  101:  67-68,  Jan.  1,  1056. 

Nuclear  spin-lattice  relaxation  times  of  Al27  In  pure  A1 
and  Cu83  In  annealed  pure  Cu  have  been  measured  at  2 
and  4. 2*K,  using  the  adiabatic  fast  passage  technique 
suggested  by  L.  E.  Drain.  At  4.2*K,  Tj  =  260  *  100 
milliseconds  for  copper  and  370  ±  40  milliseconds  for 
aluminum.  The  relaxation  time  Is  apparently  Inversely 
proportional  to  temperature,  as  predicted  by  Korrloga, 
(rom  2  to  300* K.  (Contractor's  abstract) 
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Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

A  HIGH -SENSITIVITY  PARAMAGNETIC  RESONANCE 
SPECTROMETER,  by  R.  H.  Sllsbee.  Jan.  5,  1956 
[  26  ]  p.  lncl.  dlagrs.  refs.  (Technical  rept.  no.  221) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  N5orl-7601)  AD  90931  Unclassified 

A  paramagnetic  resonance  spectrometer  capable  of  de¬ 
tecting  the  order  of  10lJ  spins  at  room  temperature  with 
a  line  width  of  one  gauss  Is  described.  The  report  tr. 
etudes  a  description  of  the  principles  of  operation  of  tli* 
spectrometer,  details  of  Its  construction,  and  notes  on 
auxiliary  equipment  used  In  conjunction  with  the  spec  - 
troraeter.  (Contractor's  abstract) 


HAR.  02:101 

Harvard  U.  Cruft  Lab.,  Cambridge,  Mass. 

COMPLEMENTARY  LOOP  ANTENNAS,  by  T. 
Kallszewskl.  Feb.  1,  1956  [  20  J  p.  lncl.  lllus.  dlagrs. 
tables.  (Technical  rept.  no.  241)  (Sponsored  jointly  by 
Office  o(  Naval  Research,  Signal  Corps,  and  [Air  Force 
Office  of  Sctentlftc  Researcni  under  NSorl-7601) 

AD  103263  Unclasstfted 

Measurements  of  the  transverse  electrtc  field  distribu¬ 
tion  and  of  the  driving-point  Impedance  have  been  per¬ 
formed  on  a  set  of  complementary  (slot)  circular  and 
square  loops  at  a  wavelength  of  ten  centimeters.  It  has 
been  established  that  the  transverse  Held  distribution  on 
both  the  circular  and  square  loops  approalniates  that  of 
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the  current  on  a  uniform,  short-circuited  transmission 
Uns  of  comparable  electrical  length.  Application  of 
Bablnet's  principle  to  the  complementary  Impedance 
measured  here  permits  direct  comparison  with  the  thsory 
and  alternative  Image-plane  measurements  carried  out 
on  the  conventional  wire  loops  of  identical  size.  Such  a 
comparison  shows  excellent  agreement  but  only  between 
the  real  components  of  the  driving-point  Impedance.  The 
unbalance  Inherent  In  the  used  method  of  measurements 
and  the  end-sffect  which  could  not  be  estimated  here  are 
believed  to  account  for  the  discrepancies  observed  be¬ 
tween  the  Imaginary  components.  It  Is  suggested  that 
the  use  of  the  so  called  twin-slot  transmission  line,  for 
ths  purpose  of  Impedance  measurement,  may  result  In 
•llmlnatlon  of  the  above  difficulties.  (Contractor's  ab¬ 
stract) 
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Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 


AN  .EXPANSION  OF  THE  KUMMER  FUNCTION  jFj  (a; 
■/>;  60,  by  G.  Kent.  Mar.  S,  1956,  5p.  (Technical 
repl.  no.  234)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  [Air  Force  Office  of  Scientif¬ 
ic  Research)  under  N5orl-7601)  AO  92752 

Unclassified 


An  expansion  of  the  Hummer  function,  tFt(a;  -J;  fix2), 

is  given  In  terms  of  elementary  functions.  The  first  4 
terms  of  this  expansion  are 

coslikx  *■  (if)  (..a*.  -  ‘-w } 

•  tr  '  ir)’  { [■  -  (ri5!  -  [  f  -  si?] 


*  fl  *  ♦  -^3]  BtBhlC*K  0(P4),  where  k2  = 

l  (kip  (kx)«J  kx  J 

4  up.  The  terms  In  lhe  j  }  brackets  vanish  uniformly 
as  x  — »  0.  For  small  values  of  x,  these  lerms,  In  the 
order  given  In  the  expansion,  approach  the  forms 

—  (kx)2,  —  (kip,  and  -i5I(kxp  so  that  In  the  nelghboi  - 
3  18  1 20 


hood  of  the  origin  the  approximation  Is  very  good. 
(AST  I A  abstract) 
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Harvard  U.  Cruft  L  *b. ,  Cambridge,  Mass. 

THE  HALL  EFFECT  IN  FERROMAGNETIC  METALS 
ANU  SEMICONDUCTORS,  by  J.  M.  Lavtne.  Mar.  10, 
1956,  tv.  tncl.  lllus.  dtagrs.  tables,  refs.  (Technical 
repl.  no.  225)  (Sponsored  jotrtly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  Air  Force  Office  of  Sctentlf'c 
Research  under  N5orl-760l)  AD  93442 

Unclassified 


Hall  measurements  on  N1  ware  made  between  room  tem¬ 
perature  and  568*C  using  an  a-c  measurement  technique 
The  ordinary  Hall  coefficient  of  N1  la  roughly  constant 
between  room  tempeiature  and  300*  C.  The  data  sug¬ 
gest  that  the  extraordinary  Hall  effect  persists  Into  the 
paramagnetic  region.  The  strong  temperature  depend¬ 
ence  of  the  observed  effect  does  not  exhibit  a  tempera¬ 
ture  dependence  similar  to  the  susceptibility  and  hence 
thsre  Is  amblgultyln  the  determination  of  the  ordinary 
Hall  coefficient  above  the  Curie  temperature.  Hall 
measurements  on  a  70  Ni  -  30  Cu  alloy  also  suggest 
the  presence  of  the  extraordinary  Hall  effect  above  the 
Curie  temperature,  but  In  this  alloy,  ths  observed  ef¬ 
fect  possesses  a  1/T-0  temperature  dependence.  The 
ordinary  Hall  coefficient  of  the  70  N1  -  30  Cu  alloy  la 
smaller  In  absolute  value  above  the  Curts  temperature 
than  at  liquid  air  tsmperaturs.  These  data  are  dis¬ 
cussed  using  Pugh's  two-band  and  four-band  models. 

Hall  measurements  at  room  temperature  were  made  on 
a  synthetic  crystal  of  Fe304  and  on  a  synthetic  single 
crystal  of  (NlO)75(Fe0|[25(Fe2o3)-  The  ordlnar7  H»u 
measurement  on  FejOi  suggests  that  ths  number  of 
conduction  electrons  at  room  temperature  Is  large,  In 
rough  agreement  with  Vsrwey's  hypothesis.  The  ordi¬ 
nary  Hall  coefficient  of  (NIO)  75(FeO)  25  (Fs2°3)  also 
suggests  a  largs  carrier  concentration.  Ths  conductiv¬ 
ities  of  (NIO)  75(FeO)  25(»203)  a™1  ot  a  synthetic  sin¬ 
gle  crystal  of  (NIO)  58(ZnO)  14(FeO)  j^FejO.,)  are 

compared  with  the  conductivity  of  Fe304  employing  a 
simple  model  for  the  mobility  and  associating  the  acti¬ 
vation  energy  obtained  from  resistivity  data  with  the 
number  of  conduction  electrons.  The  observed  date,  are 
In  good  agreement  with  the  simpls  modal.  Extraordi¬ 
nary  Hall  meaauremsnts  ware  made  on  Grade  A 
Nl(99.  4  Nl),  499  Alloy  (99.  9  Nl),  and  R-63  Alloy  (95 
Nl,  4  Mn,  1  SI)  between  liquid  air  temperature  and 
their  Curie  temperatures,  and  on  the  80  per  cent  Nl-  Fe 
alloys,  Supermalloy,  Mumetal,  and  Carpenter  Hymu  80 
between  liquid  air  temperature  and  room  temperaturs. 
The  extraordinary  Hall  coefficients  of  these  materials 
do  nol  generally  exhibit  the  resistivity  dependence  pre¬ 
dicted  by  Kxrplua-  Lultlnger  theory,  but  they  do  suggest 
that  the  essential  features  of  the  theory  are  probably 
correct.  The  extraordinary  Hall  coefficients  of  Fe304 
and  (NIO)  7$(FsO)  jjfFejOj)  b*lwecn  ‘  l0°*  *** 

their  Curie  temperatures  Indicate  no  resistivity  depend¬ 
ence,  and  their  magnitude,  temperature  dependence,  and 
sign  reversal  have  nol  been  explained.  Auxiliary  meas¬ 
urements  of  resistivity  as  a  function  of  temperature,  for 
all  samples,  and  the  thermoelectric  power  of  Fe304 
against  Cu  are  also  reported.  (Contractor’s  abstract) 
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Harvard  U.  Cruft  Lab. ,  Cambridge,  Maas. 

FERROMAGNETIC  RESONANCE  ABSORPTION  IN  A 
NICKEL  SINGLE  CRYSTAL  AT  LOW  TEMPERATURES, 
by  K.  H.  ftetch.  Mar.  15,  1956,  4p.  tncl.  table,  refs. 
(Technical  rept.  no.  244)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [  Air  Force  Of¬ 
fice  of  Scientific  Research  1  under  N5orl-7601; 
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continued  by  Nonr- 18661 6)  AD  98094  Unclassttled 

The  g-vai  and  line  wtdth  of  the  ferromagnettc  reso¬ 
nance  la  .  tckel  ts  found  to  be  the  same  at  4  “  K  as  at 
room  temperature.  A  small  effect  due  to  Inhomogene¬ 
ous  magnetlzatton  tn  the  skin  depth,  predtcted  by  Kittel 
and  Herring,  has  been  observed.  Values  for  the  aniso¬ 
tropy  constants  at  4.  2°K  are  Kj  =  -8.  3  x  10^  ergs/cm3, 
K2  -  -1. 4  x  105  ergs/cm3.  (Contractor's  abstract) 
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Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass 

ON  HIGH  ENERGY  POTENTIAL  SCATTERING  I,  by 
T.  T.  Wu.  May  10,  1956,  12p.  (Technical  rept.  no. 
246)  (Sponsored  jotntly  by  Office  of  Naval  Research, 
Signal  Corps,  and[  Atr  Force  Office  of  Scientific  Re¬ 
search]  under  Nonr-186616)  AD  98092 

Unclasstfted 
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Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

NUCLEAR  INDUCTION  SPECTROMETER  FOR  USE  AT 
HIGH  rf  INTENSITIES  AND  LOW  TEMPERATURES,  by 
A.  G.  Redfleld.  Apr.  1956  [3]p.  lnci.  Ulus.  (Tech¬ 
nical  rept.  no.  239)  (Sponsored  jointly  by  Offtce  of 
Naval  Research,  Signal  Corps,  and.  f  Air  Force  Offtce 
of  SctenUftc  Research]  under  [Nonr-186616] ;  continu¬ 
ation  of  N5ort-  7601  and  -7628)  AD  101010 

Unclassified 

Also  published  In  Rev.  Sclent.  Instruments,  v.  27:  230- 
232,  Apr.  1956. 

A  nuclear  induction  spectrometer  for  the  measurement 
of  short  relaxation  times  and  the  study  of  saturation  and 
related  phenomena  Is  described.  Radio-frequency  Inten¬ 
sities  of  up  to  10  gauss  are  attainable  from  four  to  ten 
megacycles.  Novel  features  of  the  apparatus  are  an  rf 
'it  ad  f.r  ate  in  a  liquid  helium  tryeflM,  tran*  inttier  jut 
put  level  stabilization  circuit,  and  a  calibration  ctrcult 
for  comparing  the  tntenslty  of  the  absorption  at  different 
rf  levels.  (Contractor's  abstract) 


HAR.  03:002 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

THE  ELECTROLYTIC  TANK  DK.3GN  AND  m'UfA- 
TIONS,  by  P.  A.  Kennedy  and  G.  Kent.  May  1,  1956 
[  48  p.  lnci.  Ulus,  dlagrs.  (Technical  rept.  no.  214) 
(Sponsored  Jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  Air  Forte  OHVte  ul  StlenlHK  Research . 
under  Nonr-186616)  AD  98096  Unclassified 

The  theory  of  the  electrolytic  tank  analogue  as  a  device 
for  Ihe  solution  of  potential  problems  Is  reviewed,  and 
some  of  the  more  Important  applications  are  discussed. 
The  mechanical  requirements  of  an  electrolytic  lank  de¬ 
sign  are  stated.  A  description  of  the  Harvard  tank  Is 
given.  Indicating  how  these  problems  were  met.  The 
figure  of  mechanical  uncertainty  for  the  Harvard  tank  Is 
estimated  to  be  .  01  Inch.  A  discussion  of  experimental 
error  In  tank  measurements  covers  problems  of  electrode 
and  electrolyte  materials  as  well  as  difficulties  resulting 
front  surface  tension.  Control  experiments  for  deter¬ 
mining  the  accuracy  of  level  and  tilled  tank  measurements 
are  described,  and  the  results  presented.  Although  high 
accuracy  Is  possible  In  the  level  tank,  only  great  care 
can  produce  results  tn  the  tilted  tank  which  are  reliable 
to  within  three  per  cent.  (Contractor’s  abstract) 


Asymptottcally  tn  the  ltmtt  of  high  energies,  successive 
approximations  are  obtatned  for  the  problem  of  potential 
scattering  where  the  total  phase  shift  through  the  poten- 
Ual  Is  not  small.  Only  the  Schrodlnger  wave  equation  Is 
treated.  The  method  consists  of  first  applytng  the  sta¬ 
tionary-phase  approximation  to  the  tntegral  equation 
and  then  solvtng  the  resulting  equation  by  iteration. 
(Contractor's  abstract) 


HAR.  03:004 

Fcrvird  U  Cruft  t.ib  ,  Cambridge,  Mass. 

HIGH-FREQUENCY  SCATTERING,  by  T.  T.  Wu.  May 
25,  1956  [  49  J  p.  lnci.  dlagrs.  refs.  (Technical  rept. 
no.  232)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [  Air  Force  Office  of  Scientific  Re¬ 
search.!  under  Nonr-186616)  AD  98093 

Unc  lassified 

Also  pafcUsbed  li.  ibys  Rev.,  ■*.  M*:  Ufllllll, 

Dec.  1,  1956. 

In  recent  years,  there  has  been  a  revival  of  Interest  In 
the  phenomena  of  scattering  at  high  frequencies.  The 
simplest  problems  of  this  sort  are  treated  here,  where 
the  obstacle  is  either  a  circular  cyltnder  or  a  sphere. 

The  treatment  Is  limited  to  the  total  scattering  cross 
sections,  even  though  the  method  ts  by  no  means  re¬ 
stricted  In  this  way.  The  specific  problems  treated 
here  Include  the  scattering  of  a  {Jane  eterlrt-magnrUr 
wave  by  a  perfectly  conducting  circular  cylinder  (two 
possible  polarizations)  or  a  perfectly  conducting  sphere, 
the  acoustic  scattering  by  a  rigid  sphere,  and  the 
quantum  n^chanicat  altering  by  an  li..yeii*H»Uv 
sphere.  By  considering  the  creeping  waves  as  defined 
on  the  universal  covering  space,  the  scattering  cross 
sections  of  a  circular  cylinder  may  be  expressed  by 
asymptotic  expansions  for  vanishingly  small  wavelengths. 
Analogous  calculations  yield  the  corresponding  results 
for  a  sphere.  It  turns  out,  as  expected,  that  the  re¬ 
sulting  expressions  are  accurate  even  for  fairly  large 
wavelengths.  The  numerical  results  are  summarized 
In  Section  7.  In  conclusion,  the  application  of  the  ineth 
ud  to  the  determination  of  the  approximate  current  dis¬ 
tribution  on  the  obstacle  Is  considered  briefly:  also 
some  generalizations  about  the  scattering  cross  section 
are  conjectured.  (Contractor's  abstract) 
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HAR.  03:005 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

ON  THE  THEORY  OF  RELAXATION  PROCESSES,  by 
A.  G.  Redfield.  June  25,  1956,  rev.  Aug.  17,1956  [l3jp. 
rels.  (Technical  rept.  no.  240)  (Sponsored  jointly  b> 
Office  of  Naval  Research,  Signal  Corps,  and  [Air  Force 
Office  of  Scientific  Research]  under  [Nonr-186616]) 

AD  120545  Unclassified 

Also  published  In  IBM  Jour.  Research  and  Development, 
v.  1.  19-31,  Jan.  1957. 

A  general  procedure  Is  given  for  ftndlng  the  equation  of 
motion  of  the  density  matrix  of  a  system  in  contact  with 
a  thermal  bath,  as  for  example  a  nuclear  spin  system 
weakly  coupled  to  a  crystal  lattice.  The  thermal  bath  Is 
treated  both  classically  and  quantum  mechanically,  and 
the  theory  Is  similar  to,  and  a  generalization  of,  con¬ 
ventional  theories  of  time  proportional  transition  proba¬ 
bilities.  Relaxation  of  the  system  by  the  thermal  bath 
is  expressed  by  a  linear  matrix  operator,  and  It  Is 
stressed  that  elements  of  this  operator  can  be  regarded 
as  secular  or  nonsecular  perturbations  on  the  equation 
ol  motion  and  can  be  treated  accordingly.  When  the  mo¬ 
tion  of  the  system  Is  slow  compared  to  that  of  the  ther¬ 
mal  bath,  the  equation  ol  motion  can  be  expressed  in  an 
operator  form  which  Is  Independent  ol  representation. 

If  the  system  has  a  time-dependent  Hamiltonian  which 
varies  slowly  compared  to  the  motion  of  the  thermal 
bath,  the  same  equation  ol  motion  Is  obeyed  and  the  sys¬ 
tem  Is  relaxed  by  the  bath  toward  a  Boltzmann  distribu¬ 
tion  with  respect  to  Its  Instantaneous  Hamiltonian.  If 
the  time  variation  of  the  Hamiltonian  Is  more  rapid, 
higher  order  corrections  to  the  equation  of  motion  mus’. 
be  applied.  The  theory  Is  applied  to  spin- lattice  relax¬ 
ation  ol  a  coupled  nuclear  spin  system  In  a  metal,  for 
arbitrary  externally  applied  llxed  magnetic  field. 
(Contractor's  abstract) 


HAR.  03:006 

Harvard  U.  Crult  Lab.  Cambridge,  Mass. 

SPECIFIC  HEAT  OF  A  MAGNETITE  CRYSTAL  AT 
LIQUID  HELIUM  TEMPERATURES,  by  J.  S.  Kouvel. 
[1956  [2jp.  tncl.  dlagr.  (Sponsored  jointly  by  Office 

of  Naval  Research,  Signal  Corps,  and  1  Air  Force  Olflce 
of  Scientific  Research  under  Nonr-186616  ) 

Unclassllled 

Published  In  l‘hvs.  ltev.,  v.  102:  1489  1490,  June  15, 
t'J56. 

The  heat  capacity  of  a  large  natural  crystal  of  magnetite 
was  measured  between  1.  8  and  4.  2VK  7'he  specific 
heat,  as  a  lunctlon  of  temperature,  Is  resolved  tnto  two 
parts:  a  T2  term  that  pre»L  nably  ts  the  lattice  heat, 
and  a  T3  2  term  'hat  may  be  tdenttlted  as  a  spin-wav' 
contribution  to  the  specific  heat.  (Contractor's  abstract) 


HAR.  03:007 

Harvard  U.  Cruit  Lab. ,  Cambridge,  Mass. 

THE  APPROXIMATE  PARAMETERS  OF  SLOT  UNES 
AND  THEIR  COMPLEMENT,  by  G.  H.  Owyang  and  T. 

T.  Wu.  July  5,  1956,  20p.  incl.  dlagrs.  (Technical 
rept.  no.  247)  (Sponsored  jointly  by  Office  of  Naval 
Research,  Signal  Corps,  and  [  Air  Force  Office  of 
Scientific  Research]  under  Nonr-186616)  AD  116143 

Unclassified 

An  approximate  attenuation  coefficient  due  to  ohmic  loss 
Is  derived  for  both  parallel  slots  and  parallel  strip  lines. 
The  capacitance  per  unit  length,  as  well  as  the  Induct¬ 
ance  per  unit  length  of  the  lines  are  also  obtained.  The 
properties  of  a  transmission  line  Immersed  In  a  loss¬ 
less  dielectric  are  thus  completely  determined.  The 
attenuation  coefficient  due  to  lossy  dielectric  may  be 
approximated  by  similar  procedure.  (Contractor's  ab¬ 
stract) 


HAR.  03:008 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

PROPOSAL  FOR  A  NEW  TYPE  SOLID-STATE  MASER, 
by  N.  Bloembergen.  July  5,  1956,  4p.  Incl.  rets. 
(Technical  rept.  no.  254)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  Air  Force  Office 
of  Scientific  Research  under  Nonr-186616)  AD  118573 

Unclassified 

Also  Published  In  Phvs.  Rev.,  v.  104  :  324-327,  Oct.  15, 
1956. 

The  Overhauser  ellecl  may  be  used  In  the  spin  multlplet 
of  certain  paramagnetic  Ions  to  obtain  a  negative  absorp¬ 
tion  or  stimulated  emission  at  microwave  frequencies. 
The  use  of  nickel  fluoslllcate  or  gadolinium  ethyl  sulfate 
at  liquid  helium  temperature  Is  suggested  to  obtain  a 
low  noise  microwave  amplifier  or  frequency  converter. 
The  operation  of  a  solid  state  maser  based  on  this  prin¬ 
ciple  Is  discussed.  (Contractor’s  abstract) 


HAR.  03:009 

Harvard  U.  Cruft  Lab.,  Cambridge,  Mass. 

THE  DEPENDENCE  OF  THE  PURE  QUADUUPOLE 
RESONANCE  FREQUENCY  ON  PRESSURE  AND  TEM¬ 
PERATURE,  by  T.  Kushlda,  G.  B.  Benedek,  and  N. 
Bloembergen.  Aug.  10,  1956  [48]p.  Incl.  dlagrs. 
tables,  rels.  (Technical  rept.  no.  250)  (Sponsored 
jotntly  by  Office  of  Naval  Research,  Signal  Corps,  and 
Air  Force  Office  ol  Scientlllc  Research  j  under  Nonr- 
186616)  AD  108262  Unclassified 

Also  rallitsheiln  Phys.  Rev.,  v.  104:  1364  1377,  Dec. 
1,  1956. 

Measurements  of  the  pure  quadrupole  resonance  fre¬ 
quency  (  v)  of  the  Cu63  nucleus  tn  cuprous  oxide,  and  the 
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nucleus  tn  potassium  chlorate  and  paradlchloro- 
benzene  have  been  made  as  a  function  of  pressure  In  the 
range  1  to  10, 000  kg/cm?  for  temperatures  between 
-7/*C  and  100*C.  A  theory  Is  presented  In  which  the 
static  value  of  the  electric  field  gradient  tensor  (dy)  and 
the  amplitudes  f;  £  of  the  normal  modes  of  the  lattice 
vlbrattons  play  a  central  role.  The  volume  dependence 
of  these  quantities  can  be  deduced  from  v -versus- v 
volume  Isotherms  which  are  constructed  from  the  ex¬ 
perimental  data  by  using  the  equation  of  state.  Informa¬ 
tion  on  the  latter  is  augmented  by  theory.  It  ts  found 
that  the  temperature  variation  of  the  resonance  frequen¬ 
cy  at  atmospheric  pressure  can  be  understood  by  con¬ 
sidering  not  only  the  expUctt  temperature  dependence 
of  the  vibration  amplitudes,  but  also  by  Including  the 
appreciable  effects  of  the  volume  expansion  on  q  and 
£°.  Furthermore,  the  pressure  dependence  Is  found  to 

be  explicable  tn  terms  of  the  volume  dependence  of  q0 
and  .  In  Cu^O,  tt  ts  found  that  qo  depends  on  vol¬ 
ume  roughly  as  V'1,  thereby  Indicating  an  tonic  charac¬ 
ter  for  this  crystal.  On  the  other  hand,  In  paradlchloro- 
benzene,  qoacVn,  with  0  <  n  <  .04,  thus  exhibiting  the 
effect  of  an  Increase  tn  the  lntermolecular  hybridization 
of  the  C-Cl  covalent  bond.  (Contractor's  abstract) 


HAR.  03:010 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

SPIN  RELAXATION  PROCESSES  IN  A  TWO- PROTON 
SYSTEM,  by  N.  Bloembergen.  Aug.  10,  1958,  19p. 
lncl.  refs.  (Technical  rept.  no.  249)  (Sponsored  jointly 
by  Office  of  Naval  Research,  Signal  Corps,  and  (Air 
Force  Office  of  Scientific  Research]  under  Nonr- 186618) 
AD  10888F  Unclassified 

Also  published  In  Phys.  Rev.,  v.  104:  1542-1347,  Dec. 

15,  1956. 

The  genera'  theory  of  nuclear  spin  relaxation,  based  on 
the  Boltzmann  transport  equation  for  the  density  matrix, 
ts  applied  to  the  very  almple,  non- trivial  system  of  two 
identical  spins  1  -  1/2.  A  proton  pair  undergoing  hindered 
rotation  around  one  axis  shows  a  resolvable  doublet. 

The  relaxation  processes  In  this  doublet  are  Investigated. 
ExpUctt  formulae  for  the  longitudinal  and  transverse  re- 
laxaUon  Umes  are  derived,  which  display  a  dependence 
on  the  angles  of  the  ails  of  rotation  with  the  external 
magneUc  field  and  the  radius  vector.  Experiments'  evi¬ 
dence  for  this  dependence  ts  discussed.  General  egres¬ 
sions  for  the  Overhauser  and  saturaUot.  effects  wit':  two 
applied  radiofrequency  fields  are  given,  which  nr’.y  also 
be  applied  to  a  magnetic  ton  or  nucleus  with  1  t  and 
crystalline  field  splitting.  (Contractor's  abstract) 


HAll.  03:011 

Harvard  L'.  Cruft  Lab. ,  Cambridge,  Mass. 

F  UAND  OSCILLATOR  STRENGTH  DETERMINATION 
IN  NaCl  AND  KC1,  by  11.  H.  SUsbee.  Sept.  1956  (  7  .  p. 
tncl.  dlagrs  table,  refs.  (Technical  rept.  no.  252) 


(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Sctentlfic  Research] 
under  [  Nonr-186616] )  AD  115935  Unclassified 

Also  nubUahed  In  Phva.  Rev.,  v.  103:  1675-1681, 

Sept.  15,  1956. 

The  F-band  oscillator  strengths  tn  an  x-lrradlated  NaCl 
crystal  and  an  x-trra'lated  and  an  addtUvely  colored 
KC1  crystal  have  been  determined  by  a  new  method.  The 
denstty  of  centers  ts  determined  by  measuring  the  in¬ 
tensity  of  the  paramagnetic  resonance  of  the  centers. 
Expressing  the  results  In  the  usual  way,  using 
Smakuta’s  equaUon,  gives  f  *  0. 87  for  NaCi  and  f  * 

0.  85  for  KC1.  Some  of  the  assumptions  Involved  In  the 
use  of  Smakula’s  equation  are  criticized.  (Contractor’s 
abstract) 


HAR.  03:012 

Harvard  U.  Cruft  Lab. ,  Cambridge,  Mass. 

THEORY  OF  THE  MICROSTRIP,  by  T.  T.  Wu.  Oct.  10, 
1956,  7p.  lncl.  dlagrs.  (Technical  rept.  no.  248) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [  Air  Force  Office  of  Scientific  Research] 
under  Nonr-186616)  AD  118572  Unclassified 

An  Iteret've  procedure  Is  proposed  for  finding  the  cur¬ 
rent  distribution,  and  thus  the  electromagnetic  field,  of 
the  lowest  mode  of  the  mlcrostrlp  transmission  Une. 

This  Une  consists  of  a  thin  metalUc  strip  pasted  on  a 
dielectric  layer  which  Is  In  turn  a  coaling  on  a  ground 
plane.  Each  lleraUon  Involves  solving  2  electrostaUc 
problems.  Exact  coupled  Integral  equaUons  are  set  up 
for  the  2  components  of  the  current  density,  and  approx- 
ImaUons  are  made  tn  their  kernels.  The  analysis  Is  not 
rlgorus,  but  It  Is  valid  If  the  strip  Is  not  too  wide  and 
the  dielectric  sheet  not  loo  thick.  (ASTLA  abstract) 


HAR.  03:013 

Harvard  U.  Crufl  Lab. ,  Cambridge,  Mass. 

A  PRECISE  NUCLEAR  RESONANCE  THERMOMETER, 
by  G.  B.  Benedek  and  T.  Kushlda.  Nov.  5,  1956,  8p. 
lncl.  dlagrs.  refs.  (Technical  rept.  no.  253)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  Signal  Corps, 
and  [  Air  Force  Office  of  Scientific  Research  i  under 
Nonr  186616)  AD  118571  Unclassified 

Also  published  In  .lev.  Sclent.  Instruments,  v.  28:  92 
95,  Feb.  1957. 

The  properties  of  a  thermometer  based  upon  the  ten. 
peralure  variation  of  the  pure  quad ru pole  resonance 
frequency  (  v„)  of  the  Cl3*  nucleus  tn  granular  HClOj 
has  been  Investigated.  In  the  range — 10*K  T  31/1“ 
K,  the  thermometer  has  a  very  high  sensitivity,  being 
better  than  i  0.002“  at  273“K  and  *  0.004“  at  77“K. 
The  accuracy  at  20“K  ts  esttmited  as  at  least  »  0.02* 
The  thermo'i  tt;r  Is  exactly  reproducible  U  care  Is 
taken  that  the  KClOj  Is  of  high  chemical  purtty.  No 
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hysteresis  effects  were  observed.  Establishment  of  the 
thermometer  requires  a  st  .ijle  precise  determination  of 
vo  vs  temperature  curve  using  the  fundamental  tempera¬ 
ture  standards  to  measure  die  temperature.  (Contract¬ 
or’s  abstract) 


HAR.  04:001 

Harvard  U.  [Dept,  of  Mathematics]  Cambridge,  Mass. 

ON  APPROXIMATION  BY  RATIONAL  FUNCTIONS  AND 
BY  BOUNDED  ANALYTIC  FUNCTIONS,  by  J.  L.  Walsh. 
Sept.  1955,  17p.  ([  AF  )OSR-TN-bl-340)  (AF  18(600) 
998)  AD  73278)  Unclassified 

Also  published  in  Ann.  Math.  Pura  Appl. ,  v.  39:  267- 
277,  1955. 

A  sertes  of  Interpolation  ts  defined  and  studied  which 
ts  a  natural  generalization  of  Taylor’s  series  and  which 
concerns  a  relatively  general  kind  of  multiply-connected 
region.  A  conformal  transformation  ts  used  to  obtain 
results  on  approximation  tn  an  arbitrary  multiply  con¬ 
nected  region  by  bounded  analytic  functions.  ( ASTIA 
abstract) 


HAR.  04:002 

[  Harvard  U.  Dept,  of  Mathematics,  Cambridge,  Mass.  ] 

[  ON  APPROXIMATION  BY  BOUNDED  ANALYTIC 
FUNCTIONS]  Sur  l'approxlmatlon  par  foncttons  analy- 
tlques  borndes,  by  J.  L.  Watsh.  [  1954]  [  3  ]  p. 

[AF  18(600)998  ]  Unclassified 

Published  in  Compt.  Rend,  des  Stances  Acad,  des 
Sctences,  v.  239:  1339-1341,  Nov.  22,  1954. 

Previous  results  of  the  author  on  the  degree  of  approxi¬ 
mation  by  bounded  analytic  functions,  wtth  respect  to 
domains  of  anatytictty,  can  be  made  prectse  by  consid¬ 
ering  thetr  behavtor  on  the  boundary. 


HAR.  04:003 

[  Harvard  U.  Dept  of  Mathematics,  Cambridge,  Mass.  ] 

I  ON  THE  CONFORMAL  REPRESENTATION  OF  MULTI 
Pl.E  CONNECTED  REGIONS]  Sur  la  representation  con 
forme  des  alres  muttlptement  connexes,  by  J.  L.  Walsh. 
[  1954]  l  3  ] p.  [  AF  18(600)998]  Unclassified 

I’yblt she<J  In  Compt.  Rend,  des  Seances  Acad,  des 
Sctences,  v.  239:  1572  t574,  Dec.  8.  1954. 

A  connected  region  bounded  by  disjoint  Jordan  curves 
admits  a  ht equivalent  conformal  representation  on  an 
area  tlnitted  by  the  tnequatlttes  m  |  S(Z)  ]  <  M,  SjZ) 
being  the  characteristic  form  of  a  rational  function  ex¬ 
cept  that  the  ttnear  factors  can  be  Irrational. 


HAR.  04:004 

Harvard  U.  [  Dept,  of  Mathematics  1  Cambridge,  Mass. 

DETERMINATION  OF  AN  ANALYTIC  FUNCTION  BY 
ITS  VALUES  OVEN  IN  A  COUNTABLE  INFINITY  OF 
PCX  NTS,  by  J.  L.  Walsh.  Sept.  1955,  22p.  refs. 
([AF]OSR-TN- 55-269)  (AF  18(600)998)  AD  73277 

Unclassified 

Also  published  In  Bull.  Soc.  Math.  Belgique,  1954, 
p.  52-70  (1955). 

A  necessary  and  sufficient  condition  for  the  existence  of 
an  analytic  function  f(z)  of  bounded  norm  is  derived  for 
a  given  multiply -connected  region  D  of  the  z-plane, 
where  a  j,  a 2,  ...  are  given  points  of  D  and  values 
W],  w2,  ...  are  prescribed  wtth  f(ak)  =  wk  for  k  =  1, 

2,  ....  The  principal  result  ts  given  by  the  following 
theorem:  let  f(z)~c j ^j(z)  +  c2+2(z)  +  •  •  •  >  whose 
coefficients  are  calculated  by  cn  =  (f,  yn)  and  f(ak)  = 
wg,  k  =  1,  2,  . . . ;  a  necessary  and  sufficient  condition 
that  there  exist  a  function  f(z)  of  class  H  such  that 

J  J  |f(z)|J  dS  exists  and  which  satisfies  f(ak)  =  wk, 

®  oj  2 

k=  1,  2,  ...  ts  the  convergence  of  the  sertes  £lcnl. 

The  ^n(z)  are  normalized  functions  of  v  n(z)  which  Is  a 
unique  function  tn  H;  among  all  functions  f(z)  tn  H  satis¬ 
fying  f(a  ,)  =  f(Qj),  ...  =  f(a  ,)  =  0,  f(a  )  =  1,  this 
unique  function  possesses  the  least  norm.  If  the  con¬ 
vergence  of  ?  |  f*  ts  satisfted,  the  sertes 

f(z)  Cj^Tjfz)*  Cji  2(Z)  ♦  ...  converges  tn  the  mean  tn 
D  to  the  function  of  class  H  of  minimum  norm  which 
satisfies  f(ak)  =  wk,  ts  1,  2 .  (ASTIA  abstract) 


HAR.  04:005 

Harvard  U.  [Dept,  of  Mathematics]  Cambridge,  Mass. 

ON  THE  CONFORMAL  MAPPING  OF  MULTIPLY  CON¬ 
NECTED  REGIONS,  by  J.  L.  Walsh.  Oct.  '5[33]p. 
refs.  ([  AF  iOSR-TN-55-391)  (AF  18(600 
AD  102141  Unclassified 

Also  published  In  Trans.  Amer.  Math.  Soc.,  v.  82: 

126  146,  May  1956. 

Proofs  are  presented  for  the  following  theorem: 
Theorem  1:  Let  D  be  a  region  of  the  extended  z-plane 
whose  boundary  consists  of  mutually  disjoint  Jordan 

curves  Bp  Bj,  ....  Bu;  C,,  Cj . C».  There 

exists  a  conformal  map  of  Donto  a  region  . .  of  the  ex¬ 
tended  Z-plane,  1:1  and  continuous  tn  the  closures  of 
the  2  regions,  where  t  Is  defined  by  t  <  |T{ Z) I  ’e*/ l, 

A(Z-a.)Mt(Z-a2)MJ. .  .(Z-au)Mu 

T(Z)  a  - - - - - ,  .  M,  =  .  N.  =•  1, 

(Z  b,)Ni(z-b2)Na.  ..(Z  bv)Na 
i  ■*  0.  The  exponents  Mj  and  Nj  are  post  live  but  need 
not  be  rational.  The  locus  |  Tn(Z)i  -  l  constats  of  u 
mutually  disjoint  Jordan  curves,  respective  images  of 
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the  Bj,  which  separate  L  from  the  aj;  the  locus 
|Tn(Z)|  =  e'/T  consists  of  v  mutually  dtsjotnt  Jordan 
curves,  respective  Images  of  the  Cj,  whtch  separate 
from  the  bj.  A  Umttlng  case  of  the  theorem  ts  also 
established,  and  proofs  are  presented  that  the  maps 
given  by  the  theorems  are  uniquely  determined  except 
for  a  posstble  ltnear  transformation.  (ASTIA  abstract) 


HAR.  04.006 

[  Harvard  U.  Dept,  of  Mathematics,  Cambridge,  Mass.  J 

LEAST  pTH  POWER  POLYNOMIALS  ON  A  REAL 
FINITE  POINT  SET,  by  T.  S.  Motzkln  and  J.  L.  Walsh. 

[  1 955  J  [  1 4  J  p.  tncl.  refs.  [  fn  cooperatton  with  Cali¬ 
fornia  U. ,  Los  Angeles]  (Sponsored  jointly  by  (  Naltonal 
Bureau  of  Standards,  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  [  AF  1 8(600) - 
998  J )  Unclassified 

Published  In  Trans.  Amer.  Math.  Soc.,  v.  78:  67-81, 
Jan.  1955. 

The  authors  consider  polynomials  Tnt  j(z)  znt  1 
nil  n+  1  -  r 

+  v  brz  which  minimize  a  deviation  from  zero 

‘t 

of  the  form  (lTn,  j(Zj)I,  ....  Tn>  ,(z  )|)  and  the  zk 
form  a  ftnlte  real  potnt  set  E;  In  most  of  the  cases  the 
Tnt  j  are  not  unique.  For  a  general  class  of  h,  between 
two  zeros  of  a  Tnf  j  lies  a  point  of  E;  numerous  other 
properties  are  proved.  In  the  case  '  i  ‘f'U|t!Tn*  l^k'l* 
ufc  >  0,  the  totality  of  Tnt  t  form  a  convex  set  generated 
by  basic  polynomials  having  their  zeros  at  potnts  of  E; 
the  set  of  Tm.  j  can  be  found  explicitly,  even  If  E  Is  not 
real,  ff  5  =  V.  Uk !  T,  _  i(zk)  I  p,  p  >  t ,  a  separation  prop¬ 
erty  holds  for  the  zeros  of  Tn,  T„_  j.  Other  results 
connect  best  approximations  wtth  Interpolation,  cover¬ 
ing  also  cases  of  approximation  by  families  of  functtons 
more  general  than  polynomials.  (Math.  Rev.  abstract) 


HAR.  04:007 

1  Harvard  U.  Dept,  of  Mathematics,  Cambridge,  Mass.  ] 

THE  LEAST  pTH  POWER  POLYNOMIALS  ON  A  FfNITr 
POINT  SET,  by  T.  S.  Motzlcln  and  J.  L.  Walsh.  [  July 
28,  1 955  J  [  26 .  p.  (tn  cooperation  with  California  U. , 
Los  Angeles)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Office  of  Ordnance  Research  and  Atr  Force  Of¬ 
fice  of  Sclenttflc  Research  under  AF  18(600)998  ) 

AU  t34807  Unclasslfted 

Also  published  In  Trans.  Amer.  Math.  Soc.,  v.  83: 

37 1  -396,  Nov.  1956. 

Let  E.(Zj,  ....  z[n)  be  a  set  of  points  of  the  complex 
plane,  and  let  . an)  be  positive.  The  first 

section  of  this  paper  Is  devoted  lo  the  explicit  determl 
nation  of  polynomials  Tm  j(z)  zm  1  *  ...  minimizing 
n-  p 

'  '  ..  «k  Having  previously  same 


Trans.  78  (1955),  67 - 8t ;  MR  16,  585  I  solved  the  case 
p  =  1,  they  treat  separately  the  cases  p  >  1  and  0  < 
p  <  1,  with  uniqueness  for  p  >  t.  §  f  2-3  deal  mainly 
wllh  the  distribution  of  the  zeros  of  Tn(z)  minimizing 
more  general  deviations  (cf.  the  previously  cited  paper 
and  also  L.  Fej^r,  Math.  Ann.,  v.  85.  41-48  (1922)); 
one  such  result  concerns  the  separation  of  E  by  an 
arbitrary  equilateral  hyperbola  with  the  join  of  two 
zeros  as  diameter.  §4  deals  with  the  effect  on  the 
Tn(z),  for  the  deviation^),  of  adding  points  to  E  or  re¬ 
moving  them;  under  various  conditions  the  same  Tn(z) 
may  be  extremal  for  the  modified  set,  or  may  be  so 
after  the  addition  or  removal  ol  factors.  fn§  5  the  aim 
Is  to  characterize  the  set  o.‘  Tn  for  deviation  (•),  where 
E  (now  real)  Is  fixed  bul  not  the  ng;  for  0  <  p  <  t  and 
n  <  m  they  are  the  polynomials  of  the  above  form  whtch 
vanish  In  n  points  of  E;  for  p  >  1  they  are  the  polyno¬ 
mials  whose  zeros  are  simple,  lte  In  the  smallest 
closed  Interval  containing  E,  and  separate  strongly  a 
set  of  n  ♦  1  points  of  E  on  which  Tn  jt  0,  while  for  p  = 

1  the  set  of  Tn  can  be  Identified  with  two  other  sets. 

§6  gives  certatn  consequences  of  the  orthogonaltty  con¬ 
dition  appropriate  to  (•)  for  p  >  1.  Ftnally  §  7  deals 
with  best  approximation  to  a  continuous  f(z)  over  a 
closed  bounded  set  E  containing  Infinitely  many  potnts 
hy  means  of  a  polynomial  p(z)  of  a  fixed  degree,  ft  Is 
shown  that  the  polynomials  pit(z)  corresponding  to  a 
suitable  sequence  of  finite  point  sels  Ek  converge  to 
p(z),  using  the  deviation  max  ! j..)(f(z)  -  P(z))l  .  The 
same  holds  for  the  deviation  corresponding  to  (•)  If 
p  >  1,  while  for  0  <  p  <"  1  result  is  qualified  on  account 
of  nonuniqueness.  (Math.  Rev.  abstract) 


HAR.  04:008 

Harvard  U.  [  Dept,  of  Mathematlrsj  Cambridge,  Mass. 

ON  RESTRICTED  INFRA  POLYNOMIALS,  by  M.  Fekete 
and  J.  L.  Walsn.  June  1956,  31p.  refs.  (AFOSR-TN- 
56-263)  (AF  18(600)998)  AD  88983  Unclassified 

Also  published  In  Jour.  Analyse  Math.  (Jerusalem), 
v.  5:  47-76,  1956/57. 

Polynomials  An(z;  vj,  . . .,  N;  S)  minimizing  a  given 
monotonic  norm  N[  An(z),  S  on  a  given  compact  point 
set  S  among  all  An(z)  =  z"  .  alnin  t  ,  ,  ajnzn-j 

*  •  •  *  ann  wllh  prescribed  values  vj  for  ajn,  1  <_  j  •_  k 

L  n-1  have  at  most  k  zeros  exterior  to  the  Inflated  con¬ 
vex  hull  H|j(S)  of  order  k  of  S.  This  geometric  property 
Is  shared  by  all  nth  degree  tnfrapolynomlals  A  ( z)  on  S 
subject  to  the  resirictlon  aJn  y  ..  t-ocating  the  zeros 
relative  to  5  Is  made  more  precise  If  this  set  and  the 
polynomials  exhtblt  common  symmetry  properties.  This 
geometry  of  the  zeros  Is  linked  with  the  analytic  (s:-uc- 
lure)  properties  of  the  polynomials  considered.  (Con¬ 
tractor’s  ahstract) 

HAlt.  04:909 

Harvard  U  Dept,  of  Mathematics  Cambridge,  Mass 
UNDER  POLYNOMIAL)  AND  IN  FRA  POLYNOMIALS.  by 
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T.  S.  Motzkin  and  J.  L.  Walsh.  Technical  rept.  July 
13,  1956,  32p.  (AFOSR-TN-56-359)  (Sponsored  jointly 
by  Ofllce  ol  Naval  Research,  Office  of  Ordnance  Re¬ 
search,  and  Air  Force  Oflloe  of  Scientific  Research  un¬ 
der  AF  18(600)998)  AD  95445  Unclassified 


Also  published  In  ill.  Jour.  Math.,  v.  1:406-426, 
Sept.  1957. 


The  properties  of  the  class  of  Infrapolynomials  of  given 
degrees  on  a  bounded  set  are  ln/estlgated,  Including 
those  which  have  zeros  on  the  given  point  set.  In  §  1 
the  relation  of  |g(z)l  <  f(z)|  on  E  where  f(z)  ^  0  to  the 
Inequality  |  g(z)|  <_  f(z)|on  E.  §  2  and  3  show  that  the 
class  of  Infrapolynomials  on  a  closed  bounded  set  E  Is 
closed  and  connected.  §4  studies  some  special  proper¬ 
ties  and  §  5,  the  finite  generation  (on  finite  subsets  of  E) 
of  such  polynomials.  Convexity  of  the  class  Is  proved 
whenever  It  exists  In  §6,  and  factorization  Is  discussed 
In  §7.  lnfrapolynomlals  on  a  real  set  have  special 
properties  of  separation  §8,  analogous  to  those  previous¬ 
ly  established  for  a  Unite  set  and  of  finite  generation. 


HAR.  04:010 


Harvard  U.  [  Dept,  of  Mathematics  ,  Cambridge,  Mass. 


ON  APPROXIMATION  BY  BOUNDED  ANALYTIC  FUNC¬ 
TIONS,  by  J.  L.  Walsh.  Sept.  1956,  30p.  refs. 
(AI'OSR-TN-56-440)  (AF  18(600)998)  AD  96783 

Unclassified 


Recently  proved  results  on  conformal  mapping  (Trans. 
Amcr.  Math.  Soc.,  v.  82:128-146,  195f)  and  on  series 
ol  Interpolation  ol  rational  functions  permit  the  study  of 
problem  tn  the  subject  of  the  title.  A  function  f(z) 
analytic  In  a  regtor.  D  bounded  by  Jordan  curves  Is  ap¬ 
proximated  on  a  portion  B  of  the  boundary  of  D  by  func¬ 
tions  l„(z)  analytic,  and  In  modulus  not  greater  than  Mn 
In  D.  Degree  of  convergence  on  B  In  terms  of  Mn  Is 
Investigated,  depending  not  merely  on  regions  of  analy- 
tlclty  ol  f(z),  but  also  on.  the  continuity  properties 
(Lipschltz  conditions,  etc. )  of  f(z)  on  the  boundaries  of 
such  regions.  (Contractor's  abstract) 


HAR.  04:011 


Harvard  U.  .Dept,  of  Mathematics  .  Cambridge,  Mass. 


NOTE  ON  DEGREE  OF  APPROXIMATION  TO  ANALYTIC 
FUNCTIONS  BY  RATIONAL  FUNCTIONS  WITH  PRE- 
ASS1GNED  1*01  ES,  by  J.  L.  Walsh.  Nov.  1956,  7p. 
(AFOSR-TN-56  481)  (AF  18(600)998)  AD  97365 

Unclassified 


Also  published  tn  Proc.  Nat'l.  Acad.  Sciences,  v.  42: 
927  930,  Dec.  1956 


Results  are  sought  relative  to  degree  of  approximation 
to  analytic  functions  and  thetr  boundary  values.  The  re 
suits  can  be  applied  to  degree  of  approximation  by 
bounded  analytic  functions. 


HAR.  04:010  -  HAR.  04:014 
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Harvard  U.  f  Dept,  of  Mathematics]  Cambridge,  Mass. 


ON  INFRAPOLYNOMIALS  WITH  PRESCRIBED  CON¬ 
STANT  TERM,  by  I.  L.  Walsh.  Oct.  1956,  28p.  refs. 
(AFOSR  -TN-56-  582)  (AF  18(600)998)  AD  115006 

Unclassified 


The  class  of  lnfrapolynomlals  with  prescribed  conslant 
term  zn  *  ...  In  the  complex  variable  z  are  Investi¬ 
gated  with  respect  to  the  geometry  of  the  zeros  of  lhe 
polynomials.  The  use  of  convex  sets,  orthogonality  re¬ 
lations  for  lnfrapolynomlals  and  the  general  theory  of 
zeros  of  polynomials  ace  utilized.  The  lnfrapolynomlals 
are  prescribed  for  the  first  and  the  last  or  last  several 
coefficients.  Among  the  topics  considered  are  the  ex¬ 
istence  and  uniqueness  of  restricted  lnfrapolynomlals, 
orthogonality  relations,  real  lnfrapolynomlals,  disc 
containing  E,  special  configurations  and  additional  geo¬ 
metric  results.  Theorem  6  Is  given  concerning  the 
zeros  of  polynomials  In  general  without  reference  to 
lnfrapolynomtals 


HAR. 04:013 


Harvard  U  [  Depl.  of  Mathematics  j  Cambridge,  Mass. 


ON  THE  LOCATION  OF  THE  ZEROS  OF  CERTAIN 
ORTHOGONAL  FUNCTIONS,  byJ.  L  Walsh  and  J.  P. 
Evans.  fl956jl6Jp.  [  AF  18(600)998  ] 

Unclassified 


Published  In  Proc.  Amer.  Math.  Soc. 
1090,  Dec.  1956. 


v.  7:  1085- 


Results  are  established  on  lhe  location  of  zeros  of  the 
functions  of  4  n(z).  The  following  theorem  Is  proved. 
Let  R  be  a  finite  region  of  the  z- plane  which  contains 
In  Its  interior  the  points  P j,  P2i  1*3.  •••  and  all  limit 
points  of  the  pn.  Then  any  circle  which  together  wllh 
Its  tnterlor  lies  In  R  and  which  contains  In  Its  Interior 
all  limit  points  of  the  pn,  contains  In  Its  Interior  no 

zero  of  <*n(z)  (other  than  k  =  1 . n  -  1)  for  n 

sufLclenlly  large. 
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Harvard  U.  I  Dept,  of  Mathematics  j  Cambridge,  Mass. 


BEST- APPROXIMATION  POLYNOMIALS  OF  GIVEN 
DEGREE,  by  J.  L.  Walsh.  1  1 956  J  [  6  j  p.  (Sponsored 
jointly  by  Office  of  Naval  Research,  and  Air  Force  Of 
lice  of  Scientific  Research  under  AF  18(600)998  i;  con 
llnued  by  AF  18(600)1461)  Unclassified 


l'.U Wished  Ul  l’roc.  of  the  Symposia  In  Applied  Math. 
VI.  Numerical  Analysis,  1956,  p.  213-218. 


it  Is  the  purpose  of  this  paper  to  consider  the  properties 
of  Individual  extremal  polynomials  of  given  degree,  of 
best  approximation  according  to  various  measures  of 
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approximation.  Emphasis  Is  placed  on  the  real  domain, 
with  special  attention  given  to  results  of  Kirchberger, 
Tooelll,  de  la  Valltfe-Poasatn,  Fej^r,  Fekete,  and  von 
Neumann.  The  present  results  of  this  author  are  to  be 
considered  basic  research  but  are  significant  both  In  the 
computation  and  geometric  properties  of  approximating 
polynomials. 


HAR.  05:001 

Harvard  U.  [Dept,  of  Mathematics]  Cambridge,  Mass. 

SQUARE  -  INTEGRAB  LE  DIFFERENTIALS  ON  OPEN 
RIEMANN  SURFACES,  by  L.  V.  Ahlfors.  July  26,  1956 
[  3]p.  [AFOSR-TN-56-319]  [  AF  18(600)1461;  continu¬ 
ation  of  AF  18(600)998]  AD  94855  Unclassified 

Also  published  in  Proc.  Nat'l.  Acad.  Sciences,  v.  42: 
758-760,  Oct.  1956. 

The  author  considers  various  decompositions  of  the 
space  ru  of  quadratic  ally  lntegrable  harmonic  differen¬ 
tials  on  an  open  Rlemann  surface  W,  which  generalize 
the  fact  that  on  a  finite  Rlemann  surface  every  harmonic 
differential  decomposes  orthogonally  Into  the  sum  of  a 
differential  of  an  analytic  function,  the  differential  of  a 
harmonic  measure,  and  a  harmonic  differential  whose 
normal  component  on  the  boundary  vanishes.  The 
Schottky  differentials  of  W  are  defined  as  the  limits  of 
the  Schottky  differentials  of  finite  Rlemann  surfaces 
which  exhaust  W,  and  It  is  proved  that  the  orthogonal 
complement  In  of  the  space  of  Schottky  differentials 
of  W  Is  the  space  of  harmonic  differentials  which  are 
both  exact  and  coexacl.  This  implies  that  all  harmonic 
differentials  of  W  are  Schottky  if  and  only  If  W  t  Oy^j. 
if  the  "harmonic  measures"  of  W  are  defined  to  be  the 
limits  of  differentials  of  the  harmonic  measures  of  an 
exhaustion  of  W,  then  they  are  the  orthogonal  comple¬ 
ment  in  Th  of  the  space  of  harmonic  differentials  whose 
duals  have  no  periods  .-round  dividing  cycles  of  W.  Let 
rh0  denote  those  harmonic  differentials  which  are 
orthogonal  to  all  coexact  differentials.  Then  to  each 
cycle  c  on  W  there  Is  a  unique  differential  “c  c  1  h0 
such  that  for  each  closed  square -lntegrable  o 


J-JJ 
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The  differentials  <oc  span  I'hg  and  lhose  for  which  c  Is 
a  dividing  cycle  span  the  harmonic  measures.  The 
author  then  goes  on  to  discuss  conditions  under  which 
the  generalized  Rlemann  bilinear  relation  holds  for 
W.  (Math.  Rev.  abstract) 


HAR.  06.001 

Harvard  U. 
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Malltnckrudl  Chemical  La*  . ,  Cambridge, 


and  M.  K.  Wilson.  Mar.  27,  1953,  Ip.  incl.  dlagr. 
tables.  (AF  18(600)590)  Unclassified 

Published  in  Jour.  Chem.  Phys. ,  v.  21:  1122,  June 
1953. 

Measurements  of  gaseous  SIHCI3  were  made.  The  ab¬ 
sorption  spectrum  between  450  cm-1  and  700  cm'1  Is 
plotted  on  a  graph,  and  the  observed  frequencies  and 
their  assignments  are  presented.  Investigations  were 
also  carried  out  with  SIH2CI2  and  StHjBrg.  Thermo¬ 
dynamic  functions  are  given  for  SiHgCl]  and  fundamental 
frequencies  are  given  for  StHyClj  and  SIHjBrj. 

HAR.  06:002 

Harvard  U.  MalUnckrodt  Chemical  Lab. ,  Cambridge. 
Mass. 

THE  INFRARED  SPECTRUM  OF  S16OiaO  AND  THE 
FORCE  CONSTANTS  OF  SOa,  by  S.  R.  Polo  and  M.  K. 
Wilson.  Feb.  1954  [22]p.  Incl.  lllus.  tables.  (Rept. 
no.  1)  ([  AF]OSR-TN-54-37)  (AF  18(600)590) 

AD  28816  Unclassified 


May  1954. 


;Jour.  Chem.  Phys.,  v.  22:  900-903, 


An  Investigation  of  the  Infrared  spectrum  of  SI60I80  re¬ 
sults  in  the  following  frequency  assignment: 
v  j  =  1122  ±  1  cm1,  V2  =  506.  8  *  0.  5  cm1,  v3  *  1341 
±  0.  5  cm'1.  These  data  combined  with  the  fundamental 
frequencies  of  S1*^  have  been  used  to  calculate  the  po¬ 
tential  constants  for  sulfur  dioxide.  These  are  f<j  = 
10.02,  !«=  0.03,  £f,,a  =  0.20,  lafa  =  0.793.  (Con¬ 
tractor's  abstract) 

HAR.  06.003 

Harvard  U.  Malllnckrodl  Chemical  Lab. ,  Cambridge, 
Mass. 

THE  ROTATIONAL  CONSTANTS  OF  SIH3D,  by  S.  R. 
Polo  and  M.  K.  Wilson.  Feb.  1954,  lip.  Incl.  lllus. 
lables.  (Rept.  no.  2)  ([  AF  lOSR-TN-54-38)  (AF  18- 
(600)590)  AD  28815  Unclassified 


Sept.  1954. 


[Jour.  Chein.  Phys.,  v.  22:  1059-  1561, 


NOTE  ON  THE  VIBRATIONAL  SPECTRA  OF  SIHClj, 
SIH2CI2,  AND  SlHgBrg,  by  J.  A.  Hawkins,  S.  It.  Polo, 


The  analysis  of  the  rotational  structure  of  the  Sl-D 
stretching  fundamental  yields  the  following  values:  D"  = 
2.11  t  0.01cm'1,  B"-B'  0.019  cm1,  vQ  =  159.4 

t  0. 1  cm'1.  The  value  of  the  Sl-H  distance  obtained 
under  the  assumption  that  11  remains  unchanged  by  Iso¬ 
topic  substitution  ts  dSl- H  1.47y  1  0.003  A.  (Con¬ 
tractor's  abstract) 

HAlt.  06:004 

Harvard  U.  MalUnckrodt  Chemical  Lab. ,  Cambridge, 
Mass. 


THE  ROTATIONAL  CONSTANTS  OF  GeHjD  AND  GeHDj, 
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by  L.  P.  Undeman  and  M.  K.  Wilson.  Apr.  ISM,  Sp. 
Ulus.  (Rept.  no.  3)  ([ AF]OSR-TN-54-71)  (AF  18- 
(600)5 SO)  AO  29386  Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  23:  1723-1727 
Oct.  ISM. 

The  analysis  of  the  rolaUonal  structure  of  the  Ge-D 
stretching  fundamental  of  GeHjD  yields  the  following 
values:  B"  -  1.857,  B"-B' =  0.0142  ±  0.0017,  v0  = 
1520.4  ±  0. 2  cm'1.  The  germanium-hydrogen  distance 
obtained  under  the  assumption  that  It  Is  unchanged  by 
Isotopic  substltuUon  Is  1.  52g  ±  0.  003  and  1.  52j  ±  0.  005 
In  GeH3D  and  GeHDj,  respecUvely.  (Contractor’s  ab¬ 
stract) 


HAR.  06:005 

Harvard  U.  MalUnckrodt  Chemical  Lab. ,  Cambridge, 
Mass. 

INFRARED  INTENSITIES  IN  LIQUID  AND  GAS  PHASES, 
by  S.  R.  Polo  and  M.  K.  WUson.  Mar.  1955,  4p. 

(Rept.  no.  4)  ([ AFJOSR-TN- 55-82)  (AF  18(800)580) 
AD  79871  Unclassified 


2377,  Dec.  1955. 


LJour.  Chem.  Phys.,  v.  23:  2376- 


Two  equations  which  are  relaUve  to  a  theory  of  dielectric 
polarization, 

A,  _1  /n2*  2\2  and  Al  _  1  /  3n2  \* 


the  first  Debye  (Polar  Molecules.  The  Chemical  Catalog 
Co. ,  N.  Y. ,  1929)  and  the  second  given  by  Onsager 
(Jour.  Amer.  Chem.  Soc. ,  v.  58:  1486,  1936),  are 
shown  to  lead  to  the  same  expression  for  the  relation  be¬ 
tween  the  Intensities  of  an  1R  absorption  band  In  the 
liquid  and  In  the  gas  phases.  In  the  formulas,  A|  and 
Ag  denote  the  integrated  absorption  coefficients  In  the 
liquid  and  In  the  gas,  respectively,  and  n  is  the  refrac¬ 
tive  Index.  (AST1A  abstract) 


region  were  measured  with  a  Baird  Associates  spectro¬ 
photometer  equipped  with  Nad  optics  and  with  a  Perkin- 
Elmer  model  12-C  spectrograph  with  CaFj,  Nad,  and 
KBr  prisms.  Values  of  £  obtained  tor  the  851  cm-1 
band  of  StHDj  and  the  1597  cm'1  band  of  SID^  are  0.  76 
and  0. 10,  respectively.  Assignments  are  given  for  the 
observed  bands,  and  force  constants  are  calculated. 
(ASTIA  abstract) 


HAR.  06:007 

Harvard  U.  Malllnckrodt  Chemical  Lab. ,  Cambridge, 
Mass. 

THE  MATRICES  D'1  AND  G'1  IN  THE  THEORY  OF 
MOLECULAR  VIBRATIONS,  by  S.  R.  Polo.  May  1955, 
15p.  lncl.  dlagrs.  (Rept.  no.  6)  (f  AF ]OSR-TN-55- 
153)  (AF  18(600)590)  AD  79873  UnclassUled 

Presented  at  the  Symposium  on  Molecular  Structure  and 
Spectroscopy,  Ohio  Stale  U. ,  Columbus,  June  1954. 


June  1956. 


I  Jour.  Chem.  Phys.,  v.  24:1133-1138, 


A  vector  method  Is  given  by  which  to  determine  the  ele¬ 
ments  of  the  matrices  D'1  and  G'1  which  occur  In  the 
study  of  the  vibration- rotation  spectra  of  polyatomic 
molecules.  D'1  Is  the  matrix  of  the  transformation 
giving  the  mass- weighted  Carleslan  displacements  In 
terms  of  the  Internal  coordinates,  and  G'1  has  as  ele¬ 
ments  the  coefficients  In  the  expression  of  the  vibra¬ 
tional  kinetic  energy  In  terms  of  the  velocities.  The  de¬ 
termination  of  the  elements  of  D'1  Is  reduced  to  finding 
by  inspection  a  set  of  displacement  vectors  to  which  Is 
added  an  appropriate  rigid  translation  and  rotation  of 
the  whole  molecule.  The  G'1  matrix  elements  are  ob¬ 
tained  from  the  equation.  (ASTIA  abstract) 


HAR.  06:008 

Harvard  U.  Malllnckrodt  Chemical  Lab. ,  Cambridge, 
Mass. 
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HAR.  06:006 

Harvard  U.  Malllnckrodt  Chemical  Lab. ,  Cambridge, 

Mass. 

THE  INFRARED  SPECTRA  OF  SOME  DEUTERATED 
SILANES,  by  J.  H.  Meal  and  M.  K.  Wilson.  Apr.  1955. 
21p.  lncl.  dlagrs.  tables.  (Rept.  no.  5)  ((  AFlOSR- 
TN  55  111)  (AF  18(600)590)  AD  79872 

Unclassified 

Presented  at  the  Symposium  on  Molecular  Structure  and 
Spectroscopy,  Ohio  State  U.  ,  Columbus.  June  1953. 

Also  published  In  Jour.  Chem  Phys.,  v.  24:  385  390, 
Feb.  1956. 

The  spectra  SID^,  StllDj.  and  StlijDj  in  the  2  to  16„ 


VIBRATION- ROTATION  INTERACTION  IN  POLYATOMIC 
MOLECULES.  1.  THE  ZETA  MATRICES,  by  J.  H.  Meal 
and  S.  R.  Polo.  June  1955,  19p.  table,  refs.  (Kept, 
no.  7)  (I  AF  jOSR-TN-55-189)  (AF  18(600)590) 

AD  79874  Unclassified 

Presented  at  the  Symposium  on  Molecular  Structure  and 
Spectroscopy,  Ohio  State  U. ,  Coluntbus,  June  1954. 


Also  published  In  Jour.  Chem.  Phys.,  v.  24:  1119-1125, 
June  1956. 

The  theory  of  Ihe  Coriolis  coupling  coefficients  Is  de¬ 
veloped  In  a  general  form.  They  are  shown  to  satisfy 
a  number  of  relations  which  do  not  depend  on  the  po 
tenllal  constants.  Methods  of  obtaining  relationships 
which  depend  only  on  the  atomic  masses  and  the 


•  • 
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geometry  of  the  molecule  are  given.  Additional 
simplification  ts  Introduced  by  the  use  of  symmetry 
arguments.  (ASTIA  abstract) 


HAR.  06:009 

Harvard  IJ.  [  Matiinckrodt  Chemical  Lab.  ]  Cambrtdge, 
Mass. 

VIBRATION- ROTATION  INTERACTION  IN  POLY¬ 
ATOMIC  MOLECULES.  11.  THE  DETERMINATION  OF 
CORIOLIS  COUPLING  COEFFICIENTS,  by  J.  H.  Meat 
and  S.  R.  Polo.  July  1955  [  27  ]  p.  inct.  diagrs.  tables, 
refs.  (Rept.  no.  8)  ([  AF  I OSR-TN- 55- 207)  AD  79875 

Unclasstfted 

Presented  at  the  Sympostum  on  Molecular  Structure  and 
Spectroscopy,  Ohio  State  U. ,  Cotumbus,  June  1953. 

Also  published  In  Jour.  Chem.  Phys. ,  v.  24:  1 1 26- 1 1 33, 
June  1956. 

A  generat  method  for  the  analytical  treatment  of 
vibration- rotation  Interaction  In  potyatomlc  motecules 
is  presented.  The  method  ts  especially  adapted  to 
carry  out  the  calcutatton  of  the  Coriolis  couptlng  coef¬ 
ficients  atong  with  the  normal  coordinate  treatment  In 
terms  of  any  chosen  set  of  Internal  coordinates.  The 
relations  existing  amont  the  £  -elements  and  the  poten¬ 
tial  constants  are  established  tn  a  generat  and  conven¬ 
ient  form.  Particular  attentlo  ts  given  to  symmetrtc 
top  molecules,  and  the  effect  o»  vibration- rotation  inter¬ 
action  on  band  structure  ts  discussed.  Approximate 
methods  for  the  catcutatlon  of  £  values  are  considered 
also.  (Contractor's  abstract) 


HAH.  06:010 

Harvard  U.  Maltlnckrodt  Chemical  Lab. ,  Camhrldge, 

Mass. 

tNFRAUED  SPECTRA  AND  MOLECULAR  STRUCTURES 
OF  SlrijF,  Sltl3Cl,  AND  SH3Br,  by  C.  Newman,  J.  K. 
O’ Leane  and  others  Jan.  1956  l  25  ,p.  lncl  diagrs. 
tahte.",  refs.  (Rept.  no.  9)  (AFOSR-TN-56  5)  (AF  18 
(600)5 »J)  AD  85509  Unctasslfled 

AliO  published  in  Jour.  Chem.  t’hys. ,  v.  25:  885- 85U, 
Nov.  1956. 

The  structure  ol  the  e-type  fundamentals  of  SIHjF, 
t>iH3Cl,  and  SllljDr  has  been  resolved  and  analy/.ed. 

The  values  ol  the  small  amount  of  Inertia  thus  obtained 
has  been  com  blind  with  microwave  measurements  to 
yield  the  dimensions  of  the  S1H3  group  In  these  mole 
rules,  tt  Is  shown  that  the  differences  In  the  structure 
ol  the  SIH3  group  are  probably  within  experimental 
error.  Several  revisions  have  been  made  In  the  vibra¬ 
tional  assignments  lor  SI H3 F  and  SlttjCl.  (Contractor's 
abstract) 


HAR.  06:011 

Harvard  U.  Maltlnckrodt  Chemical  Lab. ,  Cambridge, 
Mass. 

THE  tNFRARED  SPECTRA  OF  SOME  DEUTERATED 
GERMANES,  by  L.  P.  Llndcman  and  M.  K.  Wttson. 
Mar.  20,  1 958  [  39  J  p.  incl.  dtagrs.  tabtes,  refs. 

([  AF  jOSR-TN-56-123)  (AF  18(800)590)  AD  82519 

Unclassified 

Infrared  and  Raman  spectra  have  been  obtained  for 
GeD^,  GeDjH,  GeD2H2,  and  GeDH3  and  an  assignment 
of  fundamentals  has  been  made.  Coriotis  couptlng  co¬ 
efficients  and  potentiat  constants  have  been  calculated 
for  this  series  ol  compounds.  (Contractor's  abstract) 


HAR.  06:012 

Harvard  U.  !  Malllnckrodt  Chemical  Lab.  J  Cambrtdge, 
Mass. 

THE  VIBRATIONAL  SPECTRUM  OF  BORINE  CARBON¬ 
YL,  byG.  W.  Bethke  and  M.  K.  Wilson.  June  11,  1956, 
iv.  lncl.  diagrs.  tables,  refs.  (AFOSR-TN  56-245) 

(AF  1 8(600)590)  AD  88365  Unclasstfled 

Also  published  In  Jour.  Chem.  Phys.,  v.  26:  1118-1130, 
May  1957. 

The  complete  1R  gas  spectra  ol  BH3CO,  B10H3CO, 
BD3CO,  and  B10D3CU  were  examined,  and  the  sotld 
tR  and  partial  gas  Raman  spectra  were  Investigated. 

The  BH3  rock  and  B-C-O  bend  symmetry  coordinates, 

S^  and  S8,  respectively,  mix  to  a  large  extent.  The 
actual  normal  vibrations  are  neither  BH3  rocking  nor 
B  C-O  bending  mollons.  If  the  normal  vibrations  (Q-j 
and  Qg)  aic  estimated  from  the  aDor  .xlmate  BUH3CO 
equations  (Q7  |S7  -  1  Sg  and  Qg  =  1  S?  -  |sg),  the 

actual  vibrations  arc  found  to  be  an  unsymmetrlcal 
body  bend  (it^D  t  C  I  oT)  for  Q7,  and  a  type  of 
symmetrical  body  bend  (l  lljDCt Ol)  for  Qg.  In  the 
deuteralcd  compound,  Qg  Is  more  of  a  symmetrical 
body  bend  than  that  shown  for  the  H  compound.  From 
the  actual  vibration  forms,  Q7  should  have  a  much 
larger  1*10-1*11  isotope  shift  and  a  sllghlly  smaller 
H-D  Isotope  shilt  than  Qg.  In  the  hydrogenated  and  the 
deuteralcd  borine  carbonyls,  a  shilt  of  about  10  cur* 
1*10. ijli  occurs  ior  assignment  *.-7  but  essenllatly  none 
occurs  lor  vg;  also,  v^(tl)/  .7(D)  1.  14  and  vg(H)/ 

v g(D)  -  1. 18.  tiesuits  indicated  (hat  V7  i.i  Q7  (the  anti 
symmetrical  body  bend)  and  thal  v  H  is  Qg  (the  symmet 
rlcal  body  bend).  The  large  interactions  between  S7 
and  Sg  should  cause  v_  and  v  to  strongly  repel  each 
other  resulting  In  the  low  vg  arid  high  V7  frequencies 
which  were  observed.  Ionic  or  other  repulsive  terms 
apparently  have  a  greater  effect  on  the  interaction  con 
slants  than  those  arising  from  the  changing  hybrlctUa 
lion  of  the  1*  atom;  this  effect  Is  ex  pec  tut  Ironi  the 
number  ol  contributing  structures  which  exhibit  charge 
separation. 
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HAR.  06:013 

Harvard  U.  [  Malllnckrodt  Chemical  Lab.  1  Cambridge, 
Mass. 

THE  VIBRATIONAL  SPECTRUM  OF  DISILANE,  by 
G.  W.  Bethke  and  M.  K.  Wilson.  June  11,  1956,  lv. 
lncl.  d'ayrs  tables,  rels.  (AFOSR-TN-56-246) 

(AF  18(600)590)  AD  08366  Unclassified 

Presenled  al  the  Symposium  on  Molecular  Structure  and 
Spectroscopy,  Ohio  State  U. ,  Columbus,  June  11-15, 
1956. 

Abstract  published  In  Symposium  on  Molecular  Struc¬ 
ture  and  Spectroscopy.  Abstracts,  1956,  p.  10. 

Also  published  In  Jour.  Chem.  Phys. ,  v.  26.  1107- 
1117,  May  1957. 

Complete  1R  gas  spectra  and  Ramin  liquid  spectra  were 
obtained  for  S^Hg  and  S^Dg.  The  lit  and  Raman  spec¬ 
tra  of  S^Hg  and  d^Dg  agreed  well  with  the  assumption 
of  Djd  symmelry.  The  resolved  Q  branch  slruclure  of 
all  the  perpendicular  Eu  fundamentals  showed  that  the 
dlsllane  molecule  hindered  Internal  rotation.  These  two 
considerations  mean  that  dlsllane  has  the  staggered 
C2Hg-type  configuration.  The  1R  and  Raman  spectra  of 
S^Hg  and  S^Dg  were  similar  to  the  spectra  of  lhe  cor¬ 
responding  ethanes.  The  results  were  true  for  the  zeta 
constants  of  the  E,,  fundamentals  In  Sl2Hg  and  C2Hg. 

The  decomposition  products  Include  much  silane  and 
traces  of  higher  silanes  which  Interfere  with  the  dlsllane 
bands  of  Interest.  The  main  spectral  Impurity,  silane, 
lnlerfers  with  the  V7  and  v  8  assignments  of  dlsllane, 
but  not  with  the  vg.  Since  the  hot  hands  of  vg  in  dlsllane 
are  already  strong  at  room  temperature,  they  contri¬ 
bute  to  give  a  very  complex  vg  band  at  higher  tempera¬ 
tures.  If  the  transition  from  hindered  to  free  Internal 
rotation  Is  to  he  observed  In  the  vlbrallon-  rotation 
bands  of  dlsllane,  a  high -resolution  grating  spectrome¬ 
ter  Is  necessary.  (AST1A  abstract) 


•  • 
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spectrum  was  recorded  with  a  grating  spectrometer  In 
In  the  2nd  order  -  lines  separated  by  0. 1  cm-'  being 
resolved.  Because  of  the  many  Isolopes  of  Sn  11  was 
necessary  to  measure  lhe  position  of  maximum  absorp¬ 
tion  of  the  many  components  making  up  each  "line  "  The 
usual  combination  plots  lead  to  the  following  molecular 
constants:  v  =  1905.  91  era-1 ;  B  =  1.3373  cm- 1; 

Br  1.3327  cm- 1;  Bq-B.  =  0.  00425  cm'1;  D>a  10’1 
cm-1.  Under  the  assumption  of  tetrahedral  angles, 
equality  of  the  Sn-H  and  Sn-D  bond  distances,  and  a 
mean  atomic  weight  for  Sn  of  119,  the  Sn-H  bond  length 
was  calculated  to  be  1.  701  t  0.  OOlA.  This  value  com¬ 
pares  with  1. 700  t  0.  015  A  reporled  by  Llde  (Jour. 
Chem.  Phys.,  v.  19:1605,  1951)  from  an  analysis  of 
the  microwave  spectra  of  CHjSnHj. 


HAR.  06:015 

Harvard  U.  Malllnckrodt  Chemical  Lab. ,  Cambridge, 
Mass. 

THE  PREPARATION  OF  GERMANE,  by  T.  S.  Piper 
and  M.  K.  Wilson.  Sept.  25,  1956,  4p.  (AFOSIt-TN- 
56-424)  (AF  18(600)590)  AD  96506  Unclassified 

In  this  study,  pure  germane,  GeH4,  (germanium  telra- 
hydrlde)  (1)  was  prepared  In  60  to  75%  yields  by  reducing 
aqueous  acidic  GeOj  solutions  with  NaBH4.  Dlgermane, 
Ge2Hg,  formed  6%  by  volume  of  the  total,  as  determined 
by  trapping  out  at -140°  C.  With  45%  D2O  solvent,  25% 
of  the  1  contains  a  D  atom.  This  Indicates  lhat  hydride 
transfer  from  borohydrlde  Is  not  a  unique  mechanism. 
Pure  GeH^D  (U)  was  prepared  by  reducing  sodium 
germanyl  with  DC1  In  BU2O.  Its  lit  spectrum  Is  like 
that  of  11  prepared  from  the  GeCl3H-LlAlD4  reaction  ol 
Llndeman  and  Wilson  (Zelt.  fur  Physlk  Chem.  (Frank¬ 
fort),  v.  9:  29-48,  1956).  Plumbane  was  not  formed  by 
action  of  NaBH4  on  bivalent  Pb. 


•  • 
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llA't.  06:014 

Harvard  U.  Malllnckrodt  Chemical  Lab. ,  Cambridge, 
Mass. 

THE  TIN  HYDROGEN  BOND  DISTANCE,  by  G.  It. 
Wilkinson  and  M.  K.  Wilson.  Aug.  29,  1956,  2p.  refs. 
(AlOSlt-TN-56-365)  (AF  18(600)590)  AD  95801 

Unc  lasslfled 


Oct.  1956. 


1  Jour.  Chem.  l’hys.,  v.  25:  784, 


An  analysis  was  made  of  the  Sn  11  stretching  vlbrallon 
(  '.  .,)  of  S11HD,  using  a  sample  of  SnD4  containing  a  small 
p«  rcentage  of  SnllD-j.  The  S11  II  stretching  vibration 


HAli.  06:016 

Harvard  U.  Malllnckrodt  Chemical  Lab. ,  Cambridge. 
Mass. 

INFRARED  SPECTRA  OF  GeCl4,  GeHCl3  AND  GeDClj, 
by  L.  P.  Llndeman  and  M.  K.  Wilson.  Oct.  22,  1956 
6  p.  lncl.  diagrs.  tables,  refs.  (AFOSH-TN- 56-492) 
(AF  18(600)590)  AD  110306  Unclassified 

Also  published  In  Spec  t  roc  hi  mica  Acta,  v.  9:  47-50, 
Mar.  1957. 

The  spectra  obtained  from  GeCl4,  GeHCl  j  and  GeDCl.j 
are  Investigated  from  300  cm- 1  to  4000  cin"  1.  The 
results  obtained  are  In  good  agreement  with  Ihose 
previously  luund. 


•  • 


_•  •  '  •  '  » •  o  -  * 


AIR  FORCE  SCIENTIFIC  RESEARCH 


HAR.  07:001  -  HAR.  07:004 


HAR.  07:001 

[  Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass.  ] 

THE  EFFECT  OF  DIFFERENT  ATMOSPHERES  ON 
ELECTRODE  TEMPERATURES  IN  THE  DC  ARC  (Ab¬ 
stract),  byB.  L.  Vallee  and  M.  R.  Baker.  Sept.  1953 
[  1  ]  p.  (In  cooperation  with  Peter  Bent  Brigham  Hos¬ 
pital,  Boston,  Mass.)  [Sponsored  jointly  by  Office  ol 
Naval  Research  and  Air  Force  Office  of  Scientific  Re¬ 
search  under  N5orl-07680]  Unclassified 

Presented  at  Thirty-Eight  annual  meeting  of  the  Opt. 
Soc.  of  Amer. ,  Oct.  15-17,  1953. 

Published  In  Jour.  Opt.  Soc.  Amer.,  v.  43:  817,  Sept. 
1953. 

Marked  differences  In  volatilization  rates,  Intensities 
of  spectral  lines,  and  their  signal -to- noise  ratio  have 
been  noted  In  the  dc  arc  burning  In  air,  argon,  helium, 
and  their  mixtures.  In  the  present  study  the  electrode 
temperatures  and  voltage  drop  across  the  arc  column 
have  been  observed  using  an  arcing  chamber  with 
standardized  geometry.  This  chamber  may  be  em¬ 
ployed  with  gas  pressures  varying  from  1  mm  of  mer¬ 
cury  to  twice  atmospheric.  A  continuously  recording 
optical  pyrometer  employing  thermistors  as  sensitive 
elements  has  been  constructed  for  the  measurement  of 
temperatures.  Marked  differences  In  temperatures 
have  been  noted  when  the  dc  arc  Is  burned  in  different 
gases;  but  with  any  particular  gaseous  environment, 
high  reproducibility  of  temperature  conditions  Is  ex¬ 
hibited.  The  details  and  significance  on  the  data  will 
be  discussed.  (Contractor's  abstract) 


HAR.  07:002 

[  Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass.  ] 

THE  EFFECT  OF  ARGON  ATMOSPHERES  ON  THE 
INTENSITY  OF  CERTAIN  SPECTRAL  UNES,  by  B.  L. 
Vallee  and  S.  J.  Adelsteln.  Feb.  1954  [  5  J p.  lncl. 
dlagrs.  tables.  (In  cooperation  with  Peter  Bent  Brig¬ 
ham  Hospital,  Boston,  Mass. )  [  Sponsored  jointly  by 
Office  of  Naval  Research  and  Air  Force  Office  of  Sci¬ 
entific  Research  under  N5orl-07660]  Unclassified 

Published  In  Spectrochlmlca  Acta,  v.  6:  134-138,  Feb. 
1954. 

The  use  of  argon  as  an  environment  for  the  direct  cur¬ 
rent  arc  results  In  the  enhancement  of  the  lines  of  mmy 
elements  when  compared  with  helium  and  argon-helium 
mixtures.  This  Is  particularly  true  of  the  more  vola¬ 
tile  elements.  A  number  of  lines  have  been  studied  In 
this  regard  and  the  results  have  been  qualltallvely 
grouped  as  lines  definitely,  equivocally,  and  not  at  all 
enhanced.  In  some  Instances  the  use  of  an  argon  en¬ 
vironment  for  the  direct  current  arc  markedly  Increases 
Ihe  sensitivity  of  analysis  with  this  source.  (Contrac¬ 
tor's  summary) 


HAR.  07:003 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

FUNDAMENTAL  CONSIDERATIONS  IN  FLAME  PHO¬ 
TOMETRY  (Abstract),  by  B.  L.  Vallee.  Feb.  1954,  lp. 
[in  cooperation  with  Peter  Bent  Brigham  Hospital, 
Boston,  Mass.  ]  [  Sponsored  jointly  by  Office  of  Naval 
Research  and  Air  Force  Office  of  Scientific  Research 
under  N5orl-07660]  Unclassified 

Presented  at  the  Conference  on  Analytical  Chemistry 
and  Applied  Spectroscopy,  Pittsburgh,  Pa.,  Mar.  1-5, 
1954. 

Published  In  Anal.  Chem.,  v.  26:  432,  Feb.  1954. 

The  achievement  of  high  signal -noise  ratios,  sensitivity, 
precision,  accuracy,  and  lack  of  Interference  between 
different  elements  have  been  the  subject  of  considerable 
controversy  In  flame  photometry,  and  the  factors  In¬ 
fluencing  them  are  ill  defined.  A  multichannel  flame 
photometer  has  been  devised  and  operated  to  elucidate 
these  phenomena  which  are  Illustrated  by  a  discussion 
of  the  performance  of  this  Instrument.  A  grating  was 
found  much  superior  to  other  monochrometers;  the 
source  and  detector  were  found  to  be  critical.  At  pres¬ 
ent  Na,  K,  Ca,  and  Mg  can  be  determined  simultaneous¬ 
ly.  (Contractor's  abstract) 


HAR.  07:004 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Doston,  Mass. 

STUDIES  ON  METAJ.-LO PROTEINS.  SOLUBLE  ZINC- 
CONTAINING  PROTEIN  EXTRACTED  FROM  HUMAN 
LEUCOCYTES,  byB.  L.  Vallee,  F.  L.  Hoc  b  and  W.  L. 
Hughes,  Jr.  [  1954]  [l4Jp.  lncl.  dlagrs.  tables,  refs. 
(In  cooperation  with  Peter  Bent  Brigham  Hospital, 
Boston,  Mass. )  [  Sponsored  jointly  by  Office  of  Naval 
Research  and  Air  Force  Office  of  Scientific  Research 
under  N5orl-07660]  Unclassified 

Published  In  Arch.  Blochem.  and  Blophys. ,  v.  48:  347- 
360,  Feb  1954. 

Studies  are  presented  on  the  purification  of  soluble  zlnc- 
contalnlng  proteins  from  human  leucocytes.  The  cri¬ 
terion  for  purification  Is  an  Increase  In  the  zinc  lo 
protein  ratio,  and  conditions  are  defined  under  which 
this  criterion  Is  valid.  Carbonic  anhydrase  Is  present 
In  erythrocytes  contaminating  the  leucocytes  from  which 
11  can  be  separated  by  fractional  precipitations  with 
ammonium  sutfale.  This  Is  shown  by  measurements  of 
carbonic  anhydrase  activity,  zinc,  and  protein.  Fur¬ 
ther  purification  of  lhe  leucocyte  proteins  having  high 
zinc  to  protein  rallos  was  achieved  by  variations  of  pH, 
u  ,  and  ethanol  concentration.  The  maximum  zinc 
lo  protein  ratio  attained  was  3000  ug  Zn/g  protein.  This 
content  of  zinc  In  leucocyte  protein  Is  comparable  to 
the  magnitude  of  the  metal  contents  of  other  metaltopro- 
leins.  (Contractor's  abstract) 
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Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

DETERMINATION  OF  ZINC  BY  DTTHIZONE  IN  A  MONO¬ 
PHASE  WATER-GLYCOL  SYSTEM,  by  B.  L.  Vail ee. 

May  ISM  [4]p.  lncl.  diagra.  tables  (In  cooperation 
with  Peter  Bent  Brigham  Hospital,  Boston,  Mass. ) 

[  Sponsored  Jointly  by  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research  nnder  NSorl-07660] 

Unclassified 

Presented  at  the  Conference  on  Analytical  Chemistry 
and  Applied  Spectroscopy,  Pittsburgh,  Pa. ,  Mar.  1953. 

Published  to  Anal  Chem . ,  v.  20:  914-917,  May  19M. 

A  monophase  system  was  developed  with  d  Uhl  zone  and 
methykellosolve.  Transfer  a  1. 5  ml  sample  to  a  15 
ml  centrifuge  tube  and  titrate  with  ON  NH4OH  or  ON  HC1 
to  pH  4  or  a  color  change  of  thymol  blue  paper.  Add  0. 2 
mt  of  25%  citrate  solution  and  2  mt  of  acetate  buffer  at 
pH  4.  Mia  and  adjust  the  volume  to  4  ml.  Add  3. 5  ml 
of  methyleello solve,  cool,  and  mis.  Add  0.  5  ml  of 
0.  01%  ditMzoue  In  methylceltosolve  solution.  Mix  and 
read  absorbance  within  10  min  at  525  v.  (C.  A. , 

1 955:776 g) 

HAR.  07:006 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

CENTRIFUGAL  SUBFRACTIONATION  OF  POLYMOR¬ 
PHONUCLEAR  LEUCOCYTES,  LYMPHOCYTES,  AND 
ERYTHROCYTES,  by  B.  L.  Vallee,  B.  W.  Agranoff, 
and  D.  F.  Waugh.  I  1954]  [flip.  lncl.  Ulus,  dlagr. 

(In  cooperation  with  the  Peter  Bent  Brigham  Hospital, 
Boston,  Mass. )  (Sponsored  jointly  by  Office  of  Naval 
Research  and  [  Air  Force  Office  of  Scientific  Research 
under  N5orl-07060] )  Unclassified 

Published  in  Blood,  v.  9:  804-809,  Aug.  t9M. 

The  separation  of  polymorphonuclear  leucocytes  from 
lymphocytes  and  erythrocytes  has  been  accomplished  by 
employing  a  method  which  takes  advantages  of  lhetr  den¬ 
sity  differentials.  During  a  single  centrifugation  the 
lymphocytes  accumulate  at  a  plasma-albumin  Interface 
(albumin  1,  density  =  1.005  to  1.085),  the  polymorpho¬ 
nuclear  leucocytes  accumulate  at  an  albumin  l  — atbumtn 
11  Interface  (albumin  H,  density  =  t.  094)  and  the  erythro¬ 
cytes  pass  lo  the  base  of  a  Wtntrobe  tube.  The  yields 
are  over  90  per  cent  pure  cell  types.  All  layers  are 
lsosmotic  with  blood.  (Contractor's  abstract) 


HAH.  07:007 

Harvard  U.  Medical  Schoot.  Biophysics  Research  Lab. , 
Boston,  Mass. 

CARBOXYPEPTIDASE,  A  ZINC  METALLOPHOTEtN, 
by  B.  L.  Vallee  and  H.  Neurath.  1954.  [  2  j  p.  lncl. 


HAR.  07:006  -  HAR.  07:908 


table.  (la  cooperation  with  Peter  Bent  Brigham  Hospit¬ 
al,  Boston,  Mass. )  (Sponsored  Jointly  by  Office  of 
Naval  Research  and  [  Air  Force  Office  of  Scientific 
Research  under  N5ori- 07000] )  Unclassified 

Sinn  ifAHiiwt  i»  Jour.  Amur.  Chem.  Soc. ,  v.  70: 
1006-5007,  Oct.  5,  19M. 

Examination  of  several  crystalline  preparations  of  pan¬ 
creatic  (bovine)  carboxypeptidase  by  use  of  quantitative 
emission  spectrography  indicated  the  presence  of  large 
amounts  of  Zn,  while  all  other  metals  were  either  com¬ 
pletely  absent  or  present  in  minute  amounts.  For  a 
carboxypeptidase  of  molacular  weight  34, 000,  the  mole 
ratio  of  Zn-carboxypeptidase  is  1:1.  O-Phenanthrollne 
inhibited  the  enxymlc  activity  of  the  carboxypeptidase 
and  removed  Zn  from  It.  Zn  was  not  removed  by 
dialysis.  (C.A.,  1955:9505h) 


HAR.  07:006 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

SIMULTANEOUS  DETERMINATION  OF  SODIUM,  PO¬ 
TASSIUM,  CALCIUM,  MAGNESIUM  AND  STRONTIUM 
BY  A  NEW  MULTI-CHANNEL  FLAME-SPECTROME¬ 
TER,  byB.  L.  Vallee.  June  23,  19M  [2]p.  lncl. 
diagra.  (In  cooperation  with  Peter  Bent  Brigham  Hos¬ 
pital,  Boston,  Mass.)  ([ Sponsored  Jointly  by  Office  of 
Naval  Research  and  Air  Force  Office  of  Scientific  Re¬ 
search  J  under  N5ori- 07660  ] )  U72411  Unclassified 

Published  to  Nature,  v.  174:  1050-1051,  Dec.  4,  19M. 

Design,  construction  and  operation  are  described  of  a 
direct- reading  multi-channel  flame- spectrometer  for 
the  simultaneous  analysis  of  Na,  K,  Ca,  Mg,  and  Sr. 

The  Instrument  components  Include  an  oxy- hydrogen 
burner,  a  Wadsworth  stigmatlc  mounting  grating  spec¬ 
trograph,  photomultiplier  tubes  ai  the  grating  focal 
plane  on  the  Mg  line  at  3838.  258A,  the  CaO  band  head  at 
54 95 A,  the  Na  tine  at  5889.  953A,  the  Sr  tine  at  4007.331 
A,  and  the  K  line  at  7664.  907A,  with  0-200  uamp 
microammeters  as  recorders  at  each  channel,  as  welt 
as  null  and  sensitivity  adjustment  controls.  Calibra¬ 
tion  curves  for  all  five  elements  are  Included  and  dis¬ 
cussed,  and  sensitivity  ltmtts  noted.  Study  of  "inter¬ 
ference"  In  light  Intensity  measurements  Indicate  these 
effects  can  be  attributed  lo  the  superposition  of  cation 
monochromatic  emission  upon  heterochromatic  back¬ 
ground  radiation  which  has  been  found  to  increase  tn 
direct  proportion  lo  the  concentration  of  each  radiating 
species.  As  the  apparatus  can  be  corrected  readily 
for  this  background  contribution,  more  accurate  and  pre¬ 
cise  flame  spectrophotometry  ts  possible. 


HAH.  07.009 

1  Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass,  j 

i  GENERAL  PRINCIPLES  CONCERNING  METALLO- 
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ENZYME  INTERACTION),  by  R.  J.  P.  Williams  and 
B.  L.  Vallee.  [  1955]  [  3  j  p.  [  In  cooperatton  wtth 
Peter  Bent  Brtgham  Hospital,  Boston,  Mass.  J  [Spon¬ 
sored  jointly  by  Office  of  Naval  Research  and  Air  Force 
Office  of  Sctenttftc  Research  under  N5orl-07660j 

Unclassified 

Published  In  Faraday  Soc.  Discussions,  No.  20:  262- 
264,  t955. 

The  activation  and  lnhtbttlon  of  enzymes  having  a  firmly  - 
bound  metal  content  are  brtefly  discussed  with  regard  to 
analysis  and  lo  coordination  chemistry  of  cations.  The 
catton  In  the  enzyme  ts  considered  to  act  mainly  as  a 
center  of  orientation  wtthout  btndlng  any  reacting  groups, 
as  a  Lewis  acid  for  the  substrale,  or  as  a  redox  catalyst 
with  change  of  valency. 


HAR.  07:0t0 

[  Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass.  ] 

[  GLUTAMIC  DEHYDROGENASE  ] ,  by  S.  J.  Adelsteln, 

B.  L.  Vallee,  and  J.  A.  Olson.  [  1 955 ]  [  2 ] p.  [in 
cooperation  wtth  Peter  Bent  Brigham  Hospital,  Boston, 
Mass,  j  [  Sponsored  jotntly  by  Office  of  Naval  Research 
and  Atr  Force  Offtce  of  Sctentlflc  Research  under  N5orl- 
07660  J  Unclassified 

Published  In  Faraday  Soc.  Discussions,  No.  20:  298- 
299,  1955. 

Several  preparations  nf  crystalline  glutamic  dehydrogen¬ 
ase  have  been  examined.  The  enzyme  has  been  found  lo 
contain  4-5  g  atoms  of  zlnc/mol  of  protein.  Quantitative 
emtsslon  spectroscopy  of  beef  liver  fracttons  obtained  In 
the  preparation  of  GDH  shows  the  disappearance  of  all 
metals  except  zinc  with  progressive  purification.  The 
ratto,  acttvlty/[  ztnc  ] ,  Increased  wtth  purification 
reaching  Its  highest  value  tn  lhe  third  crystals.  The 
rate  ol  conversion  of  DPN  to  DPNH  at  pH  7.  7  In  the 
presence  of  glutamate  Is  Inhibited  slgntflcantly  when 
the  enzyme  Is  pre-lncubated  with  a  number  of  metal- 
blndlng  agenls  lncludtng  sodtum  sulfide,  sodtum  dtcthyl- 
dlthlocarbamate,  and  1,  10-phenanthrollne.  With  the 
first  and  the  last  of  these  agents,  the  lnhtbttlon  was  suc¬ 
cessfully  Inhibited  by  the  prior  addition  of  2  x  10'2  M 
DPN. 


HAH.  07:0tt 

[  Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass.  J 

[  KINETICS  OF  ALCOHOL  DEHYDROGENASE  J ,  by  F. 

L.  Horh  and  B.  L.  Vallee.  t955  2  p.  lncl.  dtagrs. 

I  tn  cooperation  with  Peter  Bent  Brigham  Hospital, 

Boston,  Mass.  Sponsored  jointly  ty  Office  of  Naval 
Research  and  Air  Force  Office  of  Scientific  Research 
under  N5orl  07660  Unclassified 

PuMlsiied  in  Faraday  Soc.  Discussions,  No.  20:299,1955. 


Study  was  made  of  the  effect  of  DPN  on  the  Inhibition  of 
yeast  ADH  activity  by  t,t0  phenanthrollne  (OP).  It  was 
determined  that  when  4  x  10' 2  M  OP  Is  added  to  ADH, 
a  time-dependent  Inhibition  occurs  which  Is  complete 
tn  20  min.  Addition  of  5  x  10'2  M  DPN  to  the  OP- 
inhlblted  ADH  does  not  restore  acttvtty.  When  5  x  tO"2 
M  DPN  Is  added  to  ADH  before  4  x  10' 2  M  OP  Is  added, 
55%  of  the  Initial  actlvtty  rematns  after  32  mtn.  DPN 
reduces  the  degree  of  Inhibition  by  OP  when  the  coen¬ 
zyme  ts  added  to  ADH  before  the  Inhibitor,  but  not  when 
tt  Is  added  after  the  Inhibition  has  occurred.  The  ki- 
nettcs  tnvolved  were  also  studied  In  order  to  determtne 
quantitatively  the  relationship  between  the  ztnc  binding 
Inhibitor  and  the  coenzyme.  It  seems  thal  DPN  and  OP 
compete  for  lhe  "same"  enzymattc  site  of  yeast  ADH. 
Since  OP  combines  with  the  zinc  aloms  of  [  (ADH)Zn4], 
tt  appears  that  one  molecule  of  DPN  binds  wtth  each 
zinc  atom  of  the  enzyme,  to  form  the  enzyme-coenzyme 
complex,  [  (ADH)Zn^  ]  (DPN)^. 


HAR.  07:012 

Harvard  U.  Medical  School.  Blophystcs  Research  Lab. , 
Boston,  Mass. 

ZINC  AND  METALLOENZYMES,  by  B.  L.  Vallee. 
[t955j  [68jp.  lncl.  dlagrs.  tables,  refs.  (In  coopera¬ 
tton  with  Peter  Bent  Brigham  Hospital,  Boston,  Mass. ) 

[  Sponsored  jointly  by  Office  of  Naval  Research  and  Air 
Force  Office  of  Sclenttflc  Research  under  N5orl-07660  J 

Unclassified 

Published  In  Advances  In  Protein  Chemistry,  v.  10. 

Ed.  by  M.  L.  Anson,  K.  Bailey,  and  J.  T.  Edsall. 

N.  Y.,  Academic  Press,  Inc.,  t955,  p.  317-384. 

In  a  review  article  on  zinc  and  metalloenzymes,  the  fol¬ 
lowing  topics  are  discussed:  (1)  metalloprotelns  and 
metalloenzymes:  (2)  carbonic  anhydrasc;  (3)  leucocyte 
zinc  protein;  (4)  carboxypepttdase;  (5)  yeast  alcohol  de¬ 
hydrogenase;  and  (6)  coordination  chemistry  of  zinc, 
included  are  254  foretgn  and  domestic  references  cover¬ 
ing  a  time  period  from  1886  to  1955. 


HAR.  07:0t3 

Harvard  U.  Medical  School.  Blophystcs  Research  Lab. , 
Boston,  Mass. 

EFFECTS  OF  INERT  GASES  ON  DC  ARC  DISCHARGE, 
by  B.  L.  Vallee  and  S.  J.  Adelstetn.  Jan.  t955  [tip. 
(In  cooperation  with  Peter  Bent  Brigham  Hospttal, 
Boston,  Mass. )  [  Sponsored  jointly  by  Office  of  Naval 
Research  and  Air  Force  Office  of  Sclentlftc  Research 
under  N5orl-07660  j  U72413  Unclassified 

Published  In  Jour.  Opl.  Soc.  Amer. ,  v.  45  63,  Jan. 
t955. 

The  significant  enhancement  of  emission  spectral  lines, 
oblatned  under  certain  circumstances  by  use  of  Inert 
atmospheres  (A,  He)  In  spectrum  analyzers,  Is  dls 
cussed. 
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HAR.  07:014 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boslon,  Mass. 

ANODE  TEMPERATURES  IN  THE  NOBLE  GAS  DIRECT 
CURRENT  ARC  WITH  ALKALI  AND  ALKALINE  EARTH 
METALS  (Abstract),  byB.  L.  Vallee  and  R.  E.  Thiers. 
[  1955  ]  [l]p.  (In  cooperation  with  Peter  Beni  Brigham 
Hospital,  Boslon,  Mass. )  [  Sponsored  jointly  by  Office 
of  Naval  Research  and  Air  Force  Office  of  Scientific  Re¬ 
search  under  N5orl-07660]  Unclassified 

Presented  at  the  Conference  on  Analytical  Chemistry 
and  Applied  Spectroscopy,  Pittsburgh,  Pa. ,  Feb.  28- 
Mar.  4,  1955. 

Published  In  Anal.  Chem.,  v.  27:  32f,  Feb.  1955. 

Marked  differences  In  temperature  of  the  electrodes 
were  noted  previously  In  the  dc  arc  when  operating  In 
He,  Ne,  and  A,  and  data  have  now  been  obtained  In  Kr. 
Marked  differences  In  the  vollage  drop  across  the  arc 
were  also  observed.  Pure  graphite  rods  and  a  con¬ 
structed  recording  pyrometer  were  used.  These  stud¬ 
ies  have  been  extended  to  temperature  and  voltage 
measurements  In  He  and  A  with  the  anode  containing  a 
sample.  The  chlorides  of  the  elements  from  groups  1 
and  If  of  the  periodic  system  were  arced  Individually. 
Preliminary  dala  analysis  Indicates  a  correlation  of  the 
temperature  to  the  boiling  points  of  the  salts  and  the 
position  of  the  cation  In  the  periodic  table.  Similarly, 
there  was  good  correlation  between  the  temperatures 
observed  and  the  disappearance  of  the  salt  from  the 
electrode.  The  presence  of  all  salts  depresses  the 
voltage,  more  In  column  1A  than  In  column  IIA  In  a 
given  gas,  bul  the  magnitude  of  the  depression  differs 
between  He  and  A.  The  Implications  and  experimental 
detail  are  discussed.  (Contractor's  bstract,  modified) 


HAR.  07:015 

Harvard  U.  Medical  School.  Biophysics  Research  Lab., 
Boston,  Mass. 

CONDITIONS  IN  DENSITOMETRY  (Abstract),  by  It.  E. 
Tlners.  [  1955  i  1  1  p.  (In  cooperation  with  Peter  Dent 
Urtghant  Hospital,  Boston,  Mass.)  [Sponsored  jointly  by 
Office  of  Naval  Research  and  Air  Force  Office  of  Scien¬ 
tific  Research  under  N5orl-07660j  Unclassified 

Presented  at  the  Conference  on  Analytical  Chemistry 
and  Applied  Spectroscopy,  Pittsburgh,  l‘:i. ,  Feb.  28- 
Mar.  4.  1955. 

PubUshSd  111  Anal.  Chem.,  v.  27:323,  Feb.  1955. 

Erratic  precisions  and  accuracies  when  using  103-0 
plates  In  quantitative  spectrochen  teal  trace  analysis  led 
to  an  Investigation  of  the  desltometrtc  methods  used. 
Data  obtained  with  3  desttometers  —  2  of  these  of  the 
same  make  —  were  found  Interconvertible  only  when 
calibration  curves  of  each  Instrument  were  constructed. 
While  this  aided  the  inalyikal  performance,  tt  was  not 


HAR.  07:0f4  -  HAR.O7:0f7 


deemed  satisfactory  until  plates  were  developed  to  con¬ 
stant  gamma.  This  required  a  development  lime  of  12 
Instead  of  3  min  as  recommended  by  the  manufacturer. 
The  characteristics  of  this  emulsion  Imply  that  further 
changes  In  the  evaluation  of  photometric  data  may  be¬ 
come  necessary. 


HAR.  07:0f6 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

CYANOGEN-OXYGEN  FLAME  AS  A  SPECTROSCOPIC 
SOURCE  (Abstract),  by  B.  L.  Vallee  and  M.  R.  Baker. 
Feb.  1955  [  1  j p.  (In  cooperation  with  Peter  Bent 
Brigham  Hospital,  Boston,  Mass.)  [  Sponsored  jointly 
by  Office  of  Naval  Research  and  Air  Force  Office  of 
Scientific  Research  under  N5orl-07660] 

Unclassified 

Presented  at  lhe  Conference  on  Analytical  Chemistry 
and  Applied  Spectroscopy,  Pittsburgh,  Pa.  ,  Feb.  28- 
Mar.  4,  1955. 

Published  In  Anal.  Chem.,  v.  27:320,  Feb.  1955. 

The  cyanogen- oxygen  flame  with  an  approximate  tem¬ 
perature  of  4700 "K  was  studied  as  a  source  of  spectral 
excitation.  In  this  flame  the  spectra  of  many  elements 
are  excited  where  under  similar  conditions  they  cannot 
be  discerned  In  an  oxygen-hydrogen  flame.  This  source 
shows  great  promise  for  analytical  spectroscopy.  De¬ 
tails  of  the  findings  are  reported.  (Contractor's  ab¬ 
stract,  modified) 


HAR.  07:017 

Harvard  U.  Medical  School.  Biophysics  Research  Lab., 
Boston,  Mass. 

A  MULTICHANNEL  FLAME  SPECTROMETER  EMPLOY¬ 
ING  AUTOMATIC  BACKGROUND  CORRECTION  (Ab¬ 
stract),  by  M.  Margoshes  and  B.  L.  Vallee.  [  1955  i 
[  1  jp.  (In  cooperation  with  Peter  Bent  Brigham  Hos 
petal,  Boston,  Mass.  )  I  Sponsored  jointly  by  Office  of 
Naval  Research  and  Air  Force  Office  of  Scientific  He 
search  under  N5crl-07660J  Unclassified 

Presented  at  the  Conference  on  Analytical  Chemistry 
and  Applied  Spectroscopy,  Pittsburgh,  Pa.,  Feb.  28 
Mar.  4,  1955. 

Published  In  Anal.  Chem.,  v.  27:320,  Feb.  1955. 

The  spectrometer  used  a  grating  monochromator  and 
separate  exit  slits  and  detectors  for  Na,  K,  Ca,  and 
Sr.  An  auxiliary  exit  silt  Is  placed  1/4  In.  to  one  side 
of  the  main  exit  sltt  for  each  analysts  line  of  an  element. 
Front  surface  mirrors  reflect  the  light  on!o  a  photo 
multiplier  tube  placed  slightly  to  the  side  and  to  the  rear 
of  the  exit  sltt.  The  signals  from  the  photomulttpflers, 
placed  on  the  line  and  background  exit  slits,  respective¬ 
ly,  are  amplified  separately.  The  amplified  signals 
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are  subtracted  electrically  before  Wi{  presented  on  a 
mtcroaramcter  which  thee  Indicates  the  corrected  line 
Intensity.  Thla  correction  eyeteni  enable*  the  direct 
determlsatloii  at  one  element  la  foe  presence  of  con¬ 
siderably  larger  ccmcentrationa  of  other  element*.  Good 
precision  ts  obtained  whes  background  intensity  ts  as 
much  as  7  times  the  raise  of  the  line  Intensity.  (Con¬ 
tractor’s  abstract,  modified) 


HAR.  OTrOlt 

Harvard  U.  Medical  School.  Btophyatcs  Research  Lab. , 
Boston,  Mass. 

PHYSICAL  BASS  OF  SPECTRAL  UNE  ENHANCEMENT 
IN  THE  NOBLE  GAS  CURRENT  ARC  (Abstract),  by 
M.  R.  Baker,  S.  3.  Adeletein,  and  B.  L.  Vallee. 

[1955]  [a]p.  (In  cooperation  wlfo  Peter  Beat  Brigham 
Hospital,  Boston,  Maas. )  [  Sponsored  jointly  by  Office 
of  Naval  Research  and  Air  Force  Office  of  Scientific 
Research  under  NSorl-07690  J  Unclassified 

Presented  at  the  Conference  on  Analytical  Chemistry  and 
Applied  Spectra ecopy,  Pittsburgh,  Pa.,  Feb.  28- Mar. 

4,  1955. 

Ept-’  -h«d  in  Anal.  Cbem. ,  v.  27:  320-321,  Feb.  1955. 

Shades  have  confirmed  the  enhancements  of  spectral 
lines  previously  noted  In  A  and  Ha  and  hare  newly 
demonstrated  a  Wmilar  effect  In  Kr.  The  enhancement 
la  the  greater  the  lower  the  concentration  In  which  the 
elements  occur  ta  the  sample.  The  largest  enhancements 
for  a  fixed  concentration  of  elements  are  observed  for 
lines,  the  excitation  potentials  of  which  are  in  foe  vicinity 
of  the  first  excited  levels  of  the  noble  gas  atmosphere 
employed.  It  ts  concluded  that  a  mechanism  of  excitation 
In  these  sources  ts  as  follows.  The  noble  gas  ta  ener¬ 
gised  to  its  lowest  excited  levels  by  the  arc  discharge. 
Through  collisions  of  the  2nd  kind,  this  energy  la  trans¬ 
ferred  to  neutral  metal  atoms  present  The  metal  atoms 
are  thns  Ionised  and  excited.  The  ion  lines  of  the  metal 
atoms  whose  excitation  potential  occurs  In  the  vicinity 
of  the  lowest  excited  levels  of  the  gas  employed  are 
consequently  strongly  enhanced.  The  excitation  of  lines 
of  the  neutral  atoms  primarily  occurs  through  thermal 
collisions.  The  experimental  findings  and  the  physical 
basts  of  these  phenomena  are  documented  and  discussed. 
(Contractor's  abstract,  modified) 


HAR.  07:019 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Maas. 

THE  USE  OF  AN  ANION  EXCHANGE  RESIN  FOR  THE 
SEPARATION  OF  ALKALI  EARTHS  FROM  ALKALI 
METALS  (Abstract),  by  R.  Hara  and  B.  L.  Vallee. 
[1955]  [2]p.  (In  cooperation  with  Pater  Bent  Brigham 
Hospital,  Boston,  Mass. )  [  Sponsored  jointly  by  Office 
of  Naval  Research  and  Air  Fores  Office  of  Scientific 
Research  under  NSori- 07640]  Unclassified 


Presented  at  the  Conference  on  Analytical  Chemistry 
aad  Applied  Spectroscopy,  Pittsburgh,  Pa. ,  Feb.  28- 
Mar.  4,  1955. 

Published  in  AnaL  Cbem.,  v.  27:  315-316,  Fab.  1955. 

Na  aad  K  were  separated  completely  from  Ca  and  Mg 
by  the  use  of  Dowex  1-10  exchange  rasln  tn  the  pres¬ 
ence  at  an  ethylene-dlaminetetraacsUc  acid  derivative. 
The  transition  elements  were  separated  from  the  above 
four.  The  experimental  procedures  and  their  applica¬ 
tion  are  discussed.  (Contractor’s  abstract,  modified) 


HAR.  07:020 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Masa. 

YEAST  ALCOHOL  DEHYDROGENASE,  A  ZINC  METAL- 
LOENZYME,  by  B.  L.  Vallee  and  F.  L.  Hoch.  [1955] 
[2]p.  loci.  refs.  (In  cooperation  with  Petar  Bent 
Brigham  Hospital,  Boston,  Mass. )  (Sponsored  jointly 
by  Office  of  Naval  Research  and  [  Air  Force  Office  of 
Scientific  Research]  undar  NSorl-07660)  AD  92310; 
U72412  Unclassified 

Alun  published  in  Jn»r  Amer.  Chera.  Soc. ,  V.  77: 
821-822,  Feb.  5,  1955. 

Crystalline  alcohol  dehydrogenase  of  yeast  was  shown 
by  *  mission  apectrography  to  be  a  Zn  mstailoenzyme. 
The  Zn  la  aa  Integral  and  enxymlcally  functional  com¬ 
ponent  of  the  apoenxyme  molecule.  Various  cry  aniline 
preparations  showed  large  amounts  of  Zn,  lesser  and 
variable  amounts  of  Mg,  and  insignificant  amounts  of 
all  other  metals.  Upon  recryxtal  11  ration,  the  protein: 
Zn  ratio  Increased,  but  the  protein: metal  ratio  de¬ 
creased  for  all  other  slemsnts.  Both  the  rate  of  appear - 
sites  of  reduced  dlphosphopyrldlne  nucleottda  (DPNH) 
at  pH  8. 1  In  the  presence  of  EtOH  and  the  disappearance 
of  DPNH  at  pH  6. 5  In  the  presence  of  AcH  are  strongly 
Inhibited  by  pretncubatlon  of  the  enayms  with  1, 10- 
phenanthrollne.  (C. A.,  1955:10402a) 


HAR.  07:021 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

YEAST  ALCOHOL  DEHYDROGENASE.  A  ZINC  METAL- 
LOENZYME  (Abstract),  by  B.  L.  Vallee  and  F.  L. 

Hoch.  [  1955]  [  1  ]  p.  (In  cooperation  with  Petar  Bant  Brig- 
hum  Hospital,  Boston,  Masa.)  (Sponsored  jointly  by  Office 
of  Naval  Research  and  [  Air  Force  Office  of  Sctsntlflc 
Research]  under  N5ort-07MO)  Unclassified 

Presented  at  meeting  of  the  Amer.  Pbystot.  Soc. ,  San 
Francisco,  Calif.,  Apr.  11-15,  1955. 

Published  la  Fed.  Proc.,  v.  14:  154,  Mar.  1955. 

Crystalline  hot  dehydrogenase  (ADH)  of  ysast 
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contains  tlrmty-bound  zinc  as  an  Integral  and  enzymat- 
lcalty  functional  component  of  the  apoenzyme  motecute. 
Qualitative  and  quantitative  emission  spectrography  and 
mlcrochemlcal  determinations  of  zinc  were  employed  lo 
analyze  crystalline  preparations,  which  were  uniformty 
found  to  contain  targe  quantities  of  zinc,  tesser  and 
varlabte  quantities  of  magnesium,  and  Insignificant 
amounts  of  all  other  elements.  A  purified  and  dialyzed 
crystatline  preparation  of  alcohol  dehydrogenase  con¬ 
tained  3. 9  mot  of  zlnc/mot  of  protein  based  on  a  motec- 
utar  weight  of  150, 000.  Fractionation  of  ADH  from 
yeasl  demonstrated  an  Increase  In  the  zlnc:proleln  ratios 
In  fractions  In  which  the  actlvlty:protetn  ratio  was  In¬ 
creased.  The  zinc  was  shown  to  be  a  functional  com¬ 
ponent  of  the  apoenzyme  by  Inhibition  studies  emptoylng 
cbetating  agents.  Both  the  dehydrogenation  of  ethanol 
and  the  hydrogenation  of  acetaldehyde  were  Inhibited 
markedty.  The  lnhibttlon  by  chetatlng  agents  appears 
to  be  competitive  with  the  co-enzyme,  Indicating  that 
the  4  molecules  of  DPN  may  be  bound  lo  the  apoenzyme 
through  zinc.  These  data  establish  yeast  ADH  as  a  zinc 
metaltoenzyir.e  and  may  be  used  lo  explain  the  known 
high  zinc  content  of  animal  liver  and  retina,  organs 
known  to  have  a  high  ADH  content.  The  mechanism  of 
action  of  ADH  based  on  these  findings  wltt  be  discussed. 
(Contractor's  abstract) 


HAR.  07:022 

Harvard  U.  Medical  Sc  hoot.  Btophyslcs  Research  Lab. , 
Boston,  Mass. 

AUTOMATIC  BACKGROUND  CORRECTION  ON  A 
MULTICHANNEL  FLAME  SPECTROMETER  (Abstract), 
by  M.  Margoshes  and  B.  L.  Vallee.  [  1955]  [  l]p. 

(In  cooperation  with  Peter  Beni  Brigham  Hospital, 
Boston,  Mass. )  [  Sponsored  Jointly  by  Office  of  Naval 
Research  and  Air  Force  Office  of  Scientific  Research 
under  N5orl-07M0]  Unclassified 

Published  In  Jour.  Opl.  Soc.  Amer. ,  v.  45:  400, 

May  t95S. 

A  multlchannet  flame  spectrometer  for  the  simultaneous 
determination  of  five  elements  has  been  described  pre¬ 
viously  (B.  L.  Vallee,  Nature,  v.  174:  1050-1051, 

Dec.  4,  1954).  The  determination  of  one  of  the  alkali 
metals  or  alkaline  earths  In  the  presence  of  excess  con¬ 
centrations  of  the  others  has  been  difficult  In  the  past 
due  to  "Interference"  caused  by  superposition  of  the 
monochromatic  radiation  lo  be  measured  on  helero- 
chromatlc  background  radiation,  which  ts  additive  and 
Increases  In  tnlenslty  In  direct  proportion  lo  the  con¬ 
centration  of  each  radiating  species.  The  multichannel 
flame  spectrometer  has  been  modified  lo  Include  an 
automatic  background  correction.  An  auxiliary  exit 
slit  and  photomultiplier  are  used  to  observed  the  back¬ 
ground  al  a  position  lo  one  side  of  the  line  or  band  lo  be 
measured.  The  signal  from  the  photocell  receiving  the 
background  radiation  and  from  the  one  receiving  line 
plus  background  are  amplified  separately.  The  ampli¬ 
fied  signals  are  subtracted  electrlcalty.  The  difference 
between  the  two  a  Ignats,  the  line  Intensity,  Is  measured 
by  a  microammeter.  With  this  arrangement,  accurate 


analyses  are  obtained  with  background  intensities  as 
high  as  ten  times  the  line  Intensity.  (Contractor's  ab¬ 
stract) 


HAR.  07:023 

Harvard  U.  Medical  Schoot.  Biophysics  Research  Lab. , 
Boston,  Mass. 

ZINC,  A  COMPONENT  OF  YEAST  ALCOHOL  DEHY¬ 
DROGENASE,  byB.  L.  Vallee  and  F.  L.  Hoch.  [1955] 
[l2]p.  Inct.  dlagrs.  tables,  refs.  (In  cooperation  with 
Peler  Bent  Brigham  Hospital,  Boston,  Mass. )  (Spon¬ 
sored  Jointly  by  Office  of  Naval  Research  and  [  Air 
Force  Office  of  Scientific  Research]  under  N5ori- 
07660)  AD  92430  Unclassified 

Also  published  in  Proc.  Nat't.  Acad.  Sciences,  v.  41: 
327-338,  June  15,  1955. 

Study  was  made  of  the  chemlcat  composition,  physical- 
chemical  Interactions,  and  enzyraotoglcal  behavior  of 
yeasl  ADH.  The  foltowlng  facts  were  determined.  The 
ADH  of  yeasl  ts  a  zinc  metalloenxyme  containing  four 
moles  of  zinc  flrmty  bound  to  one  mote  of  protein.  The 
activity  of  the  enzyme  Is  directly  dependent  on  zinc. 
Enzymatic  action  Is  Inhibited  by  dithlzone,  1, 10-phe- 
nanthroline,  8-hydroxyqulnollne,  8-hydroxyqulnollne-5- 
sulfonic  acid,  a  ,a  '-dlpyrldyt,  and  thiourea.  The  Inhi¬ 
bition  Is  reversible  and  probabty  Is  competitive  with 
DPN.  The  mechanisms  of  the  enzymatic  reaction.  In¬ 
active  tloA,  and  reversal  of  Inhibition  have  been  formu¬ 
lated  In  terms  of  the  existence  of  a  structural  metallo- 
enzyme  entity.  This  has  been  assigned  the  emplrlcat 
formula  [  (ADH)Zng  ]  tn  conformity  with  a  general 
scheme  of  notation  of  metaltoenzyme  structure.  The 
active  melaltoenzyme-coenzyme  complex  Is  represented 
by  [  (ADHJZng  ]  (DPN)4.  (Contractor's  summary) 


HAR.  07:024 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

EFFECTS  OF  ADENOSINE  TRIPHOSPHATE  AND 
METALS  UPON  AN  ELECTRON  TRANSPORT  SYS¬ 
TEM  IN  MITOCHRONDRIA,  by  F.  L.  Hoch  and  B.  L. 
Vattee.  [  tS55  j  [2]p.  lncl.  dlagrs.  (In  cooperation 
with  Peler  Bent  Brigham  Hospital,  Boston,  Mass. ) 
(Sponsored  Jointly  by  Office  of  Navat  Research  and  [  Air 
Force  Office  of  Scientific  Research]  under  NScrl- 07660) 

Unclassified 

Published  in  Nature,  v.  176:  256-257,  Aug.  6,  1955. 

In  the  course  of  oxidative  phosphorylation  coupled  with 
the  succinic  oxidase  system  of  ral-  liver  mitochrondrla, 
adenosinetrlphosphale  (ATP),  alone  and  with  certain 
metals,  slgnlflcantty  accelerated  reduction  of  lrlphenyl- 
letrazollum  chloride  lo  lrlphenylformazan.  The  pres¬ 
ence  of  Mn  or  Mg  tncreased  the  activation  but  the  maxi¬ 
mum  effect  occurred  when  metal  and  ATP  concentra¬ 
tions  were  equal.  Ca,  Ba,  Sr,  and  Cr  neither  produced 
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additional  activation  nor  Interfered  with  the  action  of 
ATP  in  activating  this  reduction  mechanism.  Beryllium, 
Al,  Zn,  Cu,  Fe,  V,  and  Mo  not  only  had  no  stimulating 
effect  but  also  abolished  the  stimulation  due  to  ATP. 

(C.  A..  1955:14846b) 


HAR.  07:025 

[  Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass.  ] 

THE  FUNCTIONAL  ROLE  OF  ZINC  IN  ALCOHOL  DE¬ 
HYDROGENASE  (Abstract),  by  F.  L.  Hoch  and  B.  L. 
Vallee.  L 1 955  J  Clip.  [  In  cooperation  with  Peter 
Bent  Brigham  Hospital,  Boston,  Mass.  1  [Sponsored 
jointly  by  Office  of  Naval  Research  and  Air  Force  Of¬ 
fice  of  Scientific  Research  under  N5or'.-07f60] 

Unclassified 

Published  In  Third  International  Congress  of  Biochem¬ 
istry,  Brussels  (Belgium),  1955.  Abstracts  of  Com¬ 
munications,  p.  52,  Aug.  1955. 

Yeast  alcohol  dehydrogenase  (ADH),  containing  4  moles 
of  zinc,  Is  reversibly  Inhibited  by  rhelatlng  agents  with 
high  affinity  for  zinc.  The  degree  of  Inhibition  varies 
with  the  chemical  characteristics  ut  the  agent  and  with 
the  conditions  of  exposure  of  ADH  to  It.  The  effects  of 
pH,  temperature  and  time  of  Incubation  have  been  stud¬ 
ied.  ADH  activity,  markedly  Inhibited  by  1,  10-phe- 
nanthrollne  are  preincubated  before  activity  Is  meas¬ 
ured,  the  Inhibition  Is  competitive  between  chelating 
agents  and  DPN.  When  ADH  and  1,  10-phenanthrollne 
are  prelncuhaled  alone,  and  UPN  and  rlhanul  are  added 
only  at  the  time  at  which  activity  measurements  are 
started,  the  inhibition  is  noncompetitive  with  either  sub¬ 
strate.  It  thus  appears  that  zinc  Is  a  alte  of  binding  be¬ 
tween  DPN  and  ADH.  (Contractor's  abstract) 


HAlt.  07:026 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

YEAST  ALCOHOL  DEHYDROGENASE.  A  ZINC  METAL- 
LOENZYME  (Abstract),  by  II.  1  Vallee  and  F.  L.  Hoch. 
(l955j  [lip.  [  In  cooperation  with  Peter  Beni  Brigham 
Hospital,  Boston,  Maas.  ]  [  Sponsored  jointly  by  Office 
of  Naval  Hesearch  and  Air  Force  Office  of  Scientific  Re¬ 
search  under  NSorl-07660]  Unclassified 

Published  in  Third  International  Congress  of  Biochem¬ 
istry,  Brussels  (Belgium),  1955.  Abstracts  of  Com¬ 
munications,  p.  52,  Aug.  1955. 

The  crystallized  enzyme  (mol  wt  150,  000)  contains  4 
atoms  of  Zn,  which  are  not  removed  by  dialysis  with 
water,  though  other  metals  (mainly  Mg)  are  removed. 

The  functional  role  and  firm  attachment  of  Zn  to  the 
rest  of  the  enzyme  molecule  Is  shown  by  the  concomi¬ 
tant  rise  of  Zn  and  activity  per  grant  of  protein  during 
purification  while  other  elements  decrease  In  concentra- 


tlon.  The  action  of  compounds  with  affinity  for  Zn  In 
decreasing  the  activity  of  the  enzyme  Increases  In  the 
order:  dlthlzor.e;  1, 10-phenanthrollne;  8  hydroxyqulno- 
llne,  and  a,  ul-dlpyrldyl.  . The  oxidation  of  EtOH  and 
the  reduction  of  AcH  are  affected  equally.  Inhibition 
Is  prevented  when  Zn  or  Cu  is  added  to  the  enzyme 
simultaneously  with  the  chelating  agent.  Thus  Zn  is  an 
Integral  functional  componen  of  the  enzyme.  (C.  A. , 
1957:8850h) 


HAR.  07:027 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Poston,  Mass. 

CYANOGEN-OXYGEN  FLAME  AS  A  SPECTROCHEMI- 
CAL  SOURCE,  by  M.  R.  Baker  and  B.  L.  Vallee. 

Sept.  1955  [ljp.  lncl.  dlagr.  (In  cooperation  vdth 
Peter  Bent  Brigham  Hospital,  Boston,  Mass. )  [Spon¬ 
sored  jointly  by  Office  ol  Naval  Research  and  Air  Force 
Office  ol  Scientific  Research  under  N5orl-O706O] 

AD  93617  Unclassified 

Also  published  in  Jour.  Opt.  Soc.  Amer. ,  v.  45:  773, 
Sept.  1955. 

A  burner  eyrtetr.  was  conslrucled  allowing  the  coir  bul¬ 
lion  in  equimolar  proportions  of  the  gases  (CN),  and 
Oj,  and  the  Introduction  ol  a  sample  solution  Into  the 
burner  as  a  fine  fog  In  the  02  stream.  Spectra  were 
obtained  from  samples  containing  various  alkaline 
earths  and  transition  elements.  A  sample  spectrum 
shown  was  obtained  on  a  7-ft  grating  spectrograph 
(Jaco  Jr,  15,000  Unas/lr  ,  Kodak  103-0  tllr),  the 
exposure  time  of  4  min  corresponding  to  a  total  ol  less 
than  1  ug  of  each  element  Introduced  Into  the  flame. 

The  (CN)j-Oj  flame  permits  spectrochemical  determi¬ 
nation  of  elements  not  readily  excited  by  conventional 
tlamea.  Sensitivities  of  analyses  exceeding  those  of 
the  ir.  arc  are  Indicated. 


HAR.  07:028 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

LOW-TEMPEKATURE  ABSOHPTION  SPECTROSCOPY, 
by  F.  L.  Hoch.  [  1955]  [  4  j  p.  lncl.  dlagr.  table,  rets. 
(In  cooperation  with  Peter  Bent  Brigham  Hospital, 
Boston,  Maas. )  (Sponsored  jointly  by  Office  of  Naval 
Research  and  [  Air  Force  Office  of  Scientific  Keaearchj 
under  N5orl-07660)  Unclassified 

Published  In  Jour.  Chem.  Education,  v.  32:469-472, 
Sept.  1955. 

A  review  Is  presented  of  the  development  of  the  field  of 
c  ryosbsorptlon  spectroscopy  (the  study  of  the  absorption 
ol  electromagnetic  radiations  by  materials  which  are  at 
low  temperatures).  The  physical  basis  of  this  process 
is  discussed.  Developments  In  the  design  and  construe - 
-ton  of  a  suitable  apparatus  are  reviewed.  A  number  of 
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applications  of  this  process  are  revealed  and  future  ap¬ 
plications  are  briefly  explored.  Ranging  from  1892- 
19r.4,  40  references,  domestic  and  foregin,  are  cited. 


HAR.  07.029 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boslon,  Mass. 

GLUTAMIC  DEHYDROGENASE  OF  BEEF  LIVER,  A 
ZINC  META LLOENZYME,  byB.  L.  Vallee,  S.  J. 
Adelsteln,  and  J.  A.  Olson.  [1955]  [l]p.  lncl.  table. 
(In  cooperation  with  Peler  Beni  Brigham  Hospital, 
Boslon,  Mass. )  (Sponsored  jointly  by  Office  of  Naval 
Research  and  [Air  Force  Office  of  Scientific  Research 
under  N5orl- 07880  J )  AD  101336  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  77: 

5t98,  Ocl.  5,  1955. 

Several  crystalline  preparations  of  beef  liver  glulamlc 
dehydrogenase  were  examined  and  11  was  found  that  zinc 
Is  an  Integral  and  functional  component  of  the  enzyme 
molecule.  Fractionation  of  beef  Uver  shows  an  aggre¬ 
gation  of  zinc  with  purification  of  the  enzyme,  and  as 
lhe  activity  .proleln  ratio  reaches  Us  maximum  value. 
The  metal:proleln  ratio  of  all  other  elements  studied 
decreases  with  progressive  enzyme  purification.  The 
actlvltyrzlnc  ratio  Increases  progressively  with  purifi¬ 
cation.  The  rate  of  conversion  of  DPN  lo  DPNH  al  pH 
7.  7  In  the  presence  of  glulamale  Is  Inhibited  significant¬ 
ly  when  the  enzyme  Is  preincubated  with  a  number  of 
melal  binding  agents,  Including  sodium  sulfide,  sodium 
dlelhyldlthlocarbamale  and  1, 10-phenanthrollne.  These 
data  establish  glutamic  dehydrogenase  as  a  zinc  metal- 
toenzyme.  The  oxidation  of  glulamlc  acid  Is  the  second 
DPN  dependent  dehydrogenation  reaction  known  to  be 
catalyzed  by  a  ztnc  metalloenzyme. 


HAR.  07:030 

Harvard  U.  Medical  School.  Btophyslcs  Research  Lab. , 
Boslon,  Mass. 

CARBOXYPEPTIDASE.  A  ZINC  METALLOENZYME, 
byB.  L.  VaUee  and  H.  Nevrath.  [  1955]  [  9  j  p.  tncl. 
dtagr.  tables,  refs.  (In  cooperation  with  Peter  Bent 
Brtgham  Hospital,  Boston,  Mass. )  (Sponsored  jointly 
by  Offtce  of  Sctentlftc  Research  under  NSort- 07860) 

AD  893t7  Unclassified 

Presented  at  Third  International  Congress  of  Biochem¬ 
istry,  Brussels  (Belgium),  Aug.  1955. 

Also  published  In  Juur.  Btol.  Chem.,  v.  217:  2S3-2€t, 
Nov.  1955. 

Quantitative  emission  spectroscopy  ind  chemical  analy¬ 
ses  established  that  crystalline  pancreatic  carbonypepU 
dase  ts  a  Zn  metalloenzyme  containing  t  atom  of  ; in/ mol 
of  enzyme  protetn.  Metal  analyses  of  the  fractions  at¬ 
tending  the  Isolation  of  the  enzyme  from  pancreatic  exu 


HAR.  07:029  -  HAR.  07:032 


dale  showed  that  Zn  is  the  only  metal  aggregated  in  the 
fractions  with  Increasing  enzymic  activity.  The  Zn- 
activlty  ratios  reached  a  constant  value.  Enzymic 
activity  Is  Inhibited  by  metal-chelating  agenls  such  as 
8-qulnollnol-5-8ulfonic  acid,  1,  10-phenanthrollne,  or 
2,  2' -bipyridine.  Zn  Is  both  a  structural  and  functional 
'  component  of  carboxypeptidase  and  participates  In  the 
mechanisms  of  11s  catalytic  action.  (C.  A. ,  7956:3  523c) 

HAR.  07:031 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boslon,  Mass. 

DIRECT  READING  FLAMESPECTKOMETRY  PRINCI¬ 
PLES  AND  INSTRUMENTATION,  by  M.  Margoshes 
and  B.  L.  Vallee.  [  t956]  28p.  lncl.  dlagrs.  tables, 
refs.  (In  cooperation  with  Peter  Bent  Brigham  Hospi¬ 
tal,  Boston,  Mass. )  [  Sponsored  jointly  by  Office  of 
Naval  Research  and  Air  Force  Office  of  Scientific  Re¬ 
search  under  N5orl-07860j  PB  111743  Unclassified 

A  review  Is  given  of  the  development  of  Instruments 
and  techniques  of  flame  spectrometry,  as  well  as  of 
various  factors  affecting  light  emission  and  Us  ac¬ 
curate,  precise  measurement.  The  design  character¬ 
ises  and  operation  of  a  new  direct- reading,  multi¬ 
channel  flame  spectrometer  (see  U  72411,  llem  nr. 

HAR.  07:008)  Is  described  In  delail.  Results  of  Its  use 
for  analytic  work  and  In  studies  of  the  nature  of  the 
excitation  process  In  the  flame  are  tabulated  and  dis¬ 
cussed.  Results  of  new  lnvestlgaUons  of  interferences 
are  Included. 


HAR.  07:032 

Harvard  U.  Me  teal  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

FLAME  PHOTOMETRY  AND  SPECTROMETRY.  PRIN¬ 
CIPLES  AND  APPLICATIONS,  by  M.  Margoshes  and 
B.  L.  Vallee.  [  1956J  [M  ip.  lncl.  IUub.  dlagrs. 
tables,  refs.  (In  cooperation  with  Peler  Beni  Brigham 
Hospital,  Boston,  Mass. )  [  Sponsored  jointly  by  Office 
of  Naval  Research  and  Air  Force  Office  of  Scientific 
Resea-ch  under  NSori- 07660]  Unclassified 

Published  In  Methods  of  Biochemical  Analysis,  v.  3, 

D.  Click,  ed.  N.  Y. ,  lntersclence  Publishers,  Inc., 
1956,  p.  353-407. 

A  review  Is  presented  of  the  principles  and  applications 
of  flame  photometry  and  spectrometry.  The  following 
Items  are  outlined:  (1)  the  historical  background:  (2) 
components  of  the  flame  photometer;  (3)  commercial 
Instruments  used;  (4)  sources  of  error  tn  flame  photom¬ 
etry;  (5)  handling  of  samples;  (6)  the  Internal  standard 
principle  In  flame  photometry;  (7)  the  direct  reading 
multichannel  flame  spectrometer  wtth  automatic  back¬ 
ground  correction;  and  (8)  current  trends  In  flame  pho¬ 
tometry.  Covering  a  time  period  from  1826- 1958,  55 
foreign  and  domestic  references  are  etted. 


AIR  FORCE  SCIENTIFIC  RESEARCH 


HAR.  07:033  -  HAR.  07:038 


HAR.  07:033 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

THE  SERRE  GROUP  E2I>,q,  by  A.  F.  Bartholomay. 

[  1956  ]  [  4  ]  p.  (In  cooperation-wlth  Peter  Bent  Brigham 
Hospital,  Boston,  Mass. )  T  Sponsored  Jointly  by  Office 
of  Naval  Research  and  Air  Force  Office  of  Scientific 
Research  under  N5ori-07660]  Unclassified 

Published  In  Portugal.  Math.,  v.  15:  31-34,  1956. 

Let  A  be  a  graded  differential  group  with  a  filtration. 

The  group  E«p’ q  of  the  spectral  aequence  of  A,  defined 
by  Serre  (Ann.  Math.,  v.  54:  425-505,  1951;  MR,  v.  13: 
574)  is  shown  in  this  paper  to  be  equivalent  to^F’Q  * 
(image  f),  where 

f:  H  (Ap/Ap~2)-*  H  (Ap+1/Ap  l) 
ptq  p+q 

Is  the  map 

(ioj).:  H  (Ap/Ap‘J)  -v  H  (Ap/p  l)  -» 
p+q  p+q 

H  (A^'/aP'1) 
p+q 

induced  on  the  homology  groups  by  the  maps  associated 
with  the  inclusions  among  the  (AP).  (Math.  Rev. 
abstract) 


HAR.  0":034 

H  -vard  U.  Medical  School.  Biophysics  [Research]  Lab., 

!'  n,  Mass. 

ANO  TEMPERATURES  AND  CHARACTERISTICS  OF 
THE  DC  ARC  IN  NOBLE  GASES,  by  B.  L.  Vallee  and 
M.  R.  Baker.  July  22,  1955  [6]p.  lncl.  Ulus.  refs. 

(In  cooperation  with  Peter  Bent  Brigham  Hospital, 

Boston,  Maas. )  (Sponsored  JolnUy  by  Office  of  Naval 
Research  and  Air  Force  Office  at  Scientific  Research 
under  N5orl-07660)  AD  121537  Unclassified 

Also  published  In  Jour.  Opt.  Soc.  Aratr. ,  v.  46:  77-12, 
Feb.  1956. 

The  construction  of  a  gas-tight  arcing  chamber  and  con¬ 
tinuously-  recording  optical  pyrometer  Is  described.  The 
system  ie  reproducible.  The  current  and  voltage  of  the 
de  carbon  arc  ta  noble  gaaee  show  a  sensitive  aid  sys- 
temaUc  dependence  on  the  atmospheres  employed.  A 
email  admixture  of  a  foreign  gas,  such  as  air,  markedly 
alters  the  characteristics  of  the  arc.  The  arc  voltage 
for  fiaed  current  decreases  ta  the  order  He,  Ne,  A,  sad 
hr;  th>  power  input  decreases  la  tbs  asms  order.  The 
anode  temperature  la  linearly  related  to  the  power  Input. 
The  behavior  of  the  cross  sections  at  the  gases  to  elec¬ 
trons  la  the  energy  range  of  the  Ramaaver- Townsend 
effect  Is  suggested  as  a  major  contributor  to  the  ob¬ 
served  behavior  of  the  dc  arc  la  noble  gases.  (Contrac¬ 
tor's  abstract) 


HAR.  07:035 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

THE  EFFECT  OF  ALKALI  AND  ALKALINE  BARTH 
CHLORIDES  ON  THE  ANODE  TEMPERATURE  OF  THE 
DC  ARC,  by  B.  L.  Vallee  and  R.  E.  Thiers.  Feb. 
1956  [5]p.  lncl.  dlagrs.  table,  rets.  (In  cooperation 
with  Peter  Bent  Brigham  Hospital,  Boston,  Mass. ) 

[  Sponsored  jointly  by  Office  of  Naval  Research  and 
Air  Force  Office  of  Scientific  Research  under 
N5orl- 07660]  Unclassified 

gubilltaLla  Jour.  Opt.  Soc.  Amer. ,  v.  46:  83- *6, 

Feb.  1956. 

Temperatures  of  graphite  anodes  have  been  measured 
for  the  dc  arc  In  helium  and  argon  by  means  at  a  re¬ 
cording  thermistor  pyrometer  when  pore  chlorides  of 
the  alkali  and  alkaline  earth  metals  are  present  as 
samples.  Anode  temperatures  and  gap  voltages  were 
depressed  by  all  of  the  samples.  The  data  tor  helium 
Indicate  a  correlation  of  anode  temperature  to  the  boil¬ 
ing  point  of  the  sample  salt  and  the  lowest  excitation 
potential  of  the  cation.  Correlation  was  also  observed 
between  the  boiling  point  at  the  salt  and  Its  rate  of 
volatilisation.  Temperatures  la  argon  are  lower  aad 
correlation  between  anode  temperatures  aad  either 
boiling  paints  or  excitation  potentials  was  not  observed. 
However,  rates  of  voUfillraHoo  were  related  to  the 
boiling  points  aad  excitation  potentials  at  the  aanpies. 
These  effects  are  large  enough  to  acconet  for  the  poor 
precision  of  the  dc  arc  as  a  a  pec  t  roc  hemic  al  source 
and  show  the  physical-chemical  baste  for  the  use  of 
"spectroscopic  betters. "  (Contractor’s  abstract) 


HAR.  07:036 

Harvard  U.  Medical  School.  Biophysics  [  Research  ]  Lab. , 
Boston,  Maas. 

INSTRUMENTATION  AND  PRINCIPLES  OF  FLAKE 
SPECTROMETRY.  1.  MULTICHANNEL  FLAME 
SPECTROMETER,  by  B.  L.  Vallee  aad  M.  Margoshes. 
July  19,  1965  [5]p.  lncl.  Ulus,  table,  refs.  (Ia  co¬ 
operation  with  Pater  Bent  Brigham  Us  apt  til,  teuton. 
Mass. )  (Sponsored  jointly  by  Office  at  Naval  Research 
aad  Air  Fores  Office  of  Scientific  Research  under 
N5orl- 07990)  AD  99315  UactesatAsd 

Feb!  '*  *’ 

Aa  Internment  tor  the  simultaneous  photoelectric  ehe- 
termtanttea  at  several  elements,  using  a  flams  source, 

Is  described.  The  Internment  constats  at  aa  oaygea- 
hydrogaa  burner,  a  grating  mouse hromator,  phntswiul- 
Optter  detectors,  sad  associated  power  supplies,  am¬ 
plifiers,  sad  Barters.  Ft**  elements  —  sodium,  potas- 

termtnad  at— Itanesealy.  The  Instrument  detecta  aa 
Utile  as  9.  Wr  at  sodium  te  1  ml  of  water.  Tbs 
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a  1000-fold 


mm  far  each  ete— uL  The  pncUM  of  Ike  tntrwot 
lx  wittin  1  to  3%. 

HAIL  07:037 

Harvard  U.  Medical  School.  [Otophysice  Bwadi  Lab.  ] 


INSTRUMENTATION  AND  PRINCIPLES  OF  FLAME 
SPECTROMETRY.  H.  EFFECT  OF  EXTRANEOUS 
IONS  IN  SIMULTANEOUS  DETERMINATION  OF  FIVE 
ELEMENTS,  tar  M.  MargoShes  and  B.  L.  Valtee. 

July  19,  1955  [S]p.  inr.l.  Una.  tables,  reds.  {In  co¬ 
operation  with  Peter  Bent  Brigham  Hospital,  Beaton, 
Mass. )  (Sponsored  Jointly  by  Office  of  Nasal  Research 
and  Air  Force  Office  of  Scientific  Research  under 
NSorl-07060)  AD  89316  Undaaatfiad 

Also  published  In  Anar.  Chem. ,  v.  28:  180-194, 

Feb.  1956. 

The  effects  of  extraneous  Iona  on  flame  spectrometer  or 
photometric  analyses  have  been  studied  with  the  multi¬ 
channel  flame  spectrometer.  Extraneous  cstloss  pro¬ 
duce  heterochromatlc  background  radiation  and  have  no 
effect  on  the  monochromatic  emission  intensity  meas¬ 
ured  above  background.  A  mc-thod  of  background  cor¬ 
rection  la  described.  The  precision  of  the  correction 
depends  upon  the  line  -  to  -  background  ratio.  Certain 
anions  are  shown  to  reduce  the  emlaalon  Intensity  of 
the  alkaline  earths  These  anions  form  compounds  with 
the  alkaline  earths  with  high  melting  and  boiling  points; 
their  crystals,  formed  In  the  spray,  do  not  evaporate 
during  their  passage  through  the  flame.  Methods  of 
obviating  anion  Interference  are  diacuaaed  briefly. 

(See  also  Item  no.  BAR.  07:040)  (Contractor's  abstract) 


HAR.  07:038 

Harvard  U.  Medical  School.  Biophysics  Research  Lab., 
Boston,  Maas. 

THE  PHYSICAL  BASIS  OF  LINE  ENHANCEMENT  IN 
AHGON  AND  KRYPTON,  by  M.  R  Baker,  6  J. 

Adel  stein,  sol  B.  L.  Valise.  Feb.  19S0  [3]p.  tact, 
tlluc.  ding rs.  tables.  (In  cooperation  with  Peter  Beat 
Brigham  Hospital,  Boston,  Maas.)  t  Sponsored  Jointly 
by  Office  of  Naval  Reoearch  and  Air  Force  Office  of 
Scientific  Research  under  NSorl- 07680) 


Published  In  Jour.  Opt.  Soc.  Amer. ,  v.  40:  128-140, 
Feb.  1958. 

The  enhancement  of  certain  metallic  Ion  Unas,  shtotoad 
from  the  dc  arc  In  atmospheres  of  argon,  krypton,  and 
helium  has  been  examined.  The  ratio*  of  the  latoecHles 
of  these  lines  la  argon  to  their  intenalttec  la  hattoss  sad 
krypton  are  maximal  for  those  whose  mcitatim  poten¬ 
tials  (EP)  Ue  tn  the  vicinity  of  the  EP  of  the  lower  ex¬ 
cited  energy  levels  of  argon.  TMs  observation  la  ac¬ 


counted  tar  by  MW  lottos tog  mechanism.  The  noble  gas 
is  energised  to  its  lowest  excited  levels  by  the  arc  dis¬ 
charge  through  collisions  of  the  second  kind.  This 
energy  Id  transferred  to  neutral  metal  atoms  volatil¬ 
ised  in  the  arc.  The  metal  atom  a  are  thua  taralted  and 
excited;  they  then  fall  to  the  ground  state  emitting  their 
characteristic  radiation.  The  maximum  energy  la  trans¬ 
ferred  from  argon  to  metal  atom*  whan  tee  energy  of 
tee  excited  noble  gas  atom  equals  the  EP  of  tee  metal 
ton  Una,  reeultiag  In  tee  selective  enhancement  observed. 
(Contractor1!  abstract) 


Harvard  U.  Medical  School.  Bloptgraica  Research  Lab. , 
Boittn, 

nMBITKIN  OF  YEAST  ALCOHOL  DEHYDROGENASE 
BY  METAL  BINDING  AGENTS  (Abstract),  by  F.  L. 
lech  and  B.  L.  Valise.  [1990]  [  2  j  p.  (In  *ooperaUon 
with  Peter  Beet  Brigham  Hospital,  Boston,  Mass. ) 

[  Sponsored  Jointly  by  Office  of  Naval  Research  and 
Air  Force  Office  of  Scientific  Research  under  N5orl- 
97089]  Unclassified 

Presented  at  meeting  of  tee  Amer.  Physiol.  Soc. , 
Atlantic  CUf,  N.  J. ,  Apr.  10-20,  1998. 

Published  In  Fed.  Proc.  ,  v.  19:  92,  Mar.  1950. 

Yeast  alcohol  dehydrogenase  (ADH),  containing  4  func¬ 
tional  stoma  of  zinc  per  molecule  has  previously  been 
shown  to  he  tnhitdted  by  certain  agents  having  high  af¬ 
finity  for  zinc.  Yeast  ADH  la  now  shown  to  be  Inhibited 
by  other  metal -binding  agents  such  as  BAL,  thtoaeml- 
carbaaide,  aside,  cupferron  and  dtetbyldltUocxrbamate . 
The  degree  and  rate  of  inhibition  are  a  function  of  the 
concentration  of  Inhibitor  and  the  pH,  time,  ami  tem¬ 
perature  of  Incubation  of  tee  agents  with  ADH.  The 
effects  of  DPN,  DPNH,  ethanol,  and  acetaldehyde  on 
tee  inhibition  produced  by  incubetion  with  orttophenan- 
ttroHae  (OP)  have  been  studied  la  detail  The  degree  of 
InhlhUiou  la  reduced  only  when  DPN  la  added  to  ADH  at 
tee  same  time  or  before  OP  la  added.  When  DPNH, 
ethanol  or  acetaldehyde  are  added  to  ADH  before  OP, 
Inhibiting  is  more  rapid  sad  complete  teas  when  OP  la 
added  alone.  DPN  compete*  with  OP,  but  DPNH  does 
not,  as  shown  by  kinetic  experiment*  It  thua  appears 
teat  the  stac  of  [  (ADHJZn^  J  It  a  site  of  Interaction  be¬ 
tween  DPN  aad  ADH,  an  interaction  which  differs  tram 
teat  of  DPNH  with  [  (ADHJZng  ]  under  ton  condition*. 
(Contractor ’a  abstract) 


HAIL  97:949 


Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 


INTERACTION  OF  BEEF  LIVER  GLUTAMIC  DEHY¬ 
DROGENASE  WITH  METAL  BINDING  AGENTS  (Ab¬ 
stract),  by  6.  J.  Adelateia  aad  B.  L.  Valise.  [1958] 
[lip.  (In  cooperation  with  Peter  Beat  Brigham 
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Hospital,  Boston,  Mass.)  [  Sponsored  jointly  by  Office 
of  Naval  Research  and  Air  Force  Office  of  Scientific 
Research  under  N5orl-07660  ]  Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Soc.  for 
Exper.  Pathol.,  Atlantic  City,  N.  J. ,  Apr.  15-16,  1956. 

Published  In  Fed.  Proc.,  v.  15:505,  Mar.  1956. 

Beef  liver  glutamic  dehydrogenase  contains  4-5  gm 
atoms  of  zinc/mol  of  protein  based  on  a  molecular  weight 
of  106  As  the  actlvity/zlnc  ratio  reaches  a  maximum 
value  with  progressive  purification  and  crystallization, 
there  is  an  aggregation  of  zinc  and  virtual  disappearance 
of  all  other  metals.  Zinc  Is  firmly  bound  to  this  relative¬ 
ly  heat  stable  enzyme.  The  oxidation  and  reduction  of 
DPNH  and  DPN  is  inhibited  by  Incubating  the  enzyme 
with  a  number  of  metal  binding  agents:  NajS,  BAL, 
azide,  orthophenanthrollne  (OP),  thiourea,  dlethyldlthlo- 
carbamate  (NaDOC),  tetraethylthiuram  disulfide  (Anta¬ 
buse),  8- hydroxyqulnollne  and  ammonium  N-nltroso- 
phenylhydroxylamlne  (cupferron).  In  several  Instances 
the  Inhibition  has  been  prevented  by  the  addition  of  DPN 
prior  to  Incubation  of  the  enzyme  with  these  reagents. 

In  the  presence  of  a  large  excess  of  complexlng  agent, 
the  Initial  rate  of  Inhibition  Is  found  to  be  first  order 
with  respect  to  enzyme  concentration.  This  reaction 
rate  has  been  studied  both  as  a  function  of  temperature 
and  Inhibitor  concentration.  The  concentration  depend¬ 
ence  of  the  Inhibition  by  various  complexlng  agents  has 
also  been  Investigated  at  equilibrium.  (Contractor's 
abstract) 


HAR.  07:041 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

METAL  CONTENT  OF  SUBCELLULAR  RAT  UVER 
FRACTIONS  (Abstract),  by  R.  E.  Thiers  and  B.  L. 
Vallee.  [  1 956  j  tlJp.  (In  cooperation  with  Peter  Bent 
Brigham  Hospital,  Boston,  Mass.)  I  Sponsored  jointly 
by  Office  of  Naval  Research  and  Air  Force  Office  of 
Scientific  Research  under  N5orl-07660j 

Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Soc.  of  Biol. 
Chemists,  Atlantic  City,  N.  J.,  Apr.  16-20,  1956. 

EublUhsd-lO  Fed.  Proc.,  V.  15:  370,  Mar.  1956. 

The  amount  and  distribution  of  manganese,  zinc,  cal¬ 
cium,  Iron,  magnesium,  sodium  and  potassium  In  rat 
livers  and  their  subtractions  were  determined  by  spark 
and  flame  spectroscopy.  The  livers  of  25  normal  rats 
were  analyzed  In  groups  of  5.  Each  liver  was  perfused 
with  metal-free  0.  25  M  sucrose;  5  livers  were  then 
pooled,  the  connective  tissue  was  removed  and  fractiona¬ 
tion  was  performed  by  differential  centrifugation.  Con¬ 
nective  tissue,  nuclei  and  whole  cells,  mitochondria, 
inlcrosomes  and  all  supernatant  fluids  were  obtained  In 
known  yield.  Each  fraction  was  analyzed  by  a  mlcro- 
Kjeldahl  method  for  nitrogen,  by  flame  spectrometry 


for  sodium  and  potassium,  and  by  spark  spectrography 
for  the  other  elements.  The  resulting  data  are  pre¬ 
sented  as  amounts  and  concentrations  of  the  metals  In 
each  sample  and  their  absolute  and  relative  distribu¬ 
tions  between  the  fractions.  The  differences  In  metal 
content  of  the  various  subtractions  proved  to  be  statis¬ 
tically  significant.  Each  showed  a  definite  and  charac¬ 
teristic  pattern  both  with  regard  to  the  concentration 
of  metals  and  share  of  the  total  amount  of  each  metal. 
(Contractor's  abstract) 


HAR.  07:042 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

ZINC,  A  COMPONENT  OF  ALCOHOL  DEHYDROGEN¬ 
ASE  OF  HORSE  UVER  (Abstract),  by  B.  L.  Vallee  and 
F.  L.  Hoch.  [  1956]  [2jp.  (In  cooperation  with  Peter 
Bent  Brigham  Hospital,  Boston,  Mass.)  [Sponsored 
jointly  by  Office  of  Naval  Research  and  Air  Force  Of¬ 
fice  of  Scientific  Research  under  N5ori-07660J 

Unclassified 

Presented  at  meeting  of  the  Amer.  Physiol.  Soc., 
Atlantic  City,  N.  J.,  Apr.  16-20,  1956. 

Published  In  Fed.  Proc.,  v.  15:619,  Mar.  1956. 

The  molecular  weight  of  horse  liver  ADH  Is  73,  000, 
and  It  contains  2  mol  of  zinc.  Spectrographlc,  mlcro- 
chemlcal,  polarographlc  and  enzymatic  examination  of 
horse  liver  ADH  demonstrate  a  concomitant  rise  of 
zinc  and  enzymatic  activity  with  Increasing  purification. 
The  zinc  content  approaches  2  mol  of  zlnc/mol  of  en¬ 
zyme  In  highly  purified  crystalline  horse  liver  ADH. 
Simultaneously,  extraneous  metals  are  removed.  The 
enzyme  is  Inhibited  by  chelating  agents  such  as  ortho¬ 
phenanthrollne,  8- hydroxyqulnollne,  and  sodium  dl- 
ethyldlthiocarhamate.  The  inhibition  Is  a  function  of 
temperature,  time,  pH  and  concentration  of  Inhibitor. 
The  molecular  configuration  and  dentate  structure  of 
the  chelating  agents  employed  condition  the  Inhibition 
significantly.  The  effect  of  DPN  and  DPNH  on  the  In¬ 
hibition  of  chelating  agents  will  be  discussed.  Zinc  Is 
firmly  bound  to  the  apoenzyme,  and  the  active  complex 
has  been  assigned  the  empirical  formula 
[  (AD)Zn2i  (DPN)2-  (Contractor’s  abstract) 


HAR.  07:043 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

ZINC,  A  COMPONENT  OF  RABBIT  MUSCLE  LACTIC 
DEHYDROGENASE,  by  B.  L.  Vallee  and  W.  E.  C. 
Wacker.  [  1956  J  '  2  i  p.  (In  cooperation  with  Peter 
Bent  Brigham  Hospital,  Boston,  Mass.  )  Sponsored 
)olntly  by  Office  of  Naval  Research  and  Air  Force  Of 
flee  of  Scientific  Research  under  N5orl  07660 
AD  121540  Unclassified 
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HAR.  07:044  -  HAR.  07:046 


Also  publlsheq  In  Jour.  Amer.  Chem.  Soc.,  v.  78:  1171- 
1772,  Apr.  20,  1956. 

Zinc  was  the  only  element  consistently  present  tn  high 
concentration  tn  crystalltne  lactic  dehydrogenase;  the 
exact  amount  was  a  (unction  of  the  purtty  of  the  enzyme. 
Zn  ts  a  functional  component  of  the  lactic  dehydrogenase 
of  rabbtt  muscle.  The  activity  of  the  enzyme  ts  marked¬ 
ly  Inhibited  by  metal-blndtng  agents.  (C.  A. ,  1956:9477b) 


HAR.  07:044 

[  Harvard  U.  Medtcal  School.  Biophysics  Research  Lab. , 
Boston,  Mass.  ] 

THE  RELATION  OF  COPPER  TO  CERULOPLASMIN 
ACTIVITY  AND  ZINC  TO  MALIC  AND  LACTIC  DEHY¬ 
DROGENASE  ACTIVITY  IN  ACUTE  MYOCARDIAL  IN¬ 
FARCTION  (Abstract),  by  W.  E.  C.  Wacker,  S.  J. 

Adel stetn  and  others.  [ 1956]  [  2  J  p.  [in  cooperation 
wtth  Peter  Bent  Brtgham  Hospital,  Boston,  Mass.  ] 

[  Sponsored  jotntly  by  Offtce  of  Naval  Research  and  Air 
Force  Office  of  Sclentlftc  Research  under  N5orl-07660J 

Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Soc.  for 
Clin.  Invest.,  Atlantic  C  tty,  N.  J. ,  Apr.  30,  1956. 

Published  in  Jour.  Cltn.  Invest.,  v.  35:  741-742, 

June  1956. 

A  study  of  serum  metalloenzymes  In  acute  myocardial 
Infarction  was  conducted.  II  has  been  observed  that  the 
serum  copp>er  concentration  rtses  and  becomes  maximal 
between  the  fifth  and  eleventh  post-lnfarctton  day,  and 
the  serum  ztnc  concentration  is  stgnlflcantly  decreased 
In  this  disease.  The  data  Indicate  an  Increased  rate  of 
paraphenylenedtamlne  oxidation  In  the  patient's  sera  tn 
proportion  to  the  rise  in  serum  copper  content.  Also  the 
enzymatic  activtty  of  malic  and  lactic  dehydrogenases  ts 
significantly  elevated.  The  Increase  tn  malic  and  lactic 
dehydrogenase  and  the  decrease  of  serum  zinc  occur 
within  24  hours  (ollowtng  the  acute  Injury  becoming 
maximal  on  the  thtrd  poat-tnfarctlon  day.  The  apparent¬ 
ly  paradoxical  reciprocal  relationship  between  serum 
zinc  concentration  and  zinc  dehydrogenase  activtty  can 
be  explained  on  the  basis  of  btochemtcal  ftndtngs.  Lacttc 
dehydrogenase  and  malic  dehydrogenase  acttvtties  are 
being  employed  as  routtne  atds  to  diagnose  myocardial 
tnfarction.  These  methods  are  simple  and  raptd.  They 
represent  valuable  adjuvants  In  the  management  of  thts 
disease  providing  pertinent  Information  not  available  by 
non-enzymatlc  techniques.  (Contractor's  abstract) 


HAR.  07:045 

l  Harvard  U.  Medicat  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

THE  SE<  ""NTIAL  PROBABILITY  RATIO  TEST,  A 
NEW  STATISTICAL  PROCEDURE  FOR  CLINICAL  IN¬ 
VESTIGATION;  ITS  VALIDATION  IN  A  STUDY  OF 


SERUM  ZINC  CONCENTRATION  IN  LAENNEC’S  CIR¬ 
RHOSIS  (Abstract),  by  A.  F.  Bartholomay.  [  1956] 

[  1  ] p.  [in  cooperation  wtth  Peter  Bent  Brtgham  Hos¬ 
pital,  Boston,  Mass.  ]  [  Sponsored  jointly  by  Offtce  of 
Naval  Research  and  Atr  Force  Offtce  of  Scientific  Re¬ 
search  under  N5ort-07660]  Unclassified 

Presented  at  annual  meettng  of  the  Amer.  Soc.  for 
Cltn.  Invest. ,  Atlantic  Ctty,  N.  J. ,  Apr.  30,  1956. 

Published  In  Jour.  Clin.  Invest.,  v.  35:  688,  June  1956. 

The  Sequential  Probabtltty  Ratio  Test  (SPRT)  has  been 
used  tn  a  cltnlcal  experimental  design  to  detect  differ¬ 
ences  tn  serum  zinc  concentrations  In  normal  and  ctr- 
rhottc  tndtvtduals.  The  mean  normal  zinc  concentration 
was  120  ±  19  pig  per  100  cc.  After  only  9  abserva- 
tions  the  SPRT  tndteated  that  the  corresponding  concen¬ 
tration  tn  clrrhosts  ts  below  82  pg  per  100  cc,  2o 
less  than  the  normal  mean.  To  validate  this  conclusion 
the  ztnc  concentration  was  measured  tn  a  total  of  28 
sera.  The  mean  of  this  group  was  66. 1 1  19.  2  ug 
per  100  cc  -  a  most  stgnlftcant  devtatlon  from  the 
normal  value,  and  corroborated  the  prediction  made  by 
the  SPRT.  The  results  of  thts  study  tndteate  the  supert- 
ortty  of  the  use  of  the  SPRT  tn  cltnlcal  experimental  de¬ 
sign  as  compared  wtth  the  classical  statistical  methods. 
(Contractor's  abstract) 


HAR.  07:046 

Harvard  U.  Medtcal  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

INSTRUMENTATION  AND  PRINCIPLES  OF  FLAME 
SPECTROMETRY.  [  IR  j  AUTOMATIC  BACKGROUND 
CORRECTION  FOR  MULTICHANNEL  FLAME  SPEC¬ 
TROMETER,  by  M.  Margoshes  and  B.  L.  Vallee. 

[  1956  J  [  4  J  p.  (In  cooperatton  wtth  Peter  Bent  Brigham 
Hospital,  Boston,  Mass.  )  [  Sponsored  jotntly  by  Office 
of  Naval  Research  and  Atr  Force  Office  of  Sctenttftc  Re¬ 
search  under  N5ort- 07660;  Unclassified 

Published  In  Anal.  Chem. ,  v.  28:  1066-1069,  July  1956. 

An  adaptation  of  a  multichannel  flame  spectrometer  to 
automatically  correct  for  background  radiation  Is  de¬ 
scribed.  Background  tntenstty  Is  measured  to  one  or 
both  stdes  of  each  line  or  band  and  Is  subtracted  auto¬ 
matically  from  the  line -plus- background  tntenslty  meas¬ 
ured  at  the  peak  of  the  line  or  band.  The  performance 
of  the  Instrument  wtth  this  modification  Is  discussed. 
Very  high  concentrations  -  above  about  1  g  per  liter 
-  of  some  salts  cause  a  depression  of  emlsston  Inten¬ 
sity  In  the  flame,  This  depression  can  be  ellmtnated  by 
addttton  of  ethyl  alcohol  to  the  solutions.  A  possible 
cause  of  this  depression  In  emission  tntenslty  Is  dis¬ 
cussed.  (See  also  ttem  nos.  HAH.  07:036  and 
HAH.  07:037.  )  (Contractor's  abstract) 
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HAR.  07:047  -  HAR.  07:050 


HAR.  07:047 

Harvard  U.  Medical  School.  [Biophysics  Research  Lab.  ] 
Boston,  Mass. 

KINETIC  STUDIES  ON  THE  ROLE  OF  ZINC  AND  DI- 
PHOSPHOPYRIDINE  NUCLEOTIDE  IN  THE  ACTIVITY 
OF  YEAST  ALCOHOL  DEHYDROGENASE,  by  F.  L. 
HochandB.  L.  Vallee.  Ocl.  24,  1955  [  10  ]  p.  lncl. 
Ulus,  tables,  refs.  (In  cooperation  with  Peter  Beni 
Brigham  Hospllal,  Boslon,  Mass. )  (Sponsored  jointly 
by  Office  of  Naval  Research  and  Air  Force  Office  of 
SclenUflc  Research  under  N5orl-07660)  AD  121539 

Unclassified 


July  1956. 


iJour.  Biol.  Chem. ,  v.  221:  491-500, 


The  kinetics  of  the  lnleracUon  between  DPN  and  1, 10- 
phenanthrollne,  a  Zn-blndlng  tnhlbllor  of  ADH  acUvlty, 
were  studied  lo  elucidate  the  mechanism  of  action  of 
yeast  [  (ADH)Zn4  J .  Inhibition  of  ADH  acUvtty  Is  com¬ 
petitive  between  OP  and  DPN.  When  DPN  Is  added  lo 
ADH  before  OP,  Inhibition  of  activity  Is  decreased,  ln- 
dlcaUng  protection  of  the  enzyme  agalnsl  lhe  action  of 
OP.  When  DPN  Is  added  lo  ADH  after  OP,  acltvlty  Is 
a: I  changed.  Indicating  that  there  Is  no  restoration  of 
acUvlty  In  the  OP-lnhlblted  enzymes.  Two  molecules  of 
OP  seem  to  bind  to  t  Zn  atom  of  [  (ADHjZn^  j  to  form 
the  Inactive  enzyme-lnhlbltor  complex  [  (ADH)Zn4J  - 
(20P)4 ;  the  apparent  dlssoclaUon  constant,  K(,p,  Is 
6.  5  x  10'6  M.  The  data  Indicate  that  1  molecule  of 
DPN  binds  to  each  Zn  atom  of  yeast  [  (ADH)Zn4  J  to 
form  the  active  en'yme  c  henry  me  complex  ;ADH)Zft4 , 

(DPN)4.  (Contractor’s  abstract) 


oxidation  was  found  for  all  three  groups.  (Contractor's 
abslract) 


HAR.  07:049 

Harvard  U.  Medical  School.  [  Biophysics  Research  Lab.  ] 
Boslon,  Mass. 

ZINC  METABOLISM  IN  HEPATIC  DYSFUNCTION.  I. 
SERUM  ZINC  CONCENTRATIONS  IN  LAENNEC'S 
CIRRHOSIS  AND  THEIR  VALIDATION  BY  SEQUENTIAL 
ANALYSIS,  by  B.  L.  Vallee,  W.  E.  C.  Wacker  and 
olhers.  [  1956]  [6Jp.  tncl.  Ulus,  table,  refs.  (In 
cooperation  with  Peter  Beni  Brigham  Hospllal,  Boslon, 
Mass. )  (Sponsored  jointly  by  Office  of  Naval  Research 
and  Air  Force  Office  of  Scientific  Research  under  N5orl- 
07660)  AD  109670  Unclassified 

Also  published  In  New  England  Jour.  Med. ,  v.  255: 
403-408,  Aug.  30,  1956. 

The  discovery  of  several  zinc  dehydrogenases  tn  liver 
led  lo  the  study  of  zinc  melaboltsm  In  cirrhosis.  Serum 
zinc  concentrations  were  lowered  significantly  In  pa¬ 
tients  with  cirrhosis  of  the  liver.  The  concentrations  of 
lire  land  bore  a  relatly  to  tie  severity  cl  the  iUsea.se 
and  Its  fluctuating  course.  A  group  of  28  paUents  with 
the  sUgmas  of  advanced  cirrhosis  had  a  serum  zinc 
concentration  of  66  t  19  i/g,  as  compared  to  120  ± 

19  .  g  per  100  ml  for  a  normal  group.  The  sequen¬ 
tial  probability  ratio  test  was  Incorporated  Into  the  ex¬ 
perimental  design  and  waB  found  to  be  an  Important  In¬ 
novation  tii  vatittirtloh  of  etihittti  investigative  data. 
(Contraclor's  summary) 


HAR.  07:048 

Harvard  U.  Medical  School.  [Biophysics  Research  Lab.  ] 
Boston,  Mass. 

METALLOENZYMES  AND  MYOCARDIAL  INFARCTION. 
I.  THE  RELATION  BETWEEN  SERUM  COPPER  AND 
CERULOPLASMIN  AND  ITS  CATALYTIC  ACTIVITY,  by 
S.  J.  Adelsteln,  T.  L.  Coombs,  and  B.  L.  Vallee. 

[  1956]  5p.  lncl.  Ulus,  tables,  refs.  (In  cooperation 
with  Peler  Beni  Brigham  Hospital,  Boston,  Mass.  ) 
(Sponsored  jointly  by  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research  under  N5orl-07660) 
AD  109669  Unclassified 

Also  published  In  New  England  Jour.  Med.,  v.  255:  105- 
109,  July  19,  1956. 

Serum  from  normal  subjects,  pregnant  women  and 
patients  Buffeting  from  acute  myocardial  Infarction  was 
analyzed  for  total  serum  copper  concentration,  cerulo¬ 
plasmin  content  and  paraphenylenedlamlne  and  benzidine 
oxidative  capacity.  Benzidine  oxtdase  was  elevated  In 
patients  with  acute  myocardial  Infarction  to  an  extent 
greater  than  could  be  accounted  for  by  the  copper  eleva¬ 
tion  alone.  A  linear  relation  between  copper  concentra¬ 
tion,  ceruloplasmin  content  and  paraphenylenedlamlne 


HAR.  07:050 

Harvard  U.  Medical  School.  [  Biophysics  Research  Lab.  ] 
Boslon,  Mass. 

METALLOENZYMES  AND  MYOCARDIAL  INFARCTION, 
n.  MALIC  AND  LACTIC  DEHYDROGENASE  ACTIVI- 
TIF-5  AND  ZINC  CONCENTRATIONS  IN  SERUM  t»  W 
E.  C.  Wacker,  D.  D.  Ulmer,  and  B.  L.  Vallee.  [  1 956  j 
7p.  lncl.  lllus.  tables,  refs.  (In  cooperation  with  Peter 
Bent  Brigham  Hospttal,  Boston,  Mass. )  (Sponsored 
jointly  by  Office  of  Naval  Research  and  [  Air  Force  Of¬ 
fice  of  Scientific  Research,  under  N5orl-07660) 

AD  109771  Unclassified 

Also  published  In  New  England  Jour.  Med. ,  v.  255: 
449-456  Sept.  6,  1956. 

Serum  tactic  and  malic  dehydrogenase  are  stable  In  all 
human  serum  studied  and  readily  assayed.  Activities  for 
both  were  elevated  two  or  ten  times  above  those  normal¬ 
ly  observed  la  all  cases  of  clinically  proved  myocardtal 
Infarction.  Serum  zinc  levels  are  lowered  significantly 
after  acute  myocardial  Infarction.  Serum  lactic  dehydro¬ 
genase  activity  Is  not  elevated  In  angina  peclorls,  se 
vere  coronary  Insufficiency  and  myoca-dlal  Ischemia. 
Although  serum  lactic  dehydrogenase  rises  tn  other 
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pathologic  slates,  such  as  renal  necrosis  and  parenchy¬ 
mal  liver  disease,  11  Is  relatively  precise  and  useful  to 
employ  this  test  for  the  diagnosis  of  acule  myocardial 
Inf  arc  tlon. 


HAR.  07:051 

Harvard  U.  Medical  School.  Biophysics  Research  Lab. , 
Boston,  Mass. 

CYANOGEN-OXYGEN  FLAME  NEW  SOURCE  FOR 
QUANTITATIVE  DETERMINATION  OF  MICROGRAM 
AMOUNTS  OF  METALS,  by  B.  L.  Vallee  and  A.  F. 
Bartholomay.  Nov.  1956  [3]p.  lncl.  dlagrs.  lable, 
refs.  (In  cooperation  with  Peler  Beni  Brigham  Hospital , 
HoSto'.i,  Mj.w  )  (Sponsored  JuLiUy  by  Off  to  of  Naval 
Research  and  [Air  Force  Office  of  Scientific  Research 
under  N5ori-  07660] )  Unclassified 

Published  In  Anal.  Chem. ,  v.  28:  1753-1755,  Nov.  1956. 

The  C2N2-O2  flame  was  successfully  employed  as  a 
spectro-chemlcal  source  for  the  quantitative  determina¬ 
tion  of  Al,  Ba,  Ca,  Co,  Cr,  Cu,  Fe,  Pb,  Mg,  Mn,  Nl, 
and  Sr.  Absolute  amounts  varying  from  0.  36  to  36.  0  v 
of  metals  could  be  determined.  The  Intensity  of  radiation 
emitted  4e  cor,«4i*A  with  Urne,  end  the  spec'.n  exited 
are  relatively  simple.  The  toxicity  of  C2N2  occasioned 
precautions  bul  dlt  nol  presenl  any  problems.  (Con¬ 
tractor’s  abstracl,  modified) 


HAR.  07:052 

Harvard  U.  Med'cal  School.  Biophysics  Research  Lab. . 
Boslon,  Mass. 

THE  METABOLIC  ROLE  OF  ZINC,  by  B.  L.  Vallee. 

[  1956 i  [5lp.  lncl.  refs.  (In  cooperation  wllh  Peler 
Bent  Brigham  Hospllal,  Boston,  Mass. )  [  Sponsored 
jointly  by  Oftlce  of  Naval  Research  and  Air  Force  Of¬ 
fice  of  Scientific  Research  under  N5orl-07660] 

Unclassified 

Presenled  al  the  Symposium  on  Some  Inorganic  Elements 
In  Human  Nutrition,  Nashville,  Tenn.  ,  Apr.  4,  1955. 

Published  In  Jour.  Amer.  Med.  Assoc.,  v.  162.  1053- 
1057,  Nov.  10,  1956. 

A  review  Is  presented  of  some  of  the  salient  facels  of 
the  physiological,  biochemical,  and  clinical  Implications 
of  zinc  metabolism  with  emphasis  on  recenl  observations. 


HAR.  07:053 

Harvard  U.  Medical  School.  Dlophyslcs  Research  Lab.  , 
Dosion,  Mass. 

PYRIDINE  NUCLEOTIDE  DEPENDENT  METALLOHY- 
DROGENASE,  by  D.  L.  Vallee,  F.  L.  Hoch  and  others, 
1956  5jp.  Inch  tables,  refs.  (In  cooperation  with 


HAR.  07:051  -  HE1,  01:001 


Peter  Bent  Brigham  Hospllal,  Boston,  Mass. )  (Spon¬ 
sored  jointly  by  Oftlce  of  Naval  Research  and  [Air 
Force  Office  of  Scientific  Research  under  N5orl-07660] ) 

Unclassified 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  78:  5879- 
5883,  Nov.  20,  1956. 

The  demonstration  of  zinc  as  a  functional  component  of 
four  highly  purified  dehydrogenases  had  led  io  lhe  propo¬ 
sition  that  metals  participate  in  lhe  catalytic  aclivity  of 
olher  pyridine  nucleotide  dependenl  enzymes.  This 
hypothesis  was  lested  by  emission  spectrochemlcal 
analysis  for  metal  content  and  by  Inhibition  of  activily. 
The  following  dehydrogenases  were  examined:  lhe  gly- 
ceraldehyde  3-phosphale  of  yeast  and  of  rabbil  muscle, 
the  glycerophosphate  A  filA.lt  muscle,  the  malic  ol 
pig  heart  and  the  glucose  6-phosphate  of  yeast  (TPN 
dependent).  All  of  these  enzymes  were  inhibited  signifi¬ 
cantly  by  exposure  to  1, 10-phenanthroline,  8-hydroxy- 
qulnoline  and  sodium  dlethyldlthlocarbamate.  They  con¬ 
tained  zinc,  iron  and  copper  as  the  only  elements  com¬ 
bining  with  all  three  chelating  agents  employed  as  In¬ 
hibitors.  The  data  indicate  one  of  these  metals,  possibly 
zinc,  to  be  Involved  In  the  mechanisms  of  action  of  the 
dehydrogenases,  which  are  now  referred  to  as  pyridine 
nucleotide  dependent  metallodehydrogenases  (PMD). 

The  k4ern.ln&Uvn  A  the  metal,  spetHle  k>  each  enzyme, 
awaits  further  study.  This  delineation  emphasizes  the 
salient  role  of  meials  in  oxidative,  enzymatic  calalysls. 
(Contractor's  abstracl) 


Haverford  Coll. ,  Pa.  see  under  Pennsylvania  U.  ,  Phila¬ 
delphia  AF  18(600)660,  Items  nos.  PEN.  01:001  - 
PEN.  01:005. 


HEI.  01:001 

Heidelberg  U.  Pharmacological  Insl.  (Germany). 

FATE  OF  ENERGY-RICH  PHOSPHATES  IN  RED  BLOOD 
CELLS  AND  BRAIN  IN  ANOXIC  STATES,  by  F.  Etch- 
holtz,  E.  Gerlach,  and  J.  Dorlng.  Technical  rept. 

May  1,  1955-Apr.  30,  1956.  July  18,  1956  1  12  j  p.  Inch 
dlagrs.  table.  (AFOSR-TN-56-404)  (AF  61(514)823) 

AD  96212  Unclassified 

An  effort  was  made  to  solve  lhe  problem  of  biochemical 
changes  In  brain  tissue  in  states  of  anoxia  and  their  pre¬ 
vention  (or  repair)  by  chemicals  Inducing  Increased 
resistance  againsl  anoxia.  A  method  was  developed  for 
the  estimation  of  energy- rich  phosphates  In  red  corpus¬ 
cles  and  brain.  The  main  advanlage  of  the  method  Is 
reliability,  the  error  seeming  to  be  less  than  5%.  Ex¬ 
periments  were  siarled  with  human  erythrocyles.  Results 
Indicated  that  anoxemia  does  not  lead  to  any  change  In 
the  content  of  energy- rich  phosphates.  Experiments  were 
also  performed  to  determine  lhe  effects  of  anoxemia  on 
energy-rich  phosphates  in  rat’s  brain.  Results  indicated 
that  a  stop  of  brain  circulation  for  1  inin  produced  a 
breakdown  of  CP  (creatine  phosphate)  of  about  40%,  while 
lhe  decrease  In  energy-rich  nucleolides,  especially  ATP 
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(adenosinelrlphosphale),  ts  still  very  small.  Bui  after 
an  interruption  of  brain-clrculatlon  for  3  mtn  a  consid¬ 
erable  fall  in  the  content  of  all  energy- rich  phosphates, 
mainly  CP,  ATP,  and  GTP  (guanoslnelrlphosphale), 
could  be  observed  with  a  corresponding  Increase  In 
orthophosphates  and  AMP  (adenoslnemonophosphale). 
Under  the  same  conditions  Verblnd.ing  X  (compound  X) 
remained  nearly  unchanged. 


HER.  01:001 

Hermann  FolUnger  lnsl.  flir  Slromungstechnik,  Technlsche 
Universllal,  Berlln-Charlollenburg  (Germany). 

VORTEX  MOTION  AND  TURBULENCE  OF  FREE  JETS 
IN  STEADY  FLOW,  by  U.  Domm  and  O.  Wehrmann. 

Final  repi.  Dec.  1,  1953-Nov.  30,  1954,  36p.  Ulus, 
dlagrs.  refs.  ([AFjOSR-TN-55-118)  (AF  61(514)- 
629-C)  AD  76722  Unclassified 

Experimental  results  are  reported  on  the  structure  of  a 
free  air  jel,  stable  in  the  mean  Reynolds  number  values, 
near  the  nozzle;  lhe  design  and  operation  of  the  low- 
pressure  chamber  containing  lhe  free  jel  are  described. 
Hol-wlre  measuring  techniques  have  been  applied  for 
determining  velocity  distributions  and  vorlex-frequen- 
cles.  The  problem  of  hol-wlre  calibration  al  low  free 
stream  velocities  has  been  treated  using  three  methods. 

A  comparative  study  proved  that  the  stable  vortex  fre¬ 
quency  behind  cylindrical  bodies  Is  the  best  means  for 
calibrating  hot-wires  at  low  velocities.  The  wiring 
diagrams  of  the  applied  hot-wire  techniques  are  Included. 
Hot-wire  measurements  Indicated  that,  In  the  range  of 
the  Reynolds  number  1830  <  Re  <  14700,  the  free  jet  in 
the  neighborhood  of  the  nozzle  has  a  periodic  structure 
In  time  and  In  space  as  a  function  of  the  velocity.  This 
^•erlnHtr  ci-urt')"'  results  f*v»’  a  system  annul’* 
vorllces.  The  frequency  of  vortex  generation  and  lhe 
group- velocity  of  the  system  have  been  measured.  Fin¬ 
ally  the  terms  "Anlauflange"  (start-length)  and  "Lauf- 
lange”  (run- length)  have  been  defined,  and  examples  of 
measurements  are  Included.  These  Investigations  are  lo 
be  continued.  A  detailed  description  Is  Included  of  a 
newly  developed  hut- toil  e  inolluu.ent  equipped  toitl,  auto¬ 
matic  control  of  the  constant  temperature  of  the  hot-wire 
and  having  a  linearization  stage  for  the  signal.  (Con¬ 
tractor's  abstract) 


rows  of  staggered  real  vortices  of  Identical  structure 
whose  vorticlty  spreads  with  time  tnlo  the  amblenl 
fluid  Is  considered.  II  Is  found  thal  for  the  case  of 
stability,  lhe  ratio  of  centerline  width  and  pilch  of  lhe 
slreel  Is  a  function  of  lhe  nondlmenstonal  time  t  = 

(4  v/ l2)t,  where  v=  kinematic  viscosity,  1  =  pilch  of 
lhe  vorlex  street  and  t  =  time.  For  vanishing  vtscoslly 
and  also  for  vanishing  time,  lhe  value  calculated  by 
von  Klrman,  k  =  h/l  =  0.281,  Is  obtained.  (Contrac- 
lor’s  abslracl) 


HER.  02:002 

Hermann  Fbltlnger  Inst,  flir  Slromungstechnik,  Technlsche 
Universllal,  Berlln-Charlollenburg  (Germany). 

HOT-WIRE  ANEMOMETER  FOR  MEASUREMENTS  IN 
UNSTEADY  FLOW,  by  O.  Wehrmann  and  R.  Wllle. 
l  1955  J  [  25]  p.  lncl.  lllus.  dlagrs.  refs.  [AFOSR- 
TN-56-26]  (AF  61(514)808)  AD  84466  Unclassified 

This  hot-wire  Instrument  utilizes  carrier- frequency 
amplification  and  automatic  control  of  the  constant  wire 
lemperalure.  The  oulput  Is  linearized.  The  following 
assemblies  are  provided:  (1)  an  amplifier  and  demodu¬ 
lator  stage  for  amplification  and  demodulation  of  the 
bridge  voltage  for  obtaining  an  amplified  dc  voltage  al 
the  output  propoitlonal  to  the  Drldge  voltage;  (2|  an 
oscillator,  control,  and  power  Btage  for  generating  a 
dc  voltage  with  a  constant  amplitude  and  a  low  harmonic 
content,  using  the  dc  voltage  produced  by  the  assembly 
In  the  control  stage  for  the  modulation  of  the  ac  voltage 
supplied  by  the  generator  stage,  and  for  producing  an 
output  of  25  w  In  the  power  stage  to  meet  measuring 
conditions;  and  (3)  a  linearizing  stage  for  forming  the 
logarithm  Inherent  to  the  measuring  value,  multiplying 
If.W  valve  with  th*  desired  okporeiit  of  the  Uwurtatton 
function,  forming  lhe  antllogarllhm  of  this  value,  and 
amplifying  the  linearized  function  for  Immediate  appli¬ 
cation  to  lhe  deflecting  plates  of  an  oscillograph.  The 
Instrument  was  designed  originally  for  measuring  the 
periodical  velocity  changes  in  the  scavenging  ports  of 
a  model  2-slroke  engine.  An  example  of  Its  application 
Is  given.  Researchers  studying  the  tree  jet  are  using 
the  Instrument  for  determining  the  distribution  of  the 
mean  velocity.  The  components  of  the  anemometer  are 
discussed  separately.  (AST1A  abstract) 
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HER.  02:001 

[  Hermann  FotUnger  lnsl.  fUr  Strbmungstechnlk,  Technlsche 
Unlversltat,  Berlln-Charlottenburg  (Germany). 

THE  STABILITY  OF  VORTEX  STREETS  WITH  CONSID¬ 
ERATION  OF  THE  SPREAD  OF  VOltTlCITY  OF  THE 
INDIVIDUAL  VORTICES,  by  U.  Domm.  Nov.  5,  1954, 

5p.  AF  61(514)808)  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  22:  750-754, 
Nov.  1955. 

The  stability  of  vortex  streets  consisting  of  2  parallel 


HER.  02:003 

Hermann  Fottlnger  lnsl.  fur  Strbmungstechnlk,  Technlsche 
Unlversltit,  Berlln-Charlottenburg  (Germany). 

ON  THE  STABILITY  OF  VORTEX  STREETS,  by  U. 
Domm.  1955  22p.  lncl.  dlagr.  refs.  AFOSR-TN- 

56-27  (AF  61'514)80S)  AD  84465  Unclassified 

A  survey  Is  made  of  the  status  of  research  on  the  sta¬ 
bility  problem  of  vortex  streets.  Analysis  shows  that 
the  von  Kirmin  vortex  street  Is  unstable  even  In  the 
case  of  the  classical  condiUon  h/l  =  0.  281,  where  h  Is 
the  width  of  the  vortex  street  and  1  Is  a  constant.  A 
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class  ol  vortex  streets  of  lowest  Instability  ts  shown  to 
exist  which  contains  the  von  Kt'rman  vortex  street  as 
the  element  of  lowest  translattonal  velocity  and  largest 
wtdth  under  equal  assumed  ctrculatton  and  spacing 
conditions.  The  tnfluence  of  Internal  fluid  friction  and 
compresstbtltty  are  considered. 


HER.  02:004 

Hermann  FOttinger  Inst,  fur  Stromungstechnlk,  Technische 
Unlversttat,  Berltn-Charlottenburg  (Germany). 

CONTRIBUTIONS  ON  THE  MECHANICS  OF  LAMINAR- 
TURBULENT  TRANSITION  OF  JET  FLOW,  by  U.  Domm, 
H.  Fabian  and  others.  Ftnal  rept.  Nov.  1 955  [  52  j  p. 
lncl.  lllus.  dlagrs.  refs.  (AFOSR-TR-56-9)  (AF  61- 
(514)808)  AD  82004  Unclassified 

An  analytical  and  experimental  study  of  free  jet  flow 
with  emphasts  on  the  phenomena  occurrtng  tn  the  ftrst 
few  dtameters  downstream  from  the  nozzle  has  been 
made.  In  the  analytical  treatment,  the  annular  vortex 
system  ts  tdealtzed  as  a  plane  system  In  an  tdeal  flutd. 

An  equation  for  the  trajectories  ts  derived  and  tt  ts 
shown  that  the  vortex  system  ts  an  unstable  equtltbrtum. 
Experimental  studies  were  conducted  by  drawtng  atmos¬ 
pheric  atr  Into  a  cylindrical  chamber,  2-m  tn  dtameter 
and  6-m  long,  through  a  nozzle.  Nozzles  of  1.0,  2.5,  5  0, 
and  10-cm  tn  diameter  were  used.  Mean- velocity  and 
velocity-fluctuation  measurements  were  made  by  a  con¬ 
ventional  hot-wtre  techntque.  It  was  located  on  a  probe 
mechanism  wtthln  the  chamber.  For  mean  veloctty 
measurements  a  Wheatstone  bridge  circuit  was  used, 
and  for  veloctty  fluctuations  an  osctlloscope  was  em¬ 
ployed  In  conjunction  with  constant  current  operatton  of 
the  hot  wire.  Fluctuation-frequency  and  frequency- 
spectrum  measurements  were  also  made  using  a  fre¬ 
quency  meter  and  a  harmonic  wave  analyzer.  Experi¬ 
mental  mean-velocity  proftles  are  shown  tn  several 
planes  normal  to  the  jet  axis  at  dtstances  up  to  four 
nozzle  dtameters  downstream  from  the  nozzle.  The  re¬ 
sults  of  velocity-fluctuation  measurements  are  correlated 
with  the  nozzle  efflux  Reynolds  number  In  the  range  from 
0  to  25,000.  The  growth  in  the  amplttude  of  the  fluctua¬ 
tions  along  the  jet  ts  very  clearly  shown.  Some  prelimi¬ 
nary  results  are  repored  on  the  measurement  of  the 
frequency  of  fluctuations  of  various  amplitudes. 


HOR.  01:001 

Horizons  Inc. ,  Cleveland,  Ohio. 

INVESTIGATION  OF  A  NEW  METHOD  FOR  THE  DE¬ 


TERMINATION  OF  THE  COEFFICIENTS  OF  SURFACE 
DIFFUSION  OF  METALS,  by  P.  F.  Matalch.  Ftnal 
rept.  Sept.  10,  1956,  57p.  lncl.  Ulus,  dtagrs.  refs. 
(AFOSR-TR-56-54)  (AF  18(600)644)  AD  110244 

Unclassified 

The  3  bastcally  dtfferent  methods  o(  measurement 
studied  were:  (1)  an  optical  method  which  follows  the 
hetght  changes  o(  a  dtffustng  strtp  by  ustng  lnterfero- 
metrtc  measurements:  (2)  an  electrolytic  method  which 
utilizes  a  solid  electrolyte  to  transform  the  fnass  flow 
of  the  diffusing  atoms  Into  an  electrtc  current;  and  (3) 
an  autoradiographic  method  whtch  utilizes  photographic 
processes  to  trace  the  progress  of  the  dtffustng  atoms. 
For  the  tnterlerometrtc  method,  differences  tn  surface 
level  could  be  theoretically  determined  with  accuracies 
of  ±10  Angstrom  units  under  tdeal  conditions.  This 
method  gave  consistent  reproducible  results  when  the 
base  surface  was  made  sufftctently  flat.  For  the  dif¬ 
ferent  electrolytic  systems  studied,  the  diffuston  rate 
was  so  low  that  tt  was  masked  by  background  currents 
Inherent  tn  the  system.  The  autoradiographic  measure¬ 
ments  varted  with  the  film  and  the  small  deviations  In 
the  processing  techniques.  However,  the  radtoactlve 
technique  has  an  tmportant  advantage  In  cases  where 
the  dtffustng  layer  is  very  thin.  In  these  cases,  the  ex¬ 
posure  time  could  be  Increased  to  the  potnt  where  the 
layar  becomes  visible  whereas  the  lnterferometrtc 
method  would  not  be  sensttive  enough  to  show  the  layer 
at  all.  The  autoradtographic  and  tnterferometrtc  meth¬ 
ods  can  supplement  each  other.  (ASTIA  abstract) 


HOR.  02:001 

Hortzons,  Inc. ,  Cleveland,  Ohio. 

RESEARCH  IN  ELECTRICIAL  PROPERTIES  OF  INTER- 
METALLIC  COMPOUNDS,  by  T.  -S.  Ltu  and  R.  Bobone. 
Final  rept.  May  1,  1953-June  30,  1954.  July  22,  1954, 
41p.  lncl.  tllus.  dlagrs.  tables,  (t  AF  lOSR-TR- 54-20) 
(AF  18(610)774)  AD  40535  Unclasstfled 

Research  concerned  the  preparation  and  electrical 
measurements  of  Nt-Al  alloys  and  Nl-Al-Cu  ternary 
alloys  In  the  cubic  3  region.  The  measurements  show 
that  the  locus  of  minima  of  the  reslstivtty  for  the  Nt- 
Al-Cu  ternartes  ts  to  be  found  wtthln  a  strip  contatnlng 
the  transition  ltne  from  nondefect  to  defect  structures. 
Measurements  of  reslstivtty  and  thermoelectric  power 
vs  temperature  are  given.  A  qualitative  explanation  of 
the  main  features  In  the  electrical  behavior  of  the  above 
alloys,  based  on  the  Brtlloutn  zone  theory,  Is  Included. 
(ASTIA  abstract) 
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HT.  01:001 

lilt  not  s  Inst.  o(  Tech.  Armour  Research  Foundation, 
Chicago. 

FUNDAMENTAL  STUD'ES  ON  SCINTILLATION  PHOS¬ 
PHORS,  by  G.  M.  Burgwald  and  L.  Retffel.  (Ftnal  rept. ) 
July  9,  1953,  56p.  tncl.  tllus.  dtagrs.  tables.  (AF  18- 
(600)352)  Unclasstfted 

A  study  Is  descrtbed  of  the  nature  of  afterflow  In  lnorgan- 
tc  sctnttllatton  phosphors  when  bombarded  by  high  energy 
gamma  radiation.  The  afterflow  characteristics  of  sev¬ 
eral  of  the  more  tmportant  sctntlllatton  phosphors  were 
studted,  both  under  standard  conditions  and  under  varia¬ 
ble  temperature  and  pressure.  All  of  the  tmportant  tn- 
organlc  phosphors  studied  exhtbtt  varytng  degrees  of 
afterflow,  and  tn  cases  where  the  level  of  actlvtty  being 
measured  vartes  by  orders  of  magnitude,  the  effect  of 
restdual  ltght  from  the  crystal  becomes  Important. 
(Contractor’s  abstract) 


1IT.  Ot :002 

Illinois  Inst,  of  Tech.  Armour  Research  Foundatton, 
Chicago. 

PRESSURE  EFFECTS  IN  PHOSPHORESCENCE,  by  L. 
Relffel.  Jan.  25,  1954  [lip.  tncl.  dtagr.  table. 

[  AFOSR-TR-54-7J  [  AF  18(600)352]  Unclassified 

Published  In  Phvs.  Rev.,  v.  94:  856,  May  1 5,  1954. 

The  Influence  of  hydrostatic  stress  on  the  phosphores- 
ence  decay  of  thallium  activated  sodtum  todide  ts  shown 
to  be  very  marked.  Pressures  as  low  as  10C  ':g/sq  cm 
produce  readily  observable  effects.  lnterpreUMon  tn 
terms  of  pressure -increased  effective  trap  de-th  Is 
given.  (Contractor’s  abstract) 


1IT.  02:001 

Illinois  Inst,  of  Tech.  Armour  Research  Foundation, 
Chtcago. 

A  STUDY  OF  A  FAMILY  OF  LAVES-TYPE  INTERME¬ 
DIATE  PHASES,  by  U.  P.  Elliott.  Aug.  1954,  65p. 
lncl.  dtagrs.  tables,  refs.  (Technical  rept.  no.  1) 

( [  AF  ,  OSR-TN-  54-247)  (AF  1 8( 600)64 2)  AD  42490 

Unclasstfted 

Fourteen  transition  elements  were  examined  for  the  oc¬ 
currence  of  the  Laves-type  Intermediate  compounds 
(Metallwtrtschaft,  v.  t4:  645,  1 93 5).  Laves-type  com¬ 
pounds  are  of  the  form  ADj,  and  3  rrystal  types  char¬ 
acteristic  of  the  phases  are  MgCu2,  MgZn2,  and 
MgNl2-  Alloys  were  prepared  by  arc-melting  or  by 
powder- metallurgical  techniques  at  ccmpostttons  con¬ 
sidered  to  be  of  these  crystal  types.  After  the  Identifi¬ 
cation  of  such  compounds  by  x-ray  powder  camera 
techniques,  the  occurrence  of  allotropy  was  tnvesttgated 
by  annealing  at  200 "C  Intervals  from  600 "C  to  the  melt- 


tng  temperature.  Lattice  parameters  and  crttlcal  Inter¬ 
atomic  spactngs  are  reported.  The  ftndtngs  tndteated 
that  a  crttlcal  dA/dB  ratio  was  necessary  for  the  exist¬ 
ence  of  a  Laves-type  AB2  phase  (where  dA  and  dB  are 
the  atomte  dtameters  of  A  and  B  atoms),  but  tt  was  not 
sufftetent  to  govern  tts  extstence.  A  consistent  decrease 
tn  the  atomte  dtameters  compared  to  the  elemental 
state  was  evtdenced  by  the  Intersection  of  the  distortion 
of  the  A-A  and  B-B  bonds  at  negative  distortion  values. 
The  MgCu2  structure  seemed  to  occur  at  lower  electron- 
atom  ratios  and  the  MgZn2  structure  at  higher  electron- 
atom  ratios.  (ASTIA  abstract) 


IIT.  02:002 

llllnots  Inst,  of  Tech.  Armour  Research  Foundation, 
Chicago. 

A  STUDY  OF  A  FAMILY  OF  LAVES-TYPE  INTERME¬ 
DIATE  PHASES,  byR.  P.  Elltott.  Dec.  20,  1954,  20p. 
tncl.  dtagrs.  tables,  refs.  (Technical  rept.  no.  2 
(Ftnal))  ([  AF]OSR-TR-55-4)  (AF  18(600)642;  con¬ 
tinued  by  AF  18(600)1399)  AD  54386  Unclassified 

Investigations  tndteated  on  the  basts  of  the  study  of 
btnary  Laves-iype  phases  that  the  valenctes  of  the  ftrst 
transttlon  sertes  tncrease  and  decrease  as  the  atomte 
number  tncreases  from  Tt  to  Nt.  The  valenctes  ot  this 
transttton  sertes  were  calculated.  Contrary  to  the  pre¬ 
vious  ftndtngs,  the  valenctes  decreased  continuously 
from  Tt  to  Nl.  Calculations  were  made  by  ustng  the 
valency  of  T1  as  a  parameter.  Evidence  ts  cited  to  sub¬ 
stantiate  the  best  values  of  the  valenctes  as  calculated 
for  an  assumed  valency  of  4  for  Tt. 


IIT. 03:001 

llllnots  Inst,  of  Tech.  Armour  Research  Foundatton, 
Chtcago. 

A  STUDY  OF  A  FAMILY  OF  LAVES-TYPE  INTERME¬ 
DIATE  PHASES,  by  R.  P.  Elltott.  Apr.  25,  1956,  27p. 
tncl.  dtagrs.  tables,  refs.  (Technical  rept.  no.  1) 
(AFOSR-TR-  56-  22)  (AF  18(600)1399;  continuation  of 
AF  18(600)642)  AD  88033  Unclasstfted 

Effort  was  Initiated  lo  systemattze  and  complete  current 
knowledge  on  the  extstence  of  Laves  phases  tn  btnary 
and  selected  ternary  systems  wtth  transition  elements, 
and  attempt  to  correlate  these  data  wtth  a  valency  as¬ 
signment  to  the  Individual  elements  and  with  Brlllouln 
zones  for  the  crystallographtc  structures.  Ltterature 
and  test  results  showed  that  the  pertodtc  vartatlon  of 
the  crystal  structure  type  of  the  Laves  phases  of  Tt, 

Zr,  Hf,  Nb,  and  Ta  may  be  correlated  with  electron 
vartattons;  allotropy  ts  the  exception  rather  than  the 
rule  and  occurs  only  for  those  btnary  phases  that  have 
electron  to  atom  ratios  near  a  crttlcal  value.  Constd- 
eratton  of  ternary  Laves-type  phases  tndteated  that 
there  are  2  Brtllouln  zone  overlaps  governing  the  struc¬ 
ture  type.  On  the  assumption  that  the  valency  of  Tl  Is 
near  4,  tt  was  possible  to  calculate  the  valenctes  of  the 
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first  transition  elements  as  follows:  (1)  T1  =  3.  92;  (2) 
Zr  =  3.  25;  (3)  V  =  2. 19;  (4)  Cr  =  1.69;(5)Mn  =  1.35; 
(6)  Fe  =  0.  92;  and  (7)  Co  =  0.  72.  Valencies  of  0.  25  and 
0. 00  for  N1  and  Cu,  respectively,  were  considered  con¬ 
sistent  with  the  foregoing  valencies.  (ASTIA  abstract) 


HT.  04:001 

Illinois  Inst,  of  Tech.  Armour  Research  Foundation, 
Chicago. 

CRYSTAL  MONOCHROMATIZED  X- RADIATION.  PART 
I.  A  TECHNIQUE  FOR  THE  MEASUREMENT  OF  INTE¬ 
GRATED  INTENSITIES.  PART  H.  THE  POLARIZATION 
CORRECTION,  by  L.  V.  Azaroff.  Jan.  1955  [  28  j  p. 
lncl.  lllus.  dlagrs.  tables.  (Technical  note  no.  A052-1) 
(iAF  i OSR-TN-55-38)  (AF  18(600)1168)  AD  54833 

Unclassified 

Part  I.  The  use  of  a  benl- crystal  monochromalor  with 
conventional  photographic  techniques  Is  described.  The 
reflections,  which  are  recorded  on  the  film,  have  uni¬ 
form  Intensity  distributions  over  the  entire  area  of  each 
spot.  This  enables  lhe  determination  of  the  Integrated 
Intensity  to  be  made  directly  with  a  microphotometer. 
The  exposure  time  Is  approximately  lhe  same  as  for 
standard  film  methods.  The  total  time  spent  lo  deter¬ 
mine  the  Integrated  Intensities  from  lhe  photograph  Is 
reduced  by  semlaulomallon.  The  sensitivity  of  the  film 
Is  Increased  by  decreasing  the  background.  Part  II.  The 
polarization  correction  for  diffraction  of  a  crystal 
monochromatlzed  x-ray  beam  Is  derived.  Suitable  ex¬ 
pressions  are  also  given  for  dlflerenl  experimental 
methods.  The  polarization  correction  Is  tabulated  first 
In  parts  so  lhal  lhe  appropriate  correction  for  any  wave¬ 
length  and  monochromator  crystal  can  be  determined. 
Another  table  gives  the  polarization  correction,  In  a 
final  form,  for  use  with  Ag  Kaand  a  quartz  monochrom¬ 
alor  crystal  cut  parallel  lo  (1011).  (Contractor's  ab¬ 
stract,  modified) 


1IT.  04:002 

Illinois  Inst,  of  Tech.  Armoui  Research  Foundation, 
Chicago. 

POLARIZATION  CORRECTION  FOR  CRYSTAL- 
MONOCHROMAT1ZED  X-RADIATION,  by  L.  V.  A/arolf. 
June  14,  1955  4  p.  lncl.  tables.  AF  18(600)1168 

Unc  lasslfled 

Published  in  Acta  Crystallographies,  v.  8  :  701-704, 

Nov.  1955. 

The  polarization  correction  for  dlilracllon  of  a  crystal- 
monochromatlzed  x-ray  beam  Is  derived.  Suitable  ex¬ 
pressions  for  different  experimental  methods  are  also 
given.  The  polarization  correction  Is  tlrst  tabulated  In 
parts  so  that  ’he  appropriate  correction  for  any  wave 
length  and  monochromator  crystal  can  be  determined. 
Another  table  lists  selected  values  of  the  polarization 
correction,  In  a  llnal  form,  for  different  wavelength 


IIT.  04:001  -  HT.  04:004 


x-radlatlons  reflected  from  (1011)  planes  of  a  quartz 
monochromator.  The  maximum  correction  for  Ag  Ku 
Is  a  little  more  than  1%,  whereas  for  Cr  Ka  the  maxi¬ 
mum  correction  Is  34%.  (Contractor's  abstract) 


IIT.  04:003 

Illinois  Inst,  of  Tech.  Armour  Research  Foundation, 
Chicago. 

CRYSTAL  STRUCTURE  INVESTIGATION  OF  FAIR- 
FIELD1TE,  Ca2(Fe,Mn)(P04)2'2H20  (Abstract),  by 
L.  V.  Azaroff.  [Apr.  16,  1956)  lp.  (AFOSR-TN-56- 
156)  (AF  18(600)1168)  Unclassified 

In  this  study,  falrfleldlle,  a  lrlcllnlc  crystal  having 

a  =  5.  S2oA,  fc  =  6.  544A,  5.=  5.  512A,  a  =  102  °40’, 
jl  =  109‘40',  Yi  86  °42',  and  p  =  3.08,  Is  examined. 
The  cell  contains  one  formula  weight  (x-ray  density 
3.05)  which  means  that  42  parameters  must  be  deter¬ 
mined,  excluding  H2.  This  slruclure  was  chosen  to 
lest  lhe  "direct"  methods  of  struclure  determination. 
The  results  of  applying  vector  shift  methods,  Inequali¬ 
ties,  and  statistical  methods  lo  this  structure  determi¬ 
nation  are  described.  The  limitations  of  these  methods, 
and  the  possible  limitations  of  determining  crystal 
structures  directly  from  lhe  measured  Intensities,  In 
general,  are  also  discussed.  (Contractor's  abstract) 


11T.  04:004 

Illinois  Inst,  of  Tech.  Armour  Research  Foundation, 
Chicago. 

SIMPLIFIED  UTILIZATION  OF  THE  DAWTON  METH¬ 
OD  FOR  MEASURING  INTEGRATED  INTENSITIES,  by 
R.  J.  Robinson,  D.  A  Ponlarelll,  and  L.  V.  Azaroff. 
July  1956,  5p.  lncl.  diagr.  (Technical  note  no.  A052- 
3)  (AFOSR-TN-56-351)  (AF  18(600)1168)  AD  95437 

Unclassified 

A  procedure  Is  described  lor  caUbraUng  x-ray  positive 
prlnl  flints  prepared  as  part  of  a  method  suggested  by 
Dawton  (Proc.  Phys.  Soc.,  v.  50:  919,  1938  -  for 
British  films)  and  given  by  Griffith  for  American  films 
(Jour.  Opt.  Soc.  Amer. ,  v.  42:  31,  1952).  No  special 
treatment  of  the  x-ray  negative  was  required.  The 
positive  was  prepared  by  making  a  contact  print  onto 
Eastman  Commercial  Ortho  film.  The  llghl  source, 
exposure  lime,  source- lo- film  distance  and  developing 
time  in  DK-50  developer  were  selected  lo  saUsly  Tp  = 
-log  Ep,  where  Tp  Is  the  transmittance  and  Ep  lhe 
exposure,  respectively,  of  the  positive  film.  The  actual 
arrangement  consisted  of  a  6  w  bulb  operated  al  60  v 
and  placed  10  fl  from  the  film.  It  was  found  necessary 
lo  prepare  2  positive  films  films  from  each  x-ray 
negative  to  cover  the  full  useful  range  of  Intensities. 
Advantages  of  the  described  modification  are  lhe  saving 
of  time:  the  necessity  of  calibrating  only  the  positive 
film;  the  determination  of  the  linear  transmittance 
limit  In  each  case;  and  the  applicability  to  existing  as 
well  as  new  x-ray  negatives. 
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HT.  04:005 

Illinois  Insl.  of  Tech.  Armour  Research  Foundation, 
Chicago. 

A  STUDY  OF  DIRECT  METHODS  OF  CRYSTAL  STRUC¬ 
TURE  DETERMINATION,  by  L.  V.  Azarofl.  Final 
repl.  July  1,  1954-Sepl.  1,  1956.  Aug.  31,  1956,  lv. 
Inc I.  lllus.  dlagrs.  lable,  rels.  (Techntcal  note 
no.  A052-4)  (AFOSR-TN-56-524)  (AF  18(600)1168) 

AD  110342  Unclassified 

The  sludy  of  dtrecl  methods  of  crystal  structure  deter¬ 
mination  has  been  carried  oul  with  the  aid  of  a  single 
crystal  of  falrfleldlle.  This  particular  crystal  was 
chosen  because  Us  structural  composition  was  such 
that  11  could  not  adversely  Influence  this  InvesUgaUon. 
The  first  method  tested,  the  Hauplman-Karle  staUsUcal 
method,  was  found  to  be  limited  In  11s  applicability  to 
structures  which  could  alternauvely  be  solved  by  sim¬ 
pler  methods.  Methods  employing  Inequalities  were 
found  to  be  limited  lo  structures  consisting  of  a  small 
number  of  similar  aloms.  The  vector  shift  methods 
emerged  i;om  this  Investigation  as  the  only  ones  prom¬ 
ising  universal  applicability.  There  are  several  diffi¬ 
culties  which  presently  limit  their  utilization.  These 
limitations,  as  well  as  the  detailed  evaluations  of  all  the 
methods,  are  described  In  this  report.  Suggestions  for 
extending  the  usefulness  of  vector  shift  methods  are  also 
given.  In  an  elfort  to  evaluate  the  direct  methods  under 
the  beat  pi  settle  conditions,  a  new  method  of  measuring 
diffraction  tnlenslties  was  developed.  This  arrangement 
uses  a  bent-crystal  monochromator  in  conjunction  with 
conventional  cameras.  It  has  been  shown  thal  lhls  photo¬ 
graphic  arrangement  gtves  tntenslty  values  wilh  an  ac¬ 
curacy  and  senstllvlly  rivaling  more  elaborate  arrange¬ 
ments  employing  lonlzallon-counter  deledors.  (Con¬ 
tractor's  abstract) 


IIT.  05:001 

Ultnots  Inst,  of  Tech.  Depl.  of  Chemtstry,  Chicago. 

THE  CRYOSCOPIC  HEAT  OF  FUSION  OF  AMMONIUM 
NITRATE,  by  A.  G.  Keenan.  Dec.  1955  [l3jp.  lnct. 
dtagrs.  table,  refs.  (Technical  rept.  no.  1  (6101)) 
(AFOSH-TN- 56-91)  (AF  18(600)1148)  (Also  bound  with 
U4  Fln’I  rept.  Sept.  1,  1954-Sept.  1,  1957,  AFOSR-TR- 
57-48:  AD  132478)  AD  82005  Unclassified 

Also  published  in  Jour.  Phys.  Chem. ,  v.  60:  1356-1361, 
Oct.  1956. 

Freezing-point  depression  data  have  been  measured  for 
fused  salt  systems,  wtth  LI,  Na,  K,  Rb,  Cs,  T1  and  A  - 
nitrates  as  solutes  and  NH4NO3  as  solvent,  tn  the  con¬ 
centration  range  0.  5-  4.  0  moi-%  and  temperature  range 
160«-170‘C.  The  reproduclbtllty  of  the  data  ts  within 
*0.02*.  The  results  show  Interesting  correlation  with 
tonic  radlt  and  structure.  The  data  are  Interpreted  to 
tndlcate  that  there  ts  no  solid  solution  formation  tn  the 
case  of  the  LI,  Na  and  Ag  nitrates,  without  recourse  to 
actual  anatysts  of  the  soltd  phase.  These  solutions  are. 


In  facl,  very  close  lo  Ideal,  and  the  data  yield  a  value 
of  1.  53  kcal  mol'1  for  the  Ialenl  heal  of  fusion  of  am¬ 
monium  nilrale.  (Contractor's  abstract) 


IIT.  06:001 

Illinois  Inst,  of  Tech.  Lab.  of  Physical  Electronics, 
Chicago. 

ELECTRON  DIFFRACTION  STUDIES  OF  FRICTION, 
by  P.  L.  Copeland  and  E.  J.  Schelbner.  Feb.  1953- 
June  1954.  June  1954,  58p.  lncl.  lllus.  dlagrs.  refs. 
(Technical  rept.  no.  1)  ([  AF  JOSR-TR-54-18) 

(AF  18(600)643)  AD  39815  Unclassified 

The  nature  of  the  frictional  wear  of  single  crystal  and 
polycryslalllne  materials  Is  determined  primarily  by 
electron  diffraction  methods.  The  current  viewpoint  of 
the  friction  mechanism  ts  reviewed,  as  well  as  methods 
for  studying  friction.  A  theory  Is  developed  for  the  In¬ 
terpretation  of  single  crystal  electron  diffraction  pat¬ 
terns  from  Imperfect  crystals  based  upon  the  Intensity 
distribution  In  reciprocal  space  and  lhe  use  of  lhe 
Ewald  sphere  to  determine  possible  reflections.  Studies 
of  frictional  behavior  for  polycrystalllne  materials 
sliding  on  polycrystalllne  materials  and  for  single 
crystals  sliding  on  single-crystal  and  polycrystalllne 
materials  are  reported.  It  Is  concluded  that  the  elec¬ 
tron  diffraction  method  Is  sufficiently  sensitive  to  de¬ 
tect  (rat taring  ct  the  crystal  surface  and  for  Identifying 
material  transferred  during  sliding.  11  Is  noted  lhal  for 
copper  the  presence  of  a  lhln  oxide  film  lends  lo  reduce 
the  coefficient  of  friction,  bul  11  does  nol  prevenl  the 
deformation  of  lhe  copper  cryslal.  (Contractor’s  ab¬ 
stract) 


HT.  06:02 

Illinois  Inst,  o!  [Lab.  of  Physical  Electronics  j 

Chicago. 

X-RAY  AND  ELECTRON  DIFFRACTION  STUDIES  OF 
SINGLE  CRYSTAL  SURFACES,  by  E.  J.  Schetbner. 

Jan.  1955,  58p.  lncl.  tllus.  refs.  (AF  18(600)643) 

Unclassified 

A  consideration  of  the  nature  of  crystal  surfaces  and  of 
x-  ray  and  electron  diffraction  melhods  of  studying  their 
structure  introduces  an  Investigation  of  frtcltonal  wear 
effects  on  single  crystal  surfaces.  Results  are  given 
and  discussed  of  experiments  using  Indium  sliding  on 
aluminum,  copper  on  brass,  nickel  on  stainless  steel, 
and  rock  sail  single  crystals  upon  ltke  crystals  to  study 
factors  Involved  In  friction  and  wear.  These  factors  tn- 
etude  area  of  contact,  pressure  weld,  stress  concen¬ 
tration,  stick- slip  effect,  relative  flatness  of  surface, 
oxidation,  and  deformation.  The  electron  dtffractton 
method  ts  found  to  be  a  senstttve  sampltng  technique  of 
investigating  surface  conditions  due  to  the  low  penetra¬ 
tion  of  electrons  Into  the  surface  region. 
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IIT.  07:001 

Illinois  Insl  ol  Tech.  Physiological  Psychology  Lab. , 
Chicago. 

COMPUTATIONAL  ANALYSIS  OF  INTRA  AND  INTER¬ 
WAVE  VARIABLES  IN  HUMAN  ALPHA.  I.  AMONG 
INTRA-WAVE  COMPONENTS  AS  FUNCTIONS  OF 
INTER-WAVE  DISTANCE,  by  I.  G.  Salisbury  and  P.  S. 
Shurrager.  Sepl.  1956  ^35]p.  lnd.  dlagrs.  lables. 
(AFOSR-TN- 56-447)  (Sponsored  jointly  by  Air  Force 
Office  of  Scientific  Research  under  AF  18(600)578  and 
U.  S.  Public  Health  Service)  AD  96792 

Unclassified 

Evidence  for  non- random  variation  among  successive 
values  of  four  lnlra- alpha  waveform  components  Is  re¬ 
ported  In  this  paper.  Thai  non- random  varlallon  occurs 
Is  supported  by  lhe  following  facts.  Significant  differ¬ 
ences  belween  obtained  sequences  of  positive  and  nega¬ 
tive  values  and  those  expected  by  chance  were  found  for 
negative,  positive  and  lolal  amplitudes  and  for  negative 
durations.  The  series  of  correlations  obtained  in  any 
one  sequence  showed  ellher  a  simple  or  complex  se¬ 
quentially  progressive  relationship  thal  was  obviously 
dlfferenl  from  a  sequence  of  random  values.  Interrela¬ 
tionships  exlsl  belween  some  of  lhe  sequences  which, 
when  expressed  as  correlation  coefficients,  are  sig¬ 
nificant  above  lhe  1%  level.  The  correlation  belween  the 
Interrelationships  of  the  sequences  obtained  from  lwo 
Individuals  Is  significantly  dlfferenl  from  zero.  (Con- 
lraelor's  abstract) 


1SG.  01:001 

Illinois  Stale  Geological  Survey.  Dlv.  of  Fluorine 
Chemlslry,  Urbana. 

AROMATIC  FLUORINE  COMPOUNDS.  VII.  REPLACE¬ 
MENT  OF  AROMATIC  -Cl  AND  -N02  GROUPS  BY  -F, 
by  G.  C.  Finger  and  C-  W.  Kruse.  Technical  rept. 

Oct.  11,  1956,  15p.  lncl.  tables,  rei„.  (AFOSR-TN- 
56-394)  (AF  18(600)985)  AD  96052  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  78: 
6034-6037,  Dec.  5,  1956. 

Replacement  of  -Cl  by  -F  In  aryl  chlorides  with  KF  has 
been  extended  from  2,  4-dlnitrochlorobenzene  lo  less 
activated  halides  by  the  use  of  nonaqueous  solvents,  es¬ 
pecially  dlmethylformamlde  (DMF)  and  dlmethylsulfox- 
lde  (DMSO).  Also  replacement  of  -N02  by  -F  In  sub¬ 
stituted  nllrobenzenes  was  studied  In  DMF.  As  a  direct 
result  of  this  study,  many  aromatic  fluorine  compounds 
can  now  be  obtained  by  a  relatively  simple  synthetic 
route.  (Contractor's  abstract) 


ILL.  01:001 

Illinois  U.  Control  Systems  Lab. ,  Urbana. 

SIGNAL-TO -NOISE  IMPROVEMENT  AND  THE  STATIS¬ 
TICS  OF  TRACK  POPULATIONS,  by  N.  Wax.  Sept. 


29,  1954]  [  10] p.  lncl.  dlagr.  (Sponsored  jolnlly  by 
Signal  Corps,  Ordnance  Corps,  Office  of  Naval  Re¬ 
search,  and  [Air  Force]  Office  of  Scientific  Research 
under  [DA  36- 039- sc- 56695 ] )  Unclassified 

Published  In  Jour.  Appl.  Phys. ,  v.  26:  586-595, 

May  1955. 

A  lrealment  of  the  population  statistics  of  signal  and  of 
noise  pallerns,  or  tracks,  Is  given  In  this  paper.  Some 
idealized  and  abslrad  models  of  lracklng  procedures 
are  sludled;  the  models  are  inlended  lo  represenl  the 
processes  encountered  In  radar  lracklng  and  in  scan¬ 
ning  nuclear  emulsions  for  tracks.  The  equilibrium 
lrack  population,  lhe  age  distribution  of  the  population 
at  equilibrium,  and  a  signal-lo-nolse  lmprovemenl 
faclor  are  obtained  for  each  of  the  models  considered. 
II  is  shown  lhal  the  equilibrium  population  can  be  kept 
lo  reasonably  small  values,  and  the  signal-lo-nolse 
ratio  Improved,  if  effective  methods  are  used  lo  elimi¬ 
nate  deteriorating  tracks.  (Contractor's  abstract) 


ILL.  02:001 

Illinois  U.  Dept,  of  Ceramic  Engineering,  Urbana. 

DEVITRIFICATION  OF  HIGH  TEMPERATURE  RESIST 
ANT  CERAMIC  COATING  GLASSES,  by  K.  E.  Nelson 
and  D.  G.  Bennell.  July  1956,  14p.  lncl.  lllui».  dlagrs. 
lables,  refs.  (Repl.  no.  76)  (AFOSR-TN-56-330) 

(AF  18(603)28)  AD  95206  Unclassified 

Preliminary  results  are  presented  of  a  sludy  on  the 
chemical  and  physical  mechanisms  responsible  for  the 
instability  of  prolonged  elevated  lemperalures  of  many 
metal  protective  high- temperature  reslslani  ceramic - 
coating  glasses.  Three  commercial  soda-Ume-slllca 
glasses  of  known  composition,  very  clear  and  crystal 
free,  devltrlfied  almost  completely  when  heated  for 
17  hr  al  871  “C  on  PI  foil.  A  simple  Ba  borostlicale 
glass  was  prepared  and  applied  lo  type  347  slainless 
tteel  In  the  form  of  a  ceramic  coating.  This  glass  was 
essentially  cryslal  free  as  ftred  on  the  metal,  bul  11 
devllrlfled  almost  completely  lo  Ba  dlslllcale  and  crlslo- 
ballle  when  heated  for  but  30  min  at  871  “C.  A  more 
complex  glass,  formed  by  adding  5  oxides,  CaO,  ZnO, 
Ca02,  Bl203,  T102,  to  70%  of  lhe  simple  glass,  with¬ 
stood  devitrification  for  upward  of  17  hr  of  heating  al 
871<>C.  Interestingly  enough,  the  c ryslals  lhen  formed 
were  still  those  ol  Ba  dlstllcate  and  crlsloballte. 


ILL.  02:002 

Illinois  U.  Dept,  of  Ceramic  Engineering,  Urbana. 

THE  POLYMORPHIC  MODIFICATIONS  OF  SILICA  IN 
CERAMIC  COATINGS,  by  J.  K  Lauchner.  Feb.  1957, 
20p.  lncl.  dlagrs.  lables,  refs.  (Kept.  no.  77) 
(AFOSR-TN- 56 -4 46)  (AF  18(603)28)  AD  96791; 

PB  126367  Unclassified 

In  this  study,  the  polymorphic  modifications  of  silica 
present  In  ceramic  coatings  owing  to  devitrification  or 
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as  a  result  ol  dtrecl  addttlons  were  tdenttlied  by  dic-mal- 
straln,  x- ray  diffraction,  and  dtlferenttal-therma’  analy¬ 
ses.  Comparison  of  the  analytical  results  tndlcated 
thermal  strain  analysis  to  be  the  most  sensttlve  method 
tn  tdentlftcation  of  all  stllca  modifications  sludted. 
Analysis  of  the  tessellated  stresses  developed  In  the 
systems  was  applted  tn  determining  effective  Itnear 
thermal-expan6ton  characteristics,  and  Interpreting 
restdual  stress  development  (Contractor’s  abstract) 


ILL.  02:003 

Illtnols  U.  Depl.  of  Ccamtc  Engineering,  urbana. 

AN  INVESTIGATION  OF  THE  ALLOTROPIC  FORMS  OF 
SILICA  IN  CERAMIC  COATINGS  (Abstract),  by  J.  H. 
Lauchner.  Nov.  1956,  ip.  (AF  18(603)28) 

Unclassified 

Presented  at  meeting  of  lhe  Aner.  Ceramic  Soc. , 

Basic  Science  Dlv. ,  Clemson  Coll. ,  S.  C.,  Nov.  1-2, 
1956. 

The  allolroplc  forms  of  slltca,  pre6enl  In  ceramic  coal¬ 
ings  due  to  devitrification  or  as  a  result  of  a  dtrecl  ad¬ 
dition,  were  Identified  by  thermal  strain,  x-ray  diffrac¬ 
tion,  and  -HHtrudlal  thermal  analysts  J  ceramic 
coated  composites.  The  effective  differential  coefficients 
of  thermal  expansion  were  determined  from  thermal 
strain  data  aial  a  quantitative  nsU^at"  of  (he  cnysla'llni 
conlenl  In  lhe  coatings  was  established.  (Contractor's 
abstract) 


ILL.  03:001 

Illinois  U.  I  Depl.  of  Chemistry  ,  Urbana. 

OBSERVATIONS  ON  THE  RARE  EARTHS:  ELECTRO¬ 
CHEMICAL  STUDIES  OF  RARE  EARTH  METAL  SALTS 
IN  VARIOUS  NON- AQUEOUS  SOLVENTS,  by  T.  Moeller 
and  G.  W.  Cullen.  Ocl  1,  1956,  U9p.  lncl.  tllus.  dlagrs. 
tables,  refs.  (AFOSR-TN-56-437)  (AF  18(600)1535) 

AD  96520  Unclassified 

The  solubilities  of  LatNOjJj  and  LaBrj  tn  anhydrous 
ethytenedtamlne  (I)  were  measured  as  3.  81  and  0.  135 
g  1  of  solution,  respectively.  LafNOjJj  and  LaHr3  were 
otuble  tn  dtmethylforniamtde  (II),  the  latter  being 
251. 2  g.  1  of  solution  at  30”C.  Conductance  curves  for 
LafNOjlj  and  Lailij  In  I  tndlcated  that  the  equivalent 
conductance  Increased  on  dilution  In  low -concentration 
ranges:  the  salts  behaved  as  weak  electrolytes  in  both 
solvents,  l.tmttlng  conductance  values  could  not  be  ob¬ 
tained.  The  presence  of  UjO  did  not  appreciably  change 
the  shape  of  ihe  curves  In  etther  system  and  dtd  not  af 
feci  the  strength  of  etther  solute  as  an  electrolyte. 

Light  yellow  cathode  deposits  were  generally  obtained 
from  the  electrolysts  ol  l.a(Nt)3)3  In  anhydrous  1  and  In 
1  containing  small  quanttttes  of  HjO.  A  black  deposit  was 
obtained  when  2  stole  red -glass  barriers  were  placed  be¬ 
tween  the  cathotyte  and  the  auotyte  tn  the  anhydrous  1 
solution  A  violent  reaction  occurred  between  the  ano 
tyte  and  catholyte  during  the  electrolysis  of  U  solutions 


of  La(NOj)j.  The  electrolysts  of  II  solutions  of  LaBr^ 
yielded  gelatinous  appeartng  cathode  depostts.  Photo¬ 
micrographs  and  chemical  reactions  of  the  ca.hode 
deposlls  obialned  In  the  I  systems  tndlcated  the  pres¬ 
ence  of  small  quantttles  of  free  metal  after  the  deposits 
were  vacuum-heated.  Similar  analysts  of  the  cathode 
deposits  obtained  in  the  II-bromide  system  yielded  less 
evidence  for  lhe  presence  of  La. 


ILL.  04:001 

Illinois  U.  Dept,  of  Mathematics,  Urbana. 

A  FIXED  POINT  INDEX,  by  D.  G.  Bourgin.  Terminal 
repl.  Oct.  27,  1955,  16p.  ( [  AF^SR- TN-55-410) 

(AF  18(600)1398;  continued  by  AF  18(603)32) 

AD  83019  Unclassified 

This  mathematical  study  constders  the  Index  of  a  trans¬ 
formation  relative  to  an  open  set  for  an  ANR  or  LC* 
space.  The  spaces  occurring  are  all  compact  Hauss- 
dorff  and  are  denoted  by  X  with  potnis  x.  Maps  are 
understood  lo  be  continuous.  The  boundary  of  a  set  g 
is  wrtlten  g .  The  complement  of  a  set  A  is  indicated 
by  a  prime,  l.e. ,  A’.  Small  Greek  letters  are  used  for 
finite  open  covers  with  the  ordering  relation  defined  by 
u  ^  p  11  |  riflT.es  u.  The  f,Her.  sits  ot  tkn.fcr.ts  cf  u 
are  written  at.  The  nerve  of  a  cover  Is  a  Euclidean 
complex  and  is  indicated  by  the  corresponding  ..mail 
Uomir  letter  Uu«  A  It  the  nerve  of  u  The  potris  of 
a  are  written  y.  The  vertex  of  a  corresponding  to  a^ 

Is  Indicated  by  (at).  The  symbol  St  for  star  Is  utilized 
In  both  the  point  set  and  lhe  algebraic  senses,  but  the 
context  avoids  confuston.  The  notation  t.  Is  employed 
bolh  for  the  algebraic  and  the  topological  closure  of  the 
simplex  1.  If  p  Is  a  cover  and  L  is  a  subcomplex  of 
the  finite  complex  K  conlainlng  all  the  vertices  of  k, 
then  p  Is  a  mesh  of  the  partial  realization  of  L  by  t  If 
for  each  simplex  of  K  the  map  of  its  faces  In  L  Is  c  >n- 
tained  In  a  single  elemenl  of  .  A  homotopy  Is  over  u 
If  for  each  point  the  orbli  under  the  homotopy  lies  In  an 
element  of  a.  It  Is  the  symbol  for  a  retraction  and  I  or 
lA  for  ihe  untl  segment.  The  parallelotope  P  ^  Pj^ 

I  a,  where  script  sel  [a]  Is  arbitrary  and  not  necessar¬ 
ily  denumerable.  The  space  X  Is  usually  assumed  to  be 
a  NIt  in  a  parallelotope.  The  LC*  property  Is  that  for 
every  -a  there  Is  a  p  such  that  to  every  partial  realiza¬ 
tion  of  a  finite  complex  with  a  mesh  there  is  a  full  real¬ 
ization,  or  extended  realization  with  a  mesh  The 
mesh  is  termed  an  eJtleasiQi'  mesh  for  (  ,  and  is 
written  .:  e  Qa  is  written  for  a  canonical  map  from 
X  to  a  Throughout  the  Cecb  homology  groups  I1„(X) 
are  over  the  rationale  ll(.X)  Is  used  for  the  direct  sum 
. . ?!,,( X).  Moreover  if  l’j^  is  the  projection  transforma 
Hon  on  b  into  a  then  l‘£  stands  not  only  for  the  induced 
chain  homomorphism  on  the  chain  groups  over  b  into 
those  over  a.  but  also  for  the  homomorphtsms  of  the 
cycle  groups  as  well  as  the  homology  groups.  Use  is 
made  of  1  for  the  identity  map  lx  \.  Qp  is  a 
cocanonical  map  over  .  or  more  simply,  a  coc annul 
cal  map  if  q()  1  ever  a.  l.emma  O:  For  arbi 

trarv  there  is  a  such  that  every  pair  of  points  in 
an  elemenl  bt  of  call  t-e  joined  by  a  unique  path  in 
some  element  a)  ol  ,  j  j(  .  (Extracted  from  rept. ) 
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ILL.  05:001 

Illinois  U.  [Dept,  of  Mathematics j  Urbana. 

NON  LOCALLY  CONNECTED  SPACES  RELATED  TO 
ABSOLUTE  NEIGHBORHOOD  RETRACTS  AND  FIXED 
POINT  PROPERTIES,  by  D.  G.  Bourgln.  Jan.  30,  1957, 
1  Op.  (AFoSl\-TN-b6-576)  (AF  18(663)32,  CimtL.uMlori 
of  AF  18(600)1398)  AD  110400  Unclassified 

Spaces  which  are  limits  of  absolute  neighborhood  re¬ 
tracts  or  non-locally  connected  spaces  are  considered 
from  the  point  of  view  of  significant  Lefschetz  numbers 
and  as  natural  extensions  of  absolute  neighborhood  re- 
.1  acla.  I  *0  llibui  bins  mt  dlStuSSbd.  1  ll  St,  11  K  IS  1 
neighborhood  retract  t,  satisfying  tv  rf  v  =  P1  lhen 
Lf  =  LP  for  ,'0  <  (>.  If  X  satisfies  Qj  also,  Ll  /  O 
Implies  f  has  a  fixed  point.  Secondly,  suppose  X  Is  a 
neighborhood  retracl  b satisfying  Qj  or,  If  X  Is  a  NR, 
and  lf  G  Is  open  with  fixed  polnl  of  free  boundary  G 
under  f:X  — »  X  and  lf  the  index  A  (fP ,  GC  )  Is  non-zero 
for  all  the  values  of  f  for  which  It  Is  defined,  then  f  has 
a  fixed  point  In  G. 

ILL.  05:002 

Illinois  U.  '  Dept,  of  Mathematics]  Urbana. 

AN  ZX  OF  A  FIXED  POINT,  PARTS  I  AND  H  1 
Tcpoiogla  -  Un  lndlce  del  puntl  unltl.  I,  II,  by  D.  G. 
Dour  gin.  [  1955  and  1956  ]  [  12  'p.  (AF  18(603)32) 

Unclassified 

Published  In  Attl  Accad.  Naz.  Lined.  Rend.  Cl.  Scl. 

Fis.  Mat.  Nat.,  v.  19:435-440,  Dec.  1955;  v.  20:43- 
48.  Jan.  1956. 

In  these  two  notes  the  author  lays  the  foundations  for  a 
flxed-polnt-lr.dex  theory  for  transformations  f:X  — *  X 
where  X  Is  a  compact  Hausdorff  space,  assumed  to  be 
an  ANR.  Using  Cech  homology  theory  over  rational  co¬ 
efficients,  the  author  exploits  the  fact  that  the  homology 
theory  of  such  an  X,  and  Its  Influence  under  f,  can  be 
transferred  to  a  finite  approximating  polytope  where,  of 
course,  an  Index  theory  Is  readily  available.  The  prin¬ 
cipal  results  are  1)  the  Lefschetz  number  of  f  equals 
the  Lefschetz  number  of  the  transformation  Induced  In 
the  nerve  of  any  sufficiently  fine  covering;  2)  If  G  Is  an 
open  subset  of  X  whose  boundary  contains  no  fixed  points, 
the  Index  of  the  transformation  Induced  in  a  sufficiently 
fine  nerve  over  a  certain  open  subset  of  the  nerve,  de 
termlned  by  G,  Is  Independent  of  the  nerve  chosen. 

(Math.  ltev.  abstract) 


ILL.  05:003 

Illinois  U.  .Dept,  of  Mathematics  ,  Urbana. 

AN  INDEX  OF  A  FIXED  1*01NT,  PART  111  Toputogla  - 
Un  lndlce  die  puntl  unltl.  ill,  by  D.  G.  tlourgln.  .1356. 
O.p.  (AF  18(603)32)  Unclassified 

Published  ,n  Attl  Accad.  Naz.  Llncel.  lteial.  Cl.  Scl. 

Fls.  Mat.  Nat.,  v.  21:  395-400,  Dec.  1956. 
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The  author  considers  spaces  which  are  limits  of  ANR's 
and  obtains  fixed-poini  theorems  for  such  spaces.  A 
compact  subsei  X  of  a  fixed  parallelolope  P  is  called 
an  NR  j,  lf  it  is  ihe  inierseciion  of  a  family  ^XQj  of 
ANR's,  subsets  of  P,  such  that  Xa  Is  a  retracl  of  Xp 
whenever  XQCXp.  Lei  X  be  an  NRj,-  Then  X  is  homo¬ 
logically  finite,  so  that  every  mapping  f:  X  — »  X  has 
a  Lulsthblt  number  HI).  Actum  5  next  ttiM  there  exUlfe 
a  family  of  mappings  t0:  XQ — s>  X  which  are  compat¬ 
ible,  In  a  certain  homological  sense,  with  the  retrac¬ 
tions  X  >  — >  Xa.  Assume  further  that  the  tu  satisfy  a 
uniformity  condition  which  states  roughly  that  ta  Is 
near  the  Identity  when  Xa  Is  near  X.  Under  these  con¬ 
ditions  the  nonvanishing  of  L(f)  Implies  the  existence  of 
\  Uxtd  puli,'  There  are  »  mwiber  Jt  IvUrtsU-^  corcl- 
larles.  (Math.  Rev.  abstract) 


ILL.  06:001 

Illinois  U  I  Dept,  of  Mathematics]  Urbana. 

BROWNIAN  MOTION  ON  A  GREEN  SPACE,  by  J.  L. 
Doob.  Oct.  31,  1957  [31  jp.  (AFOSR-TN-56- 573) 

[  AF  18(603)11  ]  AD  110395  Unclassified 

Also  published  In  Teorifi  VerofatnosteT  1  EE  Prime- 
nenift,  v.  2:  [  3,-33,  1957. 

The  basic  results  of  Brownian  motion  theory  developed 
for  spaces  which  are  subsets  of  Euclidean  N-space  are 
extended  to  Green  spaces.  The  study  is  found  to  be  use¬ 
ful  in  studying  noi  only  harmonic  functions,  Brownian 
motion  stochastic  processes  on  Green  spaces,  but  also 
parabolic  functions  and  heat  motion  stochastic  proc¬ 
esses  on  heat  spaces.  The  probabilistic  attack  Is  found 
to  be  of  utility  In  defining  the  boundary  points  of  the 
space  In  the  general  problem  Involving  stochastic  proc¬ 
esses  with  nun- constant  lifetimes.  The  necessary  defi¬ 
nitions  and  theorems,  relevant  to  the  investigation,  are 
presented. 

1L.L.  07:001 

Illinois  U.  Dept,  of  Mining  and  Metallurgical  Engineering, 
Urbana. 

THE  MECHANISM  OF  PHASE  TRANSFORMATIONS  IN 
METALS,  by  D.  S.  Lleberman.  Mar.  15,  1956,  lip. 
inch  Ulus,  (ttept.  no.  MEDU1- 17-AF)  (AFOSR-TN- 
56-412)  (AF  18(600)1311)  AD  90221  Unclassified 

In  this  study,  the  graphical  formulation  of  a  crystallo¬ 
graphic  theory  of  diffusionless  phase  transformations 
Is  discussed.  The  theory  of  Wechsler,  Lleberman,  and 
Read  (Trans.  Amer.  Inst.  Mining,  Metallurgical,  and 
Petroleum  Engineers,  v.  197:  1953)  permits  calcula¬ 
tions  to  be  made  of  the  following  features  of  martensitic 
transformations  from  a  knowledge  of  the  lattice  param¬ 
eters  and  Ihe  pattern  of  lnhomogenelty:  (a)  the  orienta¬ 
tion  of  the  Interface  plane  separating  the  parent  and 
prudact  phases:  (b)  the  magnitude  and  direction  of  thi 
macroscopic  shear  accompanying  Ihe  transformation: 

(c  )  a IV*  the  orientation  relationships  between  the  crystal 
axes  In  the  2  structures.  The  graphical  method  is 


•  » 


•  • 


•  • 


•  • 


o 


AIR  FORCE  SCIENTIFIC  RESEARCH 


ILL.  07:002  -  ILL.  08:003 


applied  to  the  cubic -to- orthorhombic  transformation  In 
a  single  crystal  of  AuCd  (47.  5  at  -%  Cd). 


ILL.  07:002 

Illinois  U.  Dept,  of  Mining  and  Metallurgical  Engineering, 
Urbana. 

GROWTH  BENDS  IN  IRON  WHISKERS,  by  G.  S.  Baker. 
Oct.  15,  1956,  3p.  lncl.  lable.  (Rept.  no.  MEDUI-18- 
AF)  ( AF OSR -  TN-  56  -  4 1 3)  (AF  18(600)1311)  AD  96222 

Unclassified 

Also  published  In  Jour.  Appl.  Phys. ,  v.  27:  1561-1562, 
Dec.  1956. 

It  has  been  proposed  that  the  bent  part  of  the  whisker  Is 
the  slle  cf  a  twin  boundary,  or  of  some  other  type  of 
boundary.  The  purpose  of  the  present  study  Is  to  show 
that  this  Is  not  the  case  for  Fe  whiskers  grown  from  the 
vapor.  Whiskers  were  grown  by  the  reduction  of  FeCl2 
by  H2.  Back  reflection  Laue  x-ray  patterns  of  those 
whiskers  which  exhibited  bends  were  taken  above,  below, 
and  at  the  position  of  the  bend.  The  orientation  of  the 
crystal  lattice  Is  Identical  at  all  3  positions  for  all 
specimens  x-rayed,  12  In  all.  This  proves  that  the 
crystal  structure  Is  continuous  through  the  bend,  and 
lhal  no  boundary  need  be  postulated  In  the  bend.  The 
bend  Itself,  Is  caused  by  the  whisker  axis  shifting  from 
one  crystal  direction  to  another,  often,  but  not  always, 
an  equivalent  crystallographic  direction.  Tabular  data 
are  presenled,  giving  whisker  axes,  surface  planes,  and 
angle  of  several  types  of  whisker  bends.  The  measured 
angle  always  agreed  with  that  calculated  within  a  couple 
of  degrees.  In  addition  to  the  crystallographic  angles, 
there  are  occasionally  whiskers  bent  In  a  smooth  arc 
over  long  regions.  X-ray  pictures  of  2  of  these  show 
the  crystal  lattice  to  be  uniformly  rotated  In  orientation 
over  lhese  arcs. 


ILL.  03:001 

Illinois  U.  Dept,  of  Physics,  Urbana. 

PHOTOCONDUCTIVITY  IN  POTASSIUM  IODIDE  CON¬ 
TAINING  F  CENTERS,  by  N.  Inchauspg  and  R.  J. 
Maurer.  Sept.  1955  [39.p.  lncl  dlagrs.  tables. 

(ltept.  no  1)  ( .  AF  OSlt-TN-55  281)  (aF  18(600)662) 
AD  75287  Unclassified 

Photocurrents  have  been  observed  when  K1  crystals 
containing  F  centers  are  irradiated  with  quanta  of  energy 
between  2.0  and  5.6  ev.  Under  these  conditions,  photo¬ 
currents  are  not  observed  In  crystals  which  do  not  con¬ 
tain  F  centers.  The  photocurrents  are  allrlbuted  to  the 
Interaction  of  excltons  and  F  centers.  The  life-time  of 
the  excltons  is  estimated  to  be  of  lhe  order  of  5  x  10-9 
sec.  (Contra ctor's  abstracl) 


ILL.  08:002 

Illinois  U.  [Dept,  of  Physics]  Urbana. 

POLARIZATION  IN  INSULATING  CRYSTALS  (Abstract), 
by  C.  Inchauspd' and  N.  Inchausptf  [  1955]  [  1 J p. 

[AF  18(600)662]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Baltimore,  Md. ,  Mar.  17-19,  1955. 

Published  In  Phvs.  Rev.,  v.  98:  1543,  June  1,  1955. 

An  elementary  analysis  has  been  made  of  the  problem 
of  the  development  of  space-charge  within  an  Illuminated 
Insulating  crystal  which  exhibits  photoconductivity.  The 
analysis  Is  applicable  to  crystals  similar  to  alkall- 
haiides  In  which  the  displacement,  w,  of  the  photoelec¬ 
trons  by  the  field  Is  much  smaller  than  the  distance,  d, 
between  the  electrodes.  The  analysis  has  been  carried 
out  for  various  types  of  nonuniform  Illumination  In  the 
form  of  a  plane  parallel  condenser.  The  Initial  slope 
of  the  photocurrent  time  curve  Is  given  by  (l/lo)(dl/dt)o 
=  (d/a  )(lo/9o),  where  1q  Is  the  Initial  current  and  q0  Is 
lhe  charge  of  the  condenser  before  Illumination.  The 
length,  a,  characterizes  the  nonuniform  Illumination 
and  Is  a  measure  of  the  distance  within  which  the  radia¬ 
tion  Is  absorbed. 


ILL.  08:003 

Illinois  U.  [Dept,  of  Physics:  Urbana. 

PHOTOCONDUCTIVITY  IN  POTASSIUM  IODIDE  (Ab¬ 
stract),  by  N.  Inchauspd'.  [  1955 i  [ljp.  [  AF  18(600)- 
662]  Unclassified 

Presented  at  meeting  of  lhe  Amer.  Phys.  Soc. , 
Baltimore,  Md. ,  Mar.  17-19,  1955. 

Published  In  Phys.  ltev.,  v.  98:  1550,  June  1,  1955. 

Pholoconductivtty  In  potassium  Iodide  at  the  tempera- 
lure  of  liquid  nitrogen  has  been  Investigated  with  crys¬ 
tals  containing  additive  F-centers  and  radiation  tn  th? 
photon  energy  range  from  1.  9  ev  to  5.  8  ev.  The  maxi¬ 
mum  of  the  F- center  absorpllon  occurs  al  the  lower 
limit  of  this  photon  energy  range  and  the  upper  llmll 
marks  the  maximum  of  the  first  (exclton)  peak  of  lhe 
fundamental  optical  absorpllon.  The  concentration  of 
F-cenlers  was  varied  from  101*  to  1017  cm-3.  The 
number  of  quanta  Incident  per  second  upon  the  crystal 
was  about  10^  per  second  The  observed  photocurrents 
were  less  than  10'15  amperes  In  crystals  which  had  not 
been  addltlvely  colored.  When  the  crystals  were  pre¬ 
pared  tn  such  a  low- vapor  pressure  of  Kas  to  contain 
less  than  10'3  F-centers  cm-3,  photocurrents  became 
observable  at  3  ev  and  Increased  to  a  broad  maximum 
al  5.  1  pv.  For  F -centers  concentrations  between  lO15 
and  to*  cm'  ,  additional  maxima  were  observed  at  1  9 
ev  and  5.  51  ev  where  the  F -  and  p  bands  occur.  The 
photocurrents  decreased  rapidly  as  the  photon  energy 
was  increased  beyond  5.  51  ev.  (Contractor’s  abstract) 
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ILL.  08:004 

Illinois  [Dept,  of  Phystcsj  Urbana. 

SELF  DIFFUSION  OF  SODIUM  AND  IONIC  CONDUC¬ 
TIVITY  IN  NaCl-CaCl2  CRYSTALS,  by  J.  O.  Thomson. 
Feb.  1956  [20jp.  tncl.  dlagrs.  tables,  refs.  (AFOSR- 
TN- 56-59)  (AF  18(600)662)  AD  81051  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Baltimore,  Md. ,  Mar.  17- f 9,  f 955. 

Abstract  published  tn  Phys.  Rev. ,  v.  98:  1536, 

June  1,  f 955. 

The  dtffuslon  of  Na+  In  NaCl  containing  small,  known 
concentrations  of  CaCl2  was  measured  as  a  function  of 
temperature.  The  dtffuston  data  were  compared  with 
the  Ionic  conductivities  of  the  crystals.  The  degree  of 
association  of  Ca  Ions  with  positive  Ions  to  form  com¬ 
plexes  appeared  smaller  than  theoretically  expected. 
Results  showed  a  small  magnitude  of  discrepancy  tn 
the  Einsteln-Nernst  dtfiuslon-conductlvlty  relationship. 
The  small  discrepancy  appears  to  substantiate  Bean's 
conclusion  (Thesis,  llltnots  U. ,  1952)  that  Ca  tons  do 
not  readtly  associate  wtth  Na  Ion  vacanctes.  Effects 
are  discussed  which  obscure  the  application  of  the  as¬ 
sociation  theory  to  the  NaCl-CaCl2  system.  Anomalous 
data  Include  (1)  similar  discrepancies  tn  the  Einsteln- 
Nernst  relation  for  crystals  with  large  tmpurtty-content 
variations  and  (2)  parabolic  Instead  of  straight- line 
conductivity  lsotherm-vs-concentratton  curves  at  lower 
temperatures.  The  ratio  of  free  vacanctes  to  tmpurlty 
atoms  apparently  Increases  with  lncreastng  tmpurlty 
concentration  and  decreasing  temperature.  A  compart - 
s„n  id  llit  NaCl-CdCl2  and  HaCl-CaCl2  systems  showtJ 
a  marked  difference  In  the  calculated  mobility  of  the 
free  vacancies.  A  disparity  In  the  calculated  mobilities 
was  obtained  »Mel.  was  welt  ou'sWk  etptrlir.t-i.lsl  trrot, 
and  Indicated  that  not  all  of  the  Ca  Introduced  tnto  NaCl 
crystals  Is  effective  In  creating  free  or  associated 
vacancies.  An  Irreversible  effect  may  occur  with  Cd  In 
the  NaCl-CaCl2  system.  (ASTiA  abstract) 


ILL.  08:005 

Illinois  U.  Dept,  of  Physics  Urbana. 

DIELECTRIC  LOSS  IN  SODIUM  CHLORIDE,  by  J,  O. 
Thomson.  Dec.  1956  10  jp.  lncl.  dlagrs.  tables,  refs. 

(AFOSIt-TN- 56-427)  (AF  18(600)662)  AD  96509 

Unclassified 

Dielectric  loss  measurements  were  made  on  crystals 
of  NaCl,  w  tch  contatned  small  additions  of  CaCl2,  tn 
the  frequency  range  between  0. 1  and  100  kc  at  50*  to 
150"C  to  obtain  Information  on  point  Imperfections  In 
Ionic  -rys’als.  The  crystals  were  grown  by  the  Kyro- 
poulos  method  from  a  melt  of  NaCl  having  appropriate 
amounts  m  CdCl2.  They  were  cleaved  Into  plates  about 
0.  .7  to  0.  4  mm  thick  and  3  to  4  so  cm  tn  area.  The 
faces  of  the  specimens  were  covered  with  Ag-conducttng 
patnt,  and  Ft  leads  were  cemented  to  the  electrodes 
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ustng  the  same  paint.  The  dielectric  loss  was  measured 
by  means  of  a  General  Radto  716C  brtdge  with  a  bridge 
voltage  of  50  to  100  mv.  The  concentration  of  tmpurlty 
was  determined  by  a  nephelometric  method  (accurate 
to  25%).  Measurements  suggested  that  trie  number  of 
complexes  at  fow  temperatures  ts  substantially  less 
than  the  number  of  lmpurtty  Ions.  The  data  show  that 
In  the  most  highly-doped  crystal,  the  low->mperature 
defects  persist  to  higher  temperatures.  The  widths  of 
the  dielectric-loss  peaks  (on  a  log  frequency  plot)  of 
test  crystals  were  roughly  20  and  6u%  wider  than  theo¬ 
retical  values.  This  may  be  explained  on  the  basis  of 
the  low-temperature  defects.  (ASTIA  abstract) 


ILL.  08:006 

Illinois  U.  [Dept,  of  Physics]  Urbana. 

SELF -DIFFUSION  OF  SODIUM  AND  CONDUCTIVITY 
IN  SODIUM  CHLORIDE  CRYSTALS  (Abstract),  by  J. 

O.  Thomson.  [  1956]  [lip.  [AF  18(600)662] 

Unclassified 

Presented  at  meeting  of  lhe  Amer.  Phys.  Soc. , 
Washington,  D.  C.,  Apr.  26-28,  1956. 

Published  in  Bull.  Amer.  Phys.  Soc.,  Ser.II,  v.  1: 

214,  Apr.  26,  1956. 

Na24  tracer  diffusion  measurements  and  conductivity 
measurements  have  been  made  on  single  crystals  of 
NaCf  containing  small  amounts  of  CaCl2  (  6  and  20  x 
10'4  mole  fraction).  The  measurements  were  made 
tn  the  temperature  range  from  240"C  to  590°C.  The 
selt-dlituSiou  coefficient  ol  the  sodium  Ion  w*s  obtained 
from  the  tracer  diffusion  coefficient  by  application  of 
the  Bardeen-Herrlng  correlation  factor.  The  ratio 

U/D /  ol  Hit  •_  jtidoCTlvlt)  Vo  tlit  siM-dlMuslon  coeffi¬ 
cient  satisfies  the  Etr.steln-Nernst  relation  much  better 
than  data  obtained  from  NaCl-CdCf2  crystals.  This 
result  may  not  be  due  to  a  small  binding  energy  of  the 
calctum  Ion- positive  Ion  vacancy  complex,  because  the 
ratio,  (j/D),  and  the  conductivity,  c,  do  not  depend 
upon  the  temperature  and  concentration  of  calcium  In 
the  manner  predicted  by  association  theory.  (Con¬ 
tractor's  abstract) 


ILL.  08:007 

Illinois  U.  Dept,  of  Physics  ,  Urbana. 

A  REPORT  TO  THE  OFFICE  OF  SCIENTIFIC  RE¬ 
SEARCH  ON  EUROPEAN  LABORATORIES  AND  PER 
SONNEL  (Unclassified  title),  by  R.  J.  Maurer.  Aug. 
1956,  f6p.  (AF  18(600)662)  Confidential 
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Illinois  U  .  Dept,  of  Physics  Ubbana. 

DISLOCATION  LINE  ENERGY  AND  SUP  IN'  NaCl  AND 
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AgCl  CRYSTALS  (Abstract),  by  R.  Thomson.  [  1955  j 
L'ljp.  [AF  18(600)689  J  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  27-29,  1965. 

Published  In  Rhys.  Rev.,  v.  98:  1171,  May  15,  1955. 

Calculations  of  the  elastic  energy  of  dislocations  In  NaCt 
and  AgCi  have  been  made  which  include  the  effects  due 
hi  the  elastic  anisotropy  of  the  crystals.  At  low  tem¬ 
peratures  the  calculations  give  some  evidence  In  NaCi 
for  the  choice  of  (110)  slip  planes  over  (100)  slip  planes. 
However,  the  calculations  do  not  predict  the  large  dif¬ 
ference  In  the  yield  stress  experimentally  observed. 

This  result  suggests  that  other  mechanisms  such  as  a 
differential  pinning  of  edge  dislocations  in  dlllerent  slip 
planes  ara  also  important.  At  high  temperatures  the 
preference  lor  (110)  slip  planes  due  to  crystal  anisotropy 
disappears,  in  agreement  with  suggestions  hy  early  ex¬ 
perimenters  that  other  silp  planes  become  active  at 
high  temperatures.  The  calculations  lor  AgCl  do  not 
predict  any  marked  preference  lor  (110)  silp  planes 
over  (100)  slip  planes  In  agreement  with  the  observed 
pencil  glide  in  AgCl. 


ILL.  09:002 

Illinois  U.  Dept,  ol  Physics  ■  Urbana. 

DISLOCATION  ENERGIES  IN  NaCt,  by  H.  D.  Huntington, 
J.  E.  Dickey,  and  H.  Thomson.  May  1950  12  p.  Incl. 

diagrs.  tables,  refs.  (AFOSR-TN-56-181)  (In  coopera¬ 
tion  with  Rensselaer  Polytechnic  Inst.  ,  Troy,  N.  Y.  ) 

(AF  18(000)089)  AD  8705-1  Unctasstlled 

llyMiShesLUl  Rhys,  Rev.,  v.  100:  1 1 1 7- 1 1 28,  Nov.  15, 
1955. 

The  energies  for  both  screw  and  edge  dislocations  in 
rock  salt  have  been  Investigated.  The  elfect  of  elastic 
anisotropy  has  been  Incorporated  into  the  contribution 
from  the  region  outside  the  core.  Detailed  calculations 
have  been  carried  out  for  the  energies  ol  the  cores 
themselves  as  a  lunction  of  radius,  and  joined  smoothly 
to  the  curves  of  the  elastic  theory.  The  core  calculations 
are  based  on  the  Born- Mayer  model,  and  employ  the 
lormuias  ol  Madelung  for  the  potentials  ol  row  s  ot  uni- 
tormly  spaced  charges.  For  dislocations  in  the  ob¬ 
served  plane  ol  slip  (110),  the  constant  term  associated 
with  the  core  energy  is  t.  0  x  It’*  ev  cm  more  tor  the 
edge  than  lor  the  screw.  Approximate  calculations  show 
tins  term  to  be  appreciably  larger  lor  the  edge  disloca¬ 
tion  ill  the  (100-  plane.  Also,  Itiere  appears  to  lie  large 
lattice  potential  barrier  lor  dislocation  motion  in  tilts 
plane  arising  lrom  anion  dosed  shell  repulsion.  This 
result  may  explain  why  these  plain  s,  though  close- 
parked,  are  generally  not  active  pi  gild-  lor  alkali 
Iodides.  The  stability  ot  dislocations  with  Burger  vector 
I  mi, '.er  than  tin-  minimum  lattice  translation  Is  investi 
gated  The  jsisslbtllty  ot  hollow  dislocations  is  also 
considered,  : Conlractor's  abstract. 
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Illinois  U.  Dept,  ol  Physics,  Urbana. 

ASSOCIATED  ENERGY  OF  VACANCIES  AND  IMPURI¬ 
TIES  WITH  EDGE  DISLOCATIONS  IN  Nad,  by  F. 
Bassanl  and  R.  Thomson.  Sept.  1956  12 Ip  incl. 

diagrs.  tables,  refs.  (AFOSR-TN-56-3n,M  (AF  18- 
(600)689)  AD  96050  U. classified 

Also  published  in  Rhys.  Rev.,  v.  102:  1264-1275, 

June  1,  1956. 

Calculations  were  made  of  the  energies  of  association 
of  Sr*"*  ions.  Cd  +  *  ions,  and  positive-ion  vacancies 
with  the  core  ol  a  (110)  edge  dislocation  in  NaCl.  It  is 
found  that  the  vacancy  has  an  association  energy  of 
0.4  ev,  but  that  other  impurities  have  smaiier  associa 
ti  in  energies.  On  the  hasls  ol  this  energy  of  associa¬ 
tion,  the  numbers  of  vacancies  and  divalent  ton-vacancy 
complexes  pinned  In  the  cores  of  the  (110)  edge  dislo¬ 
cations  In  a  wetl-anneaied  crystal  were  calculated. 
These  numbers  are  iarge  enough  at  room  temperature 
to  suggest  that  impurity  and  vacancy  pinning  might  he 
the  agent  determining  the  critical  yield  stress  In  an¬ 
nealed  NaCi.  The  elastic  field  interaction  between  point 
defects  and  dislocation  Is  tabulated  and  compared  with 
the  interaction  obtained  within  the  core.  >t  Is  shown 
that  the  elastic  energy  ol  Interaction  does  not  neces¬ 
sarily  project  Into  the  core  In  a  smooth  fashion,  but 
that  tn  the  case  ol  the  vacancy,  ail  elastically  "large" 
inclusion  hthaves  like  a  '•small"  inclusion  in  the  core. 
Several  possible  suggesllons  are  made  which  may  ex¬ 
plain  the  strong  hardening  eflect  of  divalent  impurity 
’  lltions  to  Nad.  (Contractor's  abstract) 


il.L.  09:094 

Illinois  U.  Dept,  ol  Physics,  Urbana. 

HALOGEN  BAND  IN  SODIUM  CHLORIDE,  by  It.  C. 
Cnsella.  tS50  4  p.  Incl.  diagrs.  tables,  rels. 

(A!  18(000)089)  Unclassified 

]>)  dished  hi  l’hy.N.  Rev.  v.  till  1200  1203,  Dec.  1, 

1 9  j0. 

The  approximation  ol  ligtit  binding  Is  employed  to  deter 
mine  a  minimum  lor  the  width  id  the  halogen  band  in 
NaCt.  Approximate  curves  ol  Ihe  one  electron  energy 
E  vs  wave  number  k  an  provided  lor  values  ol  k  lying 
along  lines  ot  high  symmetry  in  ttie  ltrst  Hrillnuin  /one, 
A  minimum  width  ot  about  t.  0  ev  ts  obtained.  (Con 
tractor's  abstract) 


ti.t..  10:001 

Illinois  U.  Dept,  ol  Physics.  !  rtiana. 

TRIP  REPORT  ON  SOUR  STATE  RESEARCH  IN 
JAPAN  (t  nrl.issllitsl  title)  ,  by  I  .Nett/.  Oct  t  a,  1  owa, 
Clp.  1 1  li  st  interim  rept.  )  A1  t  bm;o(I|7S3) 

Cotllnli  lltlal 
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ILL.  11:001 

Illinois  U.  [  Electrical  Engineering  Research  Lab.  ] 
Urbam. 

HALL  EFFECT  AND  CONDUCTIVITY  OF  SYNTHETIC 
RUTILE  CRYSTALS  AND  SOME  ALKALINE  EARTH 
TITANATES,  by  M,  C.  Andrews.  U  1952  ]  128p.  lncl. 
Ulus,  dlagrs.  tables,  refs.  (AF  33(038)12644) 

Unclassified 

Determination  jf  the  Hall  riled  and  rLrtrlol  cutti'uc- 
tlon  properties  are  reported  of  six  Utanates,  MgT^Os, 
MgT103,  Mg2T104,  CaT103,  SrTlOj  and  BaT103,  vary¬ 
ing  in  stoichiometric  composition  from  unreduced  to  a 
near-maximum  reducUon,  primarily  over  a  temperature 
range  of  25°  to  -195°C.  As  these  crystalline  doable 
oxides  have  a  common  component,  TIO2,  similar  meas¬ 
urements  were  made  of  synthetic  single  crystals  of 
titanium  oxide.  The  physical  properUes  of  test  mater¬ 
ials,  measurement  methods  and  semiconductor  models 
are  discussed,  and  experimental  results  analyzed. 


The  compounds  Mg2TlC>4,  MgT103,  MgT^C^,  CaT103, 
SrTIO,,  and  BaTlOj  were  prepared  In  crystalline  form 
by  reaction  In  the  solid  stale  between  TIO2  and  the  car¬ 
bonate  or  oxide  of  the  appropriate  alkaline  earth.  Sam¬ 
ples  In  the  form  of  rods  were  sintered  In  0  at  1450°  and 
were  reduced  In  H  at  temperatures  from  560°  lo  1400°, 
n-type  semiconductors  being  produced.  The  mosl  highly 
reduced  Mg  tltanales  lost  3%  In  weight  during  lhis  treat¬ 
ment,  bul  lhe  largest  reducUon  In  weight  wllh  CaT103, 
SrT103,  and  BaTlOj  was  0.  25%.  ReslsUvlty  values 
from  10"1  to  108  ohm-cm  were  obtained.  The  plol  of 
l'jg  r>-Udtlvlty  Vs  rnclp-ivtal  absolute  temperature 
was  linear  In  most  cases  over  a  wide  range  of  tempera¬ 
ture  and  reslsUvlty.  The  curves  for  BaTlC>3  changed 
slope  abruptly  at  approximately  115° ;  this  is  probably 
attributable  to  the  crystal  structure  change  at  the  Curie 
temperature  of  approximately  120°.  The  dependences 
of  Impurity  activation  energy  and  Fermi  level  on  per¬ 
centage  reducUon  were  determined  for  the  ca3e  of 
Mg2T104.  The  Bllitz- Meyer  rule,  staUng  a  linear 
relaUon  of  Impurity  acUvaUon  energy  with  reslsUvlty 
at  a  reference  temperature,  was  not  obeyed  over  the 
lalgt  range  ul  reductions  obtained. 
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ILL.  11:002 

Illinois  U.  Electrical  Engineering  Research  Lab. , 

Urbana. 

A  MAGNETIC  EFFECT  IN  MAGNESIUM  TITANATE,  by 
E.  K.  Welse  and  H.  Kalz.  [  1952]  [2Jp.  [  AF  33- 

(038)12644]  Unclassllled 

Published  In  Phys.  Rev.  v.  86:  1046-1047,  June  15, 
1952. 


ILL.  11:004 

Illlno's  U.  Electrical  Engineering  Research  Lab.  , 
Urbana. 

VACUUM  TUBE  ELECTROMETER  WITH  HIGH  INPUT 
IMPEDANCE,  by  M.  C.  Andrews  and  E.  K.  Welse. 
July  31,  1955,  12p.  lncl.  dlagrs.  lable.  (Technical 
note  no.  1)  ([  AF  J  OSR-TN- 55-259)  (AF  33(038)12644) 
AD  72937  Unclassified 


Measurements  were  made  on  MgT103,  Mg2T104_  and 
MgT^Oj  of  the  paramagnetic  susceptibility  vs  per¬ 
centage  of  oxygen  removed  by  reduction  with  H  at  850- 
1410* .  The  values  plotted  lor  MgTti>3  and  Mg2TtC>4 
Increased  smoothly  wllh  a  decrease  of  lhe  oxygen. 
MgT^Oj,  however,  showed  a  remarkable  peak  between 
0.  15  and  0.  25%.  The  dependence  on  magneUc  field 
strength  was  determined.  There  was  no  apparent  In¬ 
fluence  using  lhe  laboratory  electromagnet,  which  could 
be  varied  Irom  zero  lo  about  2000  gauss  Held  strength. 
This  behavior  Is  typical  for  paramagneUsm  and  elimi- 
nales  the  possibility  of  a  ferromagnetic  ellecl,  which 
was  assumed  at  Ilrsl  because  of  the  size  ol  lhe  observed 
Iorces. 


For  the  measurement  of  small  dc  voltages  across  very 
high  resistances,  a  vacuum-tube  electrometer  was 
built  with  the  uBe  of  feedback  (1)  to  make  the  Input 
1  c  si  slam,  e  matth  the  resistors  across  width  tht  voltage 
Is  to  be  measured,  and  (2)  lo  Increase  lhe  range,  line¬ 
arity,  and  stability.  Variable  cathode  emission,  which 
resulted  In  drill  ellecls,  was  reduced  by  a  new  lype  of 
circuit.  (AST1A  abslracl) 


ILL.  11:005 

Illinois  U.  Electrical  Engineering  Research  Lab. , 
Urbana. 


ILL.  11:003 

Illinois  U.  '  Electrical  Engineering  Research  Lab. 
Urbana. 


TEMPERATURE  CONTROL  WITH  VA1UABLE  PULSE 
TIME  DELAY  THYRATRON  CIRCUIT,  by  M.  C. 
Andrews  and  E.  K.  Welse.  Aug.  1,  1955,  3p.  lncl. 
dlagr.  (Technical  note  no.  2)  ([  AF  j  OSR-TN- 55- 260) 
(AF  33(038)12644)  AD  752*6  Unclassllled 


ON  THE  ELECTRICAL  CONDUCTIVITY  OF  SOME 
AtJCAUNE  EA11TH  TITANATES  Part  I  .  by  E.  K 
Welse  and  I.  A.  Desk.  1953.  6  p.  lncl.  dlagrs. 

AF  33(038)12644  Unclassllled 

Published  In  Jour.  Chem.  Phys  ,  v.  21:  801  806, 
May  1953. 


A  description  Is  given  of  a  modified  thyratron  for  the 
control  ol  temperatures  (within  0.  1*C)  In  furnaces. 

The  amptllled  signal  Irom  an  unbalanced  Wheatstone 
bridge  controls  a  variable  pulse  lime  delay  circuit 
which  Influences  the  Ilrlng  angle  ol  a  thyratron.  A 
circuit  diagram,  without  the  V.  ‘alslone  bridge  circuit. 
Is  Included. 
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ILL.  11:006 

Illinois  U.  Electrical  Engineering  Research  Lab. , 

Urbana. 

MEASUREMENT  OF  THE  MELTING  POINT  OF  STRON¬ 
TIUM  TITANATE,  SrT103,  by  E.  K.  Welse  and  A.  S. 
Chodakowskl.  Aug.  15,  1955,  7p.  Incl.  dlagrs.  (Tech¬ 
nical  note  no.  3)  ([  AF  ]  OSR-TN-55-294)  (AF  33(038)- 
12644)  AD  75734  Unclassified 

Specially  shaped  samples  of  SrTlOj  were  heated  by  a 
surrounding  W  coll  In  a  vacuum  metal  evaporator.  The 
sample  was  mounted  horizontally,  and  the  loop  of  Mo 
wire,  which  prevented  direct  contact  of  the  sample 
with  the  supporting  structure,  was  held  In  a  vertical 
plane  by  the  support.  With  this  arrangement,  viewing 
conditions  of  almost  perfect  quality  were  possible.  The 
melting  point  of  ErTKrj  was  found  to  be  higher  than 
1750“C. 


ILL.  11:007 

Illinois  U.  Electrical  Engineering  Research  Lab. , 

Urbana. 

SIMPLE  THERMOCOUPLE  NEEDLE  THERMOMETER 
WITH  HIGH  SENSITIVITY,  by  E.  K.  Welse  and  A.  C. 
Hershberger.  Oct.  25,  1955,  7p.  Inch  dlagrs.  (Tech¬ 
nical  note  no.  4)  (lAF  jOER-TN-55-423)  (AF  33(038)- 
12644)  AD  80106  Unclassified 

A  simple  thermocouple  needle  thermometer  was  used 
directly  with  a  sensitive  galvanometer  and  a  salt  bath  as 
a  referetitt  Lt  temperature  meaauThnrents  In  living 
animal  tissues.  The  thermocouple  was  constructed  of 
a  0.  20-ln.  -od,  0.  014-ln.  -Id,  2.  5-ln.  -long  nickel  tube 
with  a  copper  wire  soldered  at  one  end  and  a  nickel  wire 
soldered  at  the  other  end.  The  reference  bath  was  a 
melt  of  ordinary  Glauber  salt  (sodium  sulfate  decahy- 
drate),  which  has  a  conversion  point  at  32.  38  “C.  Drop¬ 
ping  a  small  crystal  of  the  salt  lntu  the  melt  Is  recom¬ 
mended  to  remedy  the  frequent  occurrence  of  super¬ 
cooling.  Any  galvanometer  with  a  high  sensitivity  and  a 
low  Impedance  can  be  used.  With  a  Rubicon  galvanom¬ 
eter,  a  sensitivity  of  6.  7  mm/'0. 1  “C  from  36“  to  39”C 
was  obtained. 


ILL.  11:008 

Illinois  U.  Electrical  Engineering  Research  Lab. , 

U  rbana . 

ON  THE  ELECTRICAL  CONDUCTIVITY  OF  SOME 
A1JCAUNE  EARTH  T1TA NATES,  PART  11.  by  E.  K. 
Welse  and  M.  C.  Andrews.  Mar.  15,  1958,  23p.  Inch 
dlagrs.  tables,  refs.  (Technical  note  no.  8)  (AFOSR- 
TN  56  125)  (AF  33(038)12644)  AD  8600! 

Unclassified 

Measurements  are  described  of  the  electrical  conduc¬ 
tivity  of  the  following  reduced  heavy  metal  tltanates 
from  room  temperature  down  to  about  -1B0“C: 


MB2t1°4.  MgTIOj,  MgTl205,  CaT103,  SrTlOj,  and 
BaT103.  Samples  1x3x12  mm  were  prepared  with  Pt 
strips,  5  mm  apart,  and  fired  on  one  of  the  wide  sur¬ 
faces  to  serve  as  voltage  probe  contacts.  Before  re¬ 
duction  ,  all  samples  were  sintered  In  O  for  about 
Va  hr  at  1360°  to  1415°C.  Reduction  times  and  tem¬ 
peratures  were  varied,  and  a  combination  of  H  and 
H-He  atmospheres  were  used.  Voltages  and  currents 
were  measured  with  a  vacuum-tube  electrometer  capa¬ 
ble  of  measuring  voltages  as  low  as  about  0. 01  v  and 
currents  as  low  as  10"*®  amp.  The  degree  of  reduc¬ 
tion  was  determined  by  cleaning  and  weighing  the  sam¬ 
ples  after  all  electrical  measurements  had  been  taken 
and  then  weighing  again  after  heating  the  samples  In  O. 
The  change  In  weight  was  assumed  to  be  equal  to  the 
weight  ol  the  u  removed  irom  the  sample  by  reduction. 
The  densities  of  the  oxygen  vacancies  were  computed 
from  the  change  In  weight  data.  Plots  were  made  of  the 
log  'A  Hit  resistivity  vs  Hit  reciprocal  ol  the  absolute 
temperature.  The  removal  of  O  from  the  lattice 
brings  about  n-type  semiconductivity.  A  1-  or  2- 
donor-level  model  was  used  for  the  Interpretation  of 
the  results.  Gap  width,  density,  and  activation  energy 
of  donors,  and  concentration  and  mobility  of  electrons 
In  the  conduction  band  were  determined.  (ASTIA  ab¬ 
stract,  modified) 


ILL.  11:009 

Illinois  U.  Electrical  Engineering  Research  Lab. , 

Ukbana. 

VARIABLE  TEMPERATURE  CHAMBERS,  by  M.  C. 
Andrews,  A.  S.  Chodakowskl,  and  E.  K.  Welse. 

Ma*  10,  1936,  Tp.  Inti,  dlagrs.  (Technical  butt  no.  6) 

( A FOSR - TN- 56-  206 )  (AF  33(038)12644)  AD  87520 

Unclassified 

The  construction  of  2  different  temperature  chambers 
which  were  built  for  measurements  of  Hall  effects  and 
magnetic  susceptibilities  on  semiconducting  materials 
Is  described.  The  temperature  range  covered  was 
from  lower  than  -190°  up  to  about  200°C.  For  meas¬ 
urements  below  room  temperature,  a  cryostat  was 
built.  A  second  chamber  was  built  for  temperature 
ranges  above  room  temperature.  The  cryostat  has  a 
built- In  heating  element  which  enables  the  temperature 
of  the  sample  chamber  to  be  raised  from  Its  lowest 
value  (-  175°C)  to  some  value  above  200°C.  Tempera¬ 
tures  between  -60°C  and  room  temperature  required 
frequent  heater- current  adjustments  and  additions  of 
liquid  N  to  prevent  temperature  variations  during  meas¬ 
urement.  Temperature  equilibria  were  maintained 
easily  from  room  temperature  to  200°C.  (ASTIA  ab¬ 
stract,  modified) 

ILL.  11:010 

Illinois  U.  Electrical  Engineering  Research  Lab. , 

Urbana. 

THE  AC  RESISTANCE  OF  SINTERED  TITANATES,  by 
M.  C.  Andrews  and  E.  K.  Weise.  May  15,  1956,  5p. 
Incl.  dlagrs.  table.  (Technical  note  no.  6)  (AFOSR- 
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TN-56-207)  (AF  33(038)12644)  AD  87521  Unclassified 

The  ac  resistance  of  sintered  reduced  tllanale  samples 
was  measured  as  a  function  of  frequency  from  0  lo  30 
me.  The  samples  consisted  of  the  following  materials: 
T102,  Mg2Ti04,  MgTl205,  CaT103,  SrTt03,  and 
BaT103.  (ASTIA  abstract) 


ILL.  12:001 

Illinois  U.  [Electrical  Engineering  Research  Lab.  ] 

Urbana. 

COMPLEX  IMPEDANCE  OF  CONDUCTING  TKlN  FD  MS 
(Abslracl),  by  C.  E.  Drumheller.  [1952]  [l]p 
(AF  33(038)21255)  Unclassified 

Presented  al  meeting  of  lhe  Opl.  Soc.  of  Amer. , 

Boston,  Mass.,  Ocl.  9-11,  1952. 

Published  In  Jour.  Opt.  Soc.  Amer.,  v.  42:  877, 

Nov.  1952. 

A  new  point  of  view  Is  proposed  to  account  for  the  ob¬ 
served  optical  characteristics  of  conducting  thin  films 
without  the  necessity  of  postulating  any  unusual  or 
anomalous  frequency  dependence  of  resistivity.  By  con¬ 
sidering  the  complex  Impedances  associated  with  lhe 
siruclure  of  such  films  11  Is  possible  nol  only  to  account 
theoretically  for  lhelr  observed  optical  behavior,  but 
Important  new  Information  concerning  the  structure  can 
be  derived  from  simple  electrical  and  optical  measure¬ 
ments.  Measurements  on  evaporalod  bismuth  films 
indicate  thal  those  In  the  resistance  range  of  10,  000  lo 
50, 600  bli.i.s  per  square  have  a  parallel  eaptellanee  >( 
about  2.  5  X  10‘®  micromicrofarad  per  square.  Those 
evaporated  to  a  resistance  of  90  ohms  per  square  have 
both  parallel  ami  SrrVs  rafiarltanrew  of  about  3  8  x  10  ® 
mtcronitcrofarad  per  square.  These  results  can  be  ex¬ 
plained  satisfactorily  If  one  assumes  that  lhe  resistance 
Is  contributed  primarily  by  the  grain  boundaries  between 
adjacent  bismuth  crystals  and  that  a  wide  variation 
exists  In  lhe  grain- to- grain  resistances.  This  conclu¬ 
sion  Is  also  consistent  with  electron  micrograph  obser¬ 
vations  of  the  oxidation  process  of  bismuth  films.  (Con 
tractor's  abstract) 


ILL.  12:002 

Illinois  U.  (  Electric;-, I  Engineering  Research  Lab. 
Urbana. 

SUDDEN  CHANGE  IN  THE  ARRANGEMENT  OF  CRYS¬ 
TALLITES  IN  THIN  EVAPORATED  BISMUTH  FILMS, 
by  L.  L.  Howard.  1954.  !  3 ,  p.  lncl.  dlagrs. 

AF  33(038)21255]  Unclassified 

Publisliyd  In  Jour.  Appl.  Phys. ,  v.  25:  125  127, 

Jan.  1954. 

Changes  obtained  In  the  appearance  of  thin  Bl  films 


during  the  first  few  seconds  of  exposure  lo  the  electron 
beam  of  an  electron  microscope  are  ascribed  lo  tilting 
of  various  crystallites  under  the  direct  or  Indirect  ac¬ 
tion  of  the  beam. 


ILL  12:003 

Illinois  U.  [Electrical  Engineering  Research  Lab.  ] 
Urbana. 

ANOMALOUS  THERMAL  TRANSITION  IN  THE  INFRA¬ 
RED  OPTICAL  PROPERTIES  OF  EVAPORATED  BIS¬ 
MUTH  FILMS  (Abstract),  by  C.  E.  Drumheller.  [  1954] 
[l]p.  (AF  33(038)21255)  Unclassified 

Presented  ai  meeting  of  the  Opl.  Soc.  of  Amer. ,  New 
York,  Mar.  25-27,  1954. 

Published  In  Jour.  Opt.  Soc.  Amer.,  v.  44:  345, 

Apr.  1954. 

Studies  of  the  effect  of  temperature  variations  on  lhe 
Infrared  optical  properties  of  evaporated  bismuth  films 
have  led  to  the  discovery  of  an  anomalous  transition  In 
lhe  Infrared  transmission.  Healing  of  a  bismuth  film 
(on  cellulose  nitrate  substrate)  by  any  of  several  means 
caused  a  slight  increase  In  transmission  al  wavelengths 
less  than  1.  7  micron  and  a  decrease  al  longer  wave¬ 
lengths.  The  transition  wavelength  Is  essentially  con¬ 
stant  for  films  of  various  thicknesses.  Careful  exami¬ 
nation  of  this  transition  revealed  a  sharp  crossover  re¬ 
sembling  lhe  familiar  anomalous  dispersion  curves  in 
optics.  The  mld-polnl  corresponds  lo  an  energy  of  0.  68 
electron  voll.  The  results  can  be  explained  by  taking 
lutu  account  three  dlflert.it  ell  tuts  „n  transads&lun, 

1.  e. ,  (1)  film  structure,  (2)  variations  of  conductivity 
with  temperature,  and  (3)  variations  in  index  of  rc- 
fracll> n  with  ti  mpcraturi  Th»  nature  of  these  rtli.ru 
are  discussed  In  relation  to  possible  Inferences  con¬ 
cerning  the  electronic  structure  of  bismuth  In  ihln- 
film  form.  (Contractor's  abstract) 


(LL.  12:004 

Illinois  U.  Electrical  Engineering  Research  Lab., 
Urbana. 

MOTION  PICTURE  STUDIES  OF  ELECTRON  BOM¬ 
BARDMENT  OF  EVAPORATED  BISMUTH  FILMS  (Ab¬ 
stract),  by  L.  L.  Howard.  I  1954  ,  [  1  ,  p.  I  AF  33- 
(038)21255.  Unclassified 

Presented  al  meeting  of  the  Electron  Microscope  Soc. 
of  Amer. ,  Highland  Park,  III.,  Ocl.  14-16,  1954. 

Published  In  Jour.  Appl.  Phys.,  v.  25:  1457,  Nov. 
1954. 

The  orientation  of  crystallites  in  evaporated  bismuth 
films  under  study  In  the  electron  microscope  often  un 
dergoes  changes.  It  Is  possible  lo  record  this  activity 
on  motion  pictures  without  modification  of  the  RCA 
mod*-!  EMU  electron  microscope  and  with  film  recently 
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made  commercially  available,  Eastman  Trl-X  Negative 
Panchromatic.  Motion  ptctures  were  made  of  these 
changes  tn  a  bismuth  film  approximately  lOOoA  thick 
and  having  an  Initial  resistance  per  square  of  100  ohms. 
(Contractor's  abstract) 


ILL.  13:001 

Illinois  U.  Electrical  Engineering  Research  Lab. , 

Urbana. 

THE  KERR  CELL  AS  AN  ULTRAHIGH  FREQUENCY 
OPTICAL  SHUTTER.  1.  THEORETICAL  ANALYSIS, 
by  G.  L.  Clark,  D.  F.  Holshouser,  and  H.  M.  Von 
Foerster.  Mar.  1955,  120p.  lncl.  lllus.  dtagrs.  tables, 
refs.  (Technical  note  no.  1-1)  ([  AF ] OSR-TN-55-88) 
(AF  18(600)1018)  AD  59191  Unclassified 

A  broad  survey  Is  presented  of  the  vartous  possibilities 
tn  whtch  a  Kerr  cell  ltght  shutter  may  be  operaled  tn 
the  microwave  region.  It  Is  shown  thal  owing  lo  the 
strong  nonlinear  character  of  the  Kerr  effect,  light 
pulses  of  sec  duration,  corresponding  to  about  100th 
harmonics  of  the  fundamental  of  the  driving  field  may 
be  wtthln  the  scope  of  experimental  realization.  The 
new  element  which  enters  Is  the  transtt  time  lhe  light 
requires  to  pass  through  a  cell  of  ftnlte  length.  A1 
ultra  high  frequencies,  this  time  element  ts  no  longer 
negligible  for  the  rapidly  changing  electric  fields  may 
alter  considerably  durtng  the  time  the  ltght  ts  travers¬ 
ing  the  cell.  For  this  reason,  the  "drtfl  length",  $  ,  of 
the  cell  (a  familiar  quantity  In  UHF  tube  technology)  Is 
an  all-important  quantity.  In  this  survey,  the  photon, 
not  the  electron,  Is  the  focal  potnt  of  Interest. 


ILL.  13:002 

Ultnots  U.  [  Electrtcal  Engineering  Research  Lab.  ] 
Urbana. 

DIELECTRIC  PROPERTIES  OF  NITROBENZENE  IN  THE 
REGION  OF  ANOMALOUS  DISPERSION,  by  G.  L.  Clark. 
Aug.  23,  1955  [5lp.  tncl.  dlagrs.  tables,  refs. 

[  AFOSR-TN-55-295]  [  AF  18(600)1013: 

Unclass  lfted 

Published  In  Jour.  Chern.  Phys. ,  v.  25:  125-129, 

July  1956. 

This  study  was  carried  oul  to  determine  the  highest 
frequency  at  which  nitrobenzene  can  be  used  as  a  Kerr 
medium,  and  to  obtain  design  data  for  microwave  Kerr 
cells.  A  determination  was  made  of  the  complex  dte- 
lectrlc  constant  of  htghly  purified  nitrobenzene  tn  the 
region  of  anomalous  dispersion  by  measuring  the  Input 
Impedance  of  a  variable  length  of  a  coaxial  transmission 
ltne  filled  with  the  liquid.  Measurements  were  obtained 
at  frequencies  ranging  from  0.  65  kmc,  sec  to  3.  00  kmc/ 
sec  In  the  temperature  range  from  15°C  to  50°C.  They 
Indicated  that  at  low  frequencies,  the  effect  of  Increasing 
temperatures  is  to  decrease  lhe  real  part  of  the  dielec  - 
trtc  constant  owing  to  the  shift  In  the  staltsllcal  equilib¬ 


rium  between  the  aligning  force  of  the  field  and  the  ran¬ 
domizing  effect  of  thermal  motion.  In  the  region  of 
anomalous  dispersion,  however,  the  dielectric  conslant 
may  rise  with  Increasing  temperalure  as  a  result  of 
the  effect  of  temperature  on  the  relaxation  time.  It  Is 
observed  that  there  Is  a  frequency  region  In  which  the 
2  effects  tend  lo  neutralize  each  other,  causing  the 
dielectric  constanl  lo  be  Insensitive  to  temperature 
changes.  Concerning  lhe  frequency  limitation  on  nitro¬ 
benzene  as  a  Kerr  medtum,  the  behavior  of  the  dielec  - 
trtc  constant  reveals  lhal  above  1000  me,/ sec,  the  di¬ 
pole  polartzatlon  falls  away  rapidly  as  the  frequency 
increases. 


ILL. 14:001 

Illinois  U.  Electrical  Engineering  Research  Lab. , 

Urbana. 

THERMAL  ACCEPTORS  IN  GERMANIUM,  by  H.  Letaw, 
Jr.  Aug.  20,  1955,  38p.  lncl.  dtagrs.  tables,  refs. 

1  AFOSR-TN-55-298 ]  (Sponsored  jointly  by  Office  of 
Naval  Research  as  Technical  rept.  no.  7  under  N6ort- 
07140  and  Office  of  Scientific  Research  as  Technical 
note  no.  1  under  AF  18(600)1310)  AD  72718 

Unclassified 

Thermal  acceptors  are  Identified  as  vacancies  with  an 
energy  of  formation  of  2  ev.  The  annealing  of  thermally 
tnlroduced  acceptors  In  germanium  ts  described  by  a 
mechanism  Involving  lhe  formation  of  dlvacanclee  as 
the  first  step.  The  activation  energy  for  the  formation 
of  a  divacancy  Is  1.  7  ev,  consisting  of  a  contribution  of 
0.  97  ev  from  the  activation  energy  for  the  diffusion  of  a 
vacancy  and  0.  7  ev  from  the  lattice  strain  repulsion  of 

2  vacancies.  The  energy  of  formation  and  the  blndtng 
energy  of  a  dtvacancy  are  1. 1  and  2.  9  ev,  respectively. 
The  diffuston  coefficient  of  a  dlvacancy  may  probably  be 

represented  by  Dvv  =  0. 1  exp  (51,  000/RT)  cm2  sec"1. 
At  dry  tee  temperatures,  a  vacancy  accepts  1  electron 
and  a  divacancy,  4,  while  at  room  temperature  these 
are  1  and  2,  respectively.  The  second  step  of  the  an¬ 
nealing  process  involves  the  formation  of  clusters  of  4, 
the  acttvatlon  energy  of  formation  of  which  Is  2.8  ev,  a 
contribution  of  2.  2  ev  from  the  acttvallon  energy  for  the 
diffusion  of  a  dtvacancy  and  0.  6  ev  from  the  lattice 
strain  repulsion  of  2  dlvacaucles.  Further  annealtng 
takes  place  through  the  formation  ofclusters  of  higher 
order.  The  behavtor  of  the  mathematical  model  Is  com¬ 
pared  to  experiments  reported  by  others.  The  model  Is 
shown  to  account  for  the  slow  rate  of  annealing,  as  well 
as  the  Initial  Increase  In  acceptor  density  often  observed 
during  annealing.  (Contractor's  abstract) 

ILL.  14:002 

Illinois  U.  Electrical  Engineering  Research  Lab., 

Urbana. 

MELTING  AND  GROWTH  PATTERNS  APPEARING  ON 
SINGLE  CRYSTALS  OF  InSb,  by  M.  F.  Mlllea  and  C. 

T.  Tomtruka.  [Oct.  1955  8p  (AF  18(600)1310) 

Unclasstfted 
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Published  In  Jour.  Appl.  Phys. ,  v.  27:96-97,  Jan. 
1956. 

It  has  been  found  that  melting  originates  on  a  surface  of 
InSb  at  discrete  nucleatlon  sites  and  proceeds  from 
those  In  a  definite  pattern.  The  melting  patterns  are 
Intersections  of  (111)  planes  with  the  surface  of  the 
specimen.  Facets  and  strlatlons  occurlng  on  the  sur¬ 
face  of  single  crystals  pulled  from  the  melt  are  char¬ 
acteristic  of  the  growth  process  and  not  due  to  external 
Influences.  A  surface  of  InSb  which  was  the  Interface 
between  the  liquid  and  a  growing  crystal  quickly  re¬ 
moved  from  the  melt  was  examined.  In  order  to  ac¬ 
count  for  the  observed  structure,  It  was  postulated  that 
growth  proceeds  by  a  layer  mechanism  The  similari¬ 
ties  between  InSb,  Ge,  and  SI  crystals  are  discussed. 
(Contractor's  abstract) 


ILL.  14:003 

lllinots  U.  Electrical  Engineering  Research  Lab. , 

Urbana. 

SELF  DIFFUSION  IN  GERMANIUM,  by  H.  Letaw,  Jr., 
W.  M.  Portnoy,  and  L.  Sllfldn.  May?  5,  1*>56,  lip. 
tncl.  dlagrs.  table,  refs.  (AFOSR-TN -56-129)  (Spon¬ 
sored  jointly  by  Offtce  of  Naval  Researcn  as  Technical 
rept.  no.  8  under  N6orl-07140  and  Air  Force  Offtce  of 
Sclentlftc  Research  as  Technical  note  no.  2  under 
AF  18(600)1310)  AD  86006  Unclassified 

Also  published  In  Phys.  Rev.  v.  102:  636-639,  May  1, 
1956. 

An  accurate  determination  of  the  self-diffusion  coeffl- 
clenl  tn  Ge  was  obtained  and  ts  represented  by  D  =  7.  8 
exp(-68,  500/RT)  sq  cm/sec  tn  the  766*  to  928° C  range. 
After  preparation  and  electroplating,  lhe  specimens 
were  placed  on  quartz  flats  and  sealed  In  Vycor  tubes 
which  contained  about  a  10'5-mm  air  atm.  Annealing 
was  conducted  tn  furnaces  which  were  maintained  with¬ 
in  ±2“C  of  the  desired  temperature.  Nineteen  success¬ 
ful  determinations  of  the  self-dtffuslon  coefficient  were 
obtained.  The  probable  errors  In  the  frequency  faclor 
and  activation  energy  were  ±3.  4  sq  cm/sec  and  to.  96 
keal/mol,  respectively.  The  defect  responsible  for 
fhprmal  conversion  was  apparently  associated  with  self 
diffusion  In  Os. 


ILL.  14:004 

Httnuto  U.  I  Lketrttal  Engineering  Research  L.\t .  , 

Urbana. 

THE  EFFECT  OF  DOPING  ON  THE  SELF  DIFFUSION 
OF  GERMANIUM  (Abstract),  by  M.  W.  Valenta  and  C. 
Itamasatry.  Feb.  1956,  lp.  (Sponsored  jotnlly  by 
Motorola,  Inc.  and  Atr  Force  Office  of  Sclentlftc  Ile- 
search  under  AF  18(600)1310)  Unclassified 

Presented  at  meeting  ol  the  Amer.  Inst,  of  Metallurgical 
Engineers,  New  York,  Feb.  1956. 


If  vacancies  In  germantum  act  as  acceptors,  lhe  equi¬ 
librium  concentration  ts  expected  to  be  higher  tn  the 
n-type  than  In  p-type  germanium.  To  determine 
whether  or  not  self-diffusion  In  germanium  occurs  by 
a  vacancy  mechanism,  measurements  were  made  In 
(1)  As-doped,  (2)  Intrinsic  and  (3)  Ga-doped  specimens 
in  the  temperature  range  of  750°  to  900°  C.  Self¬ 
diffusion  coefficients  obtained  for  the  lntrtnslc  speci¬ 
mens  were  in  good  agreement  with  earUer  work,  those 
for  the  As-doped  (about  1  x  1019  atoms/cm3)  ranged 
from  1. 1  to  2  times  the  corresponding  ones  for  the 
lntrtnslc  samples,  and  those  of  the  p-type  (about 
6  x  10*9  atoms/cm3)  ranged  from  0.  5  to  G.  25  times 
those  of  the  Intrinsic  samples.  The  observed  changes 
are  In  the  direction  predicted  by  the  vacancy  mechanism, 
although  those  tn  the  case  of  Ga-doplng  are  not  as 
large  as  expecled  from  the  shifts  In  the  Ferrnl  level 
with  doptng.  The  doped  specimens  were  prepared  by 
W.  W.  Tyler  of  the  G.  E.  Research  Laboratory.  X-ray 
measurements  made  there  tndicale  only  small  changes 
tn  the  lattice  parameler  (about  a  0.  02%  decrease)  and 
In  the  same  dtrection  for  both  As-  and  Ga-doped  ger¬ 
manium.  The  data  Indicate  that  self  diffusion  probably 
takes  place  vta  vacanctes.  (Contractor’s  abslract) 


ILL.  15:001 

Illinois  U.  Engineering  Experiment  Statton,  Urbana. 

COMPRESSIBLE  TWO-DIMENSIONAL  JET  MIXING  AT 
CONSTANT  PRESSURE,  by  H.  H.  Horst,  R.  H.  Page, 
and  M.  E.  Childs.  Apr.  22,  1954,  £2p.  incl.  dlagrs. 
(ME  Technical  note  no.  392-1)  (l  AF  jOSR-TN-54-82) 
(AF  18(600)392)  AD  32990  Unclassified 

This  analysis  of  turbulent  conslant-pressure  mixing 
takes  Into  consideration  the  effects  of  the  initial  bound¬ 
ary  layer.  Velocity  profiles  In  the  mixing  region  are 
represented  tn  a  transformed  plane  by  1- parameter 
families  of  curves,  wtlh  no  specification  for  the  mtxlng 
mechanism  beyond  that  of  an  exchange  coefficient  con¬ 
cept  being  made.  The  exchange  coefficient  is  repre¬ 
sented  by  the  kernel  function  of  an  Integral  translorm 
for  the  x  coordinate  of  an  tnlrtnstc  system  of  coordi¬ 
nates.  The  lntrtnslc  system  and  the  physical  coordi¬ 
nate  system  are  related  by  means  of  a  momentum  inte¬ 
gral  SauwUfUxy  rurrrUttan  of  thswry  it*)  ciperl 
mental  low- speed  data  Is  obtained  with  a  simple  form 
of  kernel  function.  An  asymptotic  solution,  correspond¬ 
ing  to  a  fully  developed  velocity  profile  In  the  jet  bound¬ 
ary,  allows  the  calculation  of  the  mechanical  energy 
level  along  the  separating  streamline  In  the  jet  boundary 
without  tlie  use  ot  en.pn  Kal  Information.  (AiTIA  ab¬ 
stract) 


ILL.  15:002 

Illinois  U  Engineering  Experiment  Station,  Urbana. 

A  THEORY  FOI1  BASE  PRESSURES  IN  TRANSONIC 
AND  SUPERSONIC  FLOW,  by  H.  H.  Korst,  n.  H.  Page, 
and  M,  E.  Childs.  Mar.  1955  73p.  Incl.  dlagrs.  refs. 
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(ME  Technical  note  no.  392-2)  (lAFJOSR-TN-55-89)  Industrial  Sctentlftc  Co. ,  New  York.  $££  Warner  and 

(AF  18(600)392)  AD  61544  Unclasstfted  Swasey  Research  Corp.,  New  York. 


A  theory  for  base  pressures  tn  transontc  and  supersontc 
flow  ts  developed  ustng  a  phystcal  model  composed  of 
stmpltfted  flow  components.  The  model  ts  based  on  the 
concepts  of  Interaction  between  dtsstpatlve  flow  regtons 
wtth  the  adjacent  freestream,  and  the  conservatton  of 
mass  tn  the  dead-air  region.  While  the  pressures  tn  the 
dtsstpatlve  flow  regtons  are  tmpressed  by  the  adjacent 
freestream,  whtch  ts,  e.g. ,  subject  to  a  Prandtl-Meyer 
expanston  at  the  tratltng  edge  and  to  recompresston  by 
the  tratltng  shock,  a  untque  and  stable  solutton  ts  de¬ 
termined  by  the  formulation  of  an  escape  concept  applted 
to  a  particular  streamltne  tn  the  jet-mtxlng  component 
of  the  flow  tn  order  to  satisfy  the  conttnutty  equation. 

The  theory,  whtch  employs  the  mtxi.ig  mechanism  de¬ 
scribed  tn  Unlverstty  of  Illtnots  Mechanical  Engtneertng 
Dept.  Technical  Note  392-1,  ts  capable  of  dealtng  wtth 
the  effects  of  vartous  established  parameters  of  the 
base-pressure  problem,  e.g.,  Mach  number,  Reynolds 
number,  and  initial  boundary- layer  configuration,  if 
certatn  emptrtcal  tnformatton  on  the  jet-mtxlng  com¬ 
ponent  ts  avatiabie.  For  thin  approaching  boundary 
layers,  the  theory  predtcts,  for  any  gtven  Mach  number 
and  geometrtcal  configuration,  lowest  base-pressure 
values,  asymptottcally  reached  as  Reynolds  number 
increases.  These  values,  obtatr.ed  wtthout  ihe  use  of 
emptrtcal  Information,  by  what  ts  termed  the  restricted 
theory,  are  tn  good  agreement  wtth  experimental  data. 
Appltcattons  of  both  the  restricted  and  unrestrtcted 
theory  to  vartous  base-pressure  problems  are  tncluded. 
(Contractor's  abstract) 

ILL.  1 5:003 

Illinois  U.  Engtneertng  Experiment  Statton,  Urbana. 

COMPRESSIBLE  TWO-DIMENSIONAL  JET  MIXING  AT 
CONSTANT  PRESSURE.  TABLES  OF  AUXtUAllY 
FUNCTIONS  FOR  FULLY  DEVELOPED  MIXING  PRO¬ 
FILES,  by  H.  H.  Korst,  R.  H.  Pago,  and  M.  E.  Chtlds. 
Apr.  1955,  69p.  tncl.  dtagrs.  tables.  (ME  Technical 
note  no.  392-3)  ( i  AF  J  OSR-TN- 55- 99)  (AF  18(600)392) 
AD  61578  Unclassified 


INN.  01:001 

Innsbruck  U.  [Inst.  ]  of  Theoretical  Phystcs  (Austrta). 

A  NEW  SPINOR  THEORY  OF  ELEMENTARY  PAR¬ 
TICLES,  by  F.  Cap.  1  1954 ]  [l]p.  tncl.  refs, 
t  AF  61  (514J633-C  ]  Unclasstfted 


,  Phys.  Rev. , 


93:  907,  Feb.  15.  1954. 


Sufftctent  description  of  an  elementary  parttclc  by  only 
2(2S  *  1)  sptnor  components  ts  considered  posstble 
stnce  measurements  on  such  a  particle  dtsttngutsh 
2(2S  +  1)  dtfferent  states  of  a  quantized  sptnor  wave 
fteld  of  sptn.  Multiple  appltcatton  of  formulas  of  the 
type 

4  t  ...  4  M  -  lu  M 


3hMvN  +  1 


a 

vl  ... 


V  N  -  1 V  N 


ill  ...  liM-l 

t  a 

^  vl...  vN  -  lvNvN  +  1 

yield  spinors  a  ,l1. . .  w2s2s  whtch  contain  only  indices 
of  one  kind  and  exactly  2(2S  +  1)  components.  These 
new  spinors  obey  second-order  differential  equations: 

(□-  m2c2M  H11"-  J28  --  0, 

( O-  m2c2/fi^  a  v ,  v,s  =  0,  which  descrtbe  the 
propagation  of  the  unquantlzed  sptnor  wave  fteld.  Ftrst- 
order  differential  equattons,  considered  as  unnecessary 
by  Pault  are  elimtnated.  A  relattvtsttcally  —  and  gauge 
-  tnvartant  theory  can  be  butlt  up  whtch  ts  also  tnvart- 
ant  agatnst  tnverstons  Xk  — >  -  Xk(k  =  t,  2,  3), 

X4  — »  X4.  After  quantization  the  new  theory  repro¬ 

duces  the  well-known  results  of  the  usual  theory  for 
the  free  parttcle  tn  a  generalized  manner.  Bestdes 
the  posstbtltty  of  gtvtng  other  results  for  tnteracttng 
parttcles,  the  new  theory  is  a  consistent  general 
theory  wtthout  superfluous  components  or  accessory 
condtttons,  basic  to  a  proposed  untfied  nonlinear  spinor 
theory  of  all  elementary  parttcles. 


A  tabulation  of  auxiltary  functions  applicable  to  the  2- 
dimensionai  jet-mixing  problem  and  to  the  mtxing  com¬ 
ponent  of  the  base  pressure  model  ts  presented  in  whtch 
numbertcal  values  of  the  Integrals 


>1  <C2a;  'J  = 


-n 


d' 


and 


12  (C2a'.\) 


and  the  lunctlon  .  ( • )  'A  t  ♦  erf  r  are  listed  as  lunc- 
ol  the  variable  lor  21  values  of  parame’er,  C2  .  The 

value  ol  the  location,  •. j.  and  the  velocity  ratio,  f ^  of 
the  jet  boundary  streamline,  ),  and  Ihe  coordinate  shtft 
(rotatton),  ',m,  is  also  listed  lor  each  value. 


INN.  01:002 

Innsbruck  U.  lnsi.  of  Theoretical  Physics  (Austria). 

NONtJNEAR  MESON  THEORY  OF  NUCLEAR  FORCES, 
by  F.  Cap.  t  1954  j  l  2  p.  incl.  refs.  lAF6t(514)- 
633 -C  Unclassified 

Published  Jl!  Rhys.  Rev.,  v.  95:  287-288,  July  1,  1954. 

The  author  presents  in  part  mathematical  lormulattons 
supporting  the  theory  that  pseudoscalar  "  mesons  are 
responsible  for  nuclear  forces.  The  promised  theory 
can  be  made  unitary  or  non- unitary.  In  this  note  only 
the  unttary  lorm  is  treated. 
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INN.  01:003 

Innsbruck  U  Inst,  ol  Theoretical  Phystcs  (Austrta). 

INVESTIGATION  ON  THE  NONUNEAR  PSEUDOSCALAR 
RELATIV1ST1CALLY  INVARIANT  MESON  THEORY  OF 
NUCLEAR  FORCES,  PART  1,  by  F.  Cap.  Ftnal  techni¬ 
cal  rept. ,  vol.  1.  Mar.  1-Dec.  31,  1954,  504p.  (Rept. 
no.  EOARDC-TR-1954)  (AF  61(514)633-C)  AD  69669 

Unclassified 

A  detatled  survey  of  the  ltterature  (2258  refs. )  intro¬ 
duces  an  evaluation  of  the  linear  pseudoscalar  meson 
theory.  Known  modtftcatlons  of  lhe  usual  theory  are 
presented,  and  the  static  potential  according  to  the  10 
theory  ts  discussed.  Reasons  for  the  nonlinear  meson 
lheortes,  justification  of  a  static  semlphenomenologlcal 
approximation,  and  behavtor  of  lhe  polentla!  for  small 
distances  are  constdered.  Also  Included  are  a  short 
survey  of  Born's  nonlinear  eleclrodynamlcs,  £ -formal¬ 
ism  of  nonlinear  theories,  Lagranglan  formalism,  non- 
unllary  nonltnear  theortes,  relations  between  nonlinear 
and  linear  theories,  effecttve  source  density  for  the  10 
theory  and  nonlinear  form,  calculation  of  potentials 
from  extended  sources,  classtcal  approximation  of  nu¬ 
clear  forces,  dtscusslon  of  special  Lagranglans,  gage 
Invariance,  differential  equations,  nucleon  interaction 
from  unitary  nonlinear  theories,  nucleon  interaction 
from  nonunilary  nonlinear  lheortes,  Integration  of  the 
nonhomogeneous  D'Alemberltan,  Lagranglan  with  com 
p'ex  A,  eleclrtc  charge,  as  well  as  the  nucleon  spin  and 
partial  differential  equations. 

INN.  01:00* 

Innsbruck  U.  Insl.  of  Theu.-eltcal  Physics  (Auslrta). 

INVESTIGATION  ON  THE  NONUNEAR  PSEUDOSCALAR 
HELAT1V1ST1CALLY  INVARIANT  MESON  THEORY  OF 
NUCLEAR  FORCES,  PART  R,  by  F.  Cap.  Ftnal  techni¬ 
cal  repl. .  vol.  2.  Mar.  1-Dec.  31,  1 95"  360Jp.  incl. 

dlagrs.  tables.  (Rept.  no.  EOARDC-TR-l,‘'54! 

(AF  61(514)633-0  AD  69670  UncL  sifled 

The  equation  of  motion  of  lhe  sources  of  lhe  meson 
field  Is  treated,  as  also  are  quantization  of  nonlinear 
theories,  and  numerical  data,  A  consideration  of  lhe 
binding  energy  of  the  deuleron  Includes  wrong  formulas, 
analytical  approximation  for  lhe  interaction  and  Rllz's 
method;  right  formulas,  analytical  approximation  of  lhe 
Interaction  energy  and  llltz's  method;  right  formula, 
March's  Interaction  and  llltz's  method,  right  formulas 
numerically  given  Interaction,  and  ltllz's  method.  Also 
treated  are  different  lrlals  of  numerical  Integrations, 
Groebner's  numerical  Integration  with  R(x),  quadrupole 
and  magnetic  moment  of  the  deuteron,  and  experimental 
scattering  data.  A  consideration  of  neutron-proton  scat¬ 
tering  gives  references  on  methods  for  cross- section 
computations,  ana  Includes  treatment  of  Interaction 
energies  and  their  exchange  character,  results  of  the 
usual  linear  theory,  experimental  data,  Dorn's  approxl 
matlon  with  tensor  force,  and  calculation  of  phases. 

The  text  also  covers  proton- proton  scattering,  as  well 
as  velocity  dependent  terms  and  relativistic  corrections. 


INN.  01:003  -  INN.  02:001 


INN.  01:005 

Innsbruck  U.  Inst,  of  Theoretical  Phystcs  (Austria). 

DERIVATION  OF  THE  VALUE  OF  THE  COUPLING 
CONSTANT  g  FROM  THE  REST  ENERGY  OF  THE 
NUCLEON,  by  F.  Cap.  [Jan.  1955]  [7]p.lncl.  dlagrs. 
refs.  (AF  61(514)633-C)  Unclasslfted 

Published  In  Progress  of  Theoretical  Phys. ,  v.  13: 
62-68,  Jan.  1955. 

The  static  Interaction  energy  between  two  nucleons  and 
the  value  of  the  coupltng  constanl  g  are  derived  from  a 
unilary  nonltnear  charge  symmetrical  pseudoscalar 
meson  theory  that  contains  no  free  parameters.  (Con¬ 
tractor's  abslracl) 


INN.  01:006 

Innsbruck  U.  Insl.  of  Theoretical  Fhyslcs  (Auslrta). 

NEW  METHOD  FOR  THE  SOLUTION  OF  THE  DEUTER¬ 
ON  PROBLEM,  AND  ITS  APPUCATION  TO  A  REGU¬ 
LAR  POTENTIAL,  by  F.  Cap  and  W.  Grobner.  [  1955] 

[  l2]p.  Inch  dtagrs.  refs.  [  AF  61(514)633-C  ] 

Unclasslfted 

Published  In  Nuovo  Ctmenlo.  Series  X,  v.  1:  1211- 
1222,  1955. 

Ftrsl,  success  and  failure  of  lhe  usual  ltnozr  charged 
PS  meson  theory  of  nuclear  forces  are  discussed  and 
reasons  given  for  nonlinear  lerms,  yielding  flntle 
potential.  Second,  a  new  method  of  solution  of  the 
deuteron  problem  Is  gtven  and  applied  to  a  regular  PS 
potential.  Il  ts  shown  thal  lhe  discussed  nonlinear  PS 
theory  ytelds  far  beller  results  for  the  deuleror  lhan 
the  linear  theory.  (Conlraclor's  abstract) 


INN  .02:001 

Innsbruck  U.  Insl.  of  Expertinenlal  Psychology  (Austria). 

AUDITORY  GUIDANCE  STUDIES,  by  I.  Kohler.  Sum 
mary  progress  rept.  Ocl.  1,  1955-July  31,  1956 
C  G2  j  p.  Inch  tllus.  dlagrs.  table,  refs.  (AFOSR-TR- 
56-43)  (AF  61(514)889)  AD  97077  Unclassified 

An  Investigation  was  made  of  obstacle  sense  which  ts 
lhe  facully  of  blind  persons  lo  orient  themselves  cor¬ 
rectly  with  respect  lo  near  objects  by  the  aid  of  sound. 
Obstacle  sense  was  measured  by  making  use  of  a  stand¬ 
ard  obstacle  (a  round  carboard  disk  wllh  a  diameter  of 
50  cm)  which  could  be  quickly  and  noiselessly  brought 
within  range  of  the  test  person  at  any  desired  distance. 
The  greatest  distance  from  which  It  was  still  possible 
lo  delect  this  obstacle  wllh  exactitude  was  used  as  a 
measure  for  the  obsfacle-sense  performance  of  the 
respective  person.  A  sonic  guidance  device  to  lie  car 
rled  on  the  person  was  also  developed  which  conslste- 
of  a  microphone,  an  amplifier  connected  to  the  latter, 
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and  measuring  devices.  Measurements  were  carried 
out  on  267  persons  between  the  ages  of  4  and  85  yr  who 
were  blind  or  normal  but  bltndfold  Results  tndtcated 
that  everyone  appeared  to  possess  the  faculty  of  blind 
orientation  Immediately  wtth  the  atd  of  sonic  devices 
when  approaching  obstacles.  Optimum  results  were  ob¬ 
tained  tf  short  Impulses  wtth  a  broad  frequency  band 
are  used  which  are  radiated  at  an  angle  of  the  greatest 
posstble  width  by  a  sonic  device  attached  to  the  person. 
Dy  training,  obstacle  sense  performance  ts  further  Im¬ 
proved.  The  limits  of  efficiency  differed  considerably 
t.n  each  Individual  case  and  appeared  connected  wtth  the 
fineness  of  the  discriminatory  limits  for  the  modifica¬ 
tions  of  sound  Intensities.  The  quality  of  a  person's 
absolute  hearing  capactty  ts  of  minor  Importance.  Ex¬ 
periments  showed  that  skin  sensations  accompanytng 
the  detection  of  near  obstactes  are  cortical  projections. 
The  sensations  are  desc  rtbed  as  facial  vtston.  (ASTIA 
abstract) 


IAS.  01:001 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

[ARITHMETIC  REPRESENTATIONS  IN  FINITE  FIELDS 
AND  POLYNOMIAL  DOMAINS ]  by  E.  Cohen.  [Final 
rept  1  [Nov.  t952]  lp.  [AF  1 8(600)1 34 ] 

Unclassified 


The  following  problem  ts  considered:  Let  r  be  an  arbi¬ 
trary  odd  number  >  1,  and  let  aj,  ...,  ag  be  tntegers 
prime  to  r.  Then  we  destre  the  number  of  solutions 
N  =  Ns(n,  r)  of 

2  2 

n  =  a,xj  .  ...  ♦  agxs  (mod  r). 

Thts  problem  ts  deftned  as  a  ftnlte  "stngular  series" 

S  =  Ss(n,  r),  analogous  to  the  Hardy- Ramanujan  series 
tn  the  non-modular  case.  The  function  S  ts  a  dtvtsor 
sum  tnvolvtng  the  Ramanujan  sum  tn  case  s  Is  even  and 
a  Gauss  character  sum  tn  case  s  ts  odd.  Ustng  ortho¬ 
gonality  properties  of  these  stmple  exponential  sums,  tt 
ts  shown  on  the  basis  of  tnductton,  that  N  =  S.  A  dtrect 
proof  of  this  fact  ts  also  gtvcn.  The  functton  S  ts  eval¬ 
uated  completely  to  gtvc  the  folluwtng  result  for  s  = 

2m, 


N2m(n,  r)  = 


r2m- 1  r  r  (  a  )  d'p(e) 

d/r  d'(n,  d)  d  d,n 
d'e=  d 


<3=  <-l)"’a,  ...  a2m) 

where  (-=-)  Is  the  lacubl  symbol  and  ,t  Is  Ihe  Moblus 
function.  The  case  s  -  2m  ♦  t  is  more  complicated; 
simplifications  arise  under  the  hypothesis  that  n  has  no 
square  factor  N  1  tn  common  wtth  r.  In  this  case,  tl  ts 
shown  that 


(B=  1>m+lal-  a2m+ 1) 

where  u*(e)  =  1  or  0  according  as  e  ts  or  ts  not  square 
-free.  Corresponding  results  for  GF  [  pn,  x] ,  p  odd, 
are  also  obtained.  (Contractor’s  abstract) 


IAS.  02:00t 

lnstttute  for  Advanced  Study,  Princeton,  N.  J. 

A  CLASS  OF  TRANSFORMATIONS  OF  THE  PLANE,  by 
G.  A.  Hedlund.  June  1954,  20p.  ([  AFjOSR-TN-54- 
135)  (AF  18(600)667)  AD  34546  Unclassifted 

Also  published  t  -  P.oc.  Cambridge  Philos.  Soc.,  v.  5 1 : 
554-564,  1955. 

This  report  constitutes  an  analysts  of  the  class  of  trans¬ 
formations  $  of  the  complex  plane  Z  onto  Itself  defined 

^  <t>(re‘0)-ref<p)e‘(0^), 

where  f  ts  a  real- valued  continuous  functton  of  period 
2tt  and  (1/tr  ts  trrattonal.  It  ts  shown  that  any  such 
transformation  Is  either  (t)  equivalent  to  a  rotatton;  or 
(2)  transtttve  tn  the  sense  that  the  orbtt  of  some  potnt 
ts  everywhere  dense  tn  Z;  or  (3)  equivalent  to  a  dtla- 
tton.  Stmple  criteria  for  the  various  cases  are  derived 
and  models  of  all  posstbtltttes  are  exhibtted.  (Contrac¬ 
tor’s  abstract) 


LAS.  02:002 

lnstttute  for  Advanced  Study,  Princeton,  N.  J. 

I  INVESTIGATION  OF  PROBLEMS  IN  GLOBAL  GEOM¬ 
ETRY  j ,  by  G.  A.  Hedlund.  Ftnal  rept.  Sept.  1,  1953- 
Sept.  t,  1 954,  lp.  ([  AF]OSR-TR-54-29)  (AF  18(600)- 
667;  continued  under  AF  1 8(600)1 1 1 6)  Unclasstfted 

A  ftnal  report  on  the  progress  of  a  book  on  the  subject 
of  topological  dynamtcs.  Thts  book  was  publtshed  tn 
1955  under  the  tttle  Topilogtcal  Dynamtcs  under  Penn¬ 
sylvania  Unlv.  contract  AF  18(600)1116  and  AF  18(600)- 
607  {$££  HetlLUQ.  PEN.03:002). 


IAS.  03:001 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

THE  SPLITTING  OK  CERTAIN  SOLVABLE  GROUPS,  by 
E.  Schenkman.  July  1954,  8p.  (In  cooperation  wtth 
Louistana  Slate  U. ,  Baton  Rouge)  (’  AK  OSH-TN-54- 
1 90)  (AF  18(600)790)  AD  47333  Unclassified 

Also  published  in  l’roc.  Amer.  Math.  Soc.,  v.  6: 

280  290,  Apr.  1955. 

Proofs  are  presented  that  tf  Hts  Abeltan,  where  H  ts 
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the  least  member  of  the  descending  central  series  so 
that  G/H  Is  nllpotent  and  [G,  H]  =  H,  and  If  G  Is  a 
finite  group,  then  (1)  lhere  Is  a  complement  X  of  H  In 
G  so  thal  G  =  HX,  and  xflH  =  E,  the  subgroup  consisting 
of  lhe  Identity  element;  (2)  If  X  and  Y  are  2  complements 
of  H  In  G  then  X  =  hYh"*  for  some  h  In  H;  and  (3)  If  G 
has  no  center,  then  G  and  A,  the  group  of  automorphisms 
of  G,  are  contained  In  the  holomorph  of  H.  (ASTIA  ab- 
slrac  1) 


IAS.  03:002 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

ON  THE  TOWER  THEOREM  FOR  FINITE  GROUPS,  by 
Schenkman.  July  1954,  4p.  [in  cooperation  with 
Louisiana  Stale  U. ,  Baton  Rouge]  ([  AFjOSR-TN-54- 
205)  (AF  18(600)790)  AD  47334  Unclassified 

A  proof  Is  presented  lhal  If  lhe  group  G  Is  a  member  of 
a  composition  series  of  the  finite  group  A,  and  If  lhe 
centralizer  of  G  In  A  Is  the  Identity,  then  the  centralizer 
of  G*  In  A  Is  contained  In  G*,  where  G*  denotes  lhe 
Intersection  of  the  members  of  the  descending  central 
series  of  G.  An  example  Is  given  lo  show  thal  G*  need 
nol  be  normal  In  A,  and  In  this  case,  methods  previous¬ 
ly  used  by  Schenkman  (Amer.  Jour.  Malh. ,  v.  73:  453- 
474,  1951)  cannolbe  used  lo  Improve  lhe  lower  theorem 
of  Wielandt  (Math.  Zellschr. ,  v.  45:209-244,  1939). 
(ASTIA  abstract) 


IAS.  03:003 

Institute  for  Advanced  Study,  Prlncelon,  N.  J. 

ON  THE  DERIVATION  ALGEBRA  AND  THE  HOLO¬ 
MORPH  OF  A  N1LPOTENT  UE  ALGEBRA,  by  E. 
Schenkman.  July  1954,  lip.  (In  cooperation  with 
Louisiana  State  U. ,  Dalon  Rouge)  ( [  A*1  ]  OSR-TN-54- 
236)  (AF  18(600)790)  AD  47332  Unclassified 

Also  published  In  Mem.  Amer.  Math.  Soc. ,  No.  14:  15- 
22,  1955. 

Derivations  of  nllpotent  Lie  algebras  are  studied  In  an 
attempt  to  determine  whether  the  holomorph  of  a  Lie 
algebra  determines  the  algebra  up  to  an  Isomorphism. 
Proofs  are  presented  of  the  following  theorems:  (1)  If 
L  Is  a  finite  Abelian  Lie  algebra  with  holomorph  H,  then 
H  Is  the  holomorph  of  no  other  Lie  algebra;  (2)  If  K  Is 
an  arbitrary  Lie  algebra  and  »f  L  Is  lhe  free  Lie  algebra 
with  the  smallest  possible  number  of  generators  such 
that  K  =  L/M  (where  M  Is  tne  characteristic  Ideal  of  L), 
then  the  algebra  of^derlvatlons  of  K  Is  Isomorphic  lo 
DM'^lM'  w**ere  and  D,  „  are  maps  which  send  M 
and  L  Into  M,  respectively ;  (3)  If  L  Is  a  free  nllpotent 
Lie  algebra  of  class  n  generated  by  q  elements,  then  D^, 
a  nllpotent  Ideal  of  the  derivation  algebra  D,  Is  the  nil 
radical  of  D;  L*Dj  Is  the  nil  radical  of  11,  the  holomorph 
of  L;  and  the  renter  of  L  Is  the  center  of  L  «Dj;  and  (4) 

If  H  Is  the  holomorph  of  L,  a  free  nllpotent  Lie  algebra 
of  class  n  generated  by  q  l  2  elements,  the  H  cannot  also 


be  the  holomorph  of  another  Lie  algebra  K,  unless  K 
Is  Isomorphic  to  L. 


IAS.  03:004 

Institute  for  Advanced  Study,  Prlncelon,  N.  J. 

THE  EXISTENCE  OF  OUTER  AUTOMORPHISMS  OF 
SOME  NILPOTENT  GROUPS  OF  CLASS  2,  by  E. 
Schenkman.  Oci.  1954,  lOp.  (In  cooperation  wllh 
Louisiana  Stale  U. ,  Balon  Rouge)  ([  AF]OSR-TN-54- 
282)  (AF  18(600)790)  AD  47331  Unclassified 

Also  published  In  Proc.  Amer.  Math.  Soc.,  v.  6:  6-11, 
Feb.  1955. 

A  proof  Is  presented  which  states  thal  if  G  Is  a  p-group 
whose  commutalor  subgroup  Is  In  the  cenler  and  If  for 
some  fixed  number  p*  lhe  p^th  powers  of  all  the  ele¬ 
ments  of  G  are  In  lhe  commulalor  subgroup,  lhen:  (1) 

G  has  an  outer  aulomor[hlsm  (excepl  when  Gis  order  2); 
and  (2)  the  order  of  G  divides  the  order  of  lhe  automor¬ 
phism  group  of  G  provided  G  Is  nol  Abelian.  (ASTIA 
abstracl) 


IAS.  03:005 

Institute  for  Advanced  Study,  Prlncelon,  N.  J. 

ON  THE  STRUCTURE  OF  THE  AUTOMORPHISM 
GROUP  OF  A  NILPOTENT  GROUP,  by  E.  Schenkman. 
Nov.  1954,  9p.  ([ AF ]OSR-TN-54-3ll)  (AF  P8(600)- 
790)  AD  47335  Unclassified 


Portugal.  Malh.,  v.  13:  129-135, 


The  lerminolog  s  as  follows:  G  Is  a  nllpotent  fj-oup 

so  thal  G*  =  E,  the  Identity  where  G*  =  Gk, 

k  -  1 

G*  -  I.  G*'1,  G  and  G1  =  G.  A  Is  lhe  group  of  auto¬ 
morphisms  of  G,  and  A^  Is  lhe  subgroup  of  automor¬ 
phisms  of  A  which  Induce  the  Identity  transformation 
In  G/G*.  Proofs  are  presented  for  the  following 


theorems:  (1)  A2  Is  a  normal  nllpolenl  subgroup  of  A  of 
class  at  most  one  less  than  lhat  of  G.  (2)  If  11  Is  the 


holomorph  of  the  nllpot<*nt  group  G,  then  lhe  subgroup 
of  H  generated  by  G  and  A,  Is  normal  In  Hand  nllpotent 
of  the  same  class  as  G.  (3)  If  G  Is  a  nllpolent  group, 
lhen  the  elements  of  finite  order  generate  a  character¬ 


istic  subgroup  which  Is  lhe  direct  product  of  (p,<x>) 


groups,  where  (p,oo)  groups  are  those  generated  by 


elements  whose  orders  are  powers  of  the  same  prime 
p  and  which  contain  no  elements  of  finite  order  other 


than  those  of  thal  prime  power.  (4)  If  a  (p-00)  Sylow 
subgroup  P  of  a  group  G  Is  normal  In  G,  then  P  contains 
all  the  elements  of  G  whose  orders  are  powers  of  lhe 


given  grime  p,  and  so  Is  the  only  (p-Cr)  Sylow  subgroup 
of  G.  (4)  Let  G  be  a  nllpotent  group  of  class  n  gen¬ 


erated  by  elements  whose  orders  divide  a  certain  prime 
power  pk.  If  A  Is  the  complete  group  of  automorphisms 
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of  G  and  if  Bj  Is  the  subgroup  of  A  such  that  the  elements 
of  Bj  leave  G/G(p)  fixed,  then  Bj  Is  a  normal  subgroup 
of  A  which  Is  nilpotent  of  class  ai  most  kn.  If  H  Is  the 
holoniorph  of  G,  then  GBj  Is  a  normal  subgroup  of  H 
which  is  nilpotent  of  class  at  most  kn.  (ASTIA  abstract) 


IAS.  04:001 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

A  GENERALIZED  FUNCTION-THEORY  AND  THE  RE¬ 
LATED  DIHiCHLET  PROBLEM.  PART  1,  by  J.  Sanders. 
[  1956]  [  21 J p.  (AF  18(600)791)  Unclassified 

Published  In  Ann.  Mathi,  v.  64:523-543,  Nov.  1956. 

This  paper  is  concerned,  with  the  partial  differential 
equation  N(N(u))  =  0,  where  N(u)  =  (  :(x))-l(o(x)ux)x  + 
a  (y)(( '  (y))"luy)y.  which  includes  the  blharmonic  partial 
differential  equation  ..  u  =  0  as  the  special  case  u  = 

•t  =  l.  A  function  theory,  bearing  roughly  the  same 
relation  to  the  equation  N(u)  =  0  as  the  classical  theory 
of  analytic  functions  of  one  complex  variable  bears  to 
Laplace's  equation  ,,u  =  0,  was  constructed  iiv  L.  Tiers 
and  A.  Gelbart  (Trans.  Amer.  Math.  Soc.,  v.  56:  67- 
93,  1944).  A  method  for  attaching  a  function  iheuiy  to 
the  biharnionlc  equation  was  given  by  L.  Sobrero 
(  Theorie  der  ebenen  Elastizitat  . . . ,  Teubner,  Leipzig  - 
Berlin,  1934],  using  hypercomplex  numbers.  This 
last  approach,  together  wiih  the  procedure  of  Bers  and 
Gelbart,  was  used  by  J.  B.  Diaz  (Amer.  Jour.  Math., 
v.  68:611-6*  1946)  to  obtain  a  function  theory  associ¬ 

ated  with  th  times  iterated  equation  Nn(u)  -  0.  The 
author  proceeds  directly  to  the  construction  of  a  function 
theory  for  the  equation  N2(u)  =  0,  as  follows.  A  function 
u(x,y)—  tv(x, y)  is  said  lo  he  2-monoSenlc  ln  3  domain 
D  of  the  z  -  x  ♦  iy  plane  provided  that  u  and  v  are  four 
times  continuously  differentiable  in  D  (1.  e. ,  u,  v  >  C4) 
and  satisfy  the  system  of  equations  J  (x)uy  -  (y)vx  -  0, 
(x)ux  *  t(y)Vy  =  r,  N'(  ••)  =  0,  where  • ,  -t  <  C3,  e  0.  •• 

>  0,  >  C2,  and  the  ope rator  N'  is  given  by  N'(w)  ~ 
(J-‘wx)x  .  ■:  (  -t  -  *  w  )  for  any  function  w.  For  such 
functions,  differentiation  and  integration  processes  are 
defined  and  are  shown  to  be  inverses  of  each  other.  By 
repeated  integration  of  some  simple  functions,  a  series 
of  functions  are  defined  which  are  generalizations  of  the 
usual  powers  a(z  -  Zf,)”,  and  a  generalization  of  Taylor's 
theorem  is  proved.  Next,  a  fundamental  solution 
iJlx.y',  ,  )  of  N'2(u)  0  Is  obtained,  and  an  analogue  of 

Cauchy's  integral  formula  f(t)  -  (2  i)" 1  J<-  f(z)(z  -  t)'  'dz 
is  derived.  The  paper  concludes  with  Indications  as  lo 
how  the  theory  can  be  extended  to  N,l(u)  -  0  aixl  to  cer 
tain  noil-iterated  equations.  (Math.  Rev.  abstract) 

IAS.  05:00t 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

ON  A  GAME  WITHOUT  A  VALUE,  by  M.  Sion  and  1*. 
Wolfe.  1952  .  8  p.  lnct.  diagrs.  (AF  18(600)1109) 

Unc  lasslfled 


Published  ln  Ann.  Math.  Studies,  "Contribution  to 
the  Theory  of  Games",  Rand  Corp. ,  Santa  Monica, 
v.  3:  299-396,  1951-1952. 

The  object  of  this  paper  is  to  show  that  one  of  the  main 
results  in  the  theory  of  infinite  games,  the  theorem  of 
Glicksberg  on  semi-coniinuous  payoffs,  cannot  be  ex¬ 
tended  in  certain  directions.  A  game  is  presented  on 
the  square  (a  form  of  continuous  Blotto)  which  does  not 
have  a  value,  bui  whose  payoff  function  is  topologically 
even  simpler  ihan  that  of  the  classical  example  due  to 
J.  Ville.  Scarf  and  Shapley  have  applied  Glicksberg 's 
theorem  to  a  number  of  infinite  games  in  extensive 
form.  The  question  of  whether  the  condition  of  semi¬ 
continuity  of  the  payoff  is  equally  important  for  the 
determinacy  of  such  games  is  shown  by  the  fact  ihat 
any  game  on  ihe  square  maybe  transcribed  into  a  game 
ln  extensive  form  with  its  value,  or  lack  of  value,  pre¬ 
served.  It  Is  found  that  the  transcription  of  the  examp.e 
of  the  game  on  the  square  to  extensive  form  yields  a 
type  of  "game  of  pursuit"  without  a  value. 


IAS.  05:002 

Institute  for  Advanced  Study,  7  cicceton,  N.  J. 

AN  ELEMENTARY  INEQUALITY  FOR  THE  TRAVELING 
SALESMAN  PROBLEM,  by  S.  P.  Diliberto.  June  1955, 
4p.  ([  AFlOSR-TN-55-170)  (AF  18(600)1109) 

AD  71236  Unclassified 

The  problem  is  that  of  determining  a  pith,  P,  of  mini¬ 
mal  length,  D,  which  Joins  all  N  points  of  a  set, 

Pi . Pn.  P!  =  (*i.  Fj),  lying  !n  a  plane.  It  Is 

shown  that  If  the  points  lie  in  a  rectangle  R  of  sides 
1.  and  W,  D  is  the  order  of  N*A  times  the  length  of  the 
diagonal.  (ASTIA  abstract) 


IAS.  05:003 

institute  for  Advanced  Study,  Princeton,  N.  J. 

A  NOTE  ON  LINEAR  ORDINARY  DIFFERENTIAL 
EQUATIONS,  by  S.  P.  Diliberto.  June  1955,  3p. 

( [  AF  :  OSH -TN-  55- 171 )  (AF  18(600)1109)  AD  71235 

Unclassified 

A  sharp  version  of  Dlliberto's  triangullzation  theorem 
( Contributions  to  the  Theory  of  Nonlinear  Oscillations, 
Ann.  Math.  Stud.,  p.  148,  Princeton,  1950)  is  estab¬ 
lished  for  systems  of  first  order  linear  ordinary  d  If  - 
ferentlal  equations.  (Contractor’s  abstract,  modified). 


IAS.  05:004 

Institute  for  Advanced  Study,  Princeton,  N  J. 

A  SINGIT-AU  FUNCTIONAL,  by  A.  D.  Martin.  May 
1955,  15p.  (  AF  OSH-TN-55-239.  A  )  (ln  cooperation 
with  Washington  U. ,  St.  Louis,  Mo.)  (AF  18(600)1109) 
Al)  74651  Unclassified 
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IAS.  05:005  -  IAS.  05:008 


Also  published  In  Proc.  Amer.  Malh.  Soc.,  v.  7: 
1031-1035,  Dec.  1956. 

A  functional  J  of  lhe  type 

J(y)  |  =  j"  [  ry'2  +  2qyy'  +  py2]dx  (0  <  x  <  b),  Is  con- 
x  x 

stoered  In  which  lhe  funcltons  r,  p,  and  q  are  continu¬ 
ous  on  (0,  or)  while  r  Is  positive.  The  point  x  =  0  Is 
stngular  for  the  functional  tn  t..e  sense  lhal  lhe  condi¬ 
tions  on  r,  p,  and  q  may  nol  hold  for  an  Interval  of  the 
form  [  0,  b  .  All  of  the  Integrals  which  appear  are 
Lebesgue  Integrals.  The  functional  J  has  an  X-mlnlmum 

Umll  on  [  0,  bj  when  the  llm  Inf  J(y)  |  2  0  for  all  func- 

x 

tlons  of  y  In  a  subclass  X[  0,  bj  ofF[0,  bj.  The  class 
F  [  0,  b]  consists  of  all  functions  y  which  are  absolutely 
continuous  wtlh  y's  L2  on  every  closed  sublnlerval  of 
(0,  bj.  The  subclasses  are:  F'[o,  bj,  lhe  set  of  all 
ytF[0,  bj  for  which  y  ts  bounded  on  [0,  bJ;F  [0,  bj, 
the  set  of  all  yeF[0,  bj  such  that  xCO  ts  a  Itmll  polnl 
of  zeros  of  y;  A  [  0,  bj,  the  sel  of  all  ycF[  0,  bj  which 
are  continuous  on  t  0,  b]  and  for  which  y(0)  =  0;  and 
Aq[0,  b  ,  lhe  sel  of  all  yc  A[  0,  bj  for  which  x  =  0  ts 
a  Itmlt  point  of  zeros  of  y.  Necessary  and  sufftclent 
conditions  are  given  for  the  existence  of  F-,  F0-,  and 
A0- minimum  Umlls.  Some  sufficient  condtllons  for 
the  A- minimum  limit  are  given  for  the  case  q  =  0.  The 
results  supplement  those  In  which  a  quadratic  functional 
wtth  a  singular  endpoint  was  studied  by  Lelghlon  and 
Marttn  (Trans.  Amer.  Math.  Soc.,  v.  78:98-128,  1955). 
(Contractor's  abstract,  modified) 


IAS.  05:005 

lnstttute  for  Advanced  Study,  Princeton,  N.  J. 

AN  APPLICATION  OF  THE  MORSE  THEORY  TO  THE 
TOPOJ.OGY  OF  LIE-GROUPS,  by  R.  Dolt.  Dec  1955, 
36p.  refs.  ([  AF  j  OSR-TN- 55-464)  (AF  18(600)1109) 
AD  81507  Unclasstfled 

Also  published  In  Dull.  Soc.  Malh.  France,  v.  84:  251- 


A  compact  group  G,  acta  on  tlself  by  tnner  automor¬ 
phisms.  This  action  decomposes  G  Into  orbits.  In  thts 
study  lhe  space  of  paths,  11 ,  on  G,  which  start  at  a 
fixed  point  and  end  on  a  ftxed  orbit,  ts  Investigated.  By 
applytng  the  Morse  theory,  It  ts  shown  that:  (a)D  Is 
always  free  of  torston;  (b)D  has  vanishing  Beltl  num¬ 
bers  In  odd  dimensions;  and  (c)  the  Potncare"  series  o' 

D  Is  determined  by  the  Infinitesimal  structure  of  G. 

A  similar  result  concerning  the  orbits  of  the  adjoint  rep- 
sentallon  of  G  on  Its  Lle-algebra  leads  to  formulas  for 
Hie  Dent  numbers  of  certain  homogeneous  spaces. 
(Contractor's  abstract) 


LAS.  05:006 

Institute  for  Advanced  Study,  Prlncelon,  N.  J. 

HOLOMORPHIC  FUNCTIONALS  AND  COMPLEX 
CONVEXITY  IN  BANACH  SPACES,  by  H.  J.  Bremer- 
mann.  Feb.  1956,  32p.  refs.  (AFOSR-TN-56-42) 
(AF  18(600)1109)  AD  80554  Unclassified 

Also  published  In  Pacific  Jour.  Math.,  v.  7:  811-831, 


A  complex  valued  funclton  f(z)  Is  "Galeaux  holomorphlc" 
In  a  domain  D  of  a  complex  Banach  space  Bc  If  11  Is 
single-valued  and  If  f(z0  +  \  a)  ts  a  holomorjiilc  function 
of  the  complex  parameler  \  al  \  =  0  for  every  z0c  D 
and  ac  Bc.  It  Is  shown  lhal  in  general,  as  In  lhe  case 
of  finitely  many  variables,  all  functions  thal  are  holo¬ 
morphlc  In  a  domain  D  can  be  continued  lnlo  a  larger 
domain.  If  lhls  is  not  the  case  D  Is  a  domain  of  holo- 
morphy.  The  domains  of  holomorphy  have  lhe  properly 
lo  be  pseudo-convex.  This  nollon  Is  defined  by  requir¬ 
es  (N)  (N) 

-log  d^  (z),  where  dp  (z)  Is  the  dlslance  of  lhe 

point  z  from  lhe  boundary  of  D  measured  In  the  norm 
N,  lo  be  plurlsubharmonic.  It  Is  shown  lhal  lhls  prop¬ 
erly  Is  Independenl  of  the  norm  N.  The  relationship  of 
lhe  pseudo- convexity  lo  the  ordinary'  convexlly  Is  stud¬ 
ied  and  an  application  to  tube  domatns  Is  made.  (Con¬ 
tractor's  abstracl) 

IAS.  05:007 

lnstttute  for  Advanced  Sludy,  Prlncelon,  N.  J. 

A  METHOD  OF  PARAMETRIX  IN  THE  THEORY  OF 
HARMONIC  FORMS  IN  A  COMPLEX  UNE  BUNDLE,  by 
S.  Nakano.  Jan.  1956,  12p.  refs.  (AFOSR-TN-56-52) 
(AF  18(600)1109)  AD  81044  Unclasstfted 

The  theory  of  harmonic  forms  tn  a  convex  Itne  bundle 
or  tn  a  complex  vector  bundle  Is  reduced  to  lhe  usual 
theory.  Vectorial  forms  on  the  base  space  are  trans¬ 
formed  Into  usual  dtfferenllal  forms  on  the  bundle 
space,  and  a  special  metric  Is  Introduced  tnto  the  latter 
space;  thus  the  method  of  parametrlx  can  be  applted  to 
prove  lhe  decomposition  theorem  $  =-  H<}>  ♦  D  G  <$. 
(Contractor's  abstract) 


IAS.  05; 008 

lnstttute  for  Advanced  Study,  Prtnceton,  N.  J. 

VARIATIONAL  MEASURE,  by  M.  Sion.  Jan.  1956, 

27p.  (AFOSR-TN- 56-53)  (AF  ! 8(600)1 109)  AD  81045 

U  ■  i  c  lassifted 

Also  published  In  Trans.  Amer.  Math.  Soc. ,  v.  83: 
205-221,  Sept.  1956. 

l.et  F  be  a  famtly  of  sets  F  thetr  union,  and  P(F)  tin¬ 
sel  of  all  finite,  disjointed  subfamilies  P  with  •  P  .-F. 
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For  f  a  function  on  ctF  and  v  a  measure  on  rng  f,  the 
vartattonal  measure  u  -  V(F,  f,  v)  ts  deftned  by: 
d(  A)  =  supptpjFj  a  t  P  v  (f(A  a)),  for  ACuF.  If  aF 

ts  a  topologtcal  space  and  F  satisfies  certain  conditions, 
f(  a)  ts  v- measurable  for  of  F  and  f'l  jyj  ts  closed  for 
v-almost  ali  y,  A  ts  //-measurable,  and  for  every 
A’CI  A  with  u(A’)  >  0  there  tsBCA1  wtth  0  <  y  (B)  < 
oo,  then  1(a)  Is  v- measurable.  As  an  application,  tf 
Mg  denotes  the  s  t  of  outer  measures  on  the  Itne  under 
which  tntervals  are  measurable,  f  Is  real-valued,  con¬ 
tinuous  on  the  Irrationals  and  f-1  |yj  ts  countable  for 
all  y,  then  f  maps  a  set,  v  -measurable  for  all  v  r  Mg, 
Into  one  of  the  same  kind.  Let  Mj  be  the  set  of  all 
v  t  Mo  for  which  there  ts  no  sequence  S  such  that:  Sn 
ts  a  ftntte,  dtsjotnted  faintly;  iSn  -  a  S0;  Sn+  j  Is  a 
refinement  of  Sn;  v  (-7  Sg)  >  0;  tf  B  d  jSg  and  v  (B)  >  0 
then  A  ‘Snv  (A3)  n  [X7  .  Then  a  real-valued  functtor. 
continuous  on  the  trrattonals  maps  a  set,  v- measurable 
for  all  v  i  Mj,  Into  one  of  the  same  kind.  (Contractor’s 
abstract) 


IAS.  05:009 


A  mapping  f  of  compact  X  tnto  Y  ts  satd  to  be  atomic 
tf  f  Is  monotone  and  for  every  continuum  K  CX  for 
which  f (K)  Is  nondegenerate  K  =  f_1f(K).  (Contractor’s 
abstract) 


IAS.  05:011 

Institute  for  Advanced  Study,  ’Mnceton,  N.  J. 

A  PLANE  CONTINUUM  NO.  T\  ’O  OF  WHOSE  NON¬ 
DEGENERATE  SUBCONT1NUA  A uJ  HOMEOMORPHIC, 
by  R.  D.  Anderson  and  G.  Choquet.  July  1956,  9p. 
(AFOSR-TN-56-315)  (Sponsored  jointly  by  Atr  Fore 
Office  of  Scientific  Research  under  AF  18(600)1109  and 
National  Science  Foundation)  AD  94851 

Unclasstfted 

Presented  at  meeting  of  the  Amer.  Math.  Soc. , 
Houston,  Tex.,  Dec.  27-29,  1955. 

Also  publtshed  tn  Bull.  Amer.  Math.  Soc.,  v.  62:  178, 
Mar.  1956. 


Institute  for  Advanced  Study,  Princeton,  N.  J. 

CONCERNING  THE  ACTION  OF  A  FINITE  GROUP,  by 
P.  E.  Conner.  Mar.  1956,  4p.  (AFOSR-TN-56-144) 
(AF  18(600)1109)  AD  86302  Unclasstfted 

Also  publtshed  In  Proc.  Nat'l.  Acad.  Sciences,  v.  42: 
349-351,  June  15,  1956. 


The  essential  purpose  ol  this  study  ts  to  show  that,  If 
(G;  Mn)  denotes  a  Unite  transformation  group  G  acting 
dtfferenttably  on  a  closed  manifold  Mn  ,  the  Euler 
number  of  the  orbit  space  Mn/G  Is  given  by  the  formula, 
X(Mn/G)  (  q(F,))/r,  where  r  ts  the  order  of  G  and 
F,,  ts  the  set  of  points  tn  Mn  fixed  under  the  element  g. 
Some  applications  of  this  result  are  tndteated.  (Con 
tractor's  abstract) 


IAS.  05:010 


The  primary  purpose  of  thts  paper  Is  to  show  that  tn  the 
plane  there  extsts  a  continuum  (compact  connected 
metric  potnt  set)  no.  2  of  whose  nondegenerate  subcon- 
ttnua  are  homeomorphtc.  A  detailed  constructive  proof 
ts  given  of  tne  existence  of  such  a  conttnuum  M  which 
does  not  separate  the  plane.  Modtftcattons  of  thts  con¬ 
struction  are  suggested  to  yteld  (1)  such  a  conttnuum 
M’  every  nondegenerate  subcontinuum  of  uhtch  does 
separate  the  plane,  and  (2)  a  1-dtinenstonal  metrtc  con¬ 
tinuum  M”  no  nondegenerate  subcontinuum  of  which  ts 
embeddable  tn  the  plane  and  no.  2  of  whose  nondegen¬ 
erate  subconttnua  are  homeomorphtc  to  eacn  other. 

The  continuum  M  described  has  2  additional  properties: 
(1)  M  does  not  contatn  uncountably  many  disjoint  non¬ 
degenerate  contlnua,  and  (2)  each  nondegenerate  sub- 
continuum  of  M  admits  an  atomte  mapping  onto  a  con¬ 
ttnuum  which  ts  the  sum  of  finitely  many  tntervals 
emanating  from  the  origin.  From  either  (1)  or  (2),  tt 
follows  that  M  ts  hereditarily  decomposable.  (Contrac¬ 
tor's  abstract) 


Institute  for  Advanced  Study,  Princeton,  N.  J. 

SOME  OBSERVATIONS  ABOUT  INVERSE  LIMIT  SETS, 
by  tt.  D.  Anderson  and  G.  Choquet.  July  1956,  4p. 
(AFOSR-TN-56-313)  (Sponsored  jointly  by  Atr  Force 
Olftce  of  Scientific  Research  under  AF  18(600)1109 
and  National  Science  Foundation)  AD  94849 

Unclassified 

111  anticipation  of  the  methods  of  proof  of  the  paper  A 
LTane  CyntiHUnm  No.  /]><,'  yf  Whose  Nondegenerate  Sub¬ 
conttnua  are  llonieomorphlc  (item  no.  IAS.  05:011),  2 
theorems  about  Inverse  limits  are  proved.  One  gives 
sufficiency  conditions  that  an  Inverse  limit  be  embed - 
dab!  in  a  compact  space  S.  The  second  asserts  that 
the  m  pping  (induced  by  the  sequence  ol  mappings)  from 
the  Inverse  limit  into  any  space  of  the  sequenct  is 
atomic  provided  each  mapping  ol  the  sequence  is  atomic. 


IAS.  05:012 

institute  for  Advanced  Study,  Princeton,  N.  J. 

COMPLEX  VECTOR  BUNDLES  OVER  AN  ALGEBRAIC 
CURVE,  by  S.  Nakano.  July  1956,  40p.  refs. 

(AFOSR  TN-56-432)  (AF  181600)1109)  AD  96515 

Unclasstfted 

In  this  mathematical  study,  given  a  nonstngular  alge- 
bratc  curve  V,  the  set  of  vector  bundles  over  V 
which  come  from  representations  of  the  lundamental 
group  ol  V  intoGLIr,  C)  Is  considered.  One  of  the  re¬ 
sults  asserts  that  If  L'  ts  a  sufficiently  ample  line  bundle 
over  V,  then  for  every  F  JqD  Sv  ts  the  Inverse  Image 
of  the  dual  universal  bundle  over  one  and  the  same 
Grassmanuian  variety  11,  by  a  regular  mapping  <Ji  j.-: 

V  — >  H.  Making  use  of  Chow  coordinates  of  the 


326 


9 


AIR  FORCE  SCIENTIFIC  RESEARCH 


graphs  of  <|p’s,  it  is  shown  that  ^  is  represented  by 
the  set  of  points  of  a  (possibly  reducible  and  incomplete) 
algebraic  variety  v.  Uniqueness  of  fcr  in  ihe  sense  of 
blratlonal  equivalence  Is  shewn  and  some  properties  of 
fcrare  given.  (Contractor's  abstract) 

fAS.  05:013 

fnstltuie  for  Advanced  Study,  Princeton,  N.  J. 

PERTURBATION  THEORY  OF  PERIODIC  SURFACES, 
by  S.  P.  Dlllberio.  Oct.  1956,  lv.  refs.  (AFOSR-TN- 
56-474)  (Sponsored  jointly  by  Air  Force  Office  of  Sci¬ 
entific  Research  under  AF  18(600)1109  and  Office  of 
Naval  Research)  AD  97358  Unclassified 

Perturbation  theory  of  periodic  solutions  of  ordinary 
differential  equailons  Is  equipped  with  a  primary  exist¬ 
ence  theorem.  For  the  perturbation  theory  for  periodic 
k- surfaces  another  primary  existence  theorem  Is  pos¬ 
tulated.  Situations  of  interest  are  the  results  of  geo¬ 
desics  on  an  ellipsoid.  The  study  of  ihe  periodic  sur¬ 
faces  is  studied  in  three  areas  of  Interest  In  ordinary 
differential  equailons.  First,  linear  differential  equa¬ 
tions  with  a.  p.  coefficients  are  studied  with  ihe  analy¬ 
sis  of  iut:  operator  W  giving  a  partial  generalization  of 
Floquei’s  theorem  concerning  linear  differential  equa¬ 
ilons  with  periodic  coefficients.  Second,  problems 
where  periodic  surfaces  are  used  In  describing  both 
qualitatively  and  quantitatively  certain  physical  phe¬ 
nomena  concerning  motions  of  a  simple  oscillatory  type 
as  encountered  in  resonance  and  enlralnmenl  of  frequen¬ 
cy.  Lrslly,  small  divisor  problems  are  considered 
which  are  characteristic  of  ihe  fact  that  a  differential 
equation  possesses  periodic  k-surfaces  and  nol  periodic 
k- minus-one  surfaces. 


IAS.  06:001 

fnsiliute  for  Advanced  Sludy,  Prlncelon,  N.  J. 

A  VARIATIONAL  METHOD  IN  THE  THEORY  OF  HAR¬ 
MONIC  INTEGRALS,  f,  by  C.  B.  Morrev.  Jr.  and  J. 
Eells,  Jr.  Apr.  1955,  05p.  refs.  (  AF  OSR-TN  55 
87)  (AF  18(600)11141  AD  62158  Unclassified 

Summary  published  in  l’roc.  Nal’l.  Acad.  Sciences, 
v.  41:  391-396,  July  15,  1955. 

Also  published  in  Ann.  Math.,  v.  63:91-128,  Jan.  1956. 

I;:  this  study,  a  variational  method  is  carried  through  to 
prove  the  following  orthogonal  decomposition  theorem; 
Any  r-form  in  L2  on  a  compact  orlentable  smooth 
manifold  can  be  uniquely  expressed  In  the  form  H 
»  .  d  P ,  where  H  is  a  harmonic  form  and  and  e 

are  forms  lnjj^.  with  d  i  =  P  -  0;  if  ait  p2,  then 
and  dp  are  alsoj>2-  The  methods  and  results  are  ex¬ 
tended  to  orlentable  manifolds  of  class  c|  (gjj  Llp- 

schltzlan).  Harmonic  forms  are  found  to  be  Holder- 
continuous  throughout.  Further  differentiability  prop 
ertles  of  H,  ,  anti  p  are  proved  which  depend  on  the 


IAS.  05:0'3  -  fAS.  06:003 

further  differentiability  properties  of  Mand  the  mani¬ 
fold.  (Contractor’s  abstract) 


IAS.  06:002 

Institute  for  Advanced  Siudy,  Princeton,  N.  J. 

A  VARIATIONAL  METHOD  fN  THE  THEORY  OF  HAR¬ 
MONIC  INTEGRALS,  H,  by  C.  B.  Morrey,  Jr.  Apr. 
1955,  47p.  refs.  ([ AF]OSR-TN-55-108)  (AF  18(600)- 
1114)  AD  71319  Unclassified 

Also  published  In  Amer.  Jour.  Math.,  v.  78:  137-170, 
Jan.  1956. 

The  variational  method  Introduced  in  Part  I,  is  applied 
to  the  study  oi  differential  forms  and  boundary  value 
problems  on  a  compact  Rlemannlan  manifold  with 
boundary  B.  The  manifold  is  not  assumed  tobe  orlent¬ 
able,  and  parallel  theories  are  developed  for  even  and 
odd  forms.  Complete  resulis,  analogous  to  those  for  a 
compact  manifold  are  first  obtained  for  ihe  sub- spaces 
£2*  ofJPs'  where  the  normal  pari  no>  =  0  on  B,  and 
fo't  where  the  tangential  part  tea  =  0  on  B.  By  using 
the  results  about  special  potentials  in  these  spaces,  an 
orthogonal  decomposition  theorem  £ 2  =  *‘e©£  +  £  Is 
proved;  X  consists  of  all  harmonic  fields;  jS  consists 
of  all  elements  6  a  for  a  t  £■£  >  antl  J*  consists  of  all 
elements  d3,  where  g  ej£V-  We  may  talce  -  ^  > 

(  5  f.ft,  where!}  is  a"frem'  potential  of  a-  -  H(#-. 
given  form)  in  which  ndfi  =  tt>fti  0.  Using  this  decom¬ 
position,  the  boundary  value  results  for  harmonic  fields 
and  forms  recently  obtained  by  Duff  and  Spencer  (An¬ 
nals,  1952)  and  Conner  (Proc.  Nai'l.  Acad.  Sciences, 
1954,  1154  1155)  are  obtained  immediately.  Complete 
differentiability  results  are  obtained  on  manifolds  of 
class  C*  icj.  (Contractor's  abstract) 


IAS.  06:003 

Institute  for  Advanced  Sludy,  Prlncelon,  N.  J. 

STUDY  OF  EQUATIONS  RELATED  TO  MOTION  AND 
HEAT  TRANSFER,  by  C.  B.  Morrey,  Jr.  Final  tech¬ 
nical  repi.  Sept.  9,  1954 -June  8,  1955,  3p. 

([  AF  iOSR-TN-55-161)  (AF  18(600)1114)  AD  88731 

Unclassified 

Research  is  summarized  on  ihe  derivation  of  the  equa¬ 
tions  of  hydrodynamics  from  statistical  mechanics,  and 
a  variational  method  In  the  theory  of  harmonic  Integrals. 
Resulis  obtained  under  the  first  topic  include:  (1)  the 
ldentlflcallon  of  certain  point  functions  wllh  the  corre¬ 
sponding  functions  obtained  from  ihe  equilibrium  dls 
trtbullons  of  C-lbbs;  (2)  the  extension  of  the  results  of 
Van  Hove  (Physlca.v,  15'  r>51-961,  1949)  concerning 
the  asymptotic  evaluation  of  the  Gibbs  phase  Integral  to 
Include  certain  more  general  laws  of  molecular  inter¬ 
actions;  and  (3)  the  asymptotic  evaluation  of  this  phase 
Integra!  in  ihe  1 -dimensional  case  for  certain  simple 
types  of  molecular  Interaction.  Abstracts  are  given  for 
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IAS.  06:004  -  IAS.  08:001 


technical  notes  titled  a  Variational  Method  in  the  Theory 
of  Harmonic  Integrals.  Par I  I  and  A  Variational  Method 
in  Ihe  Theory  of  Harmonic  Integrals,  Part  H.  (ASTIA 
abstract) 


IAS.  06:004 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

A  VARIATIONAL  METHOD  IN  THE  THEORY  OF  HAR¬ 
MONIC  INTEGRALS,  by  C.  B.  Morrey,  Jr.  [  19563 
[lOjp.  incl.  refs.  [  AF  18(600)1114] 

Unclassified 

Presented  at  Symposium  on  Differential  Equations, 
California  U. ,  Berkeley,  June  20-July  I,  1955. 

Published  In  Trans.  Symposium  on  Partial  Differential 
Equations,  California  U. ,  Berkeley  (June  20-July  I, 
1955),  N.  Y.,  Interscience  Publishers,  Inc.,  1955, 

p.  201 -210. 

Published  in  Communications  on  Pure  and  Appl.  Math. , 
v.  9:  499-508,  Aug.  1956. 

This  paper  summarizes  the  work  done  by  the  writer 
and  J  Eells  Jr  and  contained  in  y*rts  T  and  IT  of  a 
paper  having  the  title  above.  Part  I,  which  considers 
the  case  of  compact  manifolds  without  boundary  13 
item  no.  IAS.  06:001  in  this  index  and  Part  n,  which 
W.'.8h*«r»  ltd  case  at  compact  hvmiHoW*  wilt,  boundary, 
is  item  no.  IAS.  06:002. 


IAS.  07:001 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

ON  RIEMANN’S  FUNCTIONAL  EQUATION,  by  S. 
D.-clotr  a..d  K.  Chatidsasekharar,.  £tpt.  1-65,  37p. 
incl.  refs.  (Ilept.  no.  1)  ([  AF  J  OSR-TN-55-291) 

(In  cooperation  with  Princeton  U.  ,  N.  J.  under  AF  18 
(libOjm  ,)  (  At'  IJ(0-«  illc,1)  Ml  72475  Unclassitted 

Also  published  in  Ann.  Math.,  v.  63:333-360,  Mar. 
1956. 

An  examination  is  made  of  the  number  of  possible  so¬ 
lutions  of  the  functional  equation: 

•,  -s/2  r (S/2)s?(s)  ,  n-<‘  -s)/2r(_^s_),,r-s.), 

where  s  is  complex,  v  0,  and  ,  (s),  ^(s)  are  repre¬ 
sented  by  the  Dirichlet  series 

.  (s)  “  -ia.,  ;  (s)  00  X 


with  suitable  domains  of  absolute  convergence.  Here 
f  n  <  ,  |  n  }  are  increasing  sequences  of  positive 
numbers  diverging  to  t..  ,  given  in  advance.  The  num 
her  of  linearly  Independent  solutions  of  the  equation  de¬ 


pends  on  what  we  call  the  modular  density  of  the  se¬ 
quences  j\n  j  i  |  p.n  J  •  We  shall  show  that,  in  general 

if  |jjn|  is  of  finite  modular  density,  then  the  number  of 

linearly  independent  solutions  of  the  functional  equation 
is  at  most  equal  to  the  minimum  number  of  >^n's  that 
lie  in  any  interval  of  length  greater  than  da.  The  func¬ 
tional  equation  implies  the  inequality  dy  -d.^  >  I,  and  if 
there  exists  an  integer  k  such  that  d^-d^  <  k  +  I,  then 
the  equation  has  at  most  k  linearly  independent  solutions, 
Furthermore,  if  d(1  =  dy  =  I,  and  the  coefficients 

bnj  are  suitably  limited  in  magnitude,  the  functional 

equation  Implies  that  \n+  j  -  \  n  =  1,  for  every  n,  so 
that  there  can  be  at  most  I  solution.  On  the  other  hand, 
if  d;t  =  dx  -  I,  and  m  j  -  “n  =  I  for  n  2.  nQ,  then,  of 
necessity,  we  have  Xn  =  n,  or  n  -  1/2,  u  =  n,  or 
n  -  1/2;  and  5  =  I,  or  3;  and  the  only  solutions  that  can 
occur  are  those  known.  (ASTIA  abstract) 


IAS.  07:002 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

RESEARCH  ON  APPLICATIONS  IN  FOURIER  ANALY¬ 
SIS  by  K  rtAs/rawWarau  FAviil  rfcpl  May  I,  1955- 
Sept.  30,  1955,  3p.  ( [  AF  ]  OSR-TN-55-344)  (AF  18- 
(600)1189)  AD  74590  Unclassified 

A  brie!  summary  Is  pr -staled  A  Ihe  ii.alhttr.iUeal  re 
search  conducted  under  this  scientific  task  (project 
no.  R-354-I0-70).  (I).  The  study  of  Heche's  theory  of 
modular  functions  and  Dirichlet  series  led  to  an  exam¬ 
ination  of  the  functional  equation  of  the  Rlemann  zeta- 
functlon  from  the  standpoint  of  the  uniqueness  of  its 
solutions.  (II).  Some  preliminary  results  on  the  be¬ 
havior  of  differentiated  multiple  Fourier  series  were 
obtained.  (III).  A  tract  was  prepared  on  Hecke's  the¬ 
ory  modular  lui.cttous  and  LlrlthM  stilts.  Po.i  1 
contains  preliminary  results  on  the  gamma  function, 
which  are  then  utilized  in  developing  the  theory  of  the 
klti.ii:.,,  zeli  lu..tllon,  btglt.MT.g  Iron,  general  LlrlcMcl 
series  and  progressing  to  Hardy's  theorem,  Riemann- 
Mangoldt  formula,  prime  number  theorem,  and  Ham¬ 
burger's  theorem.  EiiULis  devoted  to  conformal 
mapping,  leading  lo  the  introduction  of  modular  functions 
by  their  mapping  properties. 


IAS.  08:001 

institute  for  Advanced  Study,  Princeton,  N.  J. 

FINAL  REPORT,  JULY  I,  I953-JUNE  30,  1954.  (n.  a. ) 
Dec.  1954,  lv.  Incl.  illus.  lables.  [  Sponsored  jointly 
by  Office  of  Ordnance  Research,  Office  of  Naval  Re¬ 
search,  and  [Air  Force  Office  of  Scientific  Research 
under  DA  jS-034-ord- 1330;  continued  by  DA  36-034- 
ord-  1646  AD  71058  Unclassified 

A  description  is  presented  of  tne  memory  developments 
and  the  general  engineering  Improvements  made  on  the 
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electronic  computer  at  the  Institute.  Discussions  are 
given  on  the  following  mathematical  investigations:  (1) 
a  blast  wave  calculation;  (2)  continued  fraction  expan¬ 
sions  of  algebraic  numbers;  (3)  the  magneto-hydrody¬ 
namic  theory  of  solar  sptcules;  and  (4)  the  calculation 
of  the  energy  band  structure  of  iron  with  application  to 
the  theory  of  ferromagnetism.  Meteorological  research 
is  summarized  under  the  following  topics:  (1)  computa¬ 
tions  with  a  3-level  model;  (2)  experiments  with  a  2- 
level  forecasting  model;  (3)  experiments  with  multilayer 
nonlinear  forecasting  models;  (4)  barotroplc  forecasts 
for  low  latitude;  (5)  computation  of  vertical  velocities; 
(6)  time  series  code;  (7)  objective  analysis;  (8)  wind- 
driven  water  waves;  and  (9)  use  of  the  primitive  equa¬ 
tion  in  forecasting.  (A3TIA  abstract) 


US.  09:001 


Institute  for  Advanced  Study,  Princeton,  N.  J. 


FAST  CARRY  LOGIC  FOR  DIGITAL  COMPUTERS,  by 
B.  Gilchrist,  J.  E.  Pomerene,  and  S.  Y.  Wong.  July 
1955,  12p.  lncl.  lllus.  dlagrs.  (Technical  rept.  no.  55- 
01)  l  Sponsored  jointly  by  Office  of  Ordnance  Research, 
Office  of  Naval  Reseaich,  [Air  Force!  Office  of  Scien¬ 
tific  Research,  and  Atomic  Energy  Commission  under 
DA  36-034-ord-1646;  continuation  of  DA  36-034-ord-1330] 
AD  71060  Unclassified 


Existing  large  scale  binary  computers  typically  must 
allow  for  the  maximum  full  length  carry  time  in  each 
addition.  It  has  been  shown  that  average  carry  sequences 
are  significantly  shorter  than  this  maximum,  on  the 
J  average  only  five  stages  for  a  40  digit  addition.  A  meth- 

m  od  is  described  to  realize  the  implied  8  to  I  time  saving 

by  deriving  an  actual  "carry  completion"  signal.  Ex¬ 
perimental  results  verify  this  saving.  (Contractor's 
summary) 


IAS.  09:002 

Institute  for  Advanced  Study,  Princeton,  N.  J. 


AUTOMATIC  NETWORK  ANALYSIS  WITH  A  DIGITAL 
COMPUTATIONAL  SYSTEM,  by  M.  Kochen  and  S.  Y. 
Wong.  Aug.  1955,  20p.  lncl.  dlagr.  tables.  (Technical 
rept.  no.  55-02)  (Sponsored  jointly  by  l  Office  of  Ord¬ 
nance  Research,  Office  of  Naval  Research,  Air  Force 
Office  of  Scientific  Research]  and  Atomic  Energy  Com¬ 
mission  under  DA  36- 034-ord- 1646)  AD  74872 

Unclassified 


The  use  of  digital  computers,  when  developed  into  a 
system,  is  a  practical  way  of  solving  complex  network 
problems.  It  is  demonstrated  by  the  procedure  used 
that  high  speed  digital  computers  can  be  programmed 
such  that  the  problem  originator  needs  little  or  no  infor 
mation  about  the  computtng  methods  employed.  Changes 
in  a  circuit  which  have  previously  been  analyzed  are 
readtly  effected  with  very  little  set-up  time,  With  the 
increasing  adoption  of  large  computers  for  accounting 
purposes,  the  addition  of  network  computation  system 


Involves  only  the  creation  of  a  group  of  program  de¬ 
signers  skilled  in  network  problems.  An  operator  ac¬ 
customed  to  analyzer  methods  need  experience  no  loss 
in  convenience  when  using  digital  methods  Instead.  It 
is  suggested  that  a  floating  point  computing  machine 
with  a  larger  Internal  memory  be  used  because  with  a 
fixed  point  machine,  scaling  difficulties  seriously 
limit  the  accuracy.  (Contractor's  summary) 


IAS.  09:003 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

ON  THE  STABILITY  OF  TWO  SUPERPOSED  COMPRES¬ 
SIBLE  FLUIDS,  by  H.  H.  Cbldstine  and  J.  Glllls. 

[  1955]  [  8 ]  p.  [Sponsored  jointly  by  Office  of  Ord¬ 
nance  Research,  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  DA  36-034- 
ord-1646  and  N7onr-38801  ]  AD  I068I9 

Unclassified 

Also  published  in  Ann.  Math.  Pura  Appl. .  v.  40:  261- 
267,  1955. 

The  authors  consider  the  case  of  two  compressible, 
non-vlscous  fluids,  one  above  the  other,  and  investi¬ 
gate  the  stability  of  their  equilibrium  under  the  action 
of  gravity.  It  is  found  that  the  equilibrium  is  stable  if 
and  only  if  the  density  of  the  upper  fluid  in  the  immedi¬ 
ate  vicinity  of  the  Interface  is  less  than  that  of  the 
lower.  (Contractor’s  abstract) 


IAS:09:004 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

A  METHOD  FOR  FINDING  THE  GENERAL  SOLUTION 
TO  AND  ARBITRARY  NON-SINGULAR  SYSTEM  OF 
LINEAR  EQUATIONS  INVOLVING  n3/2  MULTIPLICA¬ 
TIONS,  by  J.  P.  Roth.  Jan.  1956,  3p.  (Technical 
rept.  no.  56-01)  (Sponsored  jointly  by  Office  of  Ord¬ 
nance  Research,  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  DA  36-034- 
ord- 1646  and  Nonr- 135803)  AD  88534  Unclassified 

A  method  is  presented  for  obtaining  the  general  solu¬ 
tion  to  a  nonsingular  system  of  equations,  distinct  from 
the  us^al  representation  of  the  solution  in  the  form  of  a 
matrix  Inverse.  It  is  argued  that  this  method  requires 
significantly  less  arithmetic  operations  than  the  matrix- 
inverse  approach.  Certain  matrices  must  be  Inverted 
by  the  scheme  presented  and  it  is  assumed  for  purposes 
of  counting  operations  that  it  takes  k3  multiplications  to 
Invert  a  matrix  of  order  k  The  method  outlined  here 
makes  no  spedat  assumptions  concerning  the  character 
of  the  system  of  equations  other  than  those  customarily 
made  for  partitioning,  namely  that  a  principal  subma¬ 
trix  and  a  product  of  certain  other  submatrices  be  non- 
singular.  (ASTIA  abstract) 
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IAS.  09:005 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

ALGEBRAIC  TOPOLOGICAL  METHODS  FOR  THE  SYN¬ 
THESIS  OF  SWITCHING  CIRCUITS  IN  n  VARIABLES, 
by  J.  P.  Roth.  Apr.  1956,  45p.  inci.  lllus.  refs. 
(Technical  rept.  no.  56-02)  (Sponsored  jointly  by  Office 
of  Ordnance  Research,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36- 
b34-uid-V84'8)  AL  sdbo7  Unclassified 

The  logical  formulation  of  the  synthesis  of  switching 
systems  Is  reviewed,  and  reference  is  made  to  the 
ioglcal  problem  of  determining  a  normal  formula  which 
Is  a  disjunction  of  conjunctions  and  In  which  no  letter 
can  occur  twice  in  a  clause.  The  basic  structure  upon 
which  the  whole  development  depends,  after  the  problem 
Is  reformulated  In  combinatorial  topological  terms,  Is 
that  of  a  cubical  complex  K(f).  A  mapping  f  of  the  nfh 
Cartesian  product  Zjj  of  the  space  Z2  of  Integers  modulo 
2  Into  Z2  Is  defined.  Z2  Is  treated  as  a  n-cube,  and  an 
Inductive  definition  is  given  of  the  cumcat  complex  K 
derived  from  the  set  f-*(l)  of  elements  mapped  Into  1. 
The  space  of  0-cubes  Is  the  discrete  set  f-l(l).  Two 
0-cubes  are  said  to  be  faces  of  a  1-cube  If  It  Is  possi¬ 
ble  to  transform  from  one  to  the  other  by  the  change  of 
a  single  coordinate.  The  cubical  complex  K(f)  Is  de¬ 
fined  as  the  collection  of  cubes  K°,  K^,  ...,  Kn,  ... 
plus  face  and  coface  operators.  Mappings  Kr  — > 

Krt  1  are  called  coface  operators,  and  mappings 
Kr  — >  Kr_1  are  called  face  operators.  A  subcomplex 
L  Is  called  a  cover  of  K  if  It  contains  all  the  vertices  of 
K.  H  qk  1»  Hit  iftrtuber  of  maxima!  lx -tubes  ul  L,  Hit 
problem  Is  to  find  a  cover  L  such  that  the  form 

n 

Q^n-k)  Is  minimized.  No  scheme  Is  provided 

for  always  obtaining  the  minimum.  The  problem  of 
finding  the  precise  relationship  between  the  minimiza¬ 
tion  of  Bouleikn  funrlRns  and  IJlP  ,T‘lnlinlramn  f  Ihr 
switching  circuit  problem  Is  discussed. 


and  Hj(K)  is  the  first  cohomology  group.  Kron  consid¬ 
ered  the  set  of  all  possible  networks  Into  which  a  given 
network  could  be  transformed  through  the  group  of 
tearing  and  interconnecting  transformations.  His  meth¬ 
od  of  tearing  consists  In  deducing  from  the  equations  of 
state,  or  the  equations  of  solution  for  one  element  of 
the  set,  the  equations  of  state  or  of  solution  for  any 
other  element  In  the  set  by  a  routine  procedure  gov¬ 
erned  by  the  induced  transformations.  A  condition  on 
L  Is  obtained  such  that  a  solution  exists  for  all  net- 
Wjtka  H  uimipatiVAc  wltti  L.  TeWlng  la  tl^llinvi,  and 
the  Invariance  of  the  power  under  tearing  and  Intercon¬ 
nection  is  discussed.  The  construction  of  a  solution 
by  means  of  tearing  is  described.  A  comparison  of 
some  methods  for  solving  network  problems  Is  made 
by  an  example.  Solutions  are  obtained  by  standard 
methods,  standard  partitioning,  an  algebraic  form 
of  solving  equations  suggested  by  tearing,  and  tearing. 


INS.  01:001 

IrUUuU  o!  U«’  AcrcfiWzUr  -1  S<Uor«g,  lw, ,  IWw  Yutk. 

AERONAUTICAL  ENGItCERING  REVIEWS,  by  S.  P. 
Johnston,  W.  A.  Shrader  and  others.  Jan.  -Dec.  1956. 
(MT  lb(tb<j)V^4)  UbeUwsMVed 


This  work  collects,  reproduces,  and  distributes  Indi¬ 
cative  abstracts  from  current  Important  unclassified 
technical  aeronautical  literature,  including  AFOSR  re¬ 
ports  of  worldwide  scientific  and  technical  literature. 
Approximately  100  abstracts  are  published  monthly  In 
these  Reviews  (1958  name  charged  to  Aero,"Si«ce  En¬ 


gineering)  which  has  a  special  Insert  section  printed  on 


yellow  paper  ] 


has  appeared  regularly  since  Jan.  1956.  The  abstracts 
cover  the  following  scientific  fields:  acoustics;  aero¬ 


dynamics  and  fluid  mechanlcs;aeroelastlclty ;  electronics; 
fuels  and  lubricants;  instruments;  missiles  and  rockets; 
nuclear  energy;  power  plants;  propellers;  research  and 
research  latlilUes,  rotating  wing  alftfaTl.  space  travel, 
structures;  and  thermodynamics. 


IAS.  09:006 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

AN  ALGEBRAIC  TOPOLOGICAL  APPROACH  TO 
KRON’S  METHOD  1,  by  J.  P.  Roth.  June  1956,  35p. 
tncl.  lllus.  refs.  (Technical  rept.  no.  56  03)  (Spon¬ 
sored  jointly  by  Office  of  Ordnance  Research,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific  Re¬ 
search  under  DA  36-034- ord- 1646  and  Nonr-  135803) 

AD  118604  Unclassified 

The  problem ’s  formulated  as  follows:  Given  the  arbi¬ 
trary  elements  1’  of  1>C,(K)  and  e’  of  Hj(K),  find  ele¬ 
ments  J  of  C^(K)  and  "  of  C[(K)  such  that  JJ  =  1’, 

C(V  e',  and  V  =  LJ.  The  network  K  Is  defined  as  a 
one -dimensional  regular  complex,  L  Is  a  transforma¬ 
tion  of  its  group  C*(K)  of  i-chalns  Into  Cj(K),  Its 
group  of  1-cochains;  P  *(K)  Is  the  group  of  0- boundaries 


1NT.  01:001 

lnstituto  Nacional  de  Tecnlca  Aeronautlca  Esteban 
Terradas,  Madrid  (Spain). 

SOME  FUNDAMENTAL  PROBLEMS  OF  COMBUSTION, 
by  G.  Mlllan.  ,1956.  [  23  j p.  lncl.  dlagrs.  refs. 
(AFOSR  -  TN- 56- 449)  (AF  6 1  ( 51 4  )734  -  C )  AD  96794 

Unclassified 

The  research  program  Is  described  of  the  lnstituto 
Nacional  de  Tecnlca  Aeronautlca  Esteban  Terradas 
(Spain).  The  program  includes  the  study  of  problems 
dealing  with  premixed  laminar  flames,  diffusion  laminar 
flames  and  the  combustion  of  droplets.  Premixed  lam¬ 
inar  flames  are  discussed  broadly,  Including  equations 
of  the  combustion  wave  and  the  difficulties  encountered 
when  making  specific  studies.  Published  experimental 
data  on  the  hydrazine  decomposition  flame  are  compared 
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wtth  theoretical  values  computed  by  2  different  proce¬ 
dures.  Dlffuston  flames  and  the  combustion  of  Isolated 
droplets  are  considered  brtefty  and  lltustrated  schemat 
tcally.  Laboratory  data  are  furnished  for  the  ttme 
vartatlon  of  the  square  of  the  radtus  tn  tsolated  droplet 
combustion  of  benzene.  Experimental  results  are  given 
for  benzene  and  ethyl  alcohol,  of  a  study  of  the  effect  of 
Interaction  and  forced  convection  on  droplets  as  pre¬ 
liminary  to  Investigation  of  the  combustion  of  sprays. 


INT.  0t:002 

Instltuto  National  de  Tecnlca  Aeronautlca  Esteban 
Terradas,  Madrid  (Spain). 

HYDRAZINE  DECOMPOSITION  FLAME,  by  G.  Mltlan 
and  S.  Sanz.  June  t956,  tv.  lncl.  dlagrs.  tables. 
(AFOSR-TN- 56-466)  (AF  6 1  ( 5 1 4)734 - C)  AD  97084 

Unclassified 

The  propagation  vetoctty  ts  computed  for  the  laminar 
decomposition  flame  of  a  gas  corresponding  to  a  kinetic 
schema  of  chain  reaction  proposed  by  Adams  and  Stocks 
(Fourth  Sympostum  on  Combustion,  Cambrtdge,  Mass.  , 
1 952:  239-248,  pub.  1953)  as  a  simplification  of  the 
kinetic  schema  of  the  decomposition  of  N2R4  vapors. 
Computation  Is  performed  by  first  assumtng  that  the 
steady  state  assumption  Is  sattsfted  for  the  concentra¬ 
tion  of  radtcals.  Subsequently  a  method  ts  developed 
for  the  computation  of  the  vetoctty  of  the  flame  not  In¬ 
cluding  this  assumption.  Results  are  compared  and  it 
Is  verlfted  that  the  steady  state  assumption  Is  justified, 
when  computing  flame  velocity.  Ftnally,  results  are 
discussed  and  compared  to  the  experimental  results  for 
the  decomposition  flame  of  N2H4.  Agreement  is  found 
to  be  satisfactory.  (ASTIA  abstract) 


tNT.  01:003 

tnstituto  Naclonal  de  Tecnlca  Aeronautlca  Esteban 
Terradas,  Madrid  (Spain). 

AN  EXPERIMENTAL  INVESTIGATION  ON  THE  tNTER- 
ACTtON  EFFECTS  IN  THE  COMBUSTION  OF  DROP¬ 
LETS,  by  G.  Mtllan  and  C.  S.  Tarlfa.  May  1956,  44p. 
lncl.  lllus.  dlagrs,  tables,  refs.  (AFOSR-Ttt-56-38) 
(AF  61(5t4)734-C)  AD  95208  Unclassified 

Research  was  concerned  with  the  Interaction  effects  In 
the  combustion  of  benzene  drops  tn  an  oxldtzlng  atmos¬ 
phere.  Three  series  of  experiments  were  conducted: 

(1)  combustion  of  two  drops  side  by  stde;  (2)  combus¬ 
tion  of  a  drop  wlthtn  the  wake  of  another;  and  (3)  the 
evaporation  of  a  di  op  wlthtn  a  dlffuston  flame  which  Is 
formed  on  the  free  surface  of  a  fuel.  The  drops  were 
suspended  from  a  quartz  filament,  and  time  variations 
of  the  mean  diameter  of  the  drops  were  measured  pho¬ 
tographically.  The  drops  were  ignited  by  either  a  bat¬ 
tery  and  coll  or  a  match.  Results  tndlcnted  that  inter 
action  effects  In  the  combustion  of  two  drops  are  not 
Important.  In  the  case  of  two  slde-bv-slde  drops,  the 
maximum  decrease  which  was  observed  of  the  evapora¬ 
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tion  constant  tn  comparison  with  the  case  of  an  tsolated 
drop  was  of  the  order  of  15%;  values  of  the  order  of 
25%  were  reached  tn  some  tsotated  cases  of  combustion 
wtthin  the  wake  of  another  drop.  Ttme  variations  of 
the  square  of  the  radtus  held  tn  Interaction  cases,  at 
least  wtth  the  same  order  of  approximation  as  that  for 
Isolated  drops.  Interaction  effects  always  decreased 
the  evaporation  constants.  In  the  case  of  two  stde-by- 
stde  drops  (of  about  the  same  stze)  Interaction  effects 
are  practically  nonexistent  when  the  dtstance  between 
centers  Is  of  the  order  of  twtce  the  mean  dtameter; 
thts  dtstances  tncreases  up  to  four  times  targer  In  the 
case  of  two  drops,  one  wtthin  the  wake  of  the  other. 
Interaction  phenomena  should  produce  a  decrease  of 
the  temperature  on  the  flame  front,  stnce  0  concentra¬ 
tion  ts  lower;  on  the  other  hand,  the  heat  which  Is  trans¬ 
mitted  to  the  drop  should  tncrease  since  there  are  other 
heat  sources  alten  to  its  own  flame  front.  fASTIA  ab- 
abstract) 

INT.  01:004 

Instituto  Naclonal  de  Tecnica  Aeronautlca  Esteban 
Terradas.  Madrid  (Spain). 

COMBUSTION  OF  FUEL  DROPS:  FORCED  CONVEC¬ 
TION  AND  INTERACTION  EFFECTS,  by  G.  Mtllan  and 
C.  S.  Tarlfa.  Sept.  20,  1 956  t  39  J  p.  lncl.  dlagrs.  refs. 
(AF  61(514)734-0  Unclasstfted 

Also  presented  at  Second  European  Aeronautical 
Congress,  Schevenlngen  (Netherlands),  Sept.  25-29, 
1956. 

A  brtef  revtew  ts  made  of  the  theoretical  and  experi¬ 
mental  results  tn  reference  wtth  the  combustion  of 
stngle  fuet  drops  tn  a  stitl  atmosphe-e.  Several  experi¬ 
mental  results  on  the  effects  of  forced  convection  and 
Interaction  In  the  combustton  of  fuel  drops  are  given 
and  compared  to  those  for  the  case  of  a  stngle  drop  In 
a  sttll  atmosphere.  These  results  were  obtained  at  the 
Combustion  Laboratory  of  the  tNTA.  Analysis  Is  made 
of  the  posstblo  application  of  this  experimental  evidence 
to  the  combustion  of  sprays.  (Contractor's  summary) 


tOW.  Ot  :001 

Iowa  State  Coll.  Dept,  of  Mathematics,  Ames. 

DEFLECTIONS  OF  A  SIMPLE-SUPPORTED  L-SHAPED 
PLATE  UNDER  A  UNIFORM  NORMAL  LOAD,  by  D.  L. 
Holland  H.  J.  Weiss.  Sept.  1 954,  18p.  lncl.  dlagrs. 
tables.  (Technical  note  no.  1)  ([  AF  JOSR-TN-54-240) 
(AF  1 8(600)574)  AD  47339  Unclassified 

The  deflections  of  an  L- shaped  plate  under  a  uniform 
normal  load  are  obtained  by  solving  the  corresponding 
problem  for  two  rectangular  plates  which  form  the  L- 
shaped  plate.  Soluttons  for  the  two  separate  rectangles 
are  taken  In  the  form  of  Four'er  series  with  unknown 
coefficients.  Applying  the  appropriate  boundary  condl- 
tlonr  and  matching  the  soluttons  along  the  line  which 
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separates  the  original  plate  Into  two  rectangles  leads  to 
a  set  of  relations  for  the  coefficients  which  are  solved 
numerically.  The  deflections  of  the  L- shaped  plife  at 
various  points  of  Interest  are  given.  (Contraclor's 
abstract) 


IOW.  01:002 

Iowa  State  Coll.  Dept,  of  Mathematics,  Ames. 

DEFLECTIONS  OF  RECTILINEAR  PLATES  UNDER 
UNIFORM  NORMAL  LOADS,  by  R.  J.  Oedy  and  H.  J. 
Weiss.  Technical  rept.  Sept.  1955  [56]p.  lncl.  dlagrs. 
tables.  ( [  AF  ]  OSR-TN-55-317)  (AF  18(600)574) 

AD  75415  Unclassified 

The  deflections  of  rectilinear  plates  under  uniform 
normal  loads  are  obtained  by  subdividing  the  plates  Into 
rectangular  pieces,  and  solving  the  plate  equation  with 
appropriate  boundary  conditions  for  each  rectangle  sep¬ 
arately.  Solutions  are  then  matched  for  continuity  along 
the  subdivision  lines.  This  method  results  In  a  set  of 
Infinite  linear  equations  for  eight  parameters  which  are 
the  coefficients  In  a  Fourier  series  expansion  for  the 
deflections.  These  parameters  may  be  obtained  by  a 
numerical  solution  of  the  set  of  Infinite  equations,  and 
thus  the  deflections  may  be  obtained  approximately. 
Numerical  results,  for  various  dimensional  ratios,  are 
given  for  an  L-shaped  plate  and  a  U  (channel)-shaped 
plate,  both  completely  simply-supported.  Analytical  re¬ 
sults,  with  no  numerical  solution,  are  given  for  T- 
shaped  and  I- shaped  plates,  both  simply- supported,  and 
for  an  L-shaped  plate,  clamped  on  one  edge,  and  on 
two  edges,  Ihe  other  edges  being  simply -supported. 
(Contractor’s  abstract) 


IOW.  01:003 

Iowa  State  Coll.  Dept,  of  Mathematics,  Ames. 

THE  SOLUTIONS  BY  DUAL  INTEGRAL  EQUATIONS  OF 
AN  AXIALLY -SYMMETRIC  MIXED  BOUNDARY  VALUE 
PROBLEMS,  by  H.  J.  Weiss.  Sept.  1955,  29p.  lncl. 
dlagrs.  (AFOSR-TN-55-331)  (AF  18(600)574) 

AD  75216  Unclassified 

The  linearized  characteristics  method  Is  applied  to  de¬ 
termine  the  non-conlcal  supersonic  flow  near  the  nose 
of  a  body  revolution  at  zero  angle  of  attack  with  non- 
detached  shock.  In  particular  a  relation  between  the 
body  and  the  shock  curvatures  In  meridian  planes  Is 
developed.  Auer  *t>e  detailed  presentation  of  the  meth¬ 
od,  Its  limits  of  applicability  are  discussed.  As  an 
example  the  method  Is  applied  to  the  flow  about  the  nose 
of  the  HM-10  at  a  Mach  number  of  3. 18. 


iOW.  02:001 


Iowa  State  Coll.  Engineering  Experimental  Station,  Ames. 
SOUND  DISPERSION  IN  HALO- METHANE  MIXTURES, 


by  R.  C.  Amme  and  S.  Legvold.  Jan.  1956  [  20  ]p. 
lncl.  dlagrs.  tables.  (Rept.  no.  319AH)  (AFOSR-TN- 
56-8)  (AF  18(600)1496)  AD  80541  Unclassified 


;Jour.  Chem.  Phys. ,  v.  26:514-517, 


Mar.  1957. 


Results  of  studies  of  the  dispersion  of  ultrasound  In 
mixtures  of  CHCIF2  and  CF4  and  of  CHCI2F  and  CCIF3 
at  various  concentrations  are  presented.  In  none  of 
the  eight  mixtures  studied  Is  there  evidence  of  multiple 
dispersion,  each  mixture  exhibiting  a  single  relaxation 
time  which  falls  between  those  of  the  pure  constituents. 
A  simple  method  of  averaging  the  various  quantities 
entering  Into  the  prediction  of  collision  lifetimes  In  the 
pure  constituents  Is  presented  which  yields  lifetimes 
for  the  mixtures  nearly  matching  those  found  by 
experiment.  (Contractor's  abstract) 


Israel  Inst,  of  Tech.,  Haifa.  Technlon  -  Israel  I'nsl. 
of  Tech. ,  Haifa. 
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Istltuto  Nazlonale  di  Ottica,  Florence  (Italy). 

[  INFLUENCE  OF  A  RETINAL  ILLUMINATION  GRADI¬ 
ENT  AND  ITS  VARIATIONS  ON  THE  SUBJECTIVE 
SENSATION  OF  BRIGHTNESS]  L’lnfluenza  del  gradi¬ 
ent!  dl  lllumlnamento  retlclnl  e  delle  loro  varlazlonl 
sulla  sensazlone  soggettlva  dl  brlllanza,  by  A. 
Florentlnl.  [  1954  ]  [  7  j p.  lncl.  lllus.  dlagrs.  (AF  61- 
(514)634-C)  Unclassified 

Presented  at  the  Conference  on  Problems  In  Contem- 
pcrary  Optics,  Florence  (Italy),  Sept.  10-15,  1954. 

Published  In  Attl  Della  Fondazlone  G.  Ronchl,  v.  10: 
54-60,  Jan.  -Feb.  1955. 

The  visual  effect  which  Is  apparent  when  a  uniform 
field  Is  viewed  through  a  hole  placed  close  to  the  eye 
Is  visible  also  when  the  subject  looks  at  the  shadow  of 
ar.  object  Illuminated  by  an  extended  source;  a  bright 
line  Is  seen  close  to  the  boundary  between  the  Illumi¬ 
nated  field  and  the  penumbra.  It  has  been  demon¬ 
strated  that  this  effect  Is  due  only  to  the  eye  and  It  has 
been  referred  to  the  phenomenon  discovered  by  Mach 
and  studied  by  a  number  of  researchers.  This  effect 
Is  due  to  a  rapid  change  of  the  Illumination  gradient  on 
the  retina.  Two  experiments  have  been  carried  out  to 
Investigate  the  dependence  of  visibility  of  the  bright 
line  upon  field  luminance  and  observation  time. 
(Contractor's  summary) 


1ST.  01:002 

Istltuto  Nazionale  di  Ottica,  Florence  (Italy). 

1  THE  POWER  OF  RESOLUTION  OF  THE  EYE  WITH 
REGARD  TO  FIXED  lMAtHS  ON  THE  RETINA  j  11 
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potere  rlsolutlvo  dell'  occhlo  per  lmrnaglnl  (lsse  rlspet- 
to  alia  retina,  by  A.  Florentlnl.  [  1954  j  [  5  ,  p.  lncl. 
dlagr.  table,  refs.  (AF  61  (514 )634 - C ) 

Unclassified 

Published  In  Atll  Della  Fondazlone  G.  Ronchl,  v.  9: 
470-474,  Nov.  -Dec.  1954. 

Methods  followed  by  different  workers  for  measuring 
amplitude  and  frequency  of  Involuntary  eye  movements 
are  briefly  reported.  An  experiment  Is  described, 
which  et.iplt.yo  the  method  devised  ty  Llteliburn  ar.J 
Glnsborg  and  Independently  by  Ratliff,  Riggs  and  co¬ 
workers.  By  this  method  It  Is  possible  to  fixate  Images 
i  tin  ri tlra  tv  n  luring  >yi  rr>ov.  nit  t*  Visibility 
of  a  wire  on  a  bright  background  has  been  Investigated 
and  the  results  are  In  agreement  with  these  of  the  au¬ 
thors  quoted  above;  visual  acuity  with  a  parallel  bar 
test  object  has  also  been  Investigated.  (Contractor’s 
summary) 


1ST.  01:003 

Istituto  Nazionale  di  Ottica,  Florence  (Italy). 

MEASUREMENTS  OF  DIFFERENTIAL  THRESHOLD  IN 
THE  PRESENCE  OF  A  SPATIAL  ILLUMINATION  GRA¬ 
DIENT,  by  A.  Florentlnl,  M.  Jeanne,  and  G.  T.  dl 
Francla.  1 1 955 ]  17p.  lncl.  dlagrs.  refs.  (Technical 
note  no.  3;  EOAHDC-TN-55  N.  3)  [  AFOSR-TN- 55- 579 '] 
(AF  61(514)634-C)  AD  154156  Unclassified 

Also  published  In  Attl  Della  Fondazlone  G.  Ronchl,  v.  10: 
371-379,  Sept. -Ocl.  1955. 

A  field  where  the  luminance  varies  along  a  given  direc¬ 
tion  Is  viewed  by  an  ohserver  and  the  photometric  dif¬ 
ferential  threshold  ts  measured  In  different  points  of 
the  field.  The  experimental  values  of  the  threshold 
compare  fairly  well  with  the  distribution  of  subjective 
brightness,  as  reported  by  the  observer,  it  has-  been 
found  that  the  presence  of  the  gradient  of  Illumination 
makes  the  threshold  Increase.  The  value  of  the  thres¬ 
hold  at  the  point  of  the  field  where  the  hrlght  Mach  band 
Is  seen  by  the  observer,  decreases  when  the  angular 
width  of  the  graded  field  Increases.  This  variation  quan¬ 
titatively  corresponds  to  the  dorrease  of  brightness  of 
the  Mach  band.  (Contractor's  abstract) 


1ST.  01:004 

Istituto  Naztonale  dl  Ottica,  Florence  (Italy). 

ON  THE  DIFFERENTIAL  AND  INTEGRAL  PUPIL  EF 
FICIENCIES,  by  A.  M.  Ercoles,  L.  Ronchl,  and  G.  T. 
di  Francla,  1955  20p.  lncl.  dlagrs.  tables.  (Tech¬ 

nical  note  no.  4;  EOARDC  TN  55  N.  4)  (  AF  OSR-TN- 
55  580)  (AF  61(5I4)634-C)  AD  154157 

Unclassified 

A  study  has  been  made  of  the  sensations  which  result 
when  rays  of  different  Inclinations  angles  of  Incidence 


•  • 


1ST.  01:003  -  1ST.  01 :007 


Impinge  on  the  same  retinal  area  (the  fovea).  The 
measurements  have  been  carried  out  by  adopting  the 
Maxwellian  view.  The  pupil  efficiency  (relative  lumi¬ 
nosity)  has  been  determined  by  focussing  at  the  pupil 
plane  a  series  of  spots  of  different  size  and  shape, 
e.  g, ,  a  single  pinhole,  2  pinholes,  either  symmetrical 
or  not  with  respect  to  the  center  cf  the  pupil,  full 
circles,  half  circles,  and  concentric  rlng9.  All  3  sub¬ 
jects  tested  show  dlfferenl  behaviors,  but  none  of  them 
Indicated  a  tendency  to  over-addltlvlty.  A  tentative 
theoretical  explanation  Is  suggested  In  terms  of  Inhi¬ 
bition,  and  of  possible  dlllcrenttS  u!  Inclination  shown 
by  the  axes  of  the  cones  in  the  fovea.  It  Is  conceivable 
that  a  component  of  Inhibition  may  depend  on  the  color 
«U#eri-w<9  which  gc  tug'  ll-  r  with  tV  Stll-  -s  .-nd  r rj*- 
ford  effect. 


1ST.  01:005 

Istituto  Nazionale  dl  Ottica,  Florence  (Italy). 

[  VISUAL  PHOTOMETRIC  MEASUREMENTS  ON  A 
FIELD  WITH  A  GRADIENT  OF  VARIABLE  ILLIMNA- 
TION]  Mesures  photomdtrlques  vlsuelles  sur  un 
Champ  a  gradient  d'eclalrement  variable,  by  A. 
Florentlnl,  M.  Jeanne,  and  G.  T.  dl  Francla.  [  1955] 

[  2  ]  p.  lncl.  dlagr.  refs.  (AF  61  (51 4)634 - C ) 

Unclassified 

Published  j  Optic  a  Ac  la.  v.  1:  192-193,  Feb.  1955. 

The  phenomenon  of  Mach  bands,  or  lines  appearing  to 
form  on  a  surface  with  luminance  varying  In  one  direc¬ 
tion  was  studied.  This  was  shown  to  be  Influenced  by 
the  subjective  amount  of  light  reaching  the  eye  of  the 
observer.  The  rcle  of  change  of  Illumination  was  shown 
to  be  Important. 


1ST.  01:006 

Istituto  Nazionale  dl  Ottica,  Florence  (Italy). 

ON  THE  INFLUENCE  OF  A  MYDRIATIC  ON  THE 
STILES  AND  CRAWFORD  EFFECT,  by  L.  Ronchl. 

[  1955 ]  4p.  lncl.  dlagrs.  (AF  61(514)634-0 

Unclassified 

Puhllsned  in  Proc.  Conference  on  Problems  In  Con¬ 
temporary  Optics,  Florence  (Italy),  Sept.  10-15,  1954, 
p.  570-574. 

Observations  are  reported  which  Indicate  that  lhe 
Sttles-Crawford  eliect  Is  reduced  when  a  mydriatic, 
slinpamlne-colllrlum.  Is  placed  In  the  eye  of  a  single 
observer.  No  final  conclusions  were  drawn  from  the 
'trxitng. 


1ST.  01:007 


Istituto  Naztonale  dl  Ottica,  Florence  (Italy). 

ON  THE  INFLUENCE  OF  MYDIUATICS  AND  MIOTICS 


t  • 
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ON  VISUAL  FUNCTIONS,  by  L.  Ronchl.  [  1955]  34p. 
lncl.  dlagrs.  refs.  [  Technical  note  no.  l]  (AF61- 
(514)634-C)  Unclassified 

Published  In  Attl  Della  Fondazlone  G.  Ronchl,  v.  10: 
285-308,  July- Aug.  1955. 

The  Influence  on  visual  functions  of  mydrlatics  and  ml- 
otics  Instilled  Into  the  conjunctival  sac  had  been  dis¬ 
covered  at  the  end  of  the  past  century  and  has  been  In¬ 
vestigated  by  some  authors.  Nevertheless,  In  many 
fundamental  and  classtcal  researches  of  phystolcglcal 
optics,  mydrlatics  and  mlotics  have  been  used  without 
taKlrn’  Into  arc  -uni  thi  ronsi.qui  nn:s  of  (Mr  artun  on 
visual  functions.  By  means  of  accurate  experimental 
procedures  the  author  Investigates  the  Influence  on 
visual  threshold  and  on  resolving  power  and  on  the 
Stiles  and  Crawford  effect,  of  mydrlatics  such  as  sy.n- 
pamine-colllrlum,  euphthalmlne,  and  homatroplne.  The 
magnitude  of  the  effects  observed  on  six  normal  and 
experienced  observers  Is  rather  remarkable.  It  Is 
therefore  necessary  to  avoid  the  use  of  any  mydriatic, 
when  investigating  quantitatively  the  properties  of  the 
normal  eye.  (Contractor's  summary) 


1ST.  01:008 


Istltuto  Nazlonale  dl  Ottlca,  Florence  (Italy). 

THE  DEPENDENCE  OF  HUMAN  ELECTRORETINO- 
GRAM  ON  THE  SHAPE  OF  THE  STIMULUS  AS  A 
FUNCTION  OF  T1V.F ,  by  l  l  or/hl  and  S,  GruA 
[Dec.  1956]  [20jp.  lncl.  dlagrs.  (Technical  note  no. 

5)  (AFOSR-TN-56-193)  (AF  61(514)634- C)  AD  87066 

Unclasstfled 

Also  puhllshed  In  Optica  Acta,  v.  3:  188-195,  Dec.  1956. 

The  human  electroretlnogram  was  studied  for  various 
time-gradients  of  Illumination  of  the  rettna,  utilizing 
an  Intense  white  stimulus  lot  tab  a  light  and  dark 
adapted  eye.  In  general,  the  cone  response  appeared 
to  be  masked  by  rod  activity.  No  remarkable  variations 
in  the  electroretlnogram  were  observed  by  varying  the 
time  of  rise  of  the  stimulus  between  I  and  7  msec. 

When  the  time  oi  rise  ranged  from  70  to  600  msec, 
remarkable  changes  in  both  shape  and  size  oc cured,  and 
the  latency  time  Increased.  (Contractor's  abstract) 


1ST.  01:009 

Istltuto  Nazlonale  dt  Ottlca,  Florence  (Italy). 

THE  EFFECT  ON  THE  HUMAN  ELECTRORET1NO- 
GRAM  OF  THE  DISTRIBUTION  OF  FLUX  IN  A  LIGHT 
STIMULUS  OF  FINITE  DURATION,  by  L.  Ronchl  and 
J.  D.  Moreland.  Aug.  15,  1956  10  p.  lncl.  dtagrs, 

table.  [  Technical  note  no.  6j  [  AFOSR-TN-56-340 , 
(AF  61(514)634-C»  AD  95216  Unclasstfled 

Also  puhllshed  In  Optica  Acta,  v.  4:31-40,  Mar.  1957. 


The  dependence  of  the  human  ERG  (electroretlnogram) 
on  the  flux  distribution  In  a  white  Itght  stimulus  was 
examined  lor  2  observers  In  the  dark- adapted  state. 

The  stimulus  Is  broken  down  Into  3  variables:  time  of 
rise,  time  of  exposure,  and  peak  Intensity.  The  re¬ 
sponse  was  analyzed  with  regard  to  3  characteristics: 
height,  slope,  and  latency- time  of  the  b-wave.  In  one 
experiment  the  maximum  stimulus  level  was  kept  con¬ 
stant  at  100  lux  at  the  pupil  plane  and  the  time  of  rise 
kept  constant  at  10  msec.  In  the  range  of  time  of  ex- 
p <  sure,  20  to  600  msec,  both  the  height  and  slope  of 
the  b-wave  showed  an  tnltiat  rise  until  the  exposure  In¬ 
creased  to  about  50  msec  and  then  tended  toward  satu- 
tattuu  Lib  xy -U.nc  slijWed  lUlle  chan#:  remaining 
at  about  50  msec.  In  a  second  experiment,  time  of 
rise  and  exposure  were  held  constant  at  10  and  20  msec 
respectively,  and  records  were  obtained  for  relative 
peak  intensities  of  1,  2,  3,  3.5,  and  5.  For  both  sub 
jects  an  Increase  In  peak  Intensity  produced  first  an 
Increase  in  the  height  of  the  b-wave  and  later  no  ap¬ 
preciable  change.  This  same  kind  of  change  for  the 
slope  of  the  b-wave  was  recorded  for  one  observer,  but 
no  tendency  to  saturate  was  seen  for  the  other  observer. 
The  latency-time  diminished  somewhat  with  Intensity 
for  the  first  observer,  and  remained  fairly  constant  for 
the  second  observer.  A  Bunsen  Roscoe  relation  be¬ 
tween  peak- flux  and  exposure  time  appeared  to  hold  for 
one  observer.  When  the  time  of  rise  was  changed, 
keeping  exposure  time  and  peak  Intensity  constant,  no 
change  In  the  ERG  was  recorded  although  Roscoe  re¬ 
lation  is  therefore  an  oversimplifying  procedure:  the 
rod  mechanism  cannot  be  considered  as  a  simple  inte- 
.  Short  that  xUo  rttti.wU  rtsexki 
x-wave  response  (characteristic  of  the  cone  mechanism) 
which  appeared  In  3  modes  of  roughly  equal  frequency. 
Analysis  of  records  obtained  for  standard  stimuli  over 
a  period  of  months  showed  a  typical  seasonal  variation 
of  appreciable  magnitude  In  the  height  of  the  b-wave 
response.  (Contractor’s  abstract,  modtfied) 


1ST.  O'  .Ah 

Istltuto  Nazlonale  di  Ottlca,  Florence  (Italy). 

VISION  OF  OSCILLATING  NON-INIFORM  FIELDS,  by 
A.  Florentlnl  and  A.  M.  Ercoles.  [  1956 j  20p.  lncl. 
dlagrs.  (Rept.  no.  EOARDC-TN-56-No.  7)  (AFOSR- 
TN-56-366)  (AF  61  (51 4)634 - C)  AD  95802 

Unclassified 

Also  published  In  Optica  Acta,  v.  4,  150- 1 57,  Dec.  1957. 


In  order  to  Investigate  the  posstble  tnfluence  of  Involun¬ 
tary  eye  movements  on  the  contrast  effect  due  to  non-  ..  '  •' 

uniform  fields,  the  authors  measured  the  minimum 
spatial  gradtent  of  luminance  allowtng  vtslblllty  of  the 
Mach  band,  with  a  fteld  oscttlattng  perpendtcularly  to 
the  line  of  stght.  It  was  found  that  the  movement  factl-  ' 

lutes  the  vtston  of  the  Mach  band,  provtded  tts  frequen-  •  • 

cy  ts  not  too  great.  The  results  are  discussed  In  terms 
of  retinal  Interaction  and  of  on-  and  off-effects  tn  the 
nervous  pathways.  (Contractor’s  abstract)  •  *-  -’ 
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1ST.  01:011 

Istltulo  Nazionale  dl  Oltica,  Florence  (Italy). 
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1ST.  01:012 

Istltuto  Nazionale  dl  Oillca,  Florence  (Italy). 


ON  THE  RESPONSE  OF  THE  HUMAN  EYE  TO  LIGHT  FURTHER  MEASUREMENTS  OF  DIFFERENTIAL 

STIMULI  PRESENTING  A  SPATIAL  OR  TEMPORAL  THRESHOLD  IN  THE  PRESENCE  OF  A  SPATIAL 

GRADIENT  OF  LUMINANCE,  by  A.  Florentlnl  and  L.  ILLUMINATIQIf  GRADIENT,  by  A.  FiorenUnl.  [1956] 

Ronchl.  [  1956  ]  9p.  lncl.  diagrs.  (Rept.  no.  [ 5 ] p.  incl.  dlagr.  (AF  61(514)634 -C)  Unclassified 


EOARDS-TN-No.  8)  (AFOSR-TN-56-444)  (AF  81(514)- 
634 -C)  AD  96789  Unclassified 

Also  published  In  Jour.  Opl.  Soc.  Amer. ,  v.  47:  639- 
642,  July  1957. 


From  psychophysical  experiments  on  vision  of  spatial 
gradients  of  luminance  on  the  retina,  some  differences 
have  been  pointed  out  between  central  and  peripheral 
vision  In  both  oases,  the  brightness  distribution 
agrees  with  the  distribution  of  the  differential  sensi¬ 
tivity  of  the  eye.  The  differences  are  ascribed  Io  2 
different  mechanisms  of  Interaction,  one  related  to  the 
cones,  and  the  other  lo  the  rods.  The  first  gives  rise 
lo  the  perception  of  Mach  bands,  while  the  second 
simply  emphasizes  the  sensation  of  brightness  In  lhe 
graded  field.  Some  observations  made  by  a  hemeralopic 
subject  confirm  the  view  that  the  appearance  of  the 
Mach  bands  is  related  to  cone  vision.  From  the  elec- 
troretlnographlc  Investigation  with  lime  gradients  of 
luminance,  It  can  be  deduced  that,  as  far  as  the  rod 
response  is  concerned,  the  slowly  rising  stimuli  are 
more  effective  than  the  stimuli  o'  any  form  containing 
the  same  energy.  The  role  of  the  peripheral  mecha*- 
nlsm  In  the  vision  of  spatial  or  temporal  gradients  of 
luminance  has  been  ascertained  both  with  psychophysical 
and  eleclrophyslologlcal  experiments.  (Contractor’s 
abstract) 


Published  In  Altl  Della  Fondazlone  G.  Ronchl,  v.  11: 
67-71,  Jan. -Feb.  1956. 

Measurements  are  reported  on  the  mean  differential 
threshold  (average  of  the  upper  and  lower  differential 
threshold)  in  lhe  presence  of  a  spatial  Illumination 
gradient.  Previous  results  and  the  present  more  ex¬ 
tensive  measuremenls  are  In  agreement. 

1ST.  01:013 

Istltuto  Nazionale  dl  Oillca,  Florence  (Italy). 

VISUAL  EXPERIMENTS  WITH  A  VIBRATION  TEST 
OBJECT,  by  A.  M.  Ercoles,  A.  Florentlnl,  and  G. 

T.  dl  Francla.  [  1956  ]  [7]p.  lncl.  diagrs.  refs. 
[Technical  note  no.  2]  (AF  61(514)634-C) 

Unclassified 

Published  in  Optica  Acta,  v  3:40-46,  Mar.  1956. 

In  order  to  study  the  influence  of  ?ye  movements  on 
vision,  detection  and  resolution  have  been  measured 
with  a  vibrating  test  object.  The  experimental  data 
obtained  by  three  observers  have  been  plotted  both 
against  frequency  and  amplitude  of  the  vibration.  II 
seems  possible  to  conclude  that  eye  movements,  even 
of  a  very  high  frequency,  have  a  role  In  affecting 
vision  of  moving  objects.  (Contractor’s  summary) 
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James  Forrestal  Research  Center,  Prtnceton,  N.  J.  ge£ 
Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 


Johns  Hopkins  U. ,  Baltimore,  Md. 

N6ort-10503  and  N6onr- 24320,  Project  Squid  see  under 
Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  9Q11ID1  Item  nos.  PRI.  11:081  -  PRI.  11:096. 


JHU  01:001 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

TURBULENT  BOUNDARY  LAYERS  IN  ADVERSE  PRES¬ 
SURE  GRADIENTS,  by  F.  H.  Clauser.  June  1953,  40p. 
tllus.  dtagrs.  refs.  (AF  33(038)9882)  AD  15628 

Unclasstfted 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  21:  91- 
108,  Feb.  1954. 

An  experimental  study  was  made  of  turbulent  boundary 
layers  In  adverse  pressure  gradients  which  were  es¬ 
tablished  in  such  a  way  that  the  proftles,  when  plotted 
In  a  set  of  universal  coordinates,  were  shape  preserv¬ 
ing.  A  comparison  ts  made  wtth  the  corresponding  set 
of  lamtnar  proftles.  Results  are  presented  for  the 
effects  of  Reynolds  number,  pressure  gradient,  and 
roughness  on  skin  frtctlon.  It  ts  shown  that  boundary 
layers  tn  moderately  high  adverse  gradtents  wtll  not 
exhtblt  downstream  stabtltty.  The  present  results  are 
not  tn  agreement  wtth  those  obtained  by  conventional 
methods  of  predtcttng  the  effect  of  pressure  gradtents 
on  turbulent  boundary  layers. 


JHU.  01:002 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

REMARKS  ON  TURBULENT  HEAT  TRANSFER;  AN 
ACCOUNT  OF  SOME  FEATURES  OF  THE  PHENOMENON 
IN  FULLY  TURBULENT  REGIONS,  by  S.  Corrstn. 

[  1954  j  39p.  dtagrs.  refs.  ([  AF  JOSR-TN-54-201) 

(AF  33(038)9862)  Unclasstfted 

Presented  at  the  First  Iowa  Symposium  on  Thermody¬ 
namics.  Iowa  State  U.  .  Iowa  City,  Apr.  1953 

This  paper  gives  an  account  of  some  of  the  more  basic 
aspects  of  turbulent  heat  transfer.  It  focusses  on 
central  phenomena  that  may  occur,  analytical  relations 
available,  and  especially  upon  current  roadblocks  In 
research.  The  chtef  objective  ts  to  point  out  some  un¬ 
solved  fundamental  problems. 


JHU.  01:003 

Johns  Hopkins  U.  Dept,  of  Aeronautics  Baltimore,  Md. 

THE  DESK.N  Oh  DIFFUSERS  TO  AVOID  TURBULENT 
BOUNDARY  LAYER  SEPARATION  (Abstract),  by  F.  H. 


Clauser.  [  1954]  [ljp.  (AF  33(038)9862) 

Unclassified 

Presented  at  annual  meeting  of  the  Amer.  Phys.  Soc. , 
ColumbtaU.,  New  York,  Jan.  28-30,  1954. 

Publtshed  In  Phvs.  Rev.,  v.  94:  783,  May  1,  1954. 

A  recent  experimental  Investigation  obtained  Informa¬ 
tion  about  the  behavtor  of  turbulent  boundary  layers  In 
adverse  pressure  gradients  which  were  so  adjusted 
that  the  layers  had  stmtlar  vetoetty  proftles  throughout 
thetr  length.  The  appropriate  nondtmenslonal  pressure 
gradient  parameters  were  also  constant  throughout  the 
length  of  the  layers.  Intermediate  proftles  having 
shapes  not  too  far  removed  from  constant  pressure  pro¬ 
files  were  found  to  wtthstand  the  highest  pressure  gradt¬ 
ents  rather  than  layers  having  velocity  proftles  nearest 
those  of  separation  profiles.  The  Information  obtained 
is  sufftclent  to  permit  destgn  of  dtffusers  having  shapes 
for  maximum  dtffuslon.  Such  dtffusers  can  give  un- 
ltmtted  amounts  of  dlffuston  without  separation.  The 
diffuser  shapes  are  particularly  easy  to  calculate  If  the 
free-stream  veloctty  ts  considered  to  be  constant 
across  the  channel.  The  resulttng  shapes  are  not 
straight  stded,  but  expand  most  raptdly  at  ftrst  where 
the  boundary  layers  are  thin  and  then  less  rapidly  as 
the  boundary  layers  grow.  The  expansion  rates  are 
greatly  affected  by  the  thickness  of  the  boundary  layer 
at  the  begtnnlng  of  the  expanston,  a  fact  not  usually 
taken  tnto  account  In  the  design  of  diffusers  for  wind 
tunnels  and  the  like.  (Contractor’s  abstract) 


JHU.  02:001 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

THE  GENERAL  THEORY  OF  LINEARIZED  ROTATION 
AL  COMPRESSIBLE  FLOW  AND  APPLICATIONS,  by 
C. -C.  Chang  and  B. -T.  Chu.  Feb.  2,  1951  [  24  J  p. 
lncl.  dtagrs.  refs.  [AF  33(038)12919) 

Unclasslfted 

Presented  at  annual  meeting  of  the  Amer.  Phys.  Soc. , 
New  York,  Feb.  2,  1951. 

The  fundamental  equations  governtng  the  motion  of  a 
steady  nonvlscous  compressible  flow  can  be  linearized 
for  a  parallel  but  not  necessarily  uniform  main  strtam 
as  long  as  the  disturbances  are  small.  For  two-dlmen- 
stonal  or  axially- symmetric  flow,  these  equations  can 
be  reduced  to  the  generalized  Cauchy-Rtemann  equa¬ 
tions  considered  by  Bers  and  Gelbart.  For  general 
three-dtmei.slonal  flow,  a  single  second  order  partial 
differential  equation  Is  obtatned.  The  procedure  of 
determining  the  boundary  conditions  for  these  equations 
Is  presented.  It  Is  shown  that  the  linearized  equation 
for  the  shear  flow  In  general  can  be  applied  In  the  tran¬ 
sonic  range.  For  certain  main  stream  velocity  distri¬ 
butions,  simple  solutions  can  be  found.  In  one  case, 
the  pressure  distribution  on  an  arbitrary  airfoil  In 
supersonic  flight  Is  given,  and  the  result  can  be  readily 
compared  with  Ackert's  thin  airfoil  theory;  the  latter 
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gives  only  a  first  approximation  for  pressure  distribu¬ 
tions  provided  that  the  main  slream  velocity  gradients 
In  the  neighborhood  of  the  airfoil  are  small.  The  mathe¬ 
matical  and  physical  aspects  of  the  problems  are  briefly 
reviewed. 


JHU.  02.002 

Johns  Hopkins  U.  Depl.  of  Aeronautics,  Baltimore,  Md. 

A  PRELIMINARY  STUDY  OF  THE  AERODYNAMIC 
THEORY  OF  TURBOMACHINERY  AND  OF  THREE- 
DIMENSIONAL  SHEAR  FLOW  OF  NONVISCOUS  COM¬ 
PRESSIBLE  FLUIDS,  by  C.  -C.  Chang,  H.  Yeh,  and 
B.-T.  Chu.  Apr.  1 -June  30,  1951,  lv.  lncl.  dlagrs. 
refs.  (AF  33(038)12919)  ATI-lbSOll  Unclassified 

Some  preliminary  investigations  on  lhe  aerodynamical 
aspecls  of  lurbomachlnery  and  on  three-dimensional 
shear  flows  are  discussed.  Study  was  concentrated  on 
the  fundamental  equations  of  nonvlscous,  non-heai- 
conductlve  flow,  summing  up  some  of  lhe  early  theoret¬ 
ical  accomplishments  In  this  field  from  a  unified  point 
of  view.  The  thermoaerodynamic  relations  and  the 
cascade  theory  are  also  discussed. 


JHU.  02:003 

Johns  Hopkins  U.  Depl.  of  Aeronautics,  Baltimore,  Md. 

AERODYNAMIC  CHARACTERISTICS  OF  AN  OSCILLAT¬ 
ING  CASCADE  by  C.  -C.  Chang  and  W.  -H.  Chu. 

Sept.  1,  1952  [  42  ]  p.  lncl.  dlagrs.  (AF  33(038)12919) 

AD  4878  Unclassified 

A  study  is  presented  of  the  simplified  mechanism  of 
aeroelasllc  Instability  or  flutter  In  high-speed  aircraft 
having  lurbomachlnery.  The  rolor  blades  are  considered 
approximately  as  a  2-dlmenslonal  cascade  of  an  Infinite 
number  of  identical  airfoils  spaced  evenly  In  the  lateral 
direction.  The  cascade  is  In  an  uniform  flow  of  a  per¬ 
fect  Incompressible  fluid  and  Is  subject  to  a  quasi- 
steady  harmonic  oscillation.  The  pitching  and  flopping 
modes  of  small  oscillations  are  considered.  By  assum¬ 
ing  all  the  blades  of  the  cascade  lo  oscillate  In  synchron¬ 
ization,  the  conformal  mapping  technique  may  be  applied 
In  the  analysis.  The  whole  cascade  Is  mapped  onlo  a 
unit  circle,  and  vice  versa,  by  means  of  a  combination 
of  Joukowskl's  transform?. lion  and  an  exponential  func¬ 
tion.  The  flow  Is  decomposed  lnlo  sleady  mean  flow, 
nonclrculatory  oscillating  flow,  and  circulating  oscillat¬ 
ing  flow.  The  second  type  of  flow  Is  considered  as  an 
oscillating  doublet  sheet  replacing  each  blade;  the  third 
type  Is  contributed  by  the  oscillatory  circulations  In  lhe 
cascade  and  lhe  vortlclty  In  the  lnflnllely  long  wakes 
shed  from  the  cascade.  The  lift  and  moment  are  not 
expressed  In  closed  forms.  The  final  expressions  are 
given  In  Integrals  and  series,  and  In  the  expression  of 
the  moment  lwo  new  Integrals  occur.  One  of  them  may 
be  reduced  to  the  Theodorsen  function  (NACA  Technical 
rept.  no.  496,  1934)  In  the  single -airfoil  flutter  if  the 
gap/chord  ratio  goes  to  Infinity. 


JHU.  02:002  -  JHU.  02:007 


JHU.  02:004 

Johns  Hopkins  U.  Depl.  of  Aeronautics,  Baltimore,  Md. 

PROPAGATION  OF  DISTURBANCES  THROUGH  SHEAR 
LAYERS  OF  COMPRESSIBLE  FLOW,  PART  I,  by  C.  - 
C.  Chang  and  B.  -T.  Chu.  Final  rept.  Sept.  26,  1951- 
Sept.  25,  1952,  34p.  dlagrs.  (AF  33(038)12919) 

ATI- 170700  Unclassified 

Analytical  solutions  are  given  for  the  propagation  of 
sleady  Iwo-dlmonslonal  disturbances  In  shear  layers 
bounded  by  a  uniform  supersonic  stream  on  one  side 
and  by  another  uniform  supersonic  or  subsonic  slream 
on  lhe  other  side.  There  Is  no  restriction  on  the  varia¬ 
tion  of  Mach  number  inside  the  shear  layers  except 
that  ll  is  piecewise  differentiable.  (Contractor's 
summary) 


JHU.  02:005 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

THIN  AIRFOIL  THEORY  IN  TWO-DIMENSIONAL 
COMPRESSIBLE  SHEAR  FLOW,  PART  H,  by  C.  -C. 
Chang  and  B.  -T.  Chu.  Final  repl.  Sept.  26,  1951- 
Sept.  25,  1952  [  34  ] p.  lncl.  dlagr.  1  Bound  with  Its 
Propagation  of  Disturbances  Through  Shear  Layers  of 
Compressible  Flow,  Pari  I,  by  C.  -C.  Chang  and  B.  -T. 
Chu.  Final  repl.  Sepl.  26,  1951-Sepl.  25,  1952,  34p.  ; 
ATI-170700)  (AF  33(038)12919)  Unclassified 

This  theory  contains  Ackerel's  thin  airfoil  theory  for 
uniform  supersonic  flow  and  the  thin  airfoil  theory  of 
Munk  and  Glauerl  for  uniform  Incompressible  as  speci¬ 
al  cases;  11,  therefore,  unifies  the  formerly  entirely 
different  analyses.  (Contractor's  summary) 


JHU  02:006 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

LIFTING-LINE  THEORY  FOR  A  WING  IN  COMPRES¬ 
SIBLE  SHEAR  FLOW,  PART  HI,  by  C.  -C.  Chang  and 
B.-T.  Chu.  Final  repl.  Sept.  26,  1951-Sepl.  25,  1952, 
31p.  lncl.  dlagr.  IBound  with  Its  Propagation  Distur¬ 
bances  Through  Shear  Layers  of  Compressible  Flow, 
Pari  I,  by  C.  -C.  Chang  and  B.  -T.  Chu.  Final  rept. 
Sept.  26,  1951-Sept.  25,  1952,  34p.  ;  ATI- 170700) 

(AF  33(038)12919)  Unclassified 

The  purpose  of  this  paper  Is  to  show  how  lhe  analysis, 
by  von  Karman  and  Tslen,  of  Prandil's  lifting  line 
theory  may  be  extended  to  lhe  case  of  compressible 
shear  flow. 
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JHU.  02:008  JHU.  03:003 


PART  IV,  by  C.  -C.  Chang  and  J.  Werner.  Final  rept. 
Sept  26,  1951-Sept.  25,  1952,  31p.  (Bound  with  Its 
Propagation  of  Disturbances  Through  Shear  Layers  of 
Compressible  Flow,  Part  I,  by  C.  -C.  Chang  and  B.  -T. 
Chu.  Final  rept.  Sept.  28,  1951-Sept.  25,  1952,  34p. ; 
ATI- 170700)  (AF  33(038)12919)  Unclassified 

This  paper  Investigates  the  aerodynamics  of  a  pointed 
nose  body  In  a  supersonic  shear  flow  with  the  Mach 
number  varying  only  In  the  vertical  direction.  It  Is 
done  In  such  a  way  that  the  fundamental  equation  of 
shear  flow  developed  by  Chang  can  be  reduced  to  the 
damped  wave  equation  by  means  of  a  change  of  variables 
and  normalization. 


JHU.  02:008 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

THE  PRESSURE  ON  A  SLENDER  BODY  OF  REVOLU 
TION  IN  SUPERSONIC  SHEAR  FLOW,  PART  V,  by 
C.  -C.  Chang  and  J.  Werner.  Final  rept.  Sept.  26, 
1551-Sept.  25,  1952,  7p.  (bound  with  it  a  Propagation 
of  Disturbances  Through  Shear  Layers  of  Compressible 
Flow,  Part  I,  by  C.  -C.  Chang  and  B.  -T.  Chu.  Final 
rept.  Sept.  26,  1951-Sept.  25,  1952,  34p. ;  ATI- 170700) 
(AF  33(038)12919)  Unclassified 

This  part  Is  a  further  simplification  of  Part  IV,  con¬ 
sidering  the  body  to  he  murh  thinner.  This  will  give 
the  asymptotic  solution  for  the  disturbance  pressure. 


JHU.  03:001 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

THE  BEHAVIOR  OF  TURBULENT  BOUNDARY  LAYERS, 
by  F.  H.  Clauser.  Feb.  25,  1054  [  35  j  p.  lncl.  dlagrs. 

[  AFOSP-TN-54-328]  (AF  18(600)671)  AD  48122 

Unclassified 

Presented  at  the  Second  Canadian  Symposium  on  Aero¬ 
dynamics.  Toronto  U.  ,  Feb.  25,  1954. 

A  review  Is  presented  of  established  work  on  turbulent 
boundary  layers.  The  concept  of  the  equilibrium  layer 
Is  Introduced,  and  a  discussion  Is  given  of  a  number  of 
ways  In  which  a  boundary  layer  t.'.n  be  disturbed.  Ex¬ 
periments  showed  that  (l)  when  the  boundary  layer 
passes  through  a  changing  environment,  the  layer  Is  In 
a  disturbed  condition;  and  (2)  when  the  environment  of 
the  boundary  layer  Is  held  constant,  the  layer  approaches 
a  natural  stale  appropriate  to  that  environment.  An 
experiment  Is  described  In  which  the  skin  friction  In  a 
conventional  constant  pressure  layer  on  a  smooth  plate 
was  abruptly  Increased  by  roughening  the  wall  with 
corrugated  paper.  The  experiment  showed  that  the 
region  next  1c  the  wall  ts  affected  first,  and  that  the 
change  propagates  outward  until  tiie  entire  profile  is 
shifted  over  lo  a  new  curve.  No  rescaling  of  the 
variables  Is  possible  which  can  cause  the  profile  lo  have 
the  same  shape  as  In  the  equilibrium  zones  ahead  of  or 


behind  the  transition  zone.  Experiments  are  described 
for  the  measurement  of  the  time  required  for  a  bound¬ 
ary  layer  to  return  to  equilibrium  alter  it  has  been 
disturbed  (the  response  time  of  ihe  boundary  layer). 

The  problem  of  the  n^nequllibrlum  behavior  of  the  outer 
portion  of  the  layer  <s  discussed. 


JHU.  03:002 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

TURBULENT  HEAT  TRANSFER  IN  A  BOUNDARY  LAY¬ 
ER  WITH  DISCONTINUOUS  WALL  TEMPERATURE,  by 
D.  S.  Johnson.  Aut/.  1955  [l33jp.  lncl.  dlagrs.  refs. 

([  AF  ]OSR-TN-55-289)  (AF  18(600)671)  AD  71773 

Uiclasslfled 

Results  are  presented  of  an  experimental  Investigation 
of  the  concomitant  thermal  and  velocity  fields  occurring 
when  there  is  a  small  stepwise  discontinuity  in  the  tem¬ 
perature  of  the  wall  on  which  a  zero-pressure-gradient 
turbulent  boundary  layer  has  formed.  The  mean  velocity 
and  temperature  fields  have  been  measured,  and  the 
statistical  behaviors  of  several  relevant  fluctuating 
quantities  have  been  obtained  at  a  typical  cross-section 
In  the  region  where  the  thermal  boundary  layer  has  not 
yet  reached  the  free  stream.  No  over-all  similarity 
between  the  thermal  and  velocity  fields  was  found.  The 
Instantaneous  surface  of  demarcation  between  heated 
sod  unhealed  fluid  was  found  to  tt  sharp  and  J'cU  r'C t 
at  all  points,  resulting  In  intermittent  temperature 
fluctuation  signals  well  within  the  fully  turbulent  region 
of  the  momentum  boundary  layer.  Values  have  been 
obtained  for  the  variation  of  local  heat  transfer  coef¬ 
ficient  In  the  streamwlse  direction, and  of  the  distribu¬ 
tion  of  the  local  turbulent  Prandtl  number  through  the 
boundary  layer  at  1  section.  (Contractor’s  abstract) 


JHU.  03:003 

Johns  Hopkins  U  Dept,  of  Aeronautics,  Baltimore,  Md. 

VELOCITY,  TEMPERATURE,  AND  HEAT-TRANSFER 
MEASUREMENTS  IN  A  TURBULENT  BOUNDARY  LAYER 
DOWNSTREAM  OF  A  STEPWISE  DISCONTINUITY  IN 
WALL  TEMPERATURE,  by  D.  S.  Johnson.  [  1956] 

[7 Ip.  lncl.  dlagrs.  refs.  (AF  18(600)671) 

Unclassified 

Published  In  Jour.  Appl.  Mech. ,  v.  24:  2-8,  Mar.  1957. 

Results  are  presented  of  an  experimental  Investigation 
of  the  concomitant  thermal  and  velocity  fields  occurring 
when  there  Is  a  small  stepwise  discontinuity  In  the  tem¬ 
perature  of  the  wait  on  which  a  zero-pressure-gradient, 
low- speed,  turbulent  boundary  layer  haB  formed.  The 
mean  velocity  and  temperature  fields  have  been  meas¬ 
ured  and  local  heat-transfer-coefflclent  values  in  the 
strvamwise  direction  have  been  obtained  in  the  region 
where  the  thermal  boundary  layer  has  not  yet  reached 
the  free  stream.  No  over-alt  similarity  between  the 
thermal  and  velocity  fields  was  found.  (Contractor's 
abstract) 
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JHU.  04:001 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

PROBE  INTERFERENCE  IN  MEASUREMENTS  IN 
SUPERSONIC  LAMINAR  BOUNDARY  LAYERS,  by  M. 

V,  Morkovln  and  V.'.  S.  Bradfleld.  June  15,  1954,  2p. 
lllus.  refs.  (Sponsored  jointly  by  [Air  Force]  Office 
of  Scientific  Research  sod  Office  of  Naval  Research 
under  [  AF  18(600)1121  ] )  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  21:  785-786, 
Nov.  1954. 

Investigations  have  been  made  on  the  effects  of  the  total- 
pressure  probe  used  for  measuring  velocity  and  other 
profiles  of  supersonic  laminar  boundary  layers.  The 
esletence  and  partial  evaluation  cl  there  effects  VKn 
based  on  comparison  of  results  obtained  from  different 
size  probes  and  on  comparison  of  results  with  boundary 
layer  theory,  which  cannot  account  lor  the  comf  llr aline 
leading-edge  effects.  The  current  study  presents  direct 
visual  evidence  of  strong  Interference  near  the  wall 
and  discusses  its  implications.  Observations  were 
made  of  local,  3-dimensional  separation  under  various 
probes  (hot-wire  and  total-pressure)  In  the  Johns 
Hopkins  U.  tunnel  over  a  flat  plate  at  M  =  1.  72  using 
the  light- oil,  lamp-black  technique.  In  addition,  these 
observations  were  rerun  at  the  University  cf  Minnesota 
(Minneapolis)  at  M  =  3.  05  using  a  short  focus  schlleren 
system  and  the  china-film  technique  (J.  S.  Murphy  and 

Jour.  Aeronaut.  Sciences,  v.  18:  771,  Nov.  1951). 


JHU.  04:002 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore  Md. 

EFFECTS  OF  HIGH  ACCELERATION  ON  A  TURBULENT 
SUPERSONIC  SHEAR  LAYER,  by  M.  V.  Morkovln. 
Il955]  l'>p.  lllus.  dlagrs.  tables,  refs.  [ AFOSR-TN- 
55-126!  [AF  18(600)1121!  Unclassified 

This  paper  describes,  without  detail  interpretation, 
some  recent  measurements  In  the  supersonic  turbulent 
boundary  layer  under  conditions  of  high  acceleration. 

The  Information  touches  on  the  questions  of  mean  and 
fluctuating  reflection  of  a  realizable  Prandtl-Meyer 
wave  from  a  turbulent  boundary  layer,  of  detailed 
structure  of  the  fluctuations  In  that  boundary  layer,  and 
of  interactions  between  entropy  and  vortlclty  fluctuations 
with  mean  expansion  flows.  (Contractor's  abstract) 


JHU.  04:003 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

FLUCTUATIONS  AND  HOT  WIRE  ANEMOMETRY  IN 
COMPRESSIBLE  FLOWS,  by  M.  V.  Morkovln.  Nov. 
1956,  102p.  lncl.  diagrs.  tables,  refs.  (AFOSR-TN- 
56-295)  (NATO  AGAltDograph  rept.  no.  24) 

(AF  18(600)1121)  AD  90007  Unclassified 


Treatment  of  the  problem  of  extracting  Information 
from  a  heated  thin  wire  cooled  by  ai  unsteady  compres¬ 
sible  flow  is  based  on  the  concept  of  local  linearization 
around  each  operating  point  of  an  otherwise  nonlinear 
system.  This  leads  to  a  general  formula  for  the  direct 
voltage  sensitivities  with  respect  to  the  fluctuation 
modes  of  vortlclty,  entropy,  and  sound.  Empirical 
evidence  on  heat  transfer  to  thin  wires  at  high  speeds 
Is  analyzed  In  relation  to  the  parameters  entering  the 
sensitivities.  The  potentialities  and  actual  performance 
of  the  hot  wire  as  a  turbulence  Indicator,  thermometer 
or  microphone  were  evaluated  on  the  basis  of  sensitivity 
expressions  derived  for  different  speed  ranges.  The 
direct  mode  sensitivities  allow  a  generalization  of 
Kovasznay’s  fluctuation  diagrams  so  that  decomposition 
of  electrical  signals  Into  the  separate  mode  contribu¬ 
tions  Is  not  limited  to  supersonic  speeds.  In  the  range 
a  I  t  no  c^rretput.Jlug  ti  hot  wire  rztict ,  families 
of  straight  lines  In  the  Nu  vs  V  Re  planes  fit  the  empi¬ 
rical  data  well  (except  at  very  low  Re’s).  Sensitivity 
expressing  indicate  tbai  Individual  rail!  ratter*  ol  wires 
are  not  required  for  most  fluctuation  measurements  at 
supersonic  speed.  Procedures  leading  to  spectral 
analysis  of  the  mode  fluctuations  are  given. 


JHU.  04:004 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

ON  THE  ENERGY  TRANSFER  TO  SMALL  DISTURB¬ 
ANCES  IN  A  VISCOUS  COMPRESSIBLE  HEAT  CON¬ 
DUCTIVE  MEDIUM,  byB.-T.  Chu.  July  25,  1956,  38p. 
[  AFOSR-TN-56-377  ]  (AF  18(600)1121)  AD  95813 

Unclassified 

The  energy  in  a  small  disturbance  In  avlscous,  com¬ 
pressible,  heat  conductive  medium  Is  defined  as  a 
positive,  definite  quantity  characterizing  the  mean  level 
of  fluctuation  In  the  disturbance  which,  In  the  absence 
of  heat  transfer  at  the  boundaries  and  of  work  done  by 
them  or  by  body  forces,  and  In  the  absence  of  heat  and 
material  Svut^es,  is  a  inviistt/ut  ttohliiCf  easing  lunctloA 
of  time.  A  quantity  satisfying  these  requirements  lg 
found  for  small  disturbances  In  a  viscous,  compressible 
heat-conductive  medium.  When  viscosity  and  heat  con¬ 
ductivity  are  neglected,  the  quantity  reduces  to  the 
familiar  acoustic  energy  in  the  theory  of  sound.  Stabil¬ 
ity  In  the  mean  of  such  a  fluid  system  can  then  be  dis¬ 
cussed  will,  reference  to  the  growth  »nd  decay  of  the 
energy  in  the  disturbance.  The  effects  of  body  forces, 
heat,  and  material  sources  are  discussed.  Rayleigh's 
criterion  for  the  stability  of  systems  Involving  heat 
sources  Is  derived,  and  lt6  limitations  are  shown.  The 
transfer  of  energy  from  a  steady  main  stream  to  a  dis¬ 
turbance  Is  examined,  and  the  particular  case  of  a 
parallel  main  stream  Is  considered.  A  mathematical 
application  of  the  energy  relation  Is  appended  which 
demonstrates  the  uniqueness  of  solution  of  an  initlal- 
and  boundary-value  problem  In  the  linearized  theory  of 
a  viscous,  heat-conductive  medium.  (AST1A  abstract) 
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Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md, 

THOUGHTS  ON  SUPERSONIC  WIND  TUNNELS  WITH 
LOW  FREE-STREAM  DISTURBANCES,  by  M.  V. 
Morkovln.  Nov.  1956  [20]p.  tncl.  dlagrs.  refs. 
(AFOSR-TN-56-540)  (AF  18(600)1121)  AD  110359 

Unclasstfted 

Mean-flow  nonuniformities  tn  supersonic  tunnels  appar¬ 
ently  can  be  made  sufficiently  small  by  standard  tech¬ 
niques.  Large  ratio  of  the  settling  chamber  area  to 
sonic  throat  area  decreases  effectively  those  mean 
Mach-number  nonunlformtties  which  come  from  up¬ 
stream  of  the  throat.  Great  care  in  keeping  nozzle  con¬ 
tours  continuously  curvtng  wtthout  bumps  or  wavtness 
minimizes  both  the  mean-disturbance  wave  pattern 
seen  In  many  schlteren  photographs  aid  the  unsteady 
sound  level  from  "shivering  Mach  waves."  Supersonic 
turbulence  ts  effectively  suppressed  by  a  large  contrac¬ 
tion  ratio.  Entropy  (temperature)  fluctuations  can  be 
reduced  by  matching  mean  temperatures  at  duct  junc¬ 
tures  and  by  provtdtng  "long  passage  time”  from  such 
junctures  to  the  test  section.  In  particular  a  low- 
veloctty  settling  chamber  with  graduated  screens  to 
decrease  the  scale  of  the  temperature  nonuniformities 
ts  thought  effective.  In  constdertng  the  effect  of  free- 
stream  disturbances  thetr  spectral  dtstrtbution  may  be 
relevant.  Vortlclty  and  entropy  fluctuations  wtll  not  be 
Important  In  the  frequency  range  above  8  kc.  The 
soi.nd  generated  In  the  supersonic  section,  however,  wtll 
have  frequencies  characteristic  of  thtn  high-speed  lay¬ 
ers,  1.  e. ,  up  to  60  kc  and  higher.  The  offendtng  sound 
in  the  supersonic  section  Is  generated  In  the  watt  bound¬ 
ary  layer.  This  sound  Is  very  difficult  to  measure  ex¬ 
perimentally  or  to  predict  theoretically  and  apparently 
little  can  be  done  to  reduce  tts  ievel  appreciably  (except 
tn  tunnels  with  contour  nonunlformtties).  The  restdual 
sound  level,  however,  ts  probably  unimportant  except 
In  transition  studies  and  very  careful  drag  measurement. 


JHU.  04:006 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

ON  TRANSITION  EXPERIMENTS  AT  MODERATE 
SUPERSONIC  SPEEDS,  by  M.  V.  Morkovln.  Oct.  22, 
1956  [7]p.  incl.  dlagrs.  refs.  I  AFOSR-TN-56-541  j 
(^|x-n«r>red  jointly  by  Air  Force  Office  of  Scientific 
Research  under  AF  18(600)1121  end  Office  of  Naval  Re¬ 
search)  AD  U0360  Unclassified 

Also  published  in  Jour.  Aeronaut.  Sciences,  v.  24:  480- 
486,  July  1957. 

Studies  of  transition  over  a  flat  plate  at  Mach  number 
1. 76  were  carried  out  using  a  hot-wire  anemometer  as 
one  of  the  principal  tools.  The  nature  and  measurements 
of  free-stream  disturbances  at  supersonic  speeds  are 
analyzed.  The  experimental  results  are  Interpreted  In 
the  light  of  present  over  all  Information  on  transition 
at  supersonic  speeds  and  conclusions  as  to  further  fruit 
ful  experiments  are  drawn.  (Contractor's  abstract) 


JHU  04:007 

Johns  Hopkins  U.  Dept,  of  Aeronautics,  Baltimore,  Md. 

CONDENSATION  EFFECTS  AND  AIR  DRYING  SYSTEM 
FOR  SUPERSONIC  WIND  TUNNELS,  by  J.  J.  Smoideren. 
July  1956,  79p.  tncl.  refs.  (NATO  AGARDograph  rept. 
no.  17)  (AF  18(600)tl2t)  Unclasstfted 

Anatysts  of  vartous  aspects  of  the  condensation  problem 
is  discussed.  The  phenomenon  of  condensation  effects 
and  the  resulting  flow  disturbances  are  studted,  and  an 
Investigation  ts  made  of  the  possibility  of  complete  re 
moval  of  the  effects.  A  presentation  of  a  crtterton 
based  on  experimental  results  ts  tncluded.  Condttlons 
under  whtch  flow  disturbances  are  sufficiently  small 
are  also  indicated.  A  survey  ts  made  of  vartous  drytng 
by  cooltng,  compression,  and  adsorption.  A  review  Is 
presented  of  different  measurtng  devtces  for  the  de¬ 
termination  of  hurnldtty. 


JHU.  05:001 


Johns  Hopkins  U.  [Dept,  of  Chemistry]  Baltimore,  Md. 

AN  AUTOMATIC  POTENTIOMETER  WITH  DIGITAL 
RECORDING  AND  COMPUTING  (Abstract),  by  L.  J. 

Todd  and  D.  H.  Andrews.  1  1 953  ]  [  1  ]  p.  [AF  18- 
(600)765  J  Unclasslfted 

Presented  at  meeting  of  the  Amer.  Chem.  Soc. , 

Chicago,  III.,  Sept.  6-tl,  t953. 

Published  In  124th  meettng  of  Amer.  Chem.  Soc. 
Abstracts  of  Papers,  1953,  p.  46-R. 

A  Wenner-type  potentiometer  has  been  constructed 
wtth  magnetically  operated  stepptng  switches  substi¬ 
tuted  for  the  usual  hand  knobs,  so  that  the  changtng 
potentials  from  a  resistance  thermometer  can  be  auto¬ 
matically  observed  and  recorded  on  punch  cards.  The 
assembly  ts  designed  especially  for  heat  cajjactty 
measurements  and  has  auxiliary  equtpment,  so  that  all 
other  necessary  data  are  likewise  card-punched.  Lbed 
wtth  master  cards  containing  calibration  constants  and 
conversion  factors,  the  data  cards  can  be  fed  to  an 
IBM  6o4  digital  ealcuUUf  whlth  will  eou.ptrte  and  print 
tables  of  heat  capacity  against  temperature  for  any  de¬ 
sired  intervals.  Relative  temj>erature  Is  measured  to 
0  001 »  and  relative  temperatu-e  Increments  lo  U  OtK  l  • 
Ttme  ts  recorded  to  the  nearest  0.  t  sec  and  may  be 
read  vtsually  to  the  nearest  0.01  sec.  While  constructed 
to  cover  only  a  1000  mv  range,  the  destgn  permtts  ad¬ 
ditional  banks  of  contacts  to  be  added,  scanned,  and 
recorded  on  the  punch  cards.  Automatic  resetting  in 
less  than  t  sec  permtts  rapid  hunting  for  zero  balance 
and  quick  recordtng.  (Contractor's  abstract) 

JHU.  06:00t 

Johns  Hopkins  U.  Dept,  of  Chemistry  Baltimore.  Md 
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BY  NEUTRON  ABSORPTION,  by  R.  P.  Hamlen  and  W. 
S.  Kosld.  Jan.  1956,  6p.  incl,  table.  (Technical  note 
no.  1)  [  AFOSR-TN-56-6  ]  (AF  18(600)1526)  AD  88583 

Unclassified 

An  lsoloplc  boron  analysis  of  dlborane  and  pentaborane 
containing  varying  amounts  of  B^  has  been  made  using 
a  neutron-absorption  technique.  The  gas  was  placed  In 
a  cell,  the  Inside  of  which  was  coated  with  a  ZnS  silver- 
activated  phosphor,  and  exposed  lo  a  neutron  flux.  The 
number  of  events  from  the  B^(n,  a)Ll^  reaction  was  a 
measure  of  the  Bl°  content.  The  accuracy  and  repro¬ 
ducibility  of  the  results  agreed  to  within  1%.  Prelimi¬ 
nary  results  indicate  the  method  Is  applicable  to  other 
gaseous  boron  hydrides  such  as  dlhydropenlaborane  and 
tetraboraue.  (Contractor's  abstract) 


JHU.  06:002 

Johns  Hopkins  U  [Dept,  of  Chemistry]  Baltimore,  Md. 

Cl35  NUCLEAR  QUADRUPOLE  RESONANCES  IN  TICI4 
AND  WClg,  by  R.  P.  Hamlen  and  W.  S.  Koskl.  Apr. 
1956  [  6  ]p.  Incl.  dlagrs.  table.  (Technical  note  no.  2) 
(AFOSR-TN-56-171)  (AF  18(600)1526)  AD  86593 

Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  25:  360, 

Aug  1956. 

The  temperature  dependence  of  the  0^5  resonances  has 
been  measured  In  TICI4  and  WClg.  These  resonances 
fall  near  6  and  10  inc/sec,  respectively.  Interpretation 
of  the  nuclear  quadrupole  coupling  constants  on  the 
basis  of  existing  theories  indicates  that  both  s- hybridi¬ 
zation  and  double  bond  character  should  be  considered. 
(Contractor's  abstract) 


JHU.  06:003 

Johns  Hopkins  U.  (  Dept,  of  Chemistry]  Baltimore,  Md. 

INFRARED  STUDY  OF  THE  EXCHANGE  OF  DEUTERIUM 
BETWEEN  DECARBORANE  AND  DIBORANE,  by  J.  J. 
Kaufman  and  W.  S.  Koskl.  Mr.y  1956  [  8 3  p.  Inch  diagr. 
tabic.  (Technical  note  no.  3)  (AFOSR-TN-56-247) 

(AF  18(600)1526)  AD  88367  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  78: 
5774-5775,  Nov.  20,  1956. 

An  Infrared  spectroscopic  study  has  been  made  of 
partially  deuterated  BjgH^  samples  prepared  by  ex¬ 
changing  deuterium  between  B2H6  and  BjnHi4  100°C. 
These  spectra  have  been  compared  with  those  of  par  - 
dally  deulerated  BjgHja  tn  which  lhe  deuteriums  are 
randomly  distributed.  This  comparison  sbov  s  that  the 
exchange  proceeds  on  the  terminal  hydrogens  In  B.qIIj^ 
anil  that  lhe  bridge  hydrogens  are  not  Involved  at  all 
In  the  reaction  under  the  experimental  conditions. 
(Contractor's  abstract) 


JHU.  06:004 

Johns  Hopkins  U.  Dept,  of  Chemistry,  Baltimore,  Md. 

NUCLEAR  MAGNETIC  RESONANCE  STUDY  OF  THE 
B2Dg-B5H9  EXCHANGE  REACTION,  by  W.  S.  Koskl, 

J.  J.  Kaufman,  and  P.  C.  Lauterbur.  Oci.  195S 
[l2]p.  Incl.  dlagrs.  refs.  (Technical  note  no.  4) 
(AFOSR-TN-56-494)  (AF  18(600)1526)  AD  110308 

Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc.,  v.  79: 
2382-2385,  May  20,  1957. 

The  exchange  of  deuterium  between  dlborane  and  penta- 
borance  was  investigated  by  nuclear  magnetic  resonance. 
It  was  found  that  the  exchange  proceeded  preferentially 
In  the  terminal  hydrogen  positions  In  pentaborane.  The 
rate  of  exchange  of  the  apex  hydrogen  was  to  within 
±10%  the  same  as  the  exchange  rate  of  the  base  termi¬ 
nal  hydrogen.  Under  the  experimental  conditions  the 
bridge  hydrogens  In  pentaborane  did  not  participate  in 
the  exchange.  (Contractor's  abstract) 


JHU  06:005 

Johns  Hopkins  U.  [Dept,  of  Chemistry]  Baltimore,  Md. 

APPLICATION  OF  VAPOR  PHASE  CHROMATOGRAPHY 
TO  THE  BORON  HYDRIDES,  by  J.  J.  Kaufman,  J.  E. 
Todd,  and  W.  S.  Kosld.  Nov.  1956  [  10 ] p.  Incl.  dlagrs. 
(Technical  note  no.  5)  (AFOSR-TN-56-534)  (AF  18- 
(600)1526)  AD  110353  Unclassified 

Also  published  In  Anal.  Chem.,  v.  29:  1032-1035, 

July  1957. 

Application  was  made  using  Cellte  as  a  packing  coated 
with  paraffin  oil,  Octoil  S  or  trlcresyl  phosphate.  Com¬ 
plete  separation  of  dlborane,  teiraborane,  and  penta¬ 
borane  was  realized  without  decomposition.  Extensive 
decomposition  was  observed  In  the  case  of  dihydropenta- 
borane.  Small  amounts  of  ethane,  which  were  present 
in  our  dlborane  samples  as  an  Impurity,  could  be  readi¬ 
ly  separated  from  the  dlborane.  (Contractor's  abstract) 


JHU  08'006 

Johns  Hopkins  U.  [  Dept,  of  Chemistry  J  Baltimore,  Md. 

CHLORINE  NUCLEAR  QUADRUPOLE  RESONANCE  IN 
TUNGSTEN  HEXACHLOH1DE  (Abstract),  by  W.  S. 
Koskl  and  R.  P.  Hamlen.  [  1956  j  [Up.  [  AF  18*600)- 
1526)  Unclassified 

Presented  al  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C.  ,  Apr.  26-28,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  II,  v.  1: 
215,  Apr.  26,  1956. 
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The  pure  nuctear  quadrupoie  resonance  frequency  has 
been  measured  for  Cl35  and  Cl37  In  tungsten  hexachto- 
rlde  using  a  setf-quenched  super-regenerative  osclttator. 
At  23 “C  the  Ct35  resonance  occurs  at  10.  525  mc/sec, 
and  a  positive  temperature  coefficient  was  observed. 
Using  the  usual  assumption  of  18%  s-hybrldlzatlon  for 
the  p-bondlng  orbltat  of  a  chtorlne  In  an  appreciably 
Ionic  bond,  this  resonance  frequency  corresponds  lo  an 
Ionic  character  of  approximately  80%.  (Contractor's 
abstract) 


JHU.  07:001 

[Johns  Hopkins  U.  Dept,  of  Mathematics,  Battlmore,  Md.  ] 

PERIODIC  SOLUTIONS  OF  DIFFERENTIAL  EQUATIONS 
CONTAINING  A  PARAMETER,  by  D.  C.  Lewis.  Dec. 

18,  1953,  3 Op.  (Technical  rept.  no.  1)  [ AFOSR-TN- 
54-3]  (AF  18(600)665)  AD  23315  Unclassified 


Mar.  1955. 


i  Duke  Math.  Jour.  v.  22:  39-56, 


Consideration  Is  given  lo  a  proof  by  Polncalrd" thal  the 
existence  of  a  known  periodic  sotutlon  xj  =  Xj(t)  = 
xj(t  +  2 tt)  when  |u|  =  0  of  a  system  of  differential  equa¬ 
tions  of  the  iype  dij/dt  =  X^Xj . xn,  H  ,  t)  = 

Xj(x,  ii,  t),  1  =  1 . n,  lmptles  the  existence  of  peri¬ 

odic  sotutlons  for  att  sufficiently  smatl  |p]  >  o,  at  teasl 
If  the  varlatlonat  equations  have  no  nontrivial  solutions 
with  period  2v.  Definite  estimates  are  obtained  for  the 
range  of  convergence  for  a  powers  series  expansion  In 
Ii,  and  In  the  anatytlc  case  upper  bounds  are  obtained 
for  the  remainder  resulting  from  cutting  the  series  off 
after  m  terms.  The  estimates  are  obtained  In  terms  of 
Llpschllz  conditions  pertinent  to  functions  constructed 
from  the  X’s  and  In  terms  of  quantities  In  the  Green's 
matrix  of  the  variational  equations.  The  resutl  does  not 
depend  exptlcltty  on  n.  The  method  of  lntegrat  equations 
and  successive  approximations  Is  modified  In  the  anatytlc 
case  to  yletd  periodic  sotutlons  for  alt  comptex  values  of 
u  whose  absotute  values  are  bounded  by  a  given  positive 
constant  L.  A  Cauchy  criterion  for  the  coefficients  of  a 
power  series  Is  apptled,  and  the  result  provides  the  de¬ 
sired  Information  on  the  rapidity  of  convergence.  The 
resutts  for  the  analytic  case  are  vatld  for  comptex  do¬ 
mains;  the  resutls  for  the  prior  Investigation  are  vatld 
onty  In  reat  domains. 


JHU.  07:002 

Johns  Hopkins  U.  Dept,  of  Mathematics,  Battlmore,  Md. 

FAMILIES  OF  PERIODIC  SOLUTIONS  OF  SYSTEMS 
HAVING  RELATIVELY  INVARIANT  LtHE  INTEGRALS, 
by  D.  C.  Lewis.  June  20,  1954,  6p.  (Paper  no.  2) 

(1  AF jOSIt-TN-54-117)  (AF  18(600)665)  AD  36394 

Unc  lasslfled 


185,  Apr.  1955. 


Proc.  Amer.  Math.  Soc.,  v.  6:  181- 


Thls  report  generalizes  lo  att  systems  having  rela¬ 


tively  invariant  line  Integrals  a  known  theorem  about 
conservative  Lagranglan  systems,  which  Is  roughly  to 
the  effect  that  In  any  given  family  of  periodic  sotutlons 
the  period  Is  at  most  a  function  of  the  energy  atone.  The 
energy  function  is  hereby  replaced  by  a  certain  function, 
H(ii,  . . . ,  xn)  which  Is  known  to  be  a  first  Integral  of 
the  given  system,  dxj/dt  =  Xj(xj,  ...,  xn),  1=  1,  ..., 
n,  and  which  furthermore  satisfied  retatlons  of  the  form, 

^JkAj/hXj  -  6Aj/6ij)Xj  =  hH/6xj,  1=  1,...,  n, 

where  the  A’s  are  known  because  of  the  known  retatlvety 
Invariant  tine  lntegrat.  (Contractor’s  abstract) 


JHU.  07:003 

ON  THE  PERTURBATION  OF  A  PERIODIC  SOLUTION 
WHEN  THE  VARIATIONAL  SYSTEM  HAS  NONTRIVIAL 
PERIODIC  SOLUTIONS,  by  D.  C.  Lewis.  Jan.  20, 

1955,  35p.  (Paper  no.  3)  ([AF]OSR-TN- 54-325) 

(AF  18(600)665)  AD  53288  Unclassified 

Also  published  In  Jour.  Rational  Mech.  and  Analysis, 
v.  4:  795-815,  Sept.  1955. 

An  appralsat  is  made  of  the  range  of  the  parameter  In 
the  theory  of  perturbation  of  periodic  sotutlons,  origi¬ 
nated  by  Polncard,  In  what  may  be  considered  to  be  the 
generat  case  when  the  variational  equations  have  non¬ 
trivial  periodic  sotutlons.  The  definition  of  this  generat 
case  lmpllcitty  excludes  the  presence  of  first  Integrals. 
The  method  consists  of  successive  approximations,  us¬ 
ing  a  Green’s  matrix  dependent  upon  the  parameter 
and  having  a  simple  pole  at  q=  0.  (Contractor’s  ab¬ 
stract) 


JHU.  07:004 

Johns  Hopkins  U.  Dept,  of  Mathematics,  Battlmore,  Md. 

ON  THE  ROLE  OF  FIRST  INTEGRALS  IN  THE  PER¬ 
TURBATION  OF  PERIODIC  SOLUTIONS,  by  D.  C. 

Lewis.  Apr.  1,  1955,  28p.  (Paper  no.  4)  ([AF]OSR- 
TN-55-58)  (AF  18(600)665)  AD  60505  Unctasslfled 

Also  published  In  Ann.  Math.,  v.  63:  535-548,  May  1956. 

An  appralsat  Is  made  of  the  range  of  the  parameter  In 
the  theory  of  perturbation  of  periodic  sotutlons,  origi¬ 
nated  by  Polncard,  In  case  the  number  of  Independent 
first  integrals  is  equat  to  the  number  of  tlnearly  inde¬ 
pendent  periodic  solutions  of  the  equations  of  variation. 
The  method  consists  of  successive  approximations,  use 
of  a  generalized  Green's  matrix,  and  a  discussion  of 
the  bifurcation  equations,  which  turn  out  to  be  Identical¬ 
ly  satisfied.  (Contractor’s  abstract) 
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Johns  Hopkins  U.  Depl.  of  Mathematics,  Battlmore,  Md. 
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by  G.  D.  Mostow.  Mar.  1957  [28]p.  (AFOSR-TN-56- 
284;  (AF  18(600)1474)  AD  89494  Unclassified 

Also  published  In  Ann.  Math.,  v.  65:  432-446,  May 
1957. 

Let  G  be  a  group  of  transformations  on  a  topological 
space  E.  If  P  cE  we  denote  by  Gp  the  set  of  transforma¬ 
tions  In  G  which  keep  p  fixed.  IlHls  a  subgroup  of  G, 
we  denote  by  (H)  the  totality  of  subgroups  of  G  of  the 
form  xHx'1  with  x  In  G.  We  denote  by  L(G,  E)  the  total¬ 
ity  of  (Gp)  as  p  varies  over  E.  The  orbits  Gp  and  Gq 
through  points  p  and  q  of  E  are  called  equivalent  If 
(Gp)  -  (Gq).  Thus  G  has  lait  a  flnlle  number  of  lnequiva- 
lenl  orblls  In  E  If  and  only  If  L(G,  E)  Is  a  finite  set. 

This  Is  the  case  for  example  If  E  Is  a  compact  differ¬ 
entiable  manifold  and  G  Is  a  compact  group  of  differenti¬ 
able  transformations.  Several  theorems  are  derived 
and  proven  In  this  paper.  Among  other  things  they  are 
particularly  useful  In  enabling  one  (1)  to  obtain  quite 
directly  Information  about  the  conjugacy  of  subgroups  of 
a  compact  Lie  group,  and  (2)  to  find  conditions  under 
which  L(G,  E)  Is  finlle.  (Contractor's  abstract) 


JHU.  09:001 

Johns  Hopkins  U.  Sept,  of  Mathematics,  Baltimore,  Md. 

ON  INTEGRATING  FACTORS  AND  ON  CONFORMAL 
MAPPINGS,  by  P.  Hartman.  Oct.  1956,31p.  refs. 
(Technical  rept.  no.  1)  (AFOSR-TN-56-475)  (AF  18- 
(603)41)  AD  97359  Unclassified 

Also  published  In  Trans.  Amer.  Math.  Soc. ,  v.  87: 
387-406,  1958. 

The  existence  of  (local)  "Integrating  factors"  for  a 
linear  differential  form  a>  =  P(x,y)dx  +  Q(x,y)dy  with 
functions  T  0  and  W  such  that  <c  =  Tdw.  The  first 
of  two  cases  Is  where  P  and  Q  are  real-valued  and 
p2  +  q2  ^  o.  1/T  Is  called  an  Integrating  factor  for  a> 
and  solution  Is  through  ordinary  differential  equations. 
The  second  case  Is  where  P  and  Q  are  complex-valued 
and  Im(PQ)  jt  0.  The  problem  here  Is  conformallzlng 
the  Rlemannlan  metric  ds*  =  ot5>  =  |p  |^di2  + 
2Re(PQ)dxdy  ♦  |Q  l*dy2  by  an  elliptic  system  of  partial 
differential  equations.  A  positive  definite  binary  dsa 
can  be  factored  Into  «  os.  P  and  Q  are  continuous  and 
conditions  are  Imposed  on  the  sel  function  4  (E)  = 

JjPdx  ♦  Qdy  with  E  a  domain  bounded  by  a  rectifiable 

Jordan  curve  J.  The  appendix  considers  a  relaled  prob¬ 
lem  on  Indefinite  forms  In  the  theory  of  surfaces. 


JHU.  09:002 

*.  Johns  Hopkins  U.  [  Depl.  of  Mathematics  j  Baltimore,  Md. 

•  SELF-ADJOINT,  NON- OSCILLATORY  SYSTEMS  OF 

ORDINARY,  SECOND  ORDER,  UNEAR  DIFFERENTIAL 
EQUATIONS,  by  P.  Hartman.  Ocl.  1956,  lip.  refs. 
(Technical  repl.  no.  2)  (AFOSR-TN  56-48?)  (AF  18- 


(603)41)  AD  97366  Unclassified 

Also  published  In  Duke  Math.  Jour.,  v.  24:  25-36, 

Mar.  1957. 

A  differential  equation  x"  +  f(l)x  =  0  is  called  nonoscll- 
latory  on  0  1 1  <  oo  if  no  (nonirlvlal)  solution  has  arbi¬ 
trarily  large  zeros.  This  notion  Is  generalized  lo  a 
self-adjotnl  system  of  equations  x"  +  F(t)x  =  0  In  which 
x  is  a  vector  and  F(t)  Is  a  continuous  Hermltlan  matrix 
on  0  <_1  <  co.  Resulls  concerning  solutions  of  this  sys¬ 
tem  (and,  more  generally,  of  the  system  (Px')'  +  Fx  = 

0  In  which  P(t)  Is  a  continuous  Hermltlan  positive  defi¬ 
nite  matrix),  analogous  to  known  facts  concerning  solu¬ 
tions  In  the  particular  cases  chal  F(t)  Is  a  scalar  or  a 
real  Hermltian  non-posltlve  definite  matrix,  are  ob¬ 
tained.  (Math.  Rev.  abstract) 


JHU  09:003 

Johns  Hopkins  U.  Dept,  of  Mathematics,  Baltimore,  Md. 

REMARKS  ON  A  UNIQUENESS  THEOREM  FOR  CLOSED 
SURFACES,  by  P.  Hartman.  Dec.  1956,  8p.  (Tech¬ 
nical  rept.  no.  3)  (AFOSR-TN- 56-589)  (AF  18(603)- 
41)  AD  115016  Unclassified 

Also  published  In  Math.  Ann.,  v.  133:416-430,  1957. 

A  strong  maximum  principle  for  a  singular  elliptic 
partial  differential  equation  Is  made  use  of  In  obtaining 
versions  of  the  theorems  of  Voss  dealing  with  closed 
surfaces  In  Euclidean  3-space  without  the  aid  of  his 
assumptions  of  analytlclty. 


JHU.  10:001 

Johns  Hopkins  U.  Dept,  of  Medicine,  Baltimore,  Md. 

SPECTRAL  PHONOCARDIOGRAPHY:  PROBLEMS  AND 
PROSPECTS  IN  THE  APPUCATION  OF  THE  BELL 
SOUND  SPECTROGRAPH  TO  PHONOCARDIOGRAPHY, 
by  V.  A.  McKuslck,  S.  A.  Talbot,  and  G.  N.  Webb. 

(  1954)  (  12] p.  lncl.  lllus.  dlagrs.  [ AF  18(600)1040) 

Unclassified 

Presented  al  meeting  of  the  Amer.  Physiol.  Soc. , 
Atlantic  City,  N.  J. ,  Apr.  12-16,  1954. 

Published  In  Bull.  Johns  Hopkins  Hospital,  v.  94: 187- 
198,  Apr.  1954. 

Abstract  pubUshed  in  Fed.  Proc.,  v.  13:  522,  Mar. 
1954. 

For  optimum  resulls  the  Bell  sound  spectrograph  re¬ 
quires  modification  along  the  following  lines:  (1)  pro¬ 
vision  for  fine  definition  In  both  time  and  frequency  In 
the  same  record  Is  desirable;  (2)  display  of  frequency 
on  a  logarithmic  scale  (the  ordlnale)  produces  a  more 
realistic  record;  (3)  Instrumentation  for  the  simultan¬ 
eous  parallel  recording  of  other  physiologic  data  (for 
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correlaUve  and  timing  purposes)  Is  essential;  and  (4) 
conversion  from  the  use  of  direct-writing  paper  to 
photographic  film  negative  Improves  Intensity  definition 
many-fold.  Spectral  phonocardlograms  incorporate  the 
timing,  frequency,  and  Intensity  characteristics  of  heart 
sounds  In  a  single,  objective,  detailed,  standardizable 
display.  The  following  hypotheses  are  discussed  and 
Illustrated:  (1)  spectral  phonocardlograms  match  close¬ 
ly  the  mental  Image  of  the  heart  sounds.  Therefore 
their  Interpretation  Is  easy  for  the  experienced  stetho- 
sooplst;  (2)  their  pedagogic  value  Is  considerable;  (3) 
for  purposes  of  clinical  record  spectral  phonocardiogra¬ 
phy  has  advantages:  (4)  spectral  phonocardiography  per¬ 
mits  precise  definition  in  physical  terms  of  the  adjec¬ 
tives  used  in  describing  heart  sounds  and  murmurs;  and 
(5)  information  of  physiologic  and  pathologic  significance 
beyond  the  appreciation  of  either  the  ear  or  the  current 
methods  of  phonocardiography  is  made  available  by 
spectral  phonocardiography.  (Contractor’s  abstract) 


JHU.  10:002 

Johns  Hopkins  U.  Dept,  of  Medicine,  Baltimore,  Md. 

SPECTRAL  PHONOCARDIOGRAPHY:  CLINICAL 
STUDIES,  by  V.  A.  McKusick,  G.  N.  Webb  and  others. 

[  1954]  [  21  ]  p.  incl.  illus.  dlagrs.  refs.  [AF  18(600)- 
1040]  Unclassified 

Published  in  Bull.  Johns  Hopkins  Hospital,  v.  95:  90- 
110.  Aug.  1954. 

Spectral  phonocardlograms  of  a  variety  of  heart  sounds 
and  murmurs  have  been  presented  and  discussed.  Tech¬ 
nical  modifications  which  permit  simultaneous  display 
EKG,  respirations,  and  other  physiologic  phenomena 
and  those  necessary  for  a  logarithmic  frequency  scale 
are  described  briefly  and  examples  of  recordings  pre¬ 
sented.  Since  all  features  of  the  sounds  are  visually 
displayed,  quality  (timbre),  which  previously  has  eluded 
exact  description,  can  now  be  defined  in  physical  terms. 
This  "sea-gull"  diastolic  murmur  and  terms  such  as 
ringing,  rasping,  rumbling,  etc. ,  are  so  defined.  Pre¬ 
liminary  observations  are  presented  concerning  the  op¬ 
eration  of  one  part  of  the  stethoscope  on  sound  reaching 
the  surface  of  the  chest,  the  operation  of  the  thorax  on 
sound  generated  In  cardiovascular  structures,  and  the 
dissection  of  heart  sounds  by  this  method.  Crescendo, 
decrescendo,  diamond -shaped  and  similar  terms  de¬ 
rived  from  the  Intensity  characteristics  as  displayed  by 
Clascal  phcojcardlograpbj  are  found  to  apply  to  fre¬ 
quency  characteristics  as  well.  In  general,  freak  fre¬ 
quency  and  over-all  intensity  vary  In  a  parallel  fashlor 
in  sounds  of  cardiovascular  origin.  In  the  case  of  one 
type  of  vascular  sound  (uterine  souffle)  the  relation  to 
me  generating  system  and  the  uperatlou  of  hemodynamic 
factors  on  this  sound  are  discussed.  The  similarity  of 
the  uterine  souffle  to  an  arterial  pulse  pressure  curve 
is  pointed  out.  Spectral  phonoeardtugrafna  resemble 
closely  the  mental  image  of  heart  sounds  and  murmurs. 
They  facilitate  the  learning  of  clinical  auscultation.  And 
Inasmuch  as  all  three  dimensions  of  sound  are  incor¬ 


porated  in  a  single  detailed  display,  spectral  phono¬ 
cardlograms  are  valuable  for  permanent  clinical  rec¬ 
ords  and  for  the  detailed  presentation  of  these  sounds 
on  the  printed  page.  (Contractor’s  summary) 


JHU.  10:003 

Johns  Hopkins  U.  Dept,  of  Medicine,  Baltimore,  Md. 

SOME  HEMODYNAMIC  EFFECTS  OF  THE  HUF NAGEL 
OPERATION  FOR  AORTIC  REGURGITATION  by  V.  A. 
McKusick,  D.  P.  Hahn  and  others.  [  1954]  [  16 ]  p.  Incl. 
Illus.  diagrs.  tables,  refs.  [AF  18(600)1040] 

Unclassified 

Published  in  Bull.  Johns  Hopkins  Hospital,  v.  95:  322- 
337,  Dec.  1954. 

The  following  effects  have  been  found;  (1)  the  Implanta¬ 
tion  of  a  ball-  valve  In  the  descending  thoracic  aorta  In 
cases  of  aortic  regurgitation  results  In  decrease  in 
mean  diastolic  pressure  In  the  segment  of  the  arterial 
tree  proximal  to  the  ball-valve  and  a  decrease  In  the 
size  of  the  diastolic  murmur;  (2)  the  size  of  the  diastol¬ 
ic  murmur  correlates  well  with  mean  diastolic  pres¬ 
sure  In  the  proximal  segment  and  poorly  with  the  volume 
of  regurgitation;  (3)  both  the  beneficial  effect  on  volume 
of  regurgitation  and  the  adverse  one  on  mean  diastolic 
pressure  are  greater  the  smaller  the  segment  proximal 
to  the  ball-valve;  (4)  the  exaggeration  (by  the  operation) 
of  the  depression  of  mean  diastolic  pressure  In  the  prox¬ 
imal  arterial  segment  may  limit  the  over-all  benefits 
of  the  operation;  (5)  splitting  of  the  sound  produced  by 
the  artificial  valve  Is  demonstrated  by  spectral  phono¬ 
cardiography.  Asynchronous  Impingement  of  the  valve 
on  its  seatlngs  Is  suggested  as  the  mechanism  of  this 
minute  splitting;  and  (6)  the  opening  and  closing  sounds 
of  the  artificial  valve  In  situ  occurs  between  the  normal 
heart  sounds.  Systole  is  abbreviated  distal  io  the  arti¬ 
ficial  valve.  (Contractor's  conclusions,  modified) 


JHU  10:004 

Johns  Hopkins  U,  Dept,  of  Medicine,  Baltimore,  Md. 

DISEASES  OF  THE  PERICARDIUM,  by  V.  A.  McKusick 
and  A.  M.  Harvey.  [1955]  L 44 ]  p.  Incl.  Illus.  dlagr. 
refs.  [AF  18(600)1040]  Unclassified 

P ubUbhed  in  Alvanee*  Hi  Internal  Med. ,  v.  7;  157 -loo, 
1955. 

A  review  is  presented  of  the  following  diseases  of  the 
pericardium  with  emphasis  on  causes,  methods  of  diag¬ 
nosis,  ana  treatment:  (1)  acute  nonspecific;  (2)  purulent; 
(3)  acute  and  subacute  tuberculous  pericarditis;  (4)  peri¬ 
carditis  of  systemic  lupus  erythematosus'  (5)  chronic 
constrictive  perlvardttlB,  (6)  metabolic  pericarditis, 

(7)  pericarditis  secondary  to  other  cardiovascular  dis¬ 
eases;  (8)  pericardial  cysts  and  diverticula;  and  (9)  a 
number  of  less  common  disorders  of  the  pericardium. 
Ranging  in  time  from  1852  to  1954,  170  references  are 
cited. 
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Johns  Hopkins  U.  Dept,  of  Medicine,  Baltimore,  Md. 

ON  CARDIOVASCULAR  SOUND.  FURTHER  OBSERVA¬ 
TIONS  BY  MEANS  OF  SPECTRAL  PHONOCARDIOGRA¬ 
PHY,  by  V.  A.  McKuslck,  G.  N.  Webb  and  others. 

[  1955]  t  22]  p.  tnct.  lllus.  dlagrs.  refs.  [AF  18(600)- 
1040  J  Unclassified 

Published  In  Circulation,  v.  11:  849-879,  June  1955. 

Spectral  phonocardiography  Is  an  adaptation  of  the  meth¬ 
od  of  sound  spectrography  devised  at  the  Bell  Telephone 
labs.  It  differs  from  conventional  osctllographlc  phon- 
cardlography  principally  In  the  fact  that  frequency  spec¬ 
trum  Is  displayed  as  welt  as  the  dimensions  of  time  and 
intensity.  The  dtsptay  of  frequency  spectrum  Is  respon¬ 
sible  for  three  advantages  of  the  method:  (1)  quality,  or 
Umbre,  ts  gtven  physical  deflniUon;  (2)  resotutlon  In  the 
Ume  dimension  ts  tmproved;  and  (3)  a  betle.  dtsplay  of 
the  wide  dynamic  range  of  cardiovascular  sound  Is  at¬ 
tained.  This  method  can  do,  or  can  be  made  to  do,  all 
the  ear  can.  It  can  probabty  emulate  the  performance 
of  the  ear  because  (1)  it  Is  not  wed  to  aparUcular  fre¬ 
quency-intensity  response  curve;  (2)  if  suffers  from  no 
"psychoacoustic”  impediments;  (3)  it  provides  better 
resotuUon  tn  the  time  dimension;  and  (4)  It  produces 
pcTi.iauf.nt  quantifiable  records.  Llseustted  here  are 
selected  features  of  mitral  valve  disease,  gallops,  sys¬ 
tolic  clicks,  and  extracardiac  sounds.  In  general,  in¬ 
tensity  and  peak  frequency  vary  In  a  parallel  manner  In 
sound  of  cardiovascular  origin.  Artefacts  due  to  non- 
cardlovascular  ambient  noise  and  to  electrical  Inter¬ 
ference  can  be  identified  and  disregarded  In  the  heart 
sound  analysis.  (Contractor  s  abstract; 


JHU.  10:006 

Johns  Hopkins  U  Depl.  ol  Medtclne,  Battlmore,  Md. 

SPECTRAL  PHONOCARDIOGRAPHIC  DEMONSTRATIONS 
OF  SELECTED  VARIETIES  OF  CARDIOVASCULAR 
SOUNDS,  by  V.  A.  McKuslck,  E.  W.  Kline,  and  G.  N. 
Webb.  [  1955]  l  23  ]  p.  lncl.  dlagrs.  refs.  [AF  18- 
(OUd)lOsuj  Unclassified 

Published  In  Amer.  Heart  Jour. ,  v.  49:  911-933,  June 
1955. 

Demonstrated  here  Is  heart  sound  Intensification  of  4 
types  as  to  the  principal  factor  responsible  for  the  alter¬ 
ation:  (1)  Increased  velocity  of  valve  closure;  (2)  In¬ 
creased  force  of  valve  closure;  (3)  fibrosis  and  other 
physical  change  In  the  coaptlng  valve  cusps;  and  (4) 
closure  of  valves  from  a  wide-open  position.  Record¬ 
ings  of  heart  sounds  were  made  on  magnetic  tape  using 
a  condenser-type  microphone.  Electrocardiogram  and 
respiratory  tracings  were  simultaneously  recorded  Of. 
the  tape  by  means  of  frequency  modulated  carriers,  A 
more  valid  recording  was  obtained,  with  less  risk  of 
Introduction  of  physiologic  artifact  as  a  result  of  partial 
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Miilter  or  Valsalva  experiment,  by  permitting  quiet 
respiration  during  the  recording.  Since  artifacts  such 
as  breath  sounds  are  easily  Identified  as  such  In  the 
spectrat  phonocardlogram,  resptratlon  dtd  not  Inter¬ 
fere  with  the  analyses.  (Contractor’s  summary, 
modified) 


JHU.  10:007 

Johns  Hopkins  U.  Dept,  of  Medicine,  Battlmore,  Md. 

THE  ACOUSTIC  BASIS  OF  THE  CHEST  EXAMINATION. 
STUDIES  BY  MEANS  OF  SOUND  SPECTROGRAPHY,  by 
V.  A.  McKuslck,  J.  T.  Jenkins,  and  G.  N.  Webb. 

[  1955]  1 23 ] p.  tncl.  lllus.  dlagrs.  refs.  [AF  18(600)- 
1040]  Unclasslfted 

Published  In  Amer.  Rev.  of  T.  B.  and  Pulmonary  Dis¬ 
eases,  v.  72:  12-34,  July  1955. 

The  features  of  respiratory  sound  tn  health  and  dtsease 
have  been  studied  by  the  method  of  sound  spectrography. 
Most  of  the  ftndlngs  noted  have  been  revealed  or  sur¬ 
mised  previously  by  workers  using  other  techniques. 
Nevertheless,  by  use  of  the  method  of  sound  spectrog¬ 
raphy.  It  has  been  posslbte  to  demonstrate  the  respira¬ 
tory  sojnds  tn  health  and  disease  graphically  to  a  great¬ 
er  extent  than  has  previously  been  puidbte.  The  physl 
cal  differences  which  characterize  dull,  resonant,  and 
tympanitic  percussion  notes,  the  several  types  of 
breath  sounds,  and  moist  and  dry  rales  are  demon¬ 
strated.  The  change  In  whispered  and  spoken  voice 
sounds  In  disease  can  be  related  to  physical  alterations 
In  conducting  and  filtering  properties  of  the  lung  and  Its 
covering  tissues.  Ihe  musicailty  ol  asthmatic  rates 
results  from  the  presence  of  conspicuous  harmonics. 
(Contractor’s  summary) 


JHU.  10:003 

Johns  Hopkins  U.  Dept,  of  Medlctne,  Baltimore,  Md. 

MUSICAL  MURMURS,  by  V.  A.  McKuslck,  G.  E. 

Murray  and  others.  [  1955]  [  41  ]p.  tncl.  tllus.  dlagrs. 
lets.  [  AF  lo(t>0u;1040 J  Unclassified 

Published  In  Bull.  Johns  Hopkins  Hospital,  v.  97:  136- 
176.  Aug.  1955. 

A  classification  of  muBlcal  murmurs  has  been  proposed. 
Musicailty  Is  a  function  of  the  presence  of  harmonic 
pattern.  A  brief  discussion  Is  presented  of  the  clinical 
pictures  (with  particular  reference  to  the  musical  mur¬ 
mur)  associated  with  retroverted  aortic  cusp,  ball-valve 
atrial  tumor,  aberrant  tendon  of  the  ventricle,  and  dis¬ 
secting  aneurysm  of  the  ascending  aorta  with  musical 
late  diastolic  murmur.  A  musical  early  diastolic  mur¬ 
mur  can  have  an  cxtra-cardlac  and  pruguostlcally 
benign  basis.  The  followtng  hemodynamic  and  analomt- 
cal  mechanisms  tn  lhe  genesis  of  musical  murmurs  are 
of  particular  Interest:  (1)  It  Is  possible  to  dlssecl  the 
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systolic  murmur  of  aortic  cusp  Into  muslcat  elements 
related  to  the  regutar  vibrations  of  an  elastic  structure 
and  noisy  components  due  to  turbutence.  Certain  of 
these  musical  murmurs  are  the  toudest  known  to  medi¬ 
cine.  Components  of  the  same  two  general  types  may 
be  present  In  the  valve  ctosure  sound;  (2)  In  general, 
frequency  aud  Intensity  In  aortic  murmur b,  both  sys¬ 
tolic  and  diastolic,  vary  directly  with  aorto- ventricular 
pressure  differential;  (3)  selective  transmission  results 
In  alteration  In  the  timbre  ul  the  murmur  ul  retroverted 
aortic  cv.sp  as  heard  at  the  apex.  Resonant  absorption 
apparently  operates  tn  changing  the  timbre  of  the  same 
murmur  as  heard  lr  Urf>  "aortic"  area-  and  (4)  the  shape 
of  the  musical  uterine  souffle,  which  resembles  an  ar¬ 
terial  pressure  pulse  curve,  can  be  related  to  cyclical 
hemodynamic  changes  at  the  generator.  (Contractor's 
summary) 


JHU.  10:009 

Johns  Hopkins  U.  Dept,  of  Medicine,  Baltimore,  Md. 

SYSTOLIC  CLICKS  (SO-CALLED  SYSTOUC  GALLOPS): 
A  STUDY  OF  THEIR  CLINICAL  SIGNIFICANCE  (Ab¬ 
stract),  by  J.  A.  Reid  and  J.  O.  Humphries.  C  1955  ] 

[  2]  p.  [AF  18(600)1040]  Unclassified 

Presented  at  meeting  of  the  Johns  Hopkins  Med.  Soc. , 
Baltimore,  Md. ,  May  9,  1955. 

Published  In  Butt.  Johns  Hopkins  Hospital,  v.  97:  177- 
178,  Aug.  1955. 

Patients  wtth  systolic  cltcks  were  studied  by  means  of 
spectrat  phonocardtography.  In  ginerat,  the  studies 
indicate  that  systolic  clicks  are  of  benign  prognostic 
significance.  The  systolic  ctlck  does  not  hotd  the  same- 
grave  prognosis  as  does  a  diastolic  gallop.  For  this 
reason,  tt  Is  recommended  that  the  term  "systolic  gal¬ 
lop"  be  abandoned.  Late  systolic  ctlcks  may  be  con¬ 
fused  with  spill  see  .aid  tout  id  or  may,  will,  the  normal 
second  sound,  create  a  combination  simulating  second 
sound  plus  opening  mitral  snap.  Circumscribed  mid- 
systolic  murmurs  Introduced  by  a  systolic  click  appear 
1j  be  «Rr»  cardiac  In  <  rtgk.  4 -id  held  Ihe  tame  prognctU 
as  do  systolic  clicks  wtthout  murmurs.  (Contractor's 
abstract,  modtfted) 


JHU.  10:010 

Johns  Hopkins  U.  Dept,  of  Medicine,  Baltimore,  Md. 

THE  SPUTTING  OF  HEART  SOUNDS.  A  SPECTRAL 
PHONOC ARDIOGRA P Hi C  EVALUATION  OF  CLINICAL 
SIGNIFICANCE,  by  V.  A.  McKustck,  W.  P.  Reagan 
and  others.  [  1955 ]  [l3jp.  Inch  tllus.  dtagrs.  refs. 
[AF  18(600)1040  J  Unctasstfted 

Published  In  Amer.  Jour.  Med.,  v.  19:  849-861,  Dec. 
1955. 

Normal  and  pathoiogtc  conditions  resulting  tn  spltttlng 


•  • 


of  heart  sounds  are  revtewed.  Because  of  much  over¬ 
lap  of  the  degree  of  splitting  with  that  occurring  normal¬ 
ly,  sptlttlng  Is  of  limited  diagnostic  value  tn  the  patho- 
toglc  states  with  which  It  may  occur:  Interatrial  septat 
defect,  bundle  branch  block,  mitral  or  aortic  regurgi¬ 
tation,  and  respiratory  dtsease  resulting  In  exaggerated 
Cyttttal  variations  tn  Inti  apleuial  pleasure.  In  general 
however,  splitting  has  more  pathologic  significance 
(1)  when  it  occurs  In  adults  than  when  It  occurs  In  chil- 
dt  fell,  (2)  when  splitting  IS  exaggerated  with  etpli  atiun 
rather  than  wtth  tnsplratlon  (teft  bundle  branch  block), 

(3)  when  there  ts  no  ctlnlcal  evidence  of  respiratory 
dictate  and  labored  retplratl-tm  ,  and  (4)  when  t, putting 
persists  throughout  all  phases  of  respiration  (as  usually 
Is  the  case  In  Interatrial  septal  defect).  (Contractor's 
summary,  modified) 


JHU.  10:011 

Johns  Hopkins  U.  [Dept,  of  Medtclne ]  BalUmore,  Md. 

HEART  SOUNDS,  by  V.  A.  McKuslck.  [  1956]  [9]p. 
tncl.  lllus.  dtagrs.  [AF  18(600)1040]  Unclassified 

Published  In  Sclent.  Amer.,  v.  194:  120-122,  124,  126, 
128-130,  May  1956. 

A  review  Is  presented  of  developments  tn  the  detection, 
study,  and  analysis  of  heart  sounds.  Special  emphasis 
ts  placed  on  the  new  approach  made  posstble  by  r.pectrat 
phonocardiography.  A  number  of  examples  are  given  to 
ttlustrate  the  posslbtllUes  of  this  tatest  advance  tn  the 
ftetd . 
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Johns  Hopkins  U.  Dept,  of  Medtclne,  BalUmore,  Md. 

A  PHASE  FILTER  APPUED  TO  SPECTRAL  PHONO¬ 
CARDIOGRAPHY,  by  F.  H.  Middleton,  G.  E.  Gilbert 
and  others.  [  1956]  [9]p.  lncl.  lllus.  dlagrs. 

[AF  18(600)1040]  Unclassified 

Presented  at  IRE  'ostrume  station  Conference  and  Ex- 
hlbtt,  Atlanta,  Ga. ,  Nov.  28-30,  1955. 

Published  tn  1.  R.  E.  Trans,  of  Professional  Group  on 
Instrumentation,  v.  1-5:  122-130,  June  1956. 

Spectral  phorocardtography  ts  the  name  applted  to  the 
process  of  analyztng  heart  sounds  to  provtde  a  frequency- 
amplttude-Ume  dtsptay.  A  segment  of  heart  sound  ts 
recorded  on  a  magnettc  medtum  and  then  repeatedly 
analyzed  by  a  heterodyne  filter  system.  Because  the 
bandwidth  of  a  convenUonal  ftlter  determines  both  the 
frequency  and  the  ttme  resolution,  a  difficulty  artses  tn 
that  the  selectton  of  a  wtdeband  filter  to  obtain  adequate 
Ume  resoluUon  leads  to  a  poor  frequency  resoluUon  and 
vtce-versa.  By  making  use  of  the  fact  that  the  phase- 
frequency  characterise  of  a  ftlter  ts  changtng  at  reso¬ 
nance  whereas  tts  amplitude  response  Is  not,  tt  ts  pos¬ 
stble  to  obtain  both  good  Ume  and  frequency  resoluUon 


•  • 


•  • 


•  • 


•  • 


•  • 


•  • 


•  • 


•  • 


•  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 


at  the  expense  of  amplitude  Information.  This  paper 
describes  the  application  of  this  principle  to  the  design 
of  a  phase  filter  and  shows  that  It  produces  an  analysis 
having  some  of  the  features  of  the  sense  of  hearing.  The 
design,  construction,  and  operation  of  the  phase  filter 
for  this  application  are  described.  Included  are  several 
sets  of  sonograms  comparing  results  obtained  with  the 
conventional  filter  and  with  the  phase  filter.  Suggested 
changes  that  could  be  Incorporated  In  subsequent  models 
are  discussed.  (Contractor's  summary) 


JHU.  10:013 

Johns  Hcpklns  U.  LDept.  of  Medicine]  Baltimore,  Md. 

INSTRUMENTATION  FOR  SPECTRAL  PHONOCARDIOG¬ 
RAPHY,  by  G.  N.  Webb  and  V.  A.  McKuslck.  [  1956] 

[  1 3  j  p.  lncl.  lllus.  dlagrs.  [  AF  18(600)1040] 

Unclassified 

Presented  at  the  WESCON  IRE  Convention,  San  Francisco, 
Calif.,  Aug.  25,  1955. 

Published  In  I.  R.  E.  Trans,  of  Professional  Group  on 
Medical  Electronics,  v.  ME-5:  23-35,  July  1956. 

The  development  stages  of  the  Instrumentation  system 
for  displaying  the  three  dimensions  of  heart  sounds, 
time,  frequency,  and  Intensity  are  described.  The 
heart  sounds  and  physiological  data  are  recorded  on 
magnetic  tape.  The  tape  information  Is  repetitively 
played  back,  filtered,  and  presented  as  Intensity  modu¬ 
lation  on  catnode- ray  tubes  having  a  slot  TV  type  raster 
»litit  llit.  WUuntal  swtvp  i tpi loCnls  time  lu  the  car¬ 
diac  cycle  and  the  vertical  represents  frequency.  The 
resulting  patterns  which  are  photographed  and  visually 
monitored  are  uned  for  research,  teaching,  and  dlag 
nosls.  (Contractor's  summary) 
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Johns  Hopkins  U.  Dept,  of  Medicine,  Baltimore,  Md. 

SPECTRAL  PHONOCARDIOGRAPHIC  STUDIES  IN 
CONGENITAL.  HEART  WSt'ASf ,  by  V,  ».  MeKusVk, 
O.  N.  Massengale,  Jr.  and  others.  1956  i  [  14  ,  p. 
lncl.  lllus.  dlagrs.  refs.  AF  18(600)1040 

Unc  lasslfled 

Published  In  Brit.  Heart  Jour.,  v.  18:403-416,  July 
1956. 

The  spectral  phonocardiographlc  patterns  In  thoracic 
A- V  fistula  (exemplified  by  patent  ductus  arteriosus). 

In  pulmonary  stenosis,  and  In  atrial  septal  defect  are 
sufficiently  distinctive  to  suggest  the  diagnosis  from 
examination  of  the  sound  recordings  alone.  The  pulmo¬ 
nary  reversal  snap  of  valvular  pulmonary  stenosis  Is 
highly  diagnostic,  particularly  when  combined  with  a 
murmur  of  the  typical  ejection  stenosis  type.  Most  re¬ 
ported  cases  of  congenital  mitral  stenosis  have  not  had 
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completely  typical  auscultatory  findings  In  terms  of  the 
experience  with  rheumatic  mitral  stenosis.  A  case  Is 
presented,  however,  In  which  typical  ausculatory  iind- 
lngs,  Including  mitral  opening  snap,  did  occur.  Such 
cases  might  be  particularly  favorable  for  valvotomy. 
Some  features  of  the  heart  sounds  In  primary  pulmo¬ 
nary  hypertension  have  been  demonstrated.  (Contrac¬ 
tor's  summary) 


JHU  11:001 

Johns  Hopkins  U.  Dept,  of  Medicine,  Baltimore,  Md. 

DYNAMIC  COMPARISON  OF  CURRENT  BALLISTO¬ 
CARDIOGRAPHIC  METHODS.  PART  I.  ARTEFACTS 
IN  THE  DYNAMICALLY  SIMPLE  BALLISTOCARDIO¬ 
GRAPHIC  METHODS.  H.  EFFECT  OF  A  PLATFORM 
IN  BALLISTOCARDIOGRAPHIC  DYNAMICS.  PART  in. 
DERIVATION  OF  CARDIOVASCULAR  FORCE  FROM 
EODY  MOTIONS,  by  S.  A.  Talbot  and  W.  K.  Harrison, 
Jr.  [  19551  [36 Ip.  lncl.  lllus.  dlagrs.  refs. 

[  AFOSR-TN-56-439  ]  (Sponsored  jointly  by  [Air  Force 
Office  of  Scientific  Research]  under  AF  18(600)1107) 
and  Public  Health  Service)  AD  96782  Unclassified 

Also  published  In  Circulation,  v.  12;  577-587;  845-857; 
1022-1033,  Oct.  -Dec.  1955. 

This  study  on  ballistocardiography,  the  science  concern¬ 
ing  the  dynamics  (forces,  momenta,  and  motions)  of 
particular  cardiovascular  mechanisms  (heart,  great 
vessels)  as  deduced  from  the  recorded  motion  of  the 
body,  Is  presented  In  3  parts.  In  Part  I,  the  nature  and 
magnitude  ol  luici  artelaas  In  the  b&UistutaTftiogTam 
(BCG)  arising  from  coupling  the  body  to  ground  Is  con¬ 
sidered.  The  effect  of  this  grounding  on  the  reading  of 
cardiovascular  motion,  momentum,  and  force  Is  ex¬ 
plained,  using  the  simple  1-mass  dynamics  In  which  the 
platform  effect  Is  negligible  or  absent.  Part  n  deals 
with  the  effects  on  the  BCG  of  a  second  mass,  a  plat¬ 
form  supporting  the  body.  The  body  Itself  Is  a  cutoff 
tUter  ut  It*  rvsw.su  it  type-  '.veins*  «](  Ur  springy  support¬ 
ing  tissues  which  couple  the  body  and  the  platform 
masses.  In  the  displacement  BCG,  this  attenuated  the 
upper  frequencies  recorded  from  stiffly  sprung  plat- 
Lrm!.,  or  iron,  lift  direct  bud  y,  st  butt  set  Its  CiAspl’.ng 
to  earth.  In  the  acceleration  record,  the  body  mass 
and  spring  cut  off  Ihe  lower  ballistocardiographic  fre¬ 
quencies,  while  platform  inass  and  spring  cut  off  the 
higher  frequencies.  The  magnitude  of  these  errors  and 
their  bearing  on  multilateral  recording  are  discussed. 

In  Part  HI,  the  validity  of  the  standard  assumptions  of 
ballistocardiography,  employed  In  Parts  I  and  II,  Is 
examined.  Using  ballistocardiographic  data  taken  with 
and  without  beds,  and  subtracting  the  effects  of  the  sup¬ 
ports,  tt  Is  shown  that  mechanical  errors  still  remain. 
Constraints  to  ground  as  stiff  as  the  direct-body  and 
Starr  supports  stem  to  result  In  more  errors  of  body 
complexity  than  do  the  softer  supports  of  Nickerson, 
Burger,  or  von  Wlttern,  beyond  the  obvious  resonance 
distortions. 
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Johns  Hopkins  U  [Dept,  of  Physics]  Baltimore,  Md. 

TRANSIENT  BEHAVIOR  FOLLOWING  BREAKDOWN 
AND  ITS  RELATION  TO  AFTERGLOW  PROCESSES 
(Abstract),  by  D  E.  Kerr  and  E.  F.  Tubbs.  [  1955] 

[  1  ]  p.  [AF  18(600)363]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Schenectady,  N.  Y. ,  Ocl.  20-22,  1955. 

Published  tn  Phvs.  Rev.,  v.  100:  1231,  Nov.  15,  1955. 

Followtng  application  of  a  pulse  of  microwave  power  lo 
form  a  helium  dtscharge  In  a  resonant  cavtly,  there  Is 
a  period  of  about  one  millisecond  which  ts  characterized 
by  a  transient  behavtor  of  both  emtlled  light  and  rf  prop¬ 
erties,  particularly  transmitted  power.  In  general, 
atomic  radtatlon  flrsl  rises  sharply,  then  undergoes 
quast-osctllalory  behavtor  tn  approaching  a  stationary 
value.  During  lhe  pulse,  molecular  radtatlon  Is  general¬ 
ly  weak  but  rises  many-fold  al  lhe  end  of  the  pulse. 
Detatled  measurements  of  certain  transitions  show  atom¬ 
ic  light  faltlng  abruptly  In  the  afterglow;  but  molecular 
Itght  rtses  sharpty  then  falls  more  slowly.  The  radia¬ 
tion  Is  usually  characterized  by  mere  than  one  time 
constant,  the  larger  one  betng  markedly  dependent  upon 
pulse  la..gtr.  and  petssuet..  The  abrupt  rice  J  ruck-talar 
radiation  at  the  end  of  the  breakdown  pulse  Is  strongly 
dependent  upon  the  pulse  length.  Consequently  the  rela¬ 
tive  predominance  of  molecular  or  atomic  radiation  can 
be  controlled  by  pulse  length.  This  fact  casts  doubt  on 
Interpretations  of  afterglow  mechanisms  which  depend 
upon  predominance  of  either  type  of  spectrum.  Other 
rare  gases  are  under  study. 


JHU.  13:001 

Johns  Hopkins  U.  Depl.  of  Physics,  Baltimore,  Md. 

BOSON  FAMILY  FRON  QUANTIZED  FINITE- PARTICLE 
MAXWELL  THEORY,  by  R.  [LJ  Ingraham  and  J.  Ford 
Aug.  28,  1956;  rev.  Dec.  13,  1956  [  1 2 jp.  tnci.  dtagr. 
refs.  (AF  18(603)143)  Unclasslfted 

Published  In  FtiVa.  HeV. ,  v.  lv/C.  1324-1331,  June  It, 
1957. 

Quantization  of  flnlte-partlcle  Maxwell  theory  yleids  a 
family  of  free  bosons  of  nonzero  masses  and  spins  1  and 
b,  TLp  rxuunri1  of  s  nine  spectrum  is  a  direr  1  r  o 
sequence  of  lhe  new  degree  of  freedom  of  particle  size. 
These  are  quanta  of  short- range  (meson)  forces.  The 
force- free  theory  (1.  e. ,  uncoupled  to  a  fermton  field)  ts 
sludted  here  as  a  prettmlnary  to  the  coupled  case.  An 
automaltc  conneclton  wtth  the  Pauli- Vtllars  regulator 
theory  Is  obtained.  The  nature  and  position  of  lhe  stng- 
ularttles  tn  lhe  fteld  commutators  of  quantum  electro¬ 
dynamics  and  meson  theory  ts  profoundly  altered. 
(Contractor's  abstract) 


JHU.  14:001 

Johns  Hopkins  U.  lnsl,  for  Cooperative  Research, 
Balttmore,  Md. 

THE  INTERACTION  OF  GRIDS  WITH  TRAVELUNG 
SHOCKWAVES,  by  D.  C.  Dosanjh.  Dec.  1953,  29p. 
tllus.  refs.  ( [  AF  ] OSR-TN- 54- 58)  (AF  18(600)757) 

AD  26941  Unctasstfted 

Experimental  equtpment  used  In  the  study  Included  a 
shock  lube,  lrtggertng  and  ttmtng,  grids,  and  thetr 
mounting,  hoi  wire  apparatus,  and  a  shadowgraph 
arrangement.  The  shock  lube  consists  of  a  sleet  box 
of  uniform  cross  seetton  (about  6  x  4  In.  Inside)  which 
ts  dtvlded  Into  2  chambers  by  a  dtaphragm  that  sustains 
a  pressure  differential  between  them.  The  lolat  tube 
length  Is  29  ft.  The  grids  (1/4-lu.  lhlck  perforated 
steel  plat"  wtth  sharp  edged  holes)  were  mounted  be¬ 
tween  2  glass  secltons  to  permtl  lhe.  recording  of 
shadowgraphs  of  the  transmitted  and/or  reflected 
shocks  and  the  associated  turbulent  flow.  The  speeds 
of  tncldenl,  transmttled,  and  reflected  shock  waves 
were  measured,  and  lhe  pressure  drop  coefflctenl  (de- 
ftnt  •  on  the  basts  of  the  pressure  far  upstream  and  lhe 
pressure  far  downstream  from  the  locaUon  of  the  grid) 
was  calculated.  The  drtft  flow  behind  the  reflected 
shock  was  turbulent  after  tts  passage  through  lhe  grtd. 
The  Interaction  jt  tldb  turbulent  region  with  the  re¬ 
flected -transmitted  shock  wave  was  optically  observed. 
The  Investigation  showed  that  the  combined  use  of  the 
shadowgraph  and  the  hot  wire  anemometer  was  a  reli¬ 
able  technique  for  studying  the  transient  flow  fields  as¬ 
sociated  with  the  Interaction  of  a  traveling  shock  wave 
and  grids  mounted  In  Its  path. 


JHU  14:002 

Johns  Hopfcms  U.  Inst,  for  Cooperative  Research, 
Baltimore,  Md. 

USE  OF  THE  HOT-WIRE  ANEMOMETER  AS  A  TRIG¬ 
GERING  DEVICE  FOR  WAVE  PHENOMENA  IN  A 
SHOCKTUUE,  by  D.  S.  Dosanjh.  Dec.  15,  1953;  rev. 
Aug.  23,  1954  L  6  J  p.  tncl.  Ulus,  dlagrs.  refs.  (AF  18- 
(600)75 1 1  Unclasslfted 

Published  In  Rev.  Sclent.  Instruments,  v.  26:  65-70, 
Jan.  1955. 

The  hot-wire  anemometer  Is  principally  used  for  turbu- 
!»■  rv  u  iM'^UgaU'U.x  li  both  sttlsoOc  arid  super  so«k 
flows.  11s  use  has  been  extended  to  the  observation  of 
transient  phenomena  In  shock  tubes.  Since  11s  S'  nsl 
tlvtty  lo  different  phenomena  varies,  depending  upon 
the  operating  conditions,  the  hot  wtre  Is  quite  well 
suited  for  timing  very  weak  as  well  as  strong  traveling 
shock  waves.  A  triggering  and  ttmtng  arrangement  was 
developed  potnting  to  further  Improvement.  It  was  found 
that  the  hot-wtre  trtgger  Is  a  reliable  Instrument  under 
wtdely  varytng  shock  tube  operations.  (Contractor's 
abstract) 
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Johns  Hopkins  U.  Inst,  for  Cooperative  Research, 
Baltimore,  Md. 

GRAIN  BOUNDARY  MIGRATION  IN  ALUMINUM  BI- 
CRYSTAU3,  by.  K.  T.  Aust,  E.  H.  Harrtson  and  others. 
July  31,  1955  [  13] p.  tncl.  Ulus,  dtagrs.  table,  refs. 

[  AFOSR-TN-55-226]  (Bound  with  tts  techntcal  rept. 
no.  6  (Ftnal)  as  Part  I;  AD  74873;  [  AF  jOSR-TN-55-19) 
(AF  18(600)1012)  AD  74873(a)  Unclasstfled 

Investtgatton  was  made  to  determine  the  effect  of  orien¬ 
tation  dtfference  and  temperature  on  boundary  migra¬ 
tion  tn  stratn-free  A1  btcrystals,  where  the  drtvlng 
force  results  from  the  reduction  of  boundary  area. 

Tests  were  conducted  with  A1  bicrystals  havtng  2  dlf  - 
ferent  shapes:  (1)  V-shaped  btcrystals  In  which  the 
boundary  was  expected  to  move  on  annealtng  In  a  direc¬ 
tion  toward  the  tip  of  the  V,  owing  to  a  reductton  of  the 
boundary  area;  and  (2)  specimens  In  which  the  radius 
of  curvature  of  the  moving  boundary  Is  kept  constant. 

No  evidence  of  boundary  migration  was  found  tn  the 
V-shaped  btcrystals  after  annealing  at  temperatures 
up  to  640 °C  for  90  hr.  The  grain  boundary  tn  the 
second- type  crystal  was  observed  to  mtgrate  toward 
the  center  of  curvature  of  the  curved  portton  of  the 
boundary.  Boundary  migration  proceeded  tn  a  step- 
Uke  or  discontinuous  manner  during  a  stngle  annealtng 
cycle.  Uniform  boundary  migration  was  plotted  as  a 
function  of  tsothermal  annealtng  at  640*,  600°,  and 
560“C  for  btcrystals  having  orientation  differences  (•') 
of  55°  and  85°  about  a  [  110]  specimen  axts  direction. 

It  was  apparent  that  a  boundary  separating  crystals  with 
0  =  85"  migrated  at  a  faster  rate  and  wtth  a  smaller 
activation  energy  than  a  boundary  with  0  =  55'.  The 
difference  tn  actlvatton  energy  for  gratn  boundary  mi¬ 
gration  between  btcrystals  wtth  n  =  55“  and  85“  was 
22  t  3  and  10*3  kcal/g-atom,  respectively.  (ASTIA 
abstract) 


JHU.  15:002 

Johns  Hopkins  U.  Inst,  for  Cooperative  Research, 
Baltimore,  Md. 

RF^LAKC'i  ON  GttAIN  BtXjNLiAUIES.  TAUT  1  SPAIN 
BOUNDARY  MIGRATION  IN  ALUMINUM  DICRYSTALS. 
PART  H.  INTl'RFACLAL  ENERGIES  OF  SYMMETRICAL 
TILT  CRYSTAL  BOUNDARIES  IN  SILVER.  PART  HI. 
SHEAR  ALONG  GRAIN  BOUNDARIES  IN  ALUMINUM 
BICRYSTALS  AT  ELI  VAT  ED  TEMPERATURES,  by  K. 
T.  Aust,  E.  H.  Harrison  and  others.  July  31,  1955 
[34  p.  incl.  Ulus,  dlagrs.  tables,  refs.  (Technical 
rept  no.  6  (Final))  ([  AF  ]OSR-TR  55  19)  (AF  18(600) 
1012)  AD  74873(a),  (b),  and  (c)  Unclassified 

Pari  II.  The  relative  energy  ('ll)  of  symmetrical  tilt 
boundaries  In  high  purity  silver  crystals  was  letermlned 
for  a  series  of  different  orientations,  .  It  Is  shown 
that  the  boundary  energy  depends  upon  the  orientation  of 
the  boundary.  The  results  are  In  agreement  with  the 
dislocation  model  of  tne  grain  boundary.  Pari  lit.  Pre 


Umtnary  research  on  shear  along  tilt  grain  boundaries 
In  alumtnum  crystals  Is  presented.  It  ts  shown  that  at 
400 “C,  the  boundary  durtng  tnltlal  loadtng  wtll  undergo 
a  pure  shear  that  ts  followed  by  boundary  mtgration. 
(For  Part  I  see  ttem  no.  JHU.  1 5:001 . ) 
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Johns  Hopkins  U.  [Inst,  for  Cooperative  Research] 
Baltimore,  Md. 

RELATIVE  INTERFACIAL  ENERGIES  OF  SYMMETRI¬ 
CAL  TILT  GRAIN  BOUNDARIES  IN  SILVER,  by  K.  T. 
Aust.  [Jan.  3,  1956]  [  4  ]  p.  Incl.  lllus.  dtagrs.  table, 
refs.  [AF  18(600)1012]  Unclassified 

Published  In  Jour.  Metals,  v.  8:  1026-1029,  Aug.  1956. 

The  relative  interfacial  energies  of  symmetrical  tilt 
boundaries  tn  sttver  of  greats’-  than  99.  999%  purity 
were  measured  as  a  function  of  ortentatlon  difference 
0  between  9“  and  36“  about  <  001  >.  The  resultsare 
tn  good  agreement  with  the  dislocation  model  of  the  grain 
boundary.  The  energy  vs  0  cuive  may  be  represented 
by  the  Shockley  and  Read  equation  In  the  form  EQ9 
(0.55  -  In  0).  (Contractor's  abstract) 
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Johns  Hopktns  U.  Inst,  for  Cooperative  Research, 
BMftmore,  Md. 

CALIBRATION  AND  PERFORMANCE  OF  AN  AEROSOL 
GENERATION  SYSTEM,  by  J.  F.  Skrtvan  and  H.  E. 
Hoetscher.  Apr.  1956,  50p.  tncl.  ittus.  dlagrs.  tables. 
(Technical  note  no.  1)  (AFOSR-TN-56-135)  (AF  18- 
(600)1176)  AD  86011  Unclasstfled 

The  performance  of  an  aerosol  generation  system  has 
been  studied  wtth  regard  to  particle  size  and  mrss  con¬ 
centration,  wtth  particular  emphasts  on  the  latter 
p.Yiae.  The  acrosU  g<.r,tTMui  usid  4»  the  .  tstan.li 
constructed  following  the  design  of  Sinclair  ana  Lamar. 

A  photometer  of  commercial  manufacture  was  calibrated 
with  respect  to  the  mass  concentration  of  aerosol  pas¬ 
sing  Ihruug*  H  CaitbratU*  rums  were  obtained  lor 
silicone  oil  and  Esso  motor  oil  and  the  slopes  were  the 
same  for  both.  Using  the  calibration  curves,  the  vari¬ 
ables  of  the  system  were  studied  with  respect  to  thetr 
Influence  on  mass  concentration.  The  most  Important 
parameter  of  the  system  was  the  temperature  of  the 
liquid  from  which  the  aerosol  Is  produced.  Curves 
showing  ihe  ellects  of  other  variables  are  also  presented. 
(Contractor's  abstract) 
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FI  A  ME  STUDIES  IN  A  Ft-AT  FiAME  BURNER,  by 
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JHU.  17:001  -  JHU.  19:002 


W,  T.  Bledler,  HI  and  H.  E.  Hoelsclier.  June  1956,  lv. 
lnct.  lllus.  dlagrs.  tables,  rels.  (Technical  note  no.  2) 
[AFOSR-TN-56-265]  (AF  18(600)1176)  AD  88985 

Unc  lassllled 

A  new  type  of  device  for  measuring  flame  velocities 
has  been  developed.  This  device  Is  a  burner  utilizing 
a  stable  planar  flame  front  which  permits  the  study  of 
stable  flat  flames,  free  from  contact  with  any  surface. 
Flame  velocity  as  a  function  of  concentration  of  com¬ 
bustible  in  the  unburnt  mixture  has  been  determined  for 
an  air-propane  system.  The  effect  of  the  geometry  of 
the  system  on  flame  properties  Is  observed  and  dis¬ 
cussed.  Teillpei  atui'e  a. ud  Concentration  uitaaul  eincnts 
were  made  In  the  vicinity  of  the  flame  and  are  reported. 
(Contractor’s  abstract) 


JHU.  17:001 

Johns  Hopkins  U.  [Inst,  for  Cooperative  Research] 
Baltimore,  Md. 

OBSERVATIONS  ON  GRAIN-BOUNDARY  MIGRATION 
IN  ALUMINUM  BICRYSTALS,  by  K.  T.  Aust,  E.  H. 
Harrison,  and  R.  Maddln.  [  1956-57]  [  2 J  p.  lncl. 
dlagrs.  [  AF  18(600)1587  j  Unclassified 

Published  In  Jour.  Inst.  Metals,  v.  85:  15-16,  1956-57. 

The  experimental  technique  suggested  by  Dunn,  Daniels, 
and  Bolton  (Trans.  Amer.  Inst.  Min.  Met.  Eng.,  v.  185: 
708,  1949)  for  studying  grain-boundary  migration  Is 
shown  to  have  considerable  merit.  The  rates  of  grain¬ 
boundary  migration  have  been  measured  at  temperatures 
of  560°,  600°,  and  640°C  for  strain-free  blcrystals  of 
aluminum  having  orientation  differences  of  55“  and  85“ 
about  <110  :.  Activation  energies  of  43  and  20  kg  cal/ 
g-atom,  respectively,  were  calculated  from  these  data. 


JHU.  18:001 

Johns  Hopkins  U.  Lab.  of  Astrophysics  and  Physical 
Meteorology,  Baltimore,  Md. 

INTERFEROMETRY  FOR  THE  FAR  INFRARED,  by  J. 
Strong.  1956  j  [  4  p.  lncl.  dlagrs.  refs.  [  AF  18- 
(600)1 307  J  Unclasslfted 

Presented  at  meeting  of  the  Opt.  Soc.  Amer..  Lake 
Placid,  N.  Y.,  Oct  18-20,  1956. 

Published  In  Jour.  Opt.  Soc.  Amer.,  v.  47:  354-357, 
May  1957. 

This  paper  describes  the  current  effort  aimed  to  apply 
new  Interferometric  procedures  to  far  Infrared  spec¬ 
troscopy,  out  to  millimeter  waves:  and  describes  the 
beginnings  of  plans  to  use  tnterferometry  in  a  telescope 
above  atmospheric  absorption.  (Contractor’s  summary) 


JHU.  19:001 

Johns  Hopkins  U.  Lab.  of  Astrophysics  and  Physical 
Meteorology,  Baltimore,  Md. 

STRUCTURE  OF  PERCHLDRYFLLDRIDE  FROM  HIGH 
RESOLUTION  INFRARED  SPECTRA,  by  R.  P.  Madden 
and  W.  S.  Benedict.  July  1956  [  2J  p.  (AFOSR-TN-56- 
289)  (AF  18(600)1557)  AD  89500  Unclassified 

Published  In  Jour.  Chem.  Phys. ,  v.  25:  594-595, 

Sept.  1956. 

The  l.ilesiftd  sp.'ve.lrttiii  perelduryHluortdc  *wva  c* 
amlned  between  525-625  cm"1  with  an  effective  optical 
silt  width  of  0. 11  cm-1.  Fine  structure  characteristic 
of  a  symmetric-top  molecule  was  resolved  In  the  paral- 
ll  l  baud  *3  and  llte  pprt*  "dlrular  hand  v^,  confirming 
the  structures  and  assignments  made  from  the  lower- 
resolution  results. 


JHU  19:002 

Johns  Hopkins  U.  Lab.  of  Astrophysics  and  Physical 
Meteorology,  Baltimore,  Md. 

IDENTIFICATION  OF  H2018  AND  H2Ol7  TELLURIC 
LINES  IN  THE  INFRARED  SOLAR  SPECTRUM,  by  W. 

S.  Benedict.  [July  1 956 J  [l5jp.  lncl.  dlagrs.  tables, 
refs.  [AFOSR-TN-56-306J  AD  90020 

Unclassified 

Presented  at  the  Seventh  international  Confess  on 
Astrophysics,  Liege  (Belgium),  July  12-14,  1956. 

Also  published  In  Mem.  Soc.  Hoy.  Scl.  Liege,  4th 
Scries,  v.  18:  556-571,  1957. 

Abstract  published  in  Mem.  Soc.  Roy.  Scl.  Llkge, 

4th  Series,  v.  18:  41,  1957. 

In  the  solar  spectra  observed  at  the  Jungfraujoch  there 
are  a  number  of  weak  telluric  lines,  varying  with  the 
water-vapor  content,  that  cannot  be  Interpreted  as  tran¬ 
sitions  between  the  known  energy  levels  of  H2018. 
Fourteen  such  lines  on  the  pure- rotation  band  (420- 
580  cm'1)  and  more  than  20  In  the  wlr.gn  of  the  6-  u 
band  (1170-1445  and  1800-2053  cm'1)  have  been  Identi¬ 
fied  as  resulting  from  H2018.  In  all  cases  where  the 
line  of  H2Ol6  Is  sufficiently  strong,  asatelltte  H2018 
line  either  appears  at  the  calculated  frequency  shift 
(which  ranges  from  ♦  1  to  - 1 1  cm- 1 ),  or  else  Is  over¬ 
lapped.  In  about  10  favorable  cases,  the  line  resulttng 
from  H2017  may  be  located  halfway  between  the  H2018 
and  H2O18.  The  relative  Intensities  appear  to  be  tn 
agreement  with  normal  Isotopic  abundances.  (Contrac¬ 
tor’s  abstract) 
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JHU.  19:003 

Johns  Hopkins  U.  Lab.  of  Astrophysics  and  Physical 
Meteorology,  Baltimore  Md. 

INTERACTION  OF  STRETCHING  VIBRATIONS  AND 
INVERSION  IN  AMMONIA,  by  W.  D.  Benedict  and  E. 

K.  Plyler.  April  1956  [l]p.  lncl.  tables.  [AF18- 
(600)1557]  Unclassified 

Published  In  Jour.  Chem.  Phys. ,  v.  24:  904,  Apr.  1956. 

The  effects  of  the  Inversion  doubling  of  the  energy  levels 


of  NH3  have  been  accurately  studied  In  the  microwave 
region  and  In  the  fundamental  and  higher  states  of  v^, 
but  little  Is  known  about  the  Interactions  of  the  other 
modes  of  vibration  with  the  Inversion.  The  purpose  of 
this  Investigation  was  to  study  the  absorption  of  NHj, 

In  the  region  from  2. 15  -  2.47n  (4050-4720  cm’1),  with 
an  effective  resolution  of  0. 15  cm"l.  About  1000  lines 
were  measured  and  all  but  the  weakest  were  analyzed. 
Values  of  the  molecular  constants,  lgiorlng  the  higher- 
order  effects,  are  presented.  Comparison  Is  made  be¬ 
tween  the  energy- level  differences  due  to  Inversion¬ 
doubling  observed  In  the  combination  bands  and  those 
In  the  v2  fundamental. 
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KAN.  01:001 

Kansas  U.  Dept,  of  Mathematics,  Lawrence. 

THEORY  OF  CAPACITIES,  by  G.  Choquet.  May  1954 
179p.  tncl.  refs.  (Technical  note  no.  1)  ([AF]OSR- 
TN-54-120)  (AF  18(600)959)  AD  35.-85 

Unclass  tiled 

The  theory  of  capacities  is  developed  from  a  considera¬ 
tion  of  whether  or  not  the  tnterlor  Newtonian  capacity 
of  an  arbitrary  Boreltan  subset  X  of  the  space  R^  is 
equal  to  the  exterior  Newtonian  capactty  of  X.  The 
theory  is  analogous  to  the  classical  theory  of  measura¬ 
bility  and  deals  prtnclpalty  with  nonaddttive  set  func¬ 
tions  defined  on  arbttrary  Hausdorff  spaces.  The  theory 
ts  developed  under  the  following  topics:  (1)  Boreltan 
and  analytic  sets  In  topological  spaces;  (2)  Newtonian 
and  Greenlan  capacities;  (3)  alternating  and  monotone 
functions  (capacities);  (4)  the  extension  and  restriction 
of  a  capactty;  (5)  operations  on  capacities  and  examples 
of  capacities;  (6)  capacltablllty  (fundamental  theorems); 
and  (7)  extremal  elements  of  convex  cones  and  Integral 
representations  (applications). 


KAN.  01:002 

Kansas  U.  Dept,  of  Mathematics,  Lawrence. 

CONTRIBUTIONS  TO  POTENTIAL  THEORY,  by  M. 
Brelol.  Technical  note  no.  2.  Feb.  1955,  !49p.  (Rept. 
no.  KU-AF-TN2)  (t  AF  JOSH- 54 -357)  (In  cooperation 
wtth  Paris  U.  (France))  (AF  18(600)959)  AD  52489 

Unclassified 

The  following  subjects  are  treated:  (1)  study  and  exten¬ 
sions  of  the  Dtrlchlel  prlr.clpte;  (2)  existence  theorem 
for  n  capacities;  (3)  a  new  proof  of  the  fundamental 
theorem  of  Kellog- Evans  on  the  set  of  trregul'  r  potnts 
tn  the  Dlrtchlet  problem;  (4)  the  behavtor  of  harmonic 
functions  in  the  neighborhood  of  an  lrregutar  boundary 
poinl;  and  (5)  assoctaled  funcltons  and  measures. 

(ASTLA  abstract) 


KAN.  0t:003 

Kansas  U.  Depl.  of  Mathematics,  Lawrence. 

STUDY  AND  EXTENSIONS  OF  THE  D1R1CHLET  PRIN¬ 
CIPLE,  by  M.  Brelol.  [  1954]  87p.  lncl.  refs. 

([  Pari  t  ]  cf  lls  Technical  note  no.  2;  AD  52489) 
i  AFOSH-TN- 54  357(a))  [  AF  18(600)959  ]  AD  52489(a) 

Unclassified 

Consideration  Is  gtven  to  varieties  more  general  than 
Euclidean  domatns;  lhese  Include  Rleuunn  surfaces 
(  '  spaces)  and  analogous  varleltes  with  dimension 
numbei  .  >  2,  bul  where  the  condllton  oi  the  existence 
of  a  Green's  function  Is  saUsfted.  In  such  a  space,  lhe 
approximating  spheres  of  Bochner  and  their  radii  are 
replaced  by  the  loci  of  Gp  constant  and  lhel-  ortho¬ 
gonal  lrajec'orles,  respectively.  Cerlaln  llmll  or  radial 


functions  can  then  be  defined  wtthout  using  any  boundary. 
The  Dirichlet  prtnctple  Is  interpreted  by  means  of  the 
projecUon  of  the  origin  on  the  set  of  the  precised  Beppo 
Levt  funcUons  Introduced  by  Deny  (Acta  Math. ,  v.  82: 
107-183,  1950)  which  have  the  same  radial  as  f,  where 
the  funebons  f  are  real-valued,  finite,  and  continuous 
wtth  ftnite,  continuous,  square  summable  gradient. 

(ASTI A  abstract) 

KAN.  01:004 

Kansas  U.  Dept,  of  Mathematics,  Lawrence. 

EXISTENCE  THEOREM  FOR  n  CAPACITIES,  by  M. 
Brelot.  [  1 954  J  [  13  J  p.  ([Part  2]  of  tts  Technical 
note  no.  2;  AD  52489)  [  AFOSR-TN-54-357(b)] 

[AF  18(600)959]  AD  52489(b)  Unclassified 

A  proof  is  presented  that  given  a  positive  integer  N, 
and  e  >  0,  there  exist  In  the  Green’s  space,  e  0,  N 
mutually  disjotnt  compact  sets,  each  of  capacity  1, 
such  that  the  capactty  of  thetr  union  differs  from  N  by 
less  than  e,  and  these  compact  sets  may  even  be 
chosen  to  be  simple.  This  result  can  be  extended  to 
the  statement  that  it  is  posstble  to  form  a  sequence  of 
compacts  Kn  (even  simple  compact  sets)  each  of  capa¬ 
ctty  1,  with  the  property  that  gtven  e  >  0,  there  exists 
an  index  n0  such  that  the  union  of  any  number  N  of 
compact  sets  of  the  sequence  wtth  tndlces  greater  than 
n0  Is  a  compact  set  of  capacity  lytng  between  N  and 
(N-N  t ),  or  even  between  N  and  N-  e . 


KAN.  Ot  :005 

Kansas  U  Dept,  of  Mathematics,  Lawrence. 

A  NEW  PROOF  OF  THE  FUNDAMENTAL  THEOREM 
OF  KELLOG- EVANS  ON  THE  SET  OF  IRREGULAR 
POINTS  IN  THE  DIRICHLET  PROBLEM,  by  M.  Brelot. 
[  1954]  [l8]p.  ([Pari  3]  qf  tts  Technical  note  no.  2; 
AD  52489)  [  AFOSR-TN-357(c)  ]  [  AF  18(600)959] 

AD  52489(c)  Unctassifled 

An  Independent  and  elemenlary  proof  is  given  that  the 
set  of  trregular  potnts  ts  a  set  such  that  any  compact 
subset  has  a  rero  capacity.  This  is  equivalent  to  the 
slatement  that  a  bounded  harmonic  function  in  a  given 
bounded  Euclidean  domain  is  delermlned  by  tls  limits 
al  the  regutar  points. 


KAN.  01 :006 

Kansas  U.  Dept,  of  Mathematics,  Lawrence. 

ON  THE  BEHAVIOR  OF  HARMONIC  FUNCTIONS  IN 
THE  NEIGHBORHOOD  OF  AN  IRREGULAR  BOUNDARY 
POINT,  by  M.  Brelol.  [  t954  [22  p.  ([  Pari  4j  of 

lls  Technical  nole  no.  2;  AD  52489)  I  AFOSIl-TN-35?(d); 
L  AF  1 8(600)959,  AD  52489(d)  Unclasstfted 

Also  published  In  Jour.  Analyse  Math  (Jerusalem), 
v.  4:  209- 22t,  t955/56. 
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The  main  results  are  given  In  2  theorems.  Theorem  1: 
Let  Q  be  an  Irregular  boundary  potnt  of  a  bounded  Eu¬ 
clidean  domain.  (More  generally,  tt  may  be  supposed 
that  O  Is  a  Greenian  domain  In  a  5  -  space,  and  that  Q 
Is  an  trregular  boundary  potnt  different  from  A  and  from 
a  potnt  at  Infinity).  Let  u  be  a  bounded  harmonic  func¬ 
tion  onO  tn  a  neighborhood  of  Q.  it  Is  supposed  that  u 
vanishes  at  every  regular  boundary  potnt  of  Cl  which  ts 
close  enough  to  Q.  Then  u(Mn)/Gpo(Mn)  tends  to  a 
limit  Independent  of  the  sequence  Wn  — *  Q  when  thts 
sequence  ts  completely  Irregular  This  limit  ts  the 
quotient  of  the  pseudo- Umtts  at  Q  of  u  and  Gpn,  where 
Gp0  is  the  Green  function.  Theorem  2:  Let  /land  Q 
be  as  tn  theorem  1  and  let  u  be  any  bounded  harmonic 
function  onflin  a  neighborhood  of  Q.  Then  for  any 
maximal  sequence  Mn  — >  Q(Mne/l),  u(Mn)  tends  to 
the  pseudo-Lmtt  Xof  u  at  Q. 


KAN.  01:007 

Kansas  U.  Dept,  of  Mathematics,  Lawrence. 

ON  ASf  TCIATED  FUNCTIONS  AND  MEASUREMENTS, 
by  M.  B  relot.  [  1954]  [  8  ]  p.  ([Part  5]  of  Its  Techni¬ 
cal  note  no.  2;  AD  52489)  [  AFOSR-TN-54-357(e)] 

[AF  18(600)959]  AD  52489(e)  Unclassified 

The  detatled  development  of  Choquet  and  Deny  (Bull,  de 
la  soc.  math,  de  France,  v.  72:  118-140,  1944)  on  the 
properties  of  means  tn  the  Euclidean  space  R'r,  t  =  2, 
ts  extended  to  the  general  R'1  space  by  the  use  of  a  new 
property  of  Laplace  functions.  This  property  provides 
that  for  any  integer  n,  a  system  of  Independent  homo¬ 
geneous  harmonic  polynomials  Hn  of  degree  n  (or  the 
Laplace  functions  Yn  on  the  unit  sphere)  may  be  deduced 
by  suitable  rotations  around  the  ortgln  from  a  stngle  ar¬ 
bitrary  function  not  Identically  zero  of  this  kind. 

(ASTIA  abstract) 


KAR.  01:001 

Karollnska  Inst.  Dept,  of  Medical  Phystcs,  Stockholm 
(Sweden). 

BIOPHYSICS  OF  BONE,  by  A.  Engstrom.  Technical 
note  Oct.  1,  1955-Sept.  30,  1956.  Oct.  31,  t956,  8p. 
lncl.  dtagrs.  (AF  61(514)86t)  Unclasstfted 

Techniques  have  been  developed  for  mtcroradlography 
at  high  resolutions  of  thtn  btologlcal  specimens.  Cam¬ 
eras  utilizing  monochromatic  and  polychromatic  ultrasoft 
x-rays  are  described.  Equipment  for  low  angle  x-ray 
diffraction  studtes  of  blologtcal  material  wtth  monochro¬ 
matic  x-rays  ts  descrtbed.  The  techniques  mentioned 
have  been  applied  to  the  study  of  biophysics  of  bone. 
(Contractor's  abstract) 

KOF.  01.001 

Koftnk,  W. ,  Karlsruhe  (Germany). 

TABLES  OF  ALL  IMPORTANT  PARAMETERS  CON- 


KAN.  01:007  -  HUE.  01:001 


CERNING  THE  BIFURCATED  COMPRESSION  SHOCKS 
TN  A  STEADY  PLANE  FLOW  OF  AIR,  by  W.  Koftnk. 

[  1955]  63p.  lncl.  dtagrs.  tables.  [ AFOSR-TR -55-24 ] 
(AF  61(514)638- C)  AD  84918  Unclassttled 

The  mathematical  treatment  of  a  bifurcated  compres¬ 
sion  shock  tn  a  plane  steady  flow  of  an  tdeal  gas  wtth 
ftxed  quotient  Y  =  Cp/cv  of  the  spcclftc  heats  (at  con¬ 
stant  pressure  and  at  constant  volume)  leads  to  an  alge¬ 
braic  equation  of  sixth  degree  tn  a  suttable  unknown 
variable.  This  equation  was  developed  tn  earlier  pa¬ 
pers,  (W.  Koftnk,  Annalen  der  Phystk,  v.  9:  200,  401, 
1951;  v.  10:  200,  1952;  W.  Koftnk  and  T.  Vollmer, 
Z-ltschrlft  fur  angewandte  Mathematik  und  Mechanik, 
v.  33:  73,  1953).  The  algebraic  equation  has  been 
solved  for  374  bifurcated  compression  shocks  tn  atr 
(Y=  1,405),  ustng  the  electronic  computer  G1  of  the 
Max-Planck-lnstltute  *n  GBttingen,  Germany.  For  air, 
2  regions  of  phystcally  Interesting  solutions  exist: 
Region  I  extends  betweens  the  limits  1, 190  83  <_  (Oj  <_ 

2,  436  86  and  regton  n  between  the  limits  1,  672  33  £ 

<  2,  436  G6  of  the  dtmenstonsless  veloctty  “i  of  the 
oncoming  flow.  (The  upper  Itmtt  ts  the  maximum  ve¬ 
locity.)  An  extenstve  table  ts  tncluded  containing  solu¬ 
tions  for  the  2  regions.  (Contractor’s  abstract,  modt- 
fted) 


KUE.  01:001 

Kuessner,  H.  G.,  GdtUngen  (Germany). 

INVESTIGATION  OF  THE  OSCILLATING  ELLIPTIC 
LIFTING  SURFACE  IN  INCOMPRESSIBLE  FLOW,  by 
H.  G.  Kuessner.  Tech.  rept.  Mar.  15-Dec.  15,  1955, 
49p.  lncl.  tables,  refs.  ([AF]OSR-TR-56-4)  (AF  61- 
(514)819)  AD  84464  Unclasstfted 

Analytical  solutions  were  obtained  of  the  aerodynamics 
of  a  harmonically  oscillating  elliptic  plate  in  steady, 
Incompressible,  nonvtsc.ous  flow  for  flapptng,  pttchlng, 
rolling,  and  antisymmetric  twisting.  A  new  class  of 
Jacobtan  hyperbolic  functions,  elliptic  functions  wtth 
complementary  modulus,  were  introduced  which  permtt 
a  purely  real  representation  of  all  coordinate  trans¬ 
formations  and  potential  functions  wtth  the  same  modu¬ 
lus.  Lamd'  polynomials  of  the  first  and  second  kind, 
which  appear  tn  the  doubly  pertodtc  solutions  of 
t.aplace's  equarlon  tn  ellipsoidal  coordinates,  are 
calculated  up  to  the  fifth  order;  they  are  represented 
by  WeJ  irstrassian  and  Jacobian  functions.  Additional 
representations  are  given  tn  terms  of  associated 
Legendre  functions.  The  characteristic  functions  G 
and  H  of  the  general  Itftlng  surface  theory  of  Kuessner 
(Jour.  Aeronaut.  Set.,  v.  21:  17-26,  1954  and  v.  22: 
227-230,  1955)  were  constructed.  Two  complex  func- 
,'ions  Tj  and  Tg  occur  in  this  theory  which  depend  on 
Integrals  over  the  characteristic  functions  G  and  H  but 
which  are  tndepeialent  of  the  coordinates.  Three  meth¬ 
ods  of  computing  Tj  are  given:  2  of  these  depend  on  the 
representation  of  l.am£  polynomials  of  the  second  kind 
by  associated  t,egendre  functions  of  the  second  kind. 
(ASTIA  abstract) 
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KUE.  02:001 


KUE.  02:001 

Kuessner,  H.  G. ,  Gottingen  (Germany). 

RESEARCH  ON  THE  OSCILLATING  ELLIPTIC  LIFT¬ 
ING  SURFACE  IN  COMPRESSIBLE  FLOW,  by  H.  G. 
Kuessner.  Annual  rept.  no.  1.  Nov.  1,  1956-Oct.  31, 
1957,  47p.  lnel.  tables,  rels.  (AF  Cl(514)10ei) 

Unclassified 

A  survey  of  the  ellipsoidal  wave  functions  was  made. 
The  special  CiSet  of  the^e  functions  rcpri  vented  by 
known  auxiliary  functions  and  mathematical  tables  are 
given  in  a  form  suitable  for  the  Green  function  of  the 


elliptic  lifting  surface.  For  the  general  case  methods 
of  representation  by  differential  equations  and  by  inte¬ 
gral  equations  are  discussed.  Starting  from  the  general 
equations  of  the  lifting  surface  theory  the  integral  repre¬ 
sentation  of  the  pressure  of  the  oscillating  elliptic  lift¬ 
ing  surface  by  a  given  downwash  on  it  was  developed  and 
proved.  A  method  for  the  calculation  of  the  weight  func¬ 
tions  of  the  singular  part  of  pressure  by  an  Integral 
equation  is  given.  According  to  this  method  the  special 
cases  of  infinite  aspect  ratio  and  of  the  circular  lifting 
surface  were  treated.  Numerical  values  of  the  weight 
function*  and  of  the  aerodynamic  derivatives  were  cal¬ 
culated  for  a  bilinear  downwash  distribution  and  for 
steady  flow.  (Contractor's  abstract,  modified) 


AIR  FORCE  SCIENTIFIC  RESEARCH 


LAV.  01:001  -  LAV.  01:005 


Laboratotre  Medtterraneen  de  Recherches  Thermodynam-  Ions  at  a  dropptng  Hg  electrode;  the  wave  disappeared 

blues,  Ntce  (France),  see  Medtterraneen  de  Recherches  In  an  oxygen-free  solution.  H2  was  evolved  at -1.  6v. 

Therroodynamtques,  Ntce  (France).  No  altempt  was  made  to  siudy  the  reduction  o(  other 

melal  Ions.  (C.A. ,  1 955: 1443h) 


LAV.  01:001 

Laval  U.  Depl.  cl  Chemtstry,  Quebec  (Canada). 

HYDROGEN  PEROXIDE:  THE  LOW  TEMPERATURE 
HEAT  CAPACITY  OF  THE  SOLID  AND  THE  THIRD 
LAW  ENTROPY,  by  P.  A.  Gigu^re,  I.  D.  Liu  and 
others.  [  19541  [  1 2 1  p.  incl.  diagrs.  lables,  rels. 

[  AF  18(600)492]  Unclassified 

Published  In  Canad.  Jour.  Chem. ,  v.  32:  117-128, 

Feb.  1954. 

The  heat  capactty  of  crystalltne  hydrogen  peroxide  be¬ 
tween  12 CK  and  the  melting  point  has  been  determined 
wtth  a  low  temperature  adiabatic  calorimeter.  The  heat 
of  fuston  was  also  measured  and  found  to  be  2987  ±  3 
cal/mole.  The  two  samples  of  hydrogen  peroxide  used 
were  99.  97  mote  %  pure  as  deduced  from  behavtor  on 
melting  and  from  premelting  heat  capacities;  the  triple 
potnt  was  estimated  to  be  272.74JK.  The  only  anomaly 
observed  In  the  heat  capactty  measurements  was  the 
absorption  of  1.  3  cal/mole  at  216.  8  ±  0. 15°K,  the  low¬ 
er  eutectic  temperature  of  H2O-H2O2  solutions.  Such 
an  effect  Is  to  be  expected  II  the  only  stgntftcant  tmpuri- 
ty  ts  water.  The  entropy  of  hydrogen  peroxide  as  an 
Ideal  gas  at  1  atm  pressure  and  25°C  computed  from 
the  thermal  measurements  Is  55.  76  ±  0. 12  cal/mole 
deg.  Comparison  of  this  datum  wtth  the  recalculated 
statistical  entropy  leads  to  a  value  of  3.  5  kcal/mole  for 
the  height  of  a  hypothetical  stngle  barrter  hlndertng  in¬ 
ternal  rotation  tn  the  molecule.  From  these  results  It 
ts  concluded  that  hydrogen  peroxide  does  not  constst  of 
two  tautomeric  modifications.  (Contractor's  abstract) 


f-AV.  01:002 

Laval  U.  Dept,  of  Chemtstry,  Quebec  (Canada). 

POLAROGRAPHY  WITH  A  DROPPING  GALLIUM  ELEC¬ 
TRODE,  by  P.  A.  Gigufcre  and  D.  Lamontagne.  I  1954  . 
[  2 i p.  tncl.  diagrs.  table.  [  AF  18(600)492] 

Unclassified 

Published  in  Science,  v.  120:  390-391,  Sept.  3,  1954. 

An  oxide  coating  prevented  gattium  from  wetttng  glass. 
The  dropping  Ga  electrode  was  erratic,  especially  with 
regard  to  dropping  rate,  which  could  not  be  reproduced 
from  one  run  to  another.  The  drops  were  about  5  ttmes 
larger  than  Hg  drops  from  the  same  capillary,  and  the 
current  Intensity  was  proportionally  higher.  A  current- 
votuge  curve  obtained  with  air-saturated  0.  IN  KCt 
showed  that  the  potential  of  the  dropping  Ga  electrode 
was  -l.Ov  vs  the  saturated  calomel  electrode.  A  wave 
•1U.  halt  itti  potential  ui  1.  2fv  correspo  ided  L  the 
reduction  of  gatllc  ions  produced  from  the  metal  by  dis¬ 
solved  O,  this  was  the  half-wave  potential  of  gatllc  ions 
at  a  dropping  Hg  electrode;  the  wave  potential  of  gallic 


LAV.  01:003 

Lavat  U.  [Dept,  of  Chemtstry]  Quebec  (Canada). 

[  PROPERTIES  AND  STRUCTURES  OF  HYDROGEN 
PEROXIDE  AND  OF  DEUTERIUM  PEROXIDE  ]  Pro- 
prletes  et  structures  des  peroxydes  d'hydrogfene  et  de 
deuterium,  by  P.  A.  Gigufere  [  1954  ]  [3Jp.  Incl.  diagrs. 
table,  refs.  (AF  18(600)492)  Unclassified 

Pubttshed  in  Bull.  Soc.  Chim.  (France),  v.  63:  720- 
723,  June  1954. 

A  revtew  ts  presented  In  the  form  of  an  address  to  the 
French  Chemtcal  Society.  A  total  ol  18  references  of 
International  scope  are  etted  rangtng  In  "me  from  1931- 
1954. 


LAV.  01:004 

Laval  U.  [  Dept,  of  Chemtstry  J  Quebec  (Canada). 

[  SPECTROSCOPIC  STUDY  OF  DISSOCIATED  WATER 
VAPOR]  Etude  spectroscoplque  d’un  lsomfcte  du 
peroxyde  d'hydrogfene,  by  P.  A.  Gtgufere  and  E.  A. 
Secco.  [  1954  i  [3jp.  Incl.  dtagrs.  t*le,  refs. 

(AF  18(600)492)  Unclasstfted 

Published  In  Jour.  Phys.  et  Radtum  (Paris),  v.  15: 
508-510,  June  1954. 

During  the  preparation  of  peroxtde  from  etther  DzO  or 
H20  vapor  dtssoctated  tu  ir.  “lectrodeless  discharge,  a 
glassy  depostt  varying  tn  color  irom  ltght  yellow  to 
dark  brown  Is  formed  in  a  ltquld-air  trap.  This  materi¬ 
al  was  studted  spectroscoptcally.  Besides  the  well- 
known  bands  of  tee  and  soltd  peroxtde,  a  few  others 
were  observed,  particularly  a  strong,  sharp  one  at 
1305  cm"1.  This  was  first  attributed  to  an  lsomertc 
molecule,  H2O-O.  Further  studies  Indicated  that  the 
molecule  should  have  the  0-0  vibration  at  approximate¬ 
ly  380  cm"1,  the  same  regton  as  in  the  normal  H2O2 
molecule.  It  does  not  appear  possible  to  establish  the 
presence  of  an  isomer  of  H2O2  on  the  basts  of  the  avail¬ 
able  spec  troscoptc  evidence.  (C.A.,  1957:5554a) 


LAV.  01:005 

Laval  U.  [Dept,  of  Chemtstry,  Quebec  (Canada). 

RECuMMENDtD  VALUES  Full  1  HE  1  HEttMubV  NAMlt. 
PROPERTIES  OK  HYDROGEN  AND  DEUTERI IM  PER¬ 
OXIDES,  by  P.  A.  Gigufcre  and  I.  D.  Liu.  June  1955 
14  .  p,  loci.  Jligrs.  UHv«,  rets.  (Tee  he  ACM  note 
no.  1)  ([  AF  .  OSR-TN-55-205)  (AF  18(600)492) 

AD  70157  Unclassified 
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LAV.  Cl:006  -  LAV.  01:008 


Also  published  in  Jour.  Amer.  Chem.  Soc.,  v.  77: 
6477-6479,  Dec.  20,  1955. 

ILctrt  spectroscopic  and  calorimetric  data  ooHjOj 

have  been  used  to  re-calculate  the  thermodynamic 
functions  of  this  compound.  The  contribution  of  the 
internal  rotation  moae  was  estimated  using  the  potential 
barrier  height  obtained  from  the  third  law  entropy  value. 
Similar  calculations  were  carried  out  for  the  Isotopic 
•*>  ,1pcuIos  LjOj  Fnr>2  Vartno  =  derived  thermndy- 
namtc  quantities  of  peroxide  molecules  are  tabulated 
for  convenience.  From  these  the  dissociation  energy 
DHo-OH  ts  found  t0  be  51  kcal.  (Contractor’s  abstract) 


LAV.  01:006 

Laval  U.  Dept,  of  Chemistry,  Quebec  (Canada). 

PRESSURE  TRANSDUCERS  AS  RECORDING  MANOME¬ 
TERS  IN  CHEMICAL  KINETICS,  by  P.  A.  Gtgubre  and 

1.  D.  Ltu.  Dec.  1955  [  9 ]  p.  incl.  diagrs.  tables. 
(Technical  nole  no.  2)  ([  AF  jOSR-TN-55-383) 

(AF  18(600)492)  AD  83048  Unclassified 

Pressure  transducers  of  the  "unbounded  strain  gage" 
type  (made  by  Slatham  Laboratories,  Los  Angeles, 

Calif. )  are  suitable  as  recording  manometers  for  study¬ 
ing  the  kinetics  of  gaseous  reactions.  Their  accuracy 
and  linearity  are  within  ±  1%  of  full  scale  and  their 
resolution  is  better  than  0. 1%.  The  output  (20  to  40  mv) 
is  sufficient  to  aerate  directly  a  recording  puinGomr- 
ter.  Models  are  available  in  full- scale  ranges  from 

2.  6  mm  Hg  up  to  several  atmospheres.  They  may  be 
operated  at  temperatures  from  -50°  to  120°C  and  can 
wUhsUnd  mildly  rjrru«>lve  fees  and  va^«  r«.  Brief 
mention  Is  made  of  certain  precautions  which  are  re¬ 
quired  when  the  lransducers  are  used  as  absolute 
manometers.  (Contractor's  abstract,  modified) 

LAV.  01:007 

Laval  U.  Dept,  of  Chemistry,  Quebec  (Canada). 

HYDROGEN  PEROXIDE  AND  ITS  ANALOGUES.  VI.  IN¬ 
FRARED  SPECTRA  OF  H2O2,  D2O2,  AND  HD02,  by  O. 
Bain  and  P.  A.  Glgukre.  [  1955:  [  29  j  p.  incl.  diagrs. 
tables,  refs.  [  AF  18(600)492  J  Unclassified 

Published  in  Cat, ad.  Jour  Chem.,  v.  13-527-545, 

Mar.  1955. 

The  absorption  spectrum  of  hydrogen  peroxtde  was  re¬ 
examined  with  a  prism  tnslrumenl  tn  the  region  1.  5  lo 
25  A  pair  of  well  -  resolved  perpendicular  bands 
arising  from  torsional  oscillation  of  the  OH  groups  were 
found  centered  about  460  and  575  cir  1.  The  overtone 
band  at  3.  8,;  was  shown  lo  be  a  hybrid  with  prominent 
rotational  structure  and  some  Indications  of  doubling. 

Its  assignment  to  the  combination  vj  *  vg  Implies  a 
positive  anharmoniclty.  Four  new  overtone  bands  were 
observed  tn  llqutd  hydrogen  peroxide.  The  Infrared 
spectrum  of  deuterium  peroxide  was  measured  for  the 


ftrst  time  tn  the  sottd  and  vapor  states.  The  vapor 
bands  are  quite  different  tn  appearance  from  those  of 
hydrogen  peroxide.  One  of  the  fundamentals,  the  asym¬ 
metric  0  —  0  strttcld-ig  at  2661  r.n-1,  was  reu.-Wed 
sufficiently  to  allow  calculation  of  the  rotational  con¬ 
stants  of  the  isotopic  molecule.  Mixtures  of  the  two 
peroxides  containing  around  40%  of  HDO2  were  also  in¬ 
vestigated;  from  the  results  the  frequency  of  the  as  yet 
unobserved  symmetric  modes  vj  and  V2 could  be  esti- 

w'th  Cal'-  rprtainjy  The  O  —  O  stretching  vihra- 
tlon  at  11  4  was  too  weak  to  be  located  definitely  tn  the 
spectra  of  the  gaseous  peroxides.  The  structural 
parameters  of  the  H2O2  molecule  are  now  established 
as  follows: 

Tr.  n  =  1.49  ±  O.OlA 


rQ  _  H  =  0.  97  ±  0.  OlA 


aOOH  luu"  * 

The  O  —  H  and  O  —  D  stretching  bands  were  studted  tn 
solutions  of  the  three  tsotoptc  peroxides  in  carbon 
tetrachlortde 


LAV.  01:008 

Laval  U.  Dept,  of  Chemtstry,  Quebec  (Canada). 

HYDROGEN  PEROXIDE  AND  ITS  ANALOGUES.  VII. 
CALORIMETRIC  PROPERTIES  OF  THE  SYSTEMS 
H^-HjOj  AND  D-jO-D^.lj,  by  P.  A.  Gtguire,  R  G. 
Morissette  and  others.  [  1955]  [  1 7  ]  p.  incl.  diagrs. 
tables,  refs.  [AF  18(600)492]  Unclassified 

PuHlshcd  In  Canad.  Jour.  Cheat.,  v.  33-  604-836, 

May  1955. 

The  heat  of  mixing  of  hydrogen  peroxide  and  water  and 
the  heat  of  vaportzatlon  of  the  mtxlures  were  measured 
over  a  wtde  concentration  range  at  0°C  with  a  Bunsen 
ice  calorimeter  and  at  26.  9°  with  a  diphenyl  ether 
calorimeter.  The  heat  capacities  of  the  solutions  were 
determined  between  these  two  temperatures.  Similar 
measurements  were  carried  oul  on  the  corresponding 
deuterium  compounds.  The  heat  of  decomposition  of 
hydrogen  peroxide  catalyzed  by  colloidal  platinum  was 
also  measured  at  26.  9°  as  a  function  of  concentration. 
Correlation  of  all  the  results  leads  to  the  following  rec¬ 
ommended  values  tor  the  thertnuolietulcal  properties  ul 
the  pure  peroxides  In  the  Itquid  stale  at  25°C: 


Heal  of  decomposition 
(kcal/inole) 

Heat  of  vaporization 
(kcal,  mole) 

Heat  of  mtxing 
(cal,  irole) 

Heat  capactty 
(cal  deg  mole) 


23.44  a  0.02  23.41  i  0.02 

12.34  1  0.03  12.51  ‘  0.05 


819  «  ? 


807  1  2 


21.35  1  0.05  22.9  >  0.1 


A  number  of  related  functions  are  given  foi  convenience 


•  t 


•  • 


'*  \.v\ • 1 


•  • 


•  • 


•  • 


•  • 
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LAV.  01:009  ■  LAV.  01:012 


In  recalculating  lhese  quantities  lo  other  temperalures. 
Apart  from  their  practical  value  the  new  data  are  of 
Interest  In  connection  with  molecular  association  and 
hydrogen  bonds.  (Conlraclor's  abslracl) 


LAV.  01.009 

Laval  U.  Depl.  of  Cliemlslry,  Quebec  (Canada). 

ON  THE  INFRARED  ABSORPTION  OF  WATER  AND 
HEAVY  WATER  IN  CONDENSED  STATES,  by  P.  A. 
Glgufere  and  K.  B.  Harvey.  [  1955]  [  11  ]  p.  lncl. 
dlagrs.  tables,  refs.  [  AF  18(600)492] 

Unclassified 

Published  In  Canad.  Jour.  Chem.,  v.  34:  798-808, 

June  1956. 

The  Infrared  speclra  (from  2  lo  30  p)  of  lhln  films  of 
H2O  and  D2O  were  measured  al  various  temperatures 
between  20°  and  -180°  C.  A  strong  absorption  band  due 
lo  the  llbrallonal  mode  of  the  waler  molecule  has  Us 
maximum  around  710  cm"'  In  lhe  liquid.  In  Ice  11  Is 
shifted  to  800  cm’1  al  -15“C  and  850  cm'1  at  -HO^C. 
The  corresponding  D2O  bands  show  lhe  normal  lsolope 
shift. Thin  films  of  water  pressed  between  silver  chlo¬ 
ride  plates  could  not  be  crystallized  even  at  liquid  air 
temperalure  as  confirmed  by  their  speclra,  which  were 
almost  Identical  with  those  of  the  liquid.  (Contractor's 
abstracl) 


LAV.  01:010 

Laval  U.  Dept,  of  Chemistry,  Quebec  (Canada). 

A  27° C  ISOTHERMAL  CALORIMETER,  by  P.  A. 
Glgufere,  D.  G.  Morlssette,  and  A.  W.  Olmos.  .  1955] 
:8jp.  lncl.  dlagr.  tables,  refs.  [  AF  18(600)492  j 

Unclassified 

Published  In  Canad.  Jour.  Chem. ,  v.  33:  857-664, 

Apr.  1955. 

The  need  for  a  Bunsen-type  Isothermal  calorimeter 
operating  as  close  as  possible  to  the  standard  thermo- 
chemical  reference  temperature,  25“C,  was  fulfilled  by 
means  of  diphenyl  ether  (nip  26.  9“C)  as  the  working 
substance.  The  Instrument  was  calibrated  electrically 
by  comparison  with  the  Ice  calorimeter  and  the  constant 
was  found  to  be  19.01  *  0.02  cal/gm  of  mercury.  F.om 
this  and  other  known  properUes  of  diphenyl  ether  the 
density  of  the  solid  at  the  melUng  point  was  estimated 
at  1.  188  gm/mt.  Check  determinations  based  on  the 
heat  of  vaporization  of  water  showed  ether  must  first  be 
melt  -d  Inside  by  an  amount  equivalent  to  the  heat  to  be 
measured.  The  calorimeter  was  operated  In  a  large 
water  thermostat  kept  constant  to  within  0.  001  “  C.  With 
highly  purified  diphenyl  ether  there  was  no  noticeable 
temperature  drift  during  the  measurements.  QuantlUes 
of  heat  up  to  600  cal  could  be  measured  with  a  reproduci¬ 
bility  of  the  order  of  0.  2<j(.  The  new  calorimeter  Is 
simpler  to  operate  than  the  ice  calorimeter  and  Its  sensi¬ 


tivity  Is  more  than  three  times  as  great.  (Conlraclor’s 
abslracl) 


LAV.  01:011 

Laval  U.  Dept,  of  Chemislry,  Quebec  (Canada). 

KINETICS  OF  THE  THERMAL  DECOMPOSITION  OF 
HYDROGEN  PEROXIDE  VAPOR,  by  P.  A.  Glgufere  and 
I.  D.  Liu.  July  25,  1956  [27jp.  lncl.  dlagrs.  labies, 
refs.  (AFOSR-TN-  56-  397)  (AF  18(600)492)  AD  96055 

Unclassified 

Also  published  In  Canad.  Jour.  Chem.,  v.  35:  283-293, 
Apr.  1957. 

The  kinetics  of  the  thermal  decomposition  of  H2O* 
vapor  were  studied  by  the  slatlc  method  at  low  pressures 
(0.  2  to  20  mm  Hg)  over  the  lemperalure  range 
300° -600° C  and  In  specially  lrealed  glass  vessels.  In 
all  cases  the  reaction  was  of  the  flrsl  order  with  re- 
specl  lo  time  and  the  final  producls  were  H2O  and  02. 
Around  400° C  the  character  of  the  reaction  changed 
gradually  from  helerogeneous  (surface  effects,  low 
activation  energy)  to  homogeneous  (reproducible  rates 
In  various  vessels).  Wllh  Initial  pressures  of  aboul 
10  mm  Hg  the  experlmenial  rates  from  400“  to 500“ 
lead  lo  an  apparent  activation  energy  of  43  kcal  and  a 
frequency  faclor  of  aboul  I010-  7.  Afler  correction  for 
lhe  residual  surface  decomposition  and  exlrapolallon  of 
the  rale  constanls  lo  lhe  high  pressure  limit  k  the 
rate  equation  becomes  k  =  10I3  exp(-48,  000/I?}')sec-1 
In  good  agreement  wllh  the  most  recent  value  fur  the 
0-0  bond  dissociation  energy  and  with  the  theory  of 
unlmolecutar  reactions.  Packing  the  reaction  vessel 
with  glass  rods  and  adding  various  gases  (Including  NO 
and  propylene)  produced  no  appreciable  effecl  on  the 
gas- phase  reaction.  Coalings  of  fused  salts  (boric 
oxide,  etc. ),  claimed  to  be  particularly  Inert,  showed 
much  greater  activity  than  passlvaled  glass  and  some¬ 
times  behaved  erratically.  The  rate  of  decomposition 
of  D2O2  was  Indistinguishable  from  thal  of  H2O2  under 
comparable  conditions.  A  mechanism  Is  proposed  for 
the  homogeneous  rear'ion  In  which  chains  play  no  sig¬ 
nificant  role.  (Contractor's  abstract) 


LAV. 01:012 

Laval  U.  Dept,  of  Chemistry,  Quebec  (Canada). 

INFRARED  SPECTRUM  OF  SOUD  5  i.FUR  DIOXIDE, 
by  P.  A.  Glgu^re  and  M.  Falk.  1956  i  3  :p.  lncl. 
dlagr.  table.  AF  18(600)492  Unclassified 

Published  In  Canad.  Jour.  Chem.,  v.  34:  1833-  1335, 
Dec.  1956. 

The  spectrum  In  the  range  2-25  .  Is  measured  at  liquid- 
".tr  temperature.  The  symmetric  stretching,  asym¬ 
metric  stretching,  and  bending  inodes  are  assigned, 
respectively,  to  a  band  at  1 144,  a  doublet  at  1310-1322, 
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and  a  doublet  at  528-535  cm"1.  Satellites  of  these  bands 
are  attributed  to  the  isotoptc  molecule,  S3402.  An 
overtone  at  2287  and  a  combination  band  at  2455  cm’ 1 
are  also  found.  The  doublet  splitting  ts  due  to  Interac¬ 
tion  of  molecular  vlbrattons  wtth  those  of  the  crystalline 
solid.  (C.A. ,  1957:5554a) 


LAV.  01:013 

Laval  U.  [  Dept,  of  Chemistry  j  Quebec  (Canada). 

THE  LIB  RATIONAL  FREQUENCY  IN  WATER  AND  ICE 
(Abstract),  by  P.  A.  Gtguere  and  K.  B.  Harvey.  [1956 
[ljp.  [AF  1 8(600)492  ]  Unclassified 

Presented  at  Tenth  Symposium  on  Molecular  Structure 
and  Spectroscopy,  Columbus,  Ohio,  June  11-15,  1956. 

The  Infrared  spectrum  of  H2O  in  condensed  states  was 
measured  between  2  and  30 q.  In  the  liquid  a  strong 
absorption  band  appears  at  710  cm-1  due  to  the  re¬ 
stricted  rotation,  or  llbratlon,  of  the  H2O  molecule. 

Upon  crystalltzation  this  band  Is  shifted  to  800  cm'1  at 
-15-°C  and  850  cm"1  at  -175°C.  The  corresponding 
frequencies  In  D2O  are  at  530,  590  and  630  cm'1.  From 
the  frequency  of  thts  mode  vjj  it  Is  possible  to  differen¬ 
tiate  between  supercooled  water  and  tee.  Thus  it  was 
found  that,  under  certatn  conditions,  thin  films  of  water 
do  not  crystallize  even  In  ltquld  air.  The  contribution 
of  latttce  vtbrattons  to  the  low- temperature  heat  capa¬ 
city  of  Ice  are  discussed  brtefly.  (Contractor's  abstract) 


LAV.  01:014 

Laval  U.  [  Dept,  of  Chemistry  j  Quebec  (Canada) 

[  ON  THE  ULTRAVIOLET  SPECTRA  OF  PERACETIC 
ACID  AND  THE  HYDROLYSIS  OF  PERACETATES  ]  Sur 
le  spec  Ire  ultravtolet  de  l'actde  perac^tlque  et  l'hydrolyse 
ties  peracetates,  by  P.  A.  Glguere  and  A.  W.  Olmos. 

I  1956 j  l  3  j  p.  lncl.  dlagr.  table.  [AF  18(600)492: 

Unc  lasslfled 

Published  In  Canad.  Jour.  Chem.,  v.  34:689-691, 

May  1956. 

The  absorption  spectra  of  the  perhydroxyl  Ion,  the  per- 
acetate  Ion,  and  peracetic  acid  have  been  obtained  tn 
the  region  of  2300-3300  A.  The  alkalinity  of  peracetate 
solutions  has  been  calculated  from  the  extinction  coef¬ 
ficients.  Hydrolysis  Is  discussed.  (C.  A. ,  1856:98711) 


LAV.  01:015 

Laval  U.  Dept,  of  Chemistry,  Quebec  (Canada). 

THE  PRESUMED  SPECTROSCOPIC  EVIDENCE  FOR 
TRAPPED  H02  RADICALS,  by  P.  A.  Glguere  and  K.  B. 
Harvey.  [  1956  i  1  i  p.  tnct.  refs.  AF  18(600)492  . 

Unclassified 


Published  tn  Jour.  Chem.  Phys. ,  v.  25:  373,  Aug.  1956. 

The  previous  postulation  (P.  A.  Gigu&re,  Jour.  Chem. 
Phys.,  v.  22:  2085,  1954)  was  revoked  thatthe  few  un¬ 
accountable  bands  tn  the  Infrared  spectrum  of  the  con¬ 
densed  products  from  dissociated  water  vapor  could 
arise  from  HO2  radicals  trapped  at  liquid- air  tempera¬ 
ture.  The  odd  absorption  bands  belong  to  some  ex¬ 
traneous  matertal.  It  is  concluded  that  the  spectes 
responsible  for  the  yellow  color  of  the  glassy  deposit, 
the  paramagnetic  absorptton,  and  the  evolution  of  gas 
and  heat  on  warming  are  either  Infrared  Inactive  or 
else  tn  such  low  concentrations  that  lhetr  ch..rar  ristlc 
bands  are  lost  among  those  of  solid  H2O  and  . 

(C.A.,  1956:163851) 


LEH.  01:001 

Lehtgh  U.  Dept,  of  Physics,  Bethlehem,  Pa. 

THE  RANGE  OF  APPLICATION  OF  THE  LAGRANGE 
FORMALISM,  I,  by  P.  Havas.  Aug.  13,  1956,  26p. 
refs.  (AFOSR-TN-56-314)  (AF  18(600)1462)  AD  94850 

Unclassified 

Also  published  in  Nuovo  Ctmento,  Suppl.,  v.  5:  363-388, 
1957. 

Given  a  set  of  equations  G^q,  q,  q,  t)  =  0;  (1  =  1,2,..., 
n),  Helmholtz  and  others  have  established  the  necessary 
and  sufftetent  conditions  for  the  existence  of  a  function 
L.(q,  q,  t)  such  that  G[  =i£[  Lj,  where«a€[  j  stands  lor 
the  Lagranglan  operator.  The  author  extends  the  range 
of  applicability  of  the  Lagrange  formalism  to  a  set  of 
equations  Gy  =  +  gjfq,  q,  t),  and  presents  the  con¬ 

ditions  for  the  existence  of  "Integrating  factors" 
fi(q,  q,  t)  and  functions  LP(q,  q,  t)  satisfying  fjGf  - 
Xl  LP  ] .  Five  Illustrative  examples  are  treated. 

(Math.  Rev.  abstract) 


LEH.  01:002 

Lehigh  U.  [Dept,  of  Physic sj  Bethlehem,  Pa. 

GENERALIZED  l^AGHANGE  FORMALISM  AND  QUANTI¬ 
ZATION  RULES  (Abstract),  by  P.  Havas.  I  1956)  [lip. 
[  AF  18(600)1462:  Unclasstfted 

Presented  at  meeting  of  the  Amer.  Pliys.  Soc. , 

Chicago,  111.  ,  Nov.  23-24,  1958. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  H,  v.  1: 
337-338,  Nov.  23,  1956. 

l!  was  shown  recently  that  even  If  a  set  of  equations 
Gj  -  0  ts  not  derivable  from  a  variational  principle, 
there  mtght  exist  au  equivalent  set  ftGi  0,  obtainable 
with  the  help  of  "Integrating  factors"  fj,  which  ts  so 
dertvable.  The  general  problem  of  equivalent  sets  has 
been  Investigated.  It  has  been  found  that  for  any  set 
Gt  -  *  gj(q,  t)  =  0  there  always  exist  equivalent  sys 

terns  :-.f,k(q,t)Gk  0  which  are  the  Euler- Lagrange 
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equations  of  a  variational  principle.  As  any  system  of 
differential  equations  Is  equivalent  to  a  system  of  first- 
order  equations,  this  Implies  that  any  system  of  nth  or¬ 
der  ordinary  differential  equations  which  may  be  solved 
algebraically  for  the  nth  order  derivatives  Is  derivable 
from  a  Lagrangian.  In  particular  this  Is  the  case  for 
Newton's  equations  of  motion  with  arbitrary  velocity- 
dependent  forces.  For  a  given  set  of  equations  many 
different  Lagranglans  exist;  quantization  by  any  of  the 
presently  available  rules  (often  thought  to  be  as  general 
as  the  classical  formalisms  of  Lagrange  or  Hamilton)  Is 
either  Impossible  or  ambiguous.  Some  Implications 
are  discussed.  (Contractor's  abstract) 


LEY.  01:001 

Leyden  U.  Lorentz  Inst.  (Netherlands). 

ON  THE  NON-EQUILIBRIUM  THERMODYNAMICS  OF 
DISCONTINUOUS  SYSTEMS,  by  J.  VUeger,  P.  Mazur, 
and  S.  R.  de  Groot.  1  1 956  J  Iv.  incl.  dlagrs.  (AFOSR- 
TR-56-28)  (AF  61(514)846)  AD  90016 

Unclassified 

Thermodynamics  of  Irreversible  processes  for  continu¬ 
ous  systems  with  heat  conduction,  diffusion,  viscosity 
and  cross-effects  Is  applied  to  the  special  case  cf  dis¬ 
continuous  systems.  From  the  local  conservation  taws, 
entropy  balance,  phenomenological  equations  and  recip¬ 
rocal  relations,  the  corresponding  equations  are  obtained 
for  this  case.  (Contractor's  summary) 


LEY.  01:002 

Leyden  U.  Lorentz  Inst.  (Netherlands). 

ON  PRESSURE  AND  PONDEROMOTIVE  FORCE  IN  A 
DIELECTRIC.  STATISTICAL  MECHANICS  OF  MATTER 
IN  AN  ELECTROMAGNETIC  FIELD  n,  by  P.  Mazur  and 
S.  R.  deGroot.  Il956[[l3[p.  [  AF  61(514)846  J 

Unclassified 

Published  In  Physlca,  v.  22:  657-669,  Aug.  1956. 

A  statistical  mechanical  derivation  of  the  expressions 
for  both  pressure  and  ponde romotlve  force  In  a  dtelec- 
trtc  Is  gtven  In  terms  of  averages  over  microscopic 
quantities.  The  existence  of  microscopic  long-range  In¬ 
teractions  leads  to  the  possibility  of  defining  pressure 
and  ponde  romotlve  force  Indifferent  ways.  A  natural 
way  Is  Indicated  of  dlvldtng  the  average  of  the  micro¬ 
scopic  force  Into  long  and  short  range  contributions, 
which  yields  the  form  of  the  ponderomottve  force  pro¬ 
posed  by  Kelvtn.  tt  ts  also  shown  that.  In  statistical 
equilibrium,  one  may  obtatn  Helmholtz's  expression  for 
the  ponderomottve  force.  In  the  two  cases  pressure 
must  be  defined  dtfferentty.  The  relation  between  these 
pressures  is  as  predicted  by  thermodynamic  theory. 
(Contractor's  abstract) 


LEY.  01:003 

Leyden  U.  Lorentz  Inst.  (Netherlands). 

ON  THE  THEORY  OF  THE  REFRACTIVE  INDEX  OF 
NON- POLAR  GASES.  I.  QUANTUM  MECHANICAL 
PART,  by  P.  Mazur  and  M.  Mandel.  1 1956]  [lOjp. 
[AF  61(514)846]  Unclassified 

Published  in  Phvslca.  v.  22:  289-298,  Apr.  1956. 

A  quantum  mechanical  calculation  Is  given  for  the  ef¬ 
fect  of  molecular  Interactions  on  the  polarizability  of 
spherical  non-polar  molecules  in  a  periodic  external 
electric  field.  The  polarizability  tensor  Is  obtained 
from  perturbation  theory  as  a  power  series  In  the  In¬ 
teraction  lensor  Tjjj  =  V.Vjjjl/vjjj),  where  vjjj  Is  the 
distance  between  two  molecules  1  and  k.  It  is  found 
that  the  constants  Cj  and  C2,  Introduced  by  Jansen 
and  Mazur  In  the  static  case,  and  characterizing  the 
influence  of  molecular  interactions  on  the  polarizabili¬ 
ty,  In  order  T^,  become  now  frequency  dependent.  This 
frequency  dependence  is  explicitly  evaluated  for  helium 
af  frequencies  of  the  Incident  wave  small  compared  to 
the  frequencies  of  the  softest  absorption  line.  (Con¬ 
tractor's  abstract) 


LEY.  01:004 

Leyden  U.  Lorentz  Inst.  (Netherlands). 

ON  THE  THEORY  OF  THE  REFRACTIVE  INDEX  OF 
NON-POLAR  GASES.  U.  STATISTICAL  PART,  by  P. 
Mazur  and  M.  Mandel.  [  1956  J  [l2]p.  Incl.  dlr.grs. 
table,  refs.  [  AF  61(514)846  j  Unclassified 

Published  in  Phvslca.  v.  22:  299-310,  Apr.  1956. 

A  calculation  Is  presented  of  the  Lorentz-Lorenz  func¬ 
tion  for  gases  of  non-polar  molecules  at  moderate  densi 
ties.  Taking  Into  account  the  Influence  of  molecular 
Interaction  upon  the  polarizability,  the  results  obtained 
constitute  an  extension  of  Yvon’s  theory  of  the  Index  of 
refraction.  It  was  found  that  for  frequencies  small 
compared  to  frequency  of  the  softest  absorption  line, 
the  Increase  of  the  Lorentz-Lorenz  function  with  density 
Is  about  twice  as  Important  as  predicted  In  the  basis  of 
Yvon's  theory  with  constant  polarizability.  The  rela¬ 
tive  Importance  of  the  new  effect,  however,  slightly  de¬ 
creases  with  Increasing  frequency  In  the  frequency 
range  considered.  The  total  frequency  dependance  of  the 
Lorentz-Lorenz  function  could  not  have  been  foreseen 
from  the  corresponding  Clausius- Mosottt  expression 
simply  by  replacing  the  polarizability  :o(0l  by  ). 

It  was  found  that  for  frequencies  such  as  =  0,  1, 

the  correction  to  the  Lorentz-Lorenz  funetton  was 
about  ISfii,  larger  than  the  corresponding  correction  to 
the  Claus'lus- Mosottl  function.  The  present  calculation 
may  be  considered  as  an  extension  of  the  theory  gtven 
by  P.  Mazur  and  b.  Jansen  for  the  static  case.  (Con¬ 
tractor's  abstract) 
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Ubre  U. ,  Brussels  (Belgium),  see  Free  U.  of  Brussels 
(Belgium). 


LIE.  01:001 

Liege  U.  Insl.  of  Experimental  Therapeutics,  Brussels 
(Belgium!. 

RADIOISOTOPE  STUDY  OF  BONE  SALT.  [  n.  a.  ] 

[  1954]  3p.  (AF  61(514)647-C)  Unclassified 

The  main  constituent  of  bone  mineral  is  a  pseudopatlte 
containing  10-1/2  ions  of  Ca/6  ions  of  P  (Ca/P  *  2.  26,. 
This  compound  contains  a  half  mole  of  Ca  in  excess  of 
the  theoretical  amount  in  ideal  hydroxyapatite  (10  Ca/6 
P;  Ca/P  =  2.  14).  No  laltlcc  position  exists  in  the  hy¬ 
droxyapatite  structure  which  can  be  occupied  by  lhe 
extra  half  mole  of  Ca.  Several  samples  of  bone  sail 
(Ca/P  =  2. 26),  freed  of  organic  malertal,  were  treated 
with  dtfferenl  quantities  of  IICl  lo  produce  a  series  of 
Ca/P  compounds  ranging  down  to  2. 13.  To  determine 
if  the  exlra  half  mole  of  Ca  in  bone  apatite  was  chemical¬ 
ly  tdentical  lo  the  other  10  Ca  Ions  in  lhe  unll  cell,  each 
member  of  the  sertes  was  immersed  separately  In  CaCl2 
solution  containing  Ca45  untu  equilibrium  was  reached; 
then  lhe  specific  activity  of  each  sample  was  measured. 
Results  show  lhe  untreated  pseudoapatlle  lo  have  a 
greater  specific  acllvtty  lhan  any  of  the  acld-lrealed 
series.  The  percentage  of  exchange  with  the  Ca45  solu¬ 
tion  was  th“  same  for  each  compound  of  the  acid-lrealed 
bone  sail  series,  as  measured  by  the  specific  activity. 
These  results  indicate  lhat  the  untreated  bone  sails  con- 
lain  adsorbed  Ca;  as  the  amount  is  quantitatively  very 
small,  a  very  high  degree  of  exchange  for  adsorbed  Ca 
Is  required  lo  explain  the  observed  spectftc  activity. 

The  arU-tn  ati't  ■samples  are  stripped  by  tht  HCl  of  the 
physically- adsorbed  Ca  and  ccntaln  only  chemically- 
bound  Ca  ions.  As  the  specific  activity  of  all  .he  ucld- 
leached  compounds  was  the  same,  all  10  1/2  Ca  Ions 
bound  chemically  In  the  pseudoapatite  of  Ca/P  =  2.26 
are  apparently  equally  exchangeable  with  Ca45  when  the 
salts  are  Immersed  in  such  a  solution. 


LIE.  01:002 

Llfcge  U.  Inst,  of  Experimental  Therapeutics,  Brussels 
(Belgium). 

THE  RELATION  BETWEEN  BONE  SALTS  AND  CEll 
TAIN  SYNTHETIC  APATITES,  by  M.  J.  Dallemagne. 

C.  Fabry,  and  A.  S.  Posner.  [  19561  [2]p.  f  AF  61 
(514)647- C  Unclassified 

Presented  at  joint  meeting  of  the  Phystol.  Soc.  wtth  the 
Belgian  Phystot.  Soc.,  Untverstty  Lab.  of  Phystol., 
Oxford  (England),  Sept.  8-10,  1954. 

Published  In  Jour.  Phystol.,  v.  126:  181*- 191’,  Nov.  29, 
1954. 

When  any  of  the  synthetic  pseudoapatttcs  were  suspended 
In  a  sotutton  of  lime  (2  meq/l),  the  calctum  content  of 


the  solid  Increased  and  stabilized  al  a  Ca/P  ratio  of 
2-26.  During  the  formation  and  aging  of  the  bone 
mineral,  calcium  is  also  fixed  from  physiological  solu¬ 
tion  up  lo  the  point  of  a  Ca/P  ratio  of  2:26  as  found  in 
adult  bone.  However,  in  the  case  of  synthetic  phos¬ 
phates,  2:26  can  only  be  attained  if  they  are  nol  healed 
above  37 °C  before  their  suspension  in  lime  solution. 

If  they  are  previously  drted  al  105 ‘C  the  upper  llmll 
of  the  Ca/P  is  found  to  be  only  2:14,  the  theoretical 
value  for  hydroxyapatite.  Finally,  both  the  calcium 
concentration  in  the  lime  solution  in  which  the  syndet¬ 
ic  materials  are  suspended,  and  the  calcium  concenlra- 
Uon  in  the  biological  fluids  in  conlacl  with  bone  are  of 
the  same  order  of  magnitude.  In  pseudoapatlles  where 
defecl  structures  exlsled  il  was  possible  lo  fill  lhe  cal¬ 
cium  defects;  11  was  also  possible  lo  fix  stoichiometric 
excesses  of  calcium. 


LIE. 01:003 

Liege  U.  Inst,  of  Experimental  Therapeutics,  Brussels 
(Belgium). 

EXCHANGE  OF  BONE  CALCIUM  WITH  Ca45,  by  M.  J. 
Dallemagne,  C.  Fabry,  and  P.  Bodson.  [  1955]  [2]p. 
incl.  table.  [AF  61(5i4)647-C ]  Unclassified 

Published  In  Experlentl.-..  v.  11:  142-143,  Apr.  15, 

1955. 

KOH- glycol  ashed  bone  was  exposed  for  1  month  lo 
Ca4^Cl2  solutton  and  lhen  filtered  and  dried;  the  specific 
activity  of  this  preparation  was  9.  48  x  103.  Fractions 
of  this  preparation  were  suspended  for  10  min.  Afler 
filtration  and  drying  at  105“,  Ca,  P,  and  specific  ac¬ 
tivity  were  ascertained  !„r  each  sample.  Tht  weight 
loss  of  the  samples  in  HCl  solution  Increased  with  the 
Increase  of  HCl  used.  As  HCl  concentration  Increased 
the  specific  activity  of  the  liquid,  very  high  for  small 
amounts  of  HCl,  decreased.  However,  the  specific  ac¬ 
tivity  was  always  higher  In  the  liquid  than  In  the  cor¬ 
responding  residual  solid  phase.  For  each  experiment 
the  liquid  always  contained  more  Ca  than  required  for 
9  Ca/6  P  (Ca/P  =  1. 85).  This  excess  represents  the 
additional  Ca  Ion  content  of  bone  structure.  On  the 
other  hand,  the  Ca/P  weight  ratio  In  the  solid  phase 
decreased  slowly  to  1.98.  The  ratio,  counts/mln/ex- 
r»««  Ca  lad  a  constant  xalur  of  ahcul  *2  U  Is  con¬ 
cluded  that  the  Ca45  exchanged  by  bone  mtneral  ts  ex¬ 
clusively  the  excess  i*A  moles  of  Ca  of  the  saturated 
pseudoapatite,  (C.A. ,  1955: 11036f) 


LIE,  01:004 

Liege  U.  Inst,  of  Experimental  Therapeuttcs,  Brussels 
(Bolgtum). 

IONIC  EXCHANGE  OF  CALCIUM  AND  RECRYSTALU- 
dATiuN  OF  THE  MINERAL  SUBSTANCE  OF  BONE,  by 
M.  J,  Dallemagne,  C.  Fabry,  and  P.  Bodson.  [  1955, 

.  3  ,  p.  [  AF  61(514)647-C  J  Unclasstfted 
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i  Jour.  Physiol.  (Paris),  v.  47:  153-155, 


Bone  salt,  prepared  by  the  method  of  Gabriel,  wa  =  equi¬ 
librated  with  a  radioactive  Ca  solution  containing  6.  2 
mg  CaCl2/ml.  Samples  of  this  labeled  bone  salt  were 
subsequently  treated  with  0.4-12.  5  meq  of  HCl/g.  The 
excess  Ca  (the  Ca  present  In  excess  of  the  Ca/P  ratio 
In  Ca3(P04>2)  was  shown  to  be  the  most  easily  exchange¬ 
able.  Bone  salt  was  equilibrated  with  a  radioactive  Ca 
solution  containing  18.  3  mg  CaCl2/ml  and  then  treated 
with  successive  extractions  with  HC1  (0.  2  meq/g).  In 
this  case  the  radioactive  Ca  was  found  in  both  exchange¬ 
able  and  lattice  Ca,  indicating  that  recrystallization  had 
taken  place  In  addition  to  exchange.  Uptake  of  radio¬ 
active  Ca  occurred  only  If  the  solution  caused  a  hydrol¬ 
ysis  followed  by  recrystallization.  Thus,  2  processes 
are  responsible  for  the  uptake  of  Ca  by  bone  salt  In 
vitro:  (1)  true  exchange,  which  Is  concerned  only  with 
tlrt  excess  Ca  and  r.ot  will,  the  lattice  Ca,  and  (2)  re- 
crystalllzatlon  which  occurs  only  to  the  degree  that  the 
Ca  phosphate  is  attacked  by  the  liquid  phase.  (C.  A. , 
1956:6621g) 


UE.  02:001 

Li&ge  U.  Inst,  of  Experimental  Therapeutics,  Bru3sels 
(Belgium). 

STUDIES  ON  THE  MINERAL  FRACTION  OF  BONE,  by 
M.  J.  Daliemagne,  C.  Fabry  and  others.  Technical 
rept.  June  1,  1955-May  31,  1956.  lv.  incl.  diagrs. 
tables,  refs.  (AFOSR-TN-56-258)  (AF  61(514)858) 

AD  889Y8  Unclassified 

The  stoichiometric  relations  between  P04,  Ca,  and  COj 
were  studied  to  determine  whether  CO3  can  be  substi¬ 
tuted  by  P04  groups.  The  influence  of  the  organic  ma¬ 
terial  of  bone  on  the  Ca  exchange  reaction  and  the  struc¬ 
ture  of  fundamental  phosphate  molecule  of  bone  and 
teeth  were  also  studied.  Two  exchange  processes  with¬ 
out  chemical  Interactions  between  the  solid  and  liquid 
phases  occurred  when  a  phosphate  with  a  Ca/P  ratio 
close  to  2. 14  Is  Involved.  The  exchange  reaction  can 
be  decomposed  by  (1)  twc  steps  which  correspond  lo 
surface  exchange  and  which  are  reversible  and  depend 
on  the  particles  surface;  and  (2)  a  third  iteo  which  cor¬ 
responds  to  lsolonlc  exchange  In  the  bulk  ot  the  solid, 
which  Is  probably  also  reversible,  but  this  Is  followed 
by  Irreversible  raodlftcadons  (recry stalll zatton)  of  the 
solid.  Recrystalltzatlon  Increased  with  time  and  the 
CaCl2  concentration  of  *he  liquid  phase,  but  It  was 
largely  Influenced  by  temperature.  Chemical  Interac¬ 
tions  appeared  for  phosphates  with  a  Ca/P  ratto  higher 
than  2.  14.  The  exchange  percentage  seemed  to  be  pro¬ 
portional  to  the  Ca/P  ratio.  Excnange  between  Ca45 
and  trlcalctum  phosphate  with  the  Ca/P  ratio  of  1.94 
was  greatly  affected  by  che  nlcat  Interactions,  and  al¬ 
ways  followed  by  recrystelllzatlon  of  the  soitd. 

(AST1A  abstract,  modified) 


LIE.  02:001  -  LOC.  01:001 


LIT. 01:001 

[  Litton  Industries,  Beverly  Hills,  Calif.  ] 

VAPOR  PRESSURE  OF  PLASTIC  MATERIALS,  by 
[A.  Teets],  Technical  paper  [  1956]  [ll]p.  incl. 
diagrs.  table.  (AF  18(600)1498)  Unclassified 

Published  in  Jour.  Appl.  Phys. ,  v.  27:  1460-1466, 

Dec.  1956. 

This  research  was  undertaken  for  the  purpose  of  eval¬ 
uating  a  group  of  flexible  polymeric  materials  with  a 
view  to  using  these  materials  In  vacuum  systems  op¬ 
erated  In  the  10"6  mm  Hg  range.  Several  methods  for 
determining  absolute  vapor  pressures  were  Investigated 
but  none  proved  to  be  too  successful,  consequently,  It 
was  decided  that  the  equivalent  nitrogen  pressure  of  a 
permanent  gas  or  vapor  is  a  better  indication  of  Its 
tehavlcr  tl.au  absolute  pressure,  especially  strcc  the 
vast  majority  of  high  vacuum  pressure  measurements 
are  already  equivalent  nitrogen  measurements  In  the 
sense  that  they  are  madewlth  a  Ionization  gauge.  The 
fdttOMtng  {polymers  were  evaluated:  (l)  putyethybr», 

(2)  butyl  rubber,  (3)  hycar  rubber,  (4)  mylar,  (5)  saran, 
(6)  vinyl,  (7)  nylon  cloth,  and  (8)  teflon. 


LOC.  01:001 

Lockheed  Aircraft  Corp.  Missile  Systems  Dlv. ,  Palo 
Alto,  Calif. 

THE  CONSERVATION  EQUATIONS  FOR  INDEPENDENT 
COEXISTENT  CONTINUA  AND  FOR  MULTICOMPO¬ 
NENT  REACTING  GAS  MIXTURES,  by  W.  Nachbar,  F. 
Williams,  and  S.  S.  Penner.  Mar.  15,  1957,  20p. 

(Rept.  no.  LM3D- 2087)  (AFOSR-TN-56-458)  (AF  18- . 
(603)146)  AD  97074  Unclassified 

The  equations  for  conservation  of  mass,  momentum, 
and  erergy  are  derived  for  a  set  of  Independent,  coex¬ 
istent  contlnua  obeying  the  laws  of  dynamics  and  thermo¬ 
dynamics.  The  Idea  of  a  control  volume  and  a  control 
surface  for  each  continuum  Is  used  In  the  analysis. 

The  derived  results  are  practically  Identical  with  rela¬ 
tions  obtained  previously  by  Th.  von  Kirmsfn  (Quoted 

lions  In  Flow  Systems.  Chapt.  2,  1955).  A  dlrecl  com¬ 
parison  Is  conducted  between  lhe  continuum  theory  re¬ 
sults  and  those  obtained  from  kinetic  theory  by  assum¬ 
ing  that,  for  each  of  the  species,  the  kinetic  theory  def¬ 
initions  apply.  It  Is  found  that  the  new  lerms  appearing 
In  the  conservation  equations  derived  from  continuum 
theory  are  precisely  those  which  are  required  to  make 
these  equations  Identical  with  the  results  obtained  from 
the  kinetic  theory  of  multicomponent,  reacting  gas  mix¬ 
tures.  However,  the  continuum  theory  forms  of  the 
equations  are  not  useful  because  they  require  knowledge 
of  the  transport  properties  for  Individual  species  tn 
the  mixture.  (Contractor's  abstract) 
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LOC.  01:002  -  LOU.  01:003 


LOC.  01:002 

Lockheed  Aircraft  Corp.  Missile  Systems  Div. ,  Palo 
Alto,  Calif. 

A  SOLUTION  TO  GREEN'S  FIRST-ORDER  PROBLEM, 
by  W.  Nachtar.  [  1956]  [ll]p.  incl.  dlagrs.  fBound 
wllil  Aerojet-General  Corp.  rept.  "Some  Properties  of 
a  Simplified  Model  of  Solid-Propellant  Burning,  "  by 
L.  Green,  Jr.  [  AF  18(600)1048  J )  [  AF  18(603)146] 

Unclassified 

A  solution  Is  developed  to  Green's  first-order  problem. 
The  basis  of  the  solution  stems  from  the  following  equa¬ 
tion: 

,,  v  -V  .  Xix  .  Xo* 
f(x)  -  ae  -  +  bie  1  +  b2e  i 

a 

where  i(x)  Is  the  complex-valued  function. 


Lorentz  Inst. ,  Leyden  (Netherlands),  see  Leyden  U. 
Lorentz  Inst.  (Netherlands). 


LSU.  01:001 

Louisiana  State  U. ,  Baton  Rouge. 

ADMISSIBILITY  OF  SEMIGROUP  STRUCTURES  ON 
CONTINUA,  by  R.  J.  Koch  and  A.  D.  Wallace.  [  1 956  j 
18p.  refs.  [  AFOSR-TN  56-590]  (AF  18(603)89) 

AD  115017  Unclasslfted 

The  structure  of  certatn  compact  connected  semigroups 
S  which  satisfy  S2  =  S  are  studied.  Instances  are  shown 
where  the  multiplication  must  be  continuous  and  associ¬ 
ative  In  S.  Dense  connected  sets  are  considered,  as  In 
the  following  S  betng  a  Hausdorff  topological  semigroup 
and  continuum,  S2  =  S  tf  and  only  If  each  dense  Ideal  Is 
connected.  It  Is  shown  that  If  S  Is  Irreducible  between 
Its  minimal  Ideal  K  and  some  other  set  and  tf  S2  =  S 
then  S  must  have  a  unil,  S  ts  commutative,  and  S/K  (In 
the  metric  case)  ts  an  arc.  Maximal  tdeals  are  proved 
to  be  composants.  Examples  are  given  tn  some  detatl. 


LOU.  01:001 

Louvatn  U.  Lab.  for  Inorgantc  and  Analytical  Chemtstry, 
Brussels  (Belgium). 

COMPARATIVE  STUDY  OF  C2H2,  O2  AND  C2H2/N20 
FLAME  SPECTRA,  by  A.  Van  Ttggelen,  J.  Vaerman, 
and  G.  Nenquin.  ,  1956.  [l6,p.  tncl.  tllus.  dtagrs. 
tables.  .  AFOSR-TN-56-83  j  (HfiUMLSlUllia  AFOSK ■ 
TR-57-27;  AD  126445)  AF  61(514)814 

Unclassttted 

Also  published  In  Bull.  Soc.  Chtm.  Belg. ,  v.  05:435- 
452,  May -June  1956. 

A  study  has  been  made  of  the  etfect  ot  the  lumtnous- zone 
thickness  of  a  flame  on  the  tntensltyot  spectral  bands. 


It  Is  shown  that  the  measured  Intensity  varies  propor¬ 
tionally  with  the  thickness  for  radicals  which  do  not 
emit  In  the  exterior  mantle  of  the  flame.  The  emission 
Intensity  of  the  OH,  CH,  and  C2  radicals  have  been 
measured  for  a  series  of  mixtures  of  C2H2/N20  and 
CaH2/02  with  variable  supporter  of  combustion/com¬ 
bustible  ratios  and  Increasing  dilution  by  N2.  In  addi¬ 
tion,  measurements  have  been  made  In  C2H2/N20 
flames  for  the  emlsston  of  CN  and  NH.  Application  of 
a  kinetic  relation  permits  the  determination  of  an  acti¬ 
vation  energy  for  the  chain-branchtng  process.  A  good 
agreement  ts  found,  for  certain  radicals  only,  with  the 
energies  of  activation  being  deduced  from  the  propaga¬ 
tion  of  flames  tn  the  same  mixtures. 


LOU.  01:002 

Louvain  U.  Lab.  for  Inorganic  and  Analytical  Chemistry, 
Brussels  (Belgium). 

THE  INFLUENCE  OF  HYDROGEN  ON  CARBON 
MONOXIDE-OXYGEN  FLAMES,  by  A.  VanTiggelen 
and  P.  J.  Slootmaekers.  [1956]  [  9  J p.  Incl.  dlagrs. 
table.  [  AFOSR-TN-56-84]  fBound  with  Its  AFOSR- 
TR-57-27;  AD  126445)  [  AF  61(514)814 ]  AD  81539 

Unclassified 

Also  published  in  Ball.  Soc.  Chim.  Belg.,  v.  65:425- 
434,  May-June  1956. 

The  velocity  of  propagation  of  a  flame  in 'a  mixture  of 
CO  and  O2  Increases  very  rapidly  when  CO  Is  progres¬ 
s' vely  replaced  by  H2.  By  the  systematic  study  of  this 
reaction,  using  a  sertes  of  fixed  H2/CO  ratio  mixtures 
dtluted  increasingly  with  N2,  it  ’S  Indicated  that  the  re¬ 
action  of  chatn  branching  In  pure  CO  Is  replaced  In  the 
presence  of  H2  by  one  which  Is  valtd  for  pure  H2.  The 
data  snow  that  the  apparent  activation  energy  of  the 
branching  varies  from  22  kcal  (pure  CO)  to  18  kcal 
(pure  H2),  and  the  apparent  order  of  the  branching  re¬ 
action  fcjes  from  2  to  3. 


LOU.  01:003 

Louvain  U.  Lab.  for  Inorganic  and  Analytical  Chemistry, 
Brussels  (Belgtum). 

FLAME  PROPAGATION  IN  GASEOUS  MJXTUIES  CON¬ 
TAINING  NITROUS -OXIDE  AS  OXIDANT,  by  J.  Van 
Wonterghem  and  A.  Van  Ttggelen.  [  1 955  j  [l8,p.  Incl. 
dtagrs.  tables.  .  AFOSR-TN- 56-448  (Also  bound  with 
US  AFOSH -TR-57-27;  AD  126445)  (Sponsored  jotntly 
by  Atr  Force  Otftce  of  Sctenttftc  Research  under 
AF  61(514)814  and  [  Fonds  Nattonal  de  la  Hecherches 
Sctenttftque  (Belgium) . )  AD  96793  Unclasslfted 

Also  published  In  Bull.  Soc.  Chtm.  Belg. ,  v.  64:  780- 
797,  1955. 

tn  this  study,  the  burning  velocity,  ttame  temperature, 
and  the  distance  between  the  strtated  amt  lumtnous 
cones  were  determined  for  constant  rattos  ot  C2H2, 


AIR  FORCE  SCIENTIFIC  RESEARCH 


LOU.  01.004 


r  Ho,  NHo,  or  CO  and  N20,  increasingly  diluted  with  N2. 

•j  The  activation  energies  are  all  higher  with  N20  than 

with  02,  but  the  same  mechanism  is  indicated.  The  re¬ 
lationship  between  flame  velocity,  mean  flame  tempera- 
ture,  and  the  distance  between  cones  using  02  holds  for 
N2o’. 


LOU.  01:004 

Louvain  U.  [Lab.  for  Inorganic  and  Analytical  Chemistry  j 
Brussels  (Belgium). 

CHAIN  BRANCHING  AND  FLAME  PROPAGATION,  by 


A  Van  Tiggelen  and  J.  Deckers.  [  1956  J  [  5  J  p.  incl. 
tables,  refs.  (AF  61(514)814)  Unclassified 

Published  in  Sixth  Symposium  (International)  on  Combus 
tion,  YaleU.,  New  Haven,  Conn.,  (Aug.  19-24,  1956), 
N.  Y.  Reinhold,  1957,  p.  61-65. 

The  primary  purpose  of  this  paper  is  to  establish  cer¬ 
tain  basic  principles  governing  the  reaction  kinetics  in 
stationary  premixed  flames.  The  Individual,  radical 
or  free  atom  in  the  flame  reaction  zone  has  been  con¬ 
sidered.  The  good  agreement  with  experimental  data 
In  all  possible  cases  and  the  practical  utility  of  the  de¬ 
rived  relations  are  the  best  justification  of  our  point  of 
view. 
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MMU.  01:001 

McMaster  U.  Hamilton  Coll. ,  Ont.  (Canada). 

EVIDENCE  FOR  A  REGION  OF  EXTRA  NUCLEAR 
STABILITY  BETWEEN  THE  82-  AND  126-NEUTRON 
SHELLS,  by  B.  G.  Hogg  and  H.  E.  Duckworth.  July  13, 
1953,  lp.  lncl.  dlagr.  (Technical  rept.  no.  2)  (Spon¬ 
sored  jointly  by  [  Air  Force  Office  of  Scientific  Research 
under  AF  18(600)484  ] ,  National  Research  Council  of 
Canada,  and  Research  Council  of  Ontario  (Canada)) 

AD  41027  Unclassified 

Also  published  In  Phys.  Rev.,  v.  91:  1289-1290, 

Sept.  1,  1953. 

New  atomic  mass  measurements  reveal  a  region  of 
extra  nuclear  stability,  located  approximately  between 
the  82  and  126  neutron  shells.  Reference  Is  made  to 
recent  work  of  de  Shalit  and  Goldhaber  which  might 
explain  this  effect.  (Contractor's  abstract) 


MMU.  01:002 

McMaster  U.  Hamilton  Coll. ,  Ont.  (Canada). 

AN  ATOMIC  MASS  STUDY  OF  NUCLEAR  SHELL 
STRUCTURE  IN  THE  REGION  28  <  n  <  50  AND 
28^  Z,$  40,  by  B.  G.  Hogg  and  H.  E.  Duckworth. 

Nov.  5,  1953  [12]p.  lncl.  dlagrs.  tables,  refs. 
(Technical  rept.  no.  1)  (Sponsored  jointly  by  [  Ar 
Force]  Office  of  Scientific  Research  under  AF  18(600)- 
484,  National  Research  Council  of  Canada,  and  Research 
Council  of  Ontario  (Canada))  AD  60218  Unclassified 

Also  published  In  Can  ad.  Jour.  Phys.,  v.  31:942-953, 
Sept.  1953, 

New  mass  spectrographlc  masses  are  reported  for  some 
of  the  Isotopes  of  gallium,  germanium,  arsenic,  and 
selenium.  These  results  are  combined  with  previously 
reported  mass  data  In  order  to  study  atomic  mass 
trends  In  the  region  28  ^  n  £  50  and  28  <:  Z  •£  40.  The 
only  pronounced  mass  effects  which  occur  In  this  region 
are  those  associated  with  28  and  50  nucleons.  No  extra 
stability  has  been  found  which  can  be  associated  with 
the  filling  of  the  f^,  P3  -2,  and  pj  ,2  subshells.  A  list 

of  mass  values  used  In  this  study  Is  Included.  (Con¬ 
tract  jr's  abstract) 

MMU.  01:003 

McMaster  U.  [  Hamilton  Coll.  ]  Ont.  (Canada). 

ATOMIC  MASSES  FOR  Ga,  Ge.  As,  Se,  AND  Br  (Ab 
stract),  by  B.  G.  Hogg  and  H.  E.  Duckworth.  (  1953  ’ 

1  p.  (Sponsored  jointly  by  Ar  Force  Office  of 
Scientific  Research  under  AF  18(600)484  1,  National  Re¬ 
search  Council  of  Canada,  and  Research  Council  of 
Ontario  (Canada))  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Rochester,  N.  Y. ,  June  16-20,  1953. 


Published  in  Phvs.  Rev.,  v.  92:  848,  Nov.  1,  1953. 

New  mass  spectrographlc  measurements  are  combined 
with  existing  transmutation  and  microwave  absorption 
data  to  give  the  following  masses:  Ga®®  =  68. 9478  ±  2 
amu,  Ge7®  =  69.  9460  ±  4  amu,  Ge72  =  71.  9449  ±  2 

amu,  Ge74  -  73.  9447  ±  4  amu,  Ge7®  =  75.  946C  ±  4 

amu,  As75  =  74.  9454  ±  3  amu,  Se74  =  73.  9460  ±  4 

amu,  Se7®  =  75.  9432  ±  2  amu,  Se77  =  76.9442  ±2 
amu,  Se78  =  77.  9420  ±  2  amu,  Se80  =  79.  9421  t  6 

amu,  Se82  =  81.  9431  ±  6  amu,  Br79  =  78.  9435  ±  4 

amu,  and  Br81  =  80.  9425  ±  5  amu.  These  constitute 
all  the  stable  Isotopes  of  these  elements  with  the  ex¬ 
ception  of  Ga71  and  Ge78.  (Contractor’s  abstract) 


MMU.  01:004 

McMaster  U.  Hamilton  Coll. ,  Ont.  (Canada). 

AN  ATOMIC  MASS  STUDY  OF  NUCLEAR  SHELL 
STRUCTURE  IN  THE  REGION  82  £  n^  126,  by  B.  G. 
Hogg  and  H.  E.  Duckworth.  Feb.  24,  1954  [  7  ] p. 
lncl.  lllus.  tables,  refs.  (Technical  rept.  no.  3) 

([  AF]OSR-TN-54-3R)  (AF  18(600)484)  AD  101525 

Unclassified 

A  so  published  In  Canad.  Jour.  Phys.,  v.  32:  65-71, 
Jan.  1954. 

A  number  of  new  atomic  masses  are  reported  In  the 
region  82  ^  n  ,<  126  and  are  used  to  study  nuclear 
stability  In  this  region.  No  stablUty  effects  associated 
with  a  particular  neutron  number  are  noticed  but  rather 
there  Is  a  broad  general  Increase  In  stablUty  between 
the  82  and  126  neutron  shells.  (Contractor’s  abstract) 


MMU.  01:005 

McMaster  U.  Hamilton  Coll. ,  Ont.  (Canada). 

ATOMIC  WEIGHTS  OF  THE  MONOISOTOPIC  ELE¬ 
MENTS,  by  H.  E.  Duckworth.  June  25,  1954  [ 4  ]p. 
lncl.  dlagr.  table.  (Technical  rept.  no.  4)  (lAF]- 
OSR- TN-  54-  352)  (Sponsored  jointly  by  [  Ar  Force  ] 
Office  of  Scientific  Research  under  AF  18(600)484  and 
Natloral  Research  Council  of  Car.ada)  AD  60217 

Unclassified 

A  so  published  In  Nature,  v.  174:  595- [  598  ] ,  Sept.  25, 
1954. 

Chemical  atomic  weights  obtained  or  deduced  from 
physical  data  are  given  for  the  22  simple  elements  and 
are  compared  to  their  chemically  determined  counter¬ 
parts.  (Contractor's  abstract) 

MMU.  01:006 

McMaster  U.  Hamilton  Coll.  ,  Ont.  (Canada). 

ATOMIC  MASSES  OF  Ru98,  nJ*9 ,  Os189  ANDOs192, 
by  E.  M.  Pennington  and  H.  E.  Duckworth.  Feb.  24, 
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MMU.  01:007  -  MMU.  01:010 


1955  1  1 1  p.  lncl.  table.  (Technical  rept.  no.  5) 

([  AF]OSR-TN-54-354)  (Sponsored  jointly  by  [Air 
Force]  Office  of  Scientific  Research  under  AF  18(600)- 
484.  National  Research  Council  of  Canada,  and 
Research  Council  of  Ontario  (Canada))  AD  60216 

Unclassified 

Also  published  in  Canad.  Jour.  Phys. ,  v.  32:  808, 

Dec.  1954. 

Accurate  physical  masses  are  known  for  17  of  the  22 
monoisotopic  elements  A  graph  is  presented  in  which 
the  mass  numbers  of  the  even-even  isotopes  of  the 
even-Z  elements  are  plotted  against  the  mass  defects 
(mass  defect,  difference  between  atomic  mass  of  a 
nuclide  and  Its  mass  number).  The  tangent  to  the 
curves  formed  by  these  isotopes  is  a  comparatively 
smooth  line.  By  Interpolating  the  5  not  accurately 
known  monoisotopic  elements  (Cs133,  Tb1®9,  Tm1®9, 
Ta181,  and  Au197),  reliable  estimates  of  their  masses 
can  be  obtained.  A  table  shows  the  determined  and 
estimated  isotopic,  and  physical  and  chemical  atomic, 
weights  of  the  22  monoisotoplc  elements. 

MMU.  01:007 


Also  published  in  Zeitschr.  fur  Naturforschung, 
v.  10A:  840-843,  July  27,  1955. 

The  masses  of  Zn64,  Zn66,  Zn67,  and  Zn68  have  been 
studied  mass  spectroscopically  by  means  of  the 
0216-1/2  Zn64,  4/2  Xe132-Zn66,  x/2  Xe134-Zn67,  and 
V2  Xe138-Zn88  doublets.  These  studies  suggest  that 
the  currently  accepted  masses  of  Zn®4  and  Zn6®  are 
too  large  by  ~  0.4  mmu.  If  these  revisions  are  made, 
several  existing  discrepancies  between  transmutation 
and  mass  data  disappear.  (Contractor's  abstract) 


MMU.  01:009 

McMaster  U.  Hamilton  Coll. ,  Ont.  (Canada). 

RELIABILITY  OF  ATOMIC  MASSES  IN  THE 
CHROMIUM- GERMANIUM  REGION,  by  J.  T.  Kerr, 

J.  G.  V.  Taylor,  and  H.  E.  Duckworth.  Mar  6,  1956 
[  3]p.  (AFOSR-TN-56-72)  (Sponsored  jointly  by  Air 
Force  Office  of  Scientific  Research  under  L  AF  18(600)- 
484].  National  Research  Council  of  Canada,  and 
Ontario  Research  Foundation  (Canada))  AD  81524 

Unclassified 


McMaster  U.  Hamilton  Coll. ,  Ont.  (Canada). 


Also  published  in  Nature,  v.  176:  458,  Sept.  3,  1955. 


MASS  SPECTROSCOPIC  ATOMIC  MASS  DIFFERENCES, 
by  H.  E.  Duckworth,  B.  G.  Hogg,  and  E.  M. 

Pennington.  Feb.  24,  1955  [I0]p.  lncl.  tables,  refs. 
(Technical  rept.  no.  6)  ([  AF]oSR-TN-54- 355) 

(AF  18(600)484)  AD  60215  Unclassified 

Also  published  In  Rev.  Modern  Phys. ,  v.  26:463-472, 
Oct.  1954. 

A  review  is  presented  of  the  literature  on  atomic  mass 
differences  determined  by  the  doublet  method  of  mass 
comparison  (A.  J.  Dempster’s  data  obtained  by  the 
bracket  method  are  excluded).  Tables  I  and  n  show  the 
masses  of  the  secondary  standards  (H1,  D2,  C12)  as 
determined  by  various  authors,  and  the  mass  differences 
of  the  doublets  used  to  obtain  these  secondary  standards. 
Table  ID  tabulates  the  published  nonfundamentai  doublet 
differences,  with  indication  of  the  literature  sources. 
Table  IV  reviews  Important  mass  measurements  ob¬ 
tained  by  the  helical  orbit  mass  spectrometer  which 
measures  the  time  of  flight  of  Ions  In  a  magnetic  field. 


MMU.  01:003 


In  this  study,  attention  is  focussed  on  mass  difference 
discrepancies  in  the  Cr-Ge  region.  In  the  hope  of 
discovering  some  systematic  discrepancy  between 
mass  spectroscopic  and  transmutation  data,  calcula¬ 
tions  have  been  made  of  30  mass  differences  in  this 
region,  using  both  sources  of  data.  These  calculations 
Show  that  between  stable  nuclides  of  the  same  element, 

C7  5g 

e.  g.  ,  Fe  -Fe  ,  the  transmutation-  and  mass- 
spectrographic  differences  are  quite  consistent.  The 
only  major  inconsistency  is  in  the  case  of  the  Zn67- 


Zn°®  difference.  The  situation  is  quite  different,  and 
much  less  satisfactory  in  the  case  involving  stable 
nuclides  of  different  elements,  e.  g. ,  Fe^-Cr®3.  Only 
4  of  the  10  calculated  differences  agree  within  the 
stated  probable -error  limits.  In  5  cases  Involving  Nl, 
58  „  57  60  p  57  63  62  „,64  _  63 

i.  e. ,  Nl  -Fe  ,  Nl  -Fe  ,  Cu  -Nl  ,  Nl  -Cu  , 


and  Cu®®- Ni®4,  the  agreement  Is  very  poor,  indicating 
that  the  masses  of  Nt  determined  mass  spectroscopi¬ 
cally  are  too  low  by  ~60  x  10'®  amu.  Therefore,  it 
is  hypothesized  that  the  Nl  masses  are  In  error.  It 
is  concluded  that  the  atomic  mass  values  for  the  other 
elements  in  the  Cr-Ge  region  may  be  used  with 
reasonable  confidence. 


McMaster  U.  Hamilton  Coll. ,  Ont.  (Canada). 

CONCERNING  THE  MASSES  OF  THE  STABLE  ZINC 
ISOTOPES,  by  J.  T.  Kerr,  N.  Ft.  lsenor,  and  H.  E. 
Duckworth.  Mar.  6,  1956  [  2  ]  p.  ind.  tables,  refs. 
(AFOSR-TN-56-71)  (Sponsored  jointly  by  Air  Force 
Office  of  Scientific  Research  under  (  AF  18(600)484  ’, 
National  Research  Council  of  Canada,  Ontario  Re¬ 
search  Foundation  (Canada),  and  Shell  Oil  Co.  of 
Canada)  AD  81523  Unclassified 


MMU.  01:010 

McMaster  U.  Hamilton  Coll. ,  Ont.  (Canada). 

A  NOTE  ON  THE  EFFECT  OF  THE  RESIDUAL  GAS 
PRESSURE  UPON  THE  SPACING  OF  MASS  SPEC¬ 
TROSCOPIC  DOUBLETS,  by  N.  R.  lsenor,  G.  R. 
Balnhrldge  and  others.  May  28,  1956  [3]p.  lncl. 
diagrs.  (AFOSR- TN-56- 471)  (Sponsored  jointly  by 
Air  Force  Office  of  Scientific  Research  under 
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AF  18(600)484,  National  Research  Council  of  Carida, 
and  Shell  Oil  Co.  c *  Canada)  AD  97355  Unclassified 

Also  published  In  Canad.  Jour.  Phys. ,  v.  34:  993-995 
Sept.  1956. 

CjHgO-Nl®8  and  1/2  Xe182-Zn86  doublets  were  photo¬ 
graphed  at  different  pressures  In  a  Dempster-type 
double- focusing  Instrument,  using  an  accelerating 
voltage  of  15,  000  v.  The  evidence  indicates  that  the 
former  doublet  spacing  decreases  with  Increasing  pres¬ 
sure  at  a  rate  of  0.1)35  mmu  per  10'  -  mm  Hg,  in  the 
range  5-60  x  10~8  mm  Hg.  Within  experimental  accu¬ 
racy,  the  latter  spacing  was  not  markedly  pressure 
dependent.  Further  liveillgilk  Is  cor.tea.plited. 


MMU.  01:011 

McMastei  U.  Hamilton  Coll.  ,  Ont.  (Canada). 

THE  LUMINESCENT  RESPONSE  OF  SILVER  ACTI¬ 
VATED  ZINC  SULPHIDE  TO  LITHIUM  IONS  OF  DIF¬ 
FERENT  ENERGIES,  by  C.  F.  Eve  and  H.  E. 

Duckworth.  May  28,  1956  [  2  j p.  incl.  dlagrs.  (AFOSR- 
TN- 56-472)  (Sponsored  jointly  by  Ar  Force  Office  of 
Scientific  Research  under  AF  lb(6oo)454,  Ontario  Re 
search  Foundation  (Canada),  and  National  Research 
Council  of  Canada)  AD  97556  Unclassified 

Also  published  In  Canad.  Jour.  Phys.,  v.  34:  896-897, 
Aug.  1956. 

The  variation  of  luminescence  Intensity  with  LI  Ion 
energy  over  the  range  15-40  kev  was  measured.  A 
power  law  relation  with  an  Index  of  2.  5  was  obtained. 


MMU.  01:012 

McMaster  U.  Hamilton  Coll. ,  Ont.  (Canada). 

ATOMIC  MASSES  OF  Nt58  AND  HI60,  by  P.  C.  Eastman, 
N.  R.  tsenor  and  others.  Nov.  15,  1950  [2]p.  incl. 
tables,  refs.  (AFOSR-TN  56-473)  (AF  18(600)484) 

AD  97357  Unclassified 

Asojnibllshed  In  Phys.  llev.,  v.  103:  145-146.  July  1. 
1956. 

Mass  spectrographlc  measurements  are  reported  of  the 
mass  differences  C2lt.02  Ni60  and  CjHgO  Nt58.  These 
results  are  used,  together  with  existing  data,  to  discuss 
certain  discrepancies  between  transmutation  and  mass 
spectroscopically  determined  masses  In  the  Fe-Ni  V.n 
section  of  the  atomic  mass  table.  (Contractor's 
abstract) 

MMU  01  013 

McMaster  U.  Itamttton  Coll.  ,  Ont.  (Canada). 

A  LARGE  SEMI  CIRCULAR  MASS  SPECTROMETER 


FOR  ATOMIC  MASS  DETERMINATIONS  (Abstract),  by 
H.  E.  Duckworth,  J.  T.  Kerr,  and  G.  R.  Dainbrldge. 
July  1956,  lp.  (Sponsored  jointly  by  Ar  Force  Office 
of  Scientific  Research  under  AF  18(600)484,  National 
Research  Council  of  Canada,  and  Ontario  Research 
Foundation  (Canada))  Unclassified 

Presented  at  Symposium  on  the  Precision  Determination 
of  Nuclear  Masses,  Mainz  (Germany),  July  9-14,  1956. 

A  new  large  double  focusing  mass  spectrometer,  con¬ 
sisting  ol  a  semi-tlTOulal  magnetic  analyzer  followed 
by  a  V2  electrostatic  analyzer  has  been  constructed. 
This  was  constructed  in  two  steps:  (1)  the  magnetic 
anaiyaer  and,  (2)  the  etet trust  ibc  analyser  The 
magnetic  analyzer  (radius  of  curvature  -  2.  74  meters) 
alone  has  a  mass  resolution  of  approximately  VlOOOO 
at  the  base  of  the  peaks,  and  v.-as  used  to  obtain  mass 
Information  for  some  of  the  elements  which  can  be  ob¬ 
tained  in  gaseous  form.  The  field  of  the  magnetic 
analyzer  Is  beti.  stabilized  and  swept  by  a  proton 
moment  mechanism.  The  position  of  each  mass  spect- 
tra)  peak  Is  given  by  the  frequency  of  the  proton  signal 
and  the  doublet  spacing,  consequently,  is  obtained  In 
terms  of  a  frequency  difference.  The  present  perform¬ 
ance  and  method  of  operating  the  Instrument  will  be 
discussed,  and  some  remarks  will  be  made  concerning 
future  jUne  (Contractor's  abstract) 


MMU.  01:014 

McMaster  U.  Hamilton  Coll.  Ont.  (Canada). 

SOME  RECENT  MASS  DETERMINATIONS  AT 
McMASTER  UNIVERSITY  (Abstract),  by  H.  E. 
Duckworth.  G.  R  Rainbrldge  and  others.  July  1956, 
lp.  (Sponsored  jointly  by  Ar  Force  Office  of  Scientific 
Research  under  AF  18(600)484,  National  Research 
Council  of  Canada,  and  Shell  Oil  Co.  of  Canada) 

Unclassified 

Presented  at  Symposium  on  the  Precision  Determination 
of  Nuclear  Masses,  Mainz  (Germany),  July  9-  14,  1956. 

The  mass  differences  C^llgO  Nl58  =  106.52  t  15  mmu 
and  C2H^02  -  Nl60  *  90.  82  i  15  mmu  was  determined. 
The  agreement  between  this  and  other  work  was  dis 
cussed,  as  welt  as  the  agreement  between  transmuta 
tion-  and  mass  spectroscopically  derived  mass  differ 
ences  in  the  Fe  Nl-  Z11  section  of  the  atomic  mass  table. 
An  attempt  was  made  to  ascertain  If  the  1  2  Xe  - 
Zn“  and  Cjll.O-Ni88  doublet  spaclngs  were  sensitive 
to  the  residual  gas  pressure  in  the  m~ss  spectrograph. 
In  the  former  case  there  appeared  to  be  no  pressure 
dependence  in  the  pressure  range  3.  5  •  30  x  t0'°  mm 
Hg.  In  the  latter  case  the  doublet  spacing  appeared  to 
decrease  with  increasing  residual  gas  pressure  In 
this  work  Ions  of  15,  000  volts  energy  were  employed  in 
a  Dempster  type  dou’  *  •  focusing  mass  spectrograph, 
approximately  2.  3  ‘  i  targer  than  that  employed  by 
Dempster  and  Sha  .  who  first  rejxirted  this  pressure 
effect.  (Contractor's  abstract) 
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MMU.  01:015 

McMaster  U.  Hamilton  Coll. ,  Ont.  (Canada). 

STANDARDS  OF  ATOMIC  MASS  FOR  A  >  30  (Abstract), 
by  H.  E.  Duckworth.  July  1956,  lp.  (Sponsored 
jointly  by  Air  Force  Office  of  Scientific  Research  under 
AF  18(600)484  and  National  Research  Council  of  Canada) 

Unclassified 

Presented  at  Symposium  on  the  Precision  Determination 
of  Nuclear  Masses,  Mainz  (Germany),  July  9-14,  1956. 

The  question  was  discussed  of  designating  certain  of  the 
heavier  atoms  as  secondary  standards  of  atomic  mass. 

It  was  hoped  that  atoms  so  designated  would  receive  out- 
of- the -ordinary  attention  by  persons  engaged  in  mass 
spectroscopic  mass  determinations,  with  the  result 
that  a  series  of  appropriately- spaced,  accurately- known 
atomic  masses  would  extend  through  the  entire  atomic 
mass  table.  These  secondary  standards  would  be  highly 
useful  as  points  of  departure  for  calculations  employing 
transmutation  data.  Some  of  the  factors  which  6hould 
govern  the  choice  of  standards  was  discussed  and  a 
proposed  list  of  such  standards  was  presented. 


MML.  01:001 

McMillan  Lab.  ,  Inc.  ,  Ipswich,  Mass. 

REFLECTION  OF  A  PLANE  WAVE  DY  A  STRATIFIED 
MEDIUM,  by  A.  F.  Kay.  Nov.  22,  1954  ,  39p.  incl. 
diagrs.  refs.  (Document  no.  1294)  ([  AF  ]OSR- TN- 54- 
348)  (AF  18(600)1044)  AD  51019  Declassified 

The  reflections  R  of  a  plane  wave  by  a  stratified  medium 
(one  whose  electromagnetic  parameters  depend  only  on 
the  x- coordinate)  satisfy  Rlcattl-type  equations.  A 
comparison  of  treatments  of  this  subject  by  several 
authors  leads  naturally  to  more-or-less  new  physical 
models  of  reflection,  which  in  turn  suggest  expansions 
of  the  exact  reflection  coefficients  suitable  for  compu¬ 
tation  and  useful  for  further  theoretical  study. 

Examples  having  both  physical  importance  and  mathe 
matlcai  simplicity  are  worked  out  and  serve  as  a  check 
on  the  approximations.  In  Part  II.  a  medium  with  con¬ 
tinuously  varying  parameters  Is  regarded  as  limit  of 
a  pile  of  uniform  sheets.  Considering  multiple  reflec¬ 
tion  In  such  a  pile  gives  rise  to  the  notion  of  n-th  order 
reflection.  A  proof  is  sketched  that  under  certain 
general  conditions  Rn  has  a  unique  limit  as  the  pole 
approximates  a  uniform  medium  and  thus  ltn  can  be 
defined  precisely  even  for  continuous  variation.  A 
formula  for  Rq  and  a  recursion  formula  for  It,,  permits 
numerical  computation.  It  Is  shown  that  lint  It  satis 
fies  the  appropriate  lltcattl  equation,  and  lim  ltn 
equals  the  true  reflection.  Thus  is  obtained,  In  prlncl 
pie,  a  means  for  approximating  the  reflection  in  this 
most  general  case.  The  work  ts  guided  by  constant 
reference  to  the  physical  model:  it  leads  to  new  results 
in  the  theory  of  lticattl  equations,  which  appear  difficult 
to  discover  by  mathematical  means  alone.  (Con¬ 
tractor's  abstract) 


MML.  01:002 

McMillan  Lab. ,  lrc.  Ipswich,  Mass. 

SOME  MATHEMATICAL  ASPECTS  OF  ABSORBER 
DESIGN,  by  R.  B.  Barrar.  Nov.  22,  1954  ,  20p.  Incl. 
diagrs.  (Document  no.  1295)  ([  AF]OSR-TN-54-349) 
(AF  18(600)1044)  AD  51020  Declassified 

Maxwell's  equations  for  a  medium  whose  electro¬ 
magnetic  constants  vary  only  in  the  x-dlrectlon,  are 
shown  to  reduce  to  the  form  of  the  equations  for  a  non- 
uniform  transmission  line.  In  this  way  standard 
methods  of  transmission  line  theory  are  applied  to  ab¬ 
sorber  design.  For  certain  cases  explicit  solutions  are 
given  for  the  reflection  from  an  absorber  with  a  con¬ 
tinuously  varying  dielectric  constant  e.  (Con¬ 
tractor's  abstract) 


MML.  01:003 

McMillan  Lab. ,  Inc. ,  Ipswich,  Mass. 

SOME  ABSORBING  PANELS  WITH  VARIABLE 
DIELECTRIC  COMPOSITION,  by  J.  H.  Sampson. 

Dec.  20,  1954  ,  52p.  incl.  d.agrs.  tables.  (Document 
no.  1299)  ([  AF]OSR-TN-l55]-ll)  (AF  18(600)1044) 
AD  57113  Declassified 


Results  of  computations  of  the  complex  reflection 
coefficient  for  several  types  of  panels  are  discussed 
with  respect  to  the  design  of  thin  broadband ed  ab¬ 
sorbers.  The  panels  are  backed  by  metal  and  have 
electrical  characteristics  which,  with  a  suitable  choice 
of  rectangular  coordinates  x,  y,  and  z,  depend  only  on 
x,  the  distance  from  the  metallic  backing  to  an  arbi¬ 
trary  point  (x,  y,  z)  In  the  panel.  The  reflection  co¬ 
efficient  R  is  determined  by  the  Rlccatl-type  equation 


dR 

dx 


[(R  +  l)2  a  -  (R-l)2  1  ’  with  the 


coefficients  depending  on  the  polarization  of  the  inci¬ 
dent  wave,  Its  angle  of  incidence  h  and  wavelength 
and  the  dielectric  constant  t  =  t(x)  of  the  panel. 
Values  of  |  R| 2  were  obtained  by  high-  speed  digital 
computation  for  several  panels.  By  considering  t(x) 
u(x)  ♦  1.  v(x),  32  panels  are  described  In  the  interval 
0  <  x  <  1/2  with  the  initial  value  R  1  at  X  -  0.  Data 
from  the  following  functions  appear  promising: 

(l)u--  201'2*;(2)u  501'2*;  (3)  u  -  -6272  x5  ♦ 

.'704  x2  -  882  X  ♦  50;  (4)  u  =-2433  X3  *  1824  X2  -  341  x 
♦  20;  ’nd  (5)  >  (x)  =  t  (E- IF)/  (E2  »  F2)  2  where  E  and 

F  are  defined  in  terms  of  x:  the  function  appeared 
particularly  promising.  (ASTIA  abstract) 

MML.  01:004 

McMillan  Lab. ,  Inc.,  Ipswich,  Mass. 

THE  MATHEMATICAL  TREATMENT  OF  DIELECTRIC 
ABSORBING  PANELS],  by  J.  II.  Sampson.  Summary 
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MML.  01:005  -  MML.  01:006 


repl.  Dec.  20,  1954,  16p.  (Document  no.  1301) 
([AF]OSR-TN-55-12)  (AF  18(600)1044)  AD  57112 

Declassified 

The  mathematical  treatment  of  dielectric  absorbing 
panels  Is  summarized.  The  somewhat  Idealized  case 
Is  considered  of  an  Infinite  panel  bounded  by  2  parallel 
planes  and  with  local  electromagnetic  properties  depend¬ 
ing  only  on  the  distance  from  one  face.  Summaries  are 
presented  of:  (1)  a  report  which  considers  propagation 
of  waves  In  dielectric  media  as  a  one-almenslonal 
phenomenon  and  expressible  In  terms  of  familiar  param¬ 
eters  of  transmission-line  theory;  (2)  an  analysis  of 
approximate  values  of  the  reflection  coefficients  RR  and 
Rg  with  the  lerm  R2  omitted  from  the  relevant  differ¬ 
ential  equation;  and  (3)  reports  which  consider  minimiza¬ 
tion  of  the  expression 

X2  P2  X2  p2 

J  J|Ri|2dpd\+J  J  |Rh  | 2  dp  d\ 


by  suitable  choice  of  the  dielectric  constant  c(x),  where 
p  =  sin2  ),  0  =  angle  of  Incidence,  and  the  subscripts 
and  ||  refer  to  the  polarization.  Sources  of  difficulty 
In  applying  the  differential  equation  to  the  design  of  non¬ 
reflecting  panels  arc  reviewed.  The  minimum  problem 
appears  unsolvable.  The  reflection  coefficients  for  32 
given  functions  of  c(x)  which  were  evaluated  by  high¬ 
speed  digital  compulation  Indicate  the  probability  of 
attaining  design  criteria  for  effective  thin  absorbers. 
(ASTIA  abstract) 

MML.  01:005 

McMillan  Lab. ,  Inc.,  Ipswich,  Mass. 

A  MODIFIED  TREATMENT  OF  SOME  REFLECTION 
PROBLEMS,  by  J.  H.  Sampson.  Dec.  31,  1954,  16p. 
(Document  no.  1302)  (f  AFjOSR-TN- 55-40)  (AF  18(600)- 
1044)  AD  57064  Declassified 


putlng  machine  likely  to  be  developed  In  the  near 
future.  Two  approaches  are  considered  lo  the  design 
of  low- reflection  panels.  One  considers  the  use  of  a 
finite  difference  equation;  a  stepwise  procedure  Is 
described  which  yields  a  succession  of  ordinary  mini¬ 
mum  problems  for  the  function  of  one  (complex)  varia¬ 
ble.  Hie  number  of  layers  does  not  materially  affecl 
the  type  of  calculation. 


MML.  01:006 

McMillan  Lab. ,  Inc. ,  Ipswich,  Mass. 

ON  THE  REFLECTION  COEFFICIENT  OF  NON- 
HOMOGENEOUS  MEDIA,  by  J.  H.  Sampson.  Dec.  31, 
1954,  16p.  Incl.  dlagrs.  (Document  no.  1303) 

([  AF]OSR-TN- 55-46)  (AF  18(600)1044)  AD  57063 

Declassified 

The  problem  of  suppression  of  reflection  Is  considered 
for  dielectric  panels  whose  complex  dielectric  constant 
c  depends  only  on  the  distance  x  from  one  face.  The 
complex  reflection  coefficient  R  of  the  panel  Is  deter¬ 
mined  from  the  firsl-order  differential  equation 


[(R  +  l)2a-  (R-l)2!  ], 


where  v  =  i  -  p,  p  =  sln28,  a  -  i  ■y/ 1  -  p/v  for 
parallel  polarization  and  a  =  v/  yip  for  perpendic¬ 
ular  polarization  for  0  c  x  ^  i,  0  C  p  i  1,  0  <  >.  £«,, 
X  =  the  wavelength  of  the  Incident  wave,  and  0  =  Us 
angle  of  incidence.  Minimization  of  the  reflection  for 
an  entire  band  through  an  appropriate  choice  of  dielec¬ 
tric  constant  Is  formulated  as  minimization  of  an 
Integral  of  the  form 

2  *2  2 

dX  r  |  R  |  dp.  The  function  t(x)  Is 


Analyses  previously  presented  (see  Hem  no.  MML.  01: 
006)  are  expanded  with  respect  to  the  application  of  the 
differential  equation  governing  the  reflection  coefficient 
R  of  a  dielectric  panel  to  the  design  of  panels  leaving 
low  reflection  over  a  band  of  wavelengths  X  and  Incidence 
angles.  Solution  of  the  minimum  problem 

X2  p2 

r  r  Rn jRn  dp  d\  =  0 


for  a  piecewise  constant  Is  not  near  solution  with  respect 
to  explicit  calculation;  computation  of  the  minimizing 


tn  for  the  Integral 


subjected  to  physically  realizable  values  which  Is 
expressed  by  Inequalities  of  the  form  0  <  arg  t  <  x, 

Pj  -1 1  l«  i  2-  For  con*,ant  i.  the  etjiatlon  is 
explicitly  solvable,  and  It  Is  also  explicitly  solvable  for 
a  piecewise  constant  i(x).  To  obtain  satisfactory 
accuracy  In  applying  the  method,  at  least  second- order, 
and  probably  higher  order,  terms  of  the  power- series 
expansions  must  be  retained.  With  restriction  of  i.  to 
piecewise  constant  functions,  minimization  of  J  presents 
no  theoretical  difficulties  and  permits  resolution  of  the 
mathematical  problem. 


Maillnckrodt  Chemical  Lab  ,  Cambridge,  Mass 
see  Harvard  LX  Maillnckrodt  Chemical  Lab. , 
Cambridge,  Mass. 


may  be  completely  beyond  the  capabilities  of  any  com- 
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Marseille  U.  Inst,  of  Fluid  Mechanics  (France). 

THREE-DIMENSIONAL  FLOW  THROUGH  AN  AXIAL 
COMPRESSOR,  by  J.  Valensl.  July  30,  1955,  lv.  lncl. 
lllus.  dlagrs.  tables.  (Technical  rept.  no.  1)  (AFOSR- 
TN-56-134)  (AF  61(514)425)  AD  86010  Unclassified 

A  0.  50- m  Up-dlameter  axial  flow  compressor  stage 
was  designed  and  operated  at  low  speed  (24  60  rpm)  to 
study  Individual  blade  row  performance  and  secondary 
flow  effects.  The  stage  consisted  of  30  Inlet  guide 
vanes,  31  rotor  blades,  and  34  stator  blades  with 
sections  for  the  3  rows  computed  theoretically.  This 
stage  had  a  hub-to-Up  diameter  ratio  of  0.  5,  and  was 
designed,  with  the  assumption  of  perfect  fiuid  and 
simple  radial  equilibrium,  to  give  a  total  pressure- rise 
coefficient  of  0. 63  at  a  flow  ratio  of  0. 48.  The  design 
allowed  sufficient  space  between  the  rows  for  the 
instrumentation  required  In  making  a  detailed  analysis 
of  blade-row  flow  distribution;  the  casing  was  made  of 
transparent  perspex  In  order  to  permit  visual  observa¬ 
tions  by  smoke.  The  following  studies  were  made:  (1) 
description  of  the  flow  by  the  use  of  conventional  type  of 
Instrumentation  (pressure  probes);  (2)  determination  of 
Individual  blade-sections  performance  and  over-all 
performance;  (3)  adaptation  of  the  smoke  method  for 
visualizing  the  flow  through  the  compressor;  and  (4) 
determination  of  the  general  features  of  the  flow.  Ob¬ 
servations  were  made  at  3  different  values  of  the  flow 
coefficient  corresponding,  respectively,  to  design, 
maximum  pressure  rise  coefficient,  and  high  rate  of 
flow.  Secondary  flow  effects  were  thoroughly  analyzed 
and  discussed.  (Contractor’s  abstract) 


MAR.  01:002 

Marseille  U.  Inst,  of  Fluid  Mechanics  (France). 

THREE  DIMENSIONAL  FLOW  THROUGH  AN  AXIAL 
COMPRESSOR,  VOLS.  1  AND  fi.  by  J.  Valensl.  (Final 
rept. )  July  1956,  2v.  lncl.  lllus.  dlagrs.  tables,  refs. 
(AFOSR-TR  56  30)  (AF  61(514)425)  AD  95820 

Unclassified 

A  0.  50- m  tip  diameter  axial  flow  compressor  stage  was 
designed  and  built.  It  was  operated  at  low  speed  (2460 
rpm)  on  a  test  bed  especially  designed  and  built  In  order 
to  Investigate  Individual  blade  row  performances  and 
secondary  flow  effects.  Investigation  Included:  (1) 
description  of  the  flow  by  the  use  of  pressure  probes; 

(2)  determination  of  velocity  diagrams  and  of  overall 
compressor  performances  at  design  and  at  off  design 
flow  rates;  and  (3)  Investigation  of  rotating  stall.  Sec¬ 
ondary  flow  effects  are  analyzed  and  discussed,  and 
recommendations  are  given  for  the  Improvement  of  the 
design.  (Contractor's  abstract,  modified) 

MIX'  01:001 

Maryland  U.  Dept,  of  Mathematics,  College  Park. 

THE  TOPOLOGY  OF  ALMOST  UNIFORM  CONVER- 


MAR.  01:001  •  MDU.  02:002 


GENCE,  by  J.  W.  Brace.  Dec.  1956,  28p.  refs. 
(AFOSR-TN-56-595)  (AF  18(603)78)  AD  115022 

Unclassified 

Also  published  In  Portugal.  Math.,  v.  14:99-104, 

1956. 

Let  |fa,  ae  a]  be  a  net  of  real  or  complex  valued 
functions  defined  on  a  set  S.  Slrvint  (Studla  Math. , 
v.  11:  71-94,  1950)  Introduced  the  notions  of  almost 
uniform  convergence  of  such  a  net.  |fQj  converges 
almost  uniformly  to  the  function  fQ  on  a  set  TCS  If  and 
only  If  for  every  net  j Xgj  defined  from  a  directed  set 
B  to  the  set  T,  1  PJ 

llm[Um  Inf  |fa(x3)  -  f0(x„)  |]  =  O. 

a  p  F  H 

This  paper  concerns  Itself  with  the  characterization  of 
weak  and  weak*  convergence  on  the  conjugate  X*  of  a 
convex  linear  topological  space  X  In  terms  of  almost 
uniform  convergence  on  certain  types  of  subsets  of  X. 
The  principal  theorem  states  that  the  weak  topology  on 
X*  Is  equivalent  to  the  topology  of  almost  uniform  con¬ 
vergence  on  bounded  subsets  of  X.  This  provides  a 
method  of  characterizing  weak  convergence  on  X*  with¬ 
out  reference  to  X**.  The  paper  concludes  with  several 
theorems  on  weak  continuity  of  linear  transformations 
on  X.  In  particular,  the  above  characterization  of 
weak  convergence  provides  a  short  proof  of  the  weak 
continuity  of  the  adjoint  of  a  weakly  continuous  operator. 
(Math.  Rev.  abstract) 


MDU.  02:001 

Maryland  U.  Dept,  of  Physics,  College  Park. 

STATISTICAL  MECHANICS  OF  TRANSPORT  AND 
NON  EQUILIBRIUM  PROCESSES,  by  E.  W.  Montroll 
and  M.  S.  Green.  [  Apr.  ]  1954  ,  63p.  refs.  [  AFOSR- 
TN-54  -  54  j  f  AF  18(600)1015]  AD  33110 

Unclassified 

Also  published  In  Ann.  Rev.  Phys.  Chem. ,  v.  5:  449- 
4  7  6.  1954. 

A  survey  of  literature  Is  presented  on  the  types  of  non- 
equlllbrtum  processes  and  the  statistical  hypotheses 
used  to  discuss  them.  The  transport  properties  of 
gases,  dense  gases,  liquids,  and  quantum  fluids  are 
considered,  as  well  as  nonequilibrium  phenomenon  and 
the  theory  of  random  processes. 


MDU.  02:002 

Maryland  U.  Dept,  of  Physics.  College  Park. 

FREQUENCY  SPECTRUM  OF  VIBRATIONS  OF  A 
CRYSTAL  LATTICE,  by  E.  W.  Montroll.  Apr.  1954 
33p.  mcl.  dlagrs.  refs.  (Technical  rept.  no.  6) 

;  AFOSR  TN  54  106’  [  AF  18(600)1015 !  AD  34821 

Unclassified 
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MDU.  02:003  ■  MDU.  02:007 


Also  published  In  Amer.  Math.  Monthly,  v.  61  (Supple¬ 
ment):  46-73,  1954. 

The  general  characteristics  o(  the  frequency  distribution 
g  (v)  of  the  Born-von  Kir  min  model  of  crystal  lattices 
Is  reviewed  with  special  emphasis  upon  the  existence  of 
singularities.  The  discussion  of  the  vibration  of  peri¬ 
odic  lattices  Is  Introduced  by  an  analysis  of  some  2- 
dimenslonal  examples,  and  the  discussion  Is  generalized 
to  3-dlmenslonal  systems.  Discussions  are  presented 
of:  (1)  the  topological  basis  for  the  logarithmic  singu¬ 
larities  in  the  2-dlmenslonal  frequency  spectrum;  and 
(2)  the  nature  of  the  singularities  in  3-dlmenslonal 
lattices. 


MDU.  02:003 

Maryland  U.  Dept,  of  Physics,  College  Park. 

THE  STATISTICAL  MECHANICS  OF  ELECTRICAL 
CONDUCTION  IN  FLUIDS,  by  M.  S.  Green,  f  1954  ] 

7p.  [  AFOSR-TN-54-1831  (AF  18(600)1015) 

Unclassified 

Also  published  in  Jour.  Phys.  Chem. ,  v.  58:714-716, 
Sept.  1954. 

The  theory  was  applied  specifically  to  a  model  of  an 
electrolyte  In  which  certain  molecular  species  carry 
electric  charges  and  in  which  external  fields  are 
possibly  present.  Expressions  are  given  for  conductiv¬ 
ities  and  other  Irreversible  coefficients  in  terms  of 
specific  random  processes. 


MDU.  02:004 

Maryland  U.  Dept,  of  Physics,  College  Park. 

THEORY  OF  THE  VIBRATION  OF  SIMPLE  CUBIC 
LATTICES  WITH  NEAREST  NEIGHBOR  INTERACTIONS, 
by  E.  W.  Moniroll.  Jan.  1955,  lv.  lncl.  dlagrs.  refs. 
(Technical  note  no.  BN  48)  ( k  AF  jOSR-TN- 55-43) 

(AF  18(600)1015)  AD  54838  Unclassified 

A  model  Is  analyzed  of  a  simple  cubic  lattice  with 
Interactions  between  nearest  neighbors.  Cubes  of  1,  2, 

3,  and  a  very  large  number  of  dimensions  are  discussed. 
Tlie  number  of  normal  modes  is  determined  for  a  given 
frequency  Interval,  and  the  distribution  function  of  the 
location  of  a  given  atom  with  respect  to  Its  equilibrium 
position  Is  shown  to  be  Gaussian.  Analytical  expressions 
are  obtained  for  the  dispersion  In  terms  of  dimension 
altty,  temperature,  and  Interatomic  forces.  A  method 
Is  outlined  for  the  discussion  of  the  effect  of  local  dis¬ 
turbances  such  as  Impurities  and  holes  on  lattice  vibra¬ 
tions  A  brief  calculation  Is  made  of  the  quantum  me 
chanlcal  zero  point  energy  of  the  lattice  model  (AST1A 
abstract) 


MDU.  02:005 

Maryland  U.  Dept,  of  Physics,  College  Park. 

ANHARMONICITY  AND  MONOMOLECULAR  RE¬ 
ACTIONS,  byR.  H.  Tred gold.  Feb.  1955  [  8 1  p.  lncl. 
dlagr.  (Technical  rept.  no.  12)  ([  AF]OSR-TN-55- 
[54])  (AF  18(600)1015)  AD  55588  Unclassified 

Also  published  In  Proc.  Phys.  Soc.  (London),  v.  68A: 
620-923,  1955. 

A  brief  summary  Is  given  of  the  present  theories  of 
monomolecular  reactions  and  of  the  significance  of 
anharmoniclty.  A  model  Involving  anharmonlc  forces 
U  studied  in  which  3  bodies  are  constrained  to  move 
in  a  straight  line;  each  body  has  a  unit  mass,  and  the 
degree  of  excitation  is  high  enough  so  that  classical 
mechanics  can  be  used.  Exact  solutions  are  obtained, 
and  the  results  Indicate  that  a  treatment  of  monomolec¬ 
ular  reactions  based  on  a  purely  harmonic  model 
always  yields  a  lower  reaction  rate  than  that  actually 
observed.  The  effect  of  anharmoniclty  Is  not  Important 
at  high  pressures,  but  may  make  a  substantial  differ¬ 
ence  In  reaction  rate  at  medium  and  low  pressures. 
(ASTIA  abstract) 


MDU.  02:006 

Maryland  U.  Dept,  of  Physics,  College  Park. 

EFFECT  OF  DEFECTS  ON  LATTICE  VIBRATIONS 
[I],  by  E.  W.  Montroll  and  R.  B.  Potts.  July  1955, 
85p.  lncl.  dlagrs.  refs.  (Technical  rept.  no.  18) 

([  AF]OSR-TN-55-206)  (AF  18(600)1015)  AD  66842 

Unclassified 

Also  published  In  Phys.  Rev.,  v.  100:  5  2  5  -  54  3, 

Oct.  15.  1955. 

The  theory  of  the  effect  of  localized  defects  such  as 
Impurities,  holes,  and  lnterstlllals  on  the  vibrations 
of  crystal  lattices  Is  developed.  Although  most  of  the 
analysis  Is  concerned  with  1 -dimensional  chains,  the 
general  approach  to  defects  In  3-dlmenslonal  lattices  Is 
outlined  through  the  example  of  a  simple  cubic  lattice 
with  nearest  neighbor  interactions.  (Contractor’s 
abstract) 


MDU.  02:007 

Maryland  U.  Dept,  of  Physics.  College  Park. 

ON  THE  SOLID  PHASE  OF  THE  RARE  GASES,  by 
R.  U.  Ayres  and  It.  H.  Tredgold.  Aug.  1955,  17p. 
refs  (Technical  rept.  no.  20)  (  AF  OSR-TN  55-252) 
(AF  18(600)1015)  AD  72639  Unclassified 

Previous  theoretical  work  on  the  crystal  structure  of 
the  rare  gases  Is  discussed.  A  model  Is  proposed 
which  allows  the  overlap  of  adjacent  atoms  to  be  taken 
Into  account.  The  Van  der  Waal  forces  are  studied  In 
a  reciprocal  space  representation.  A  series  expansion 
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for  the  zero  point  energy  associated  with  the  dipole- 
dipole  coupling  is  obtained,  and  it  is  shown  that  the 
overlap  effect  favors  the  stability  of  the  face  centered 
cubic  (fee)  lattice  as  opposed  to  the  close  packed  hexa¬ 
gonal  lattice.  It  Is  suggested  that  this  mechanism  is 
responsible  for  the  fact  that,  with  the  exception  of 
helium,  the  rare  gases  crystallize  in  the  fee  structure. 
The  possibility  of  using  this  model  to  correlate  the 
optical  and  thermal  prooerties  of  these  substances  is 
also  briefly  discussed.  (Contractor's  abstract) 


MDU.  02-008 

Maryland  U.  Dept,  of  Physics,  College  Park. 

EFFECT  OF  DEFECTS  ON  THE  VIBRATIONS  OF  AN 
ALTERNATING  DIATOMIC  LATTICE,  by  P.  Mazur, 

E.  W.  Montroll,  and  R.  B.  Potts.  Nov.  1955,  27p. 
lncl.  diagrs.  (Technical  rept.  no.  22)  ([AFlOSR-TN- 
55-422)  (AF  18(000)1015)  AD  78474  Unclassified 

In  a  perfect  alternating  lattice,  the  normal  frequencies 
fall  into  2  bands  separated  by  a  gap.  For  the  monatomic 
lattice,  localized  modes  can  occur  with  discrete  fre¬ 
quency  levels  out  of  the  bands  when  the  lattice  contains 
such  defects  as  Isotopes.  For  the  alternating  lattice, 

4  cases  arise.  When  1  of  the  lighter  masses  m  is 
replaced  by  an  Isotope  m',  then  if  m'  <  m,  one  level 
jumps  from  the  optical  band  into  the  region  above, 
whereas  If  m'  >  m,  one  level  jumps  from  the  bottom  of 
the  optical  band  into  the  gap.  When  one  of  the  heavy 
masses  is  replaced  by  a  lighter  isotope,  one  frequency 
jumps  from  the  top  of  the  acoustical  band  into  the  gap, 
while  a  second  level  jumps  from  the  lop  of  the  optical 
band  into  the  region  above.  When  one  of  the  heavy 
masses  is  replaced  by  a  heavier  isotope,  no  frequencies 
emerge.  The  defect  level  which  rises  out  of  the  top  of 
the  acoustical  band  into  the  gap  is  of  interest;  as  the 
defect  mass  approaches  zero  the  level  approaches  the 
level  at  the  gap  center.  The  self  energy  of  an  isotope  Is 
computed,  and  the  series  solutions  are  obtained  which 
cover  the  range  of  variation  of  the  masses.  The  inter¬ 
action  energy  between  2  isoiepes  is  proportional  to  the 
inverse  cube  of  the  distance  of  separation  and  is  attrac 
live  for  2  light  or  heavy  isotopes  and  repulsive  for  a  light 
and  a  heavy  isotope. 


MDU.  02:009 

Maryland  U.  Dept,  of  Physics,  College  Park. 

GENERAL  THEORY  OF  INTERACTION  OF  DEFECTS 
IN  THREE  DIMENSIONAL  LATTICES,  by  E.  W. 
Montroll  and  R.  B.  Potts.  Dec.  1955,  44p.  refs. 
(Technical  rept.  no.  24)  fl  AFjOSR-TN-55-481) 

(AF  18(600)1015)  AD  81689  Unclassified 

The  self  energies  and  interaction  energies  of  isotopes, 


MDU.  02:008  -  MDU.  02:011 


holes,  and  source  defects  in  simple  cubic  monatomic 
and  diatomic  lattices  are  derived  by  a  general  method. 
Results  are  also  obtained  for  the  interaction  of  defects 
with  lattice  boundaries.  The  consequences  of  letting 
the  lattice  spacings  vanish  are  discussed,  and  the 
similarity  is  shown  between  the  continuum  limit  of  a 
lattice  with  holes  and  Wentzel's  pair  theory  of  the  inter¬ 
action  of  neutrons  and  protons. 


MDU.  02:010 

Maryland  U.  Dept,  of  Physics,  College  Park. 

THEORY  OF  DILUTE  HIGH  POLYMER  SOLUTIONS 
(THE  PEARL  NECKLACE  MODEL),  by  A.  Isihara  and 
R.  Koyama.  Apr.  1956  [21  1  p.  incl.  diagrs.  tables, 
refs.  (Technical  rept.  no.  34)  (AFOSR-TN-56-199) 

AF  18(600)1015 1  AD  87512  Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  25:  712-716, 
Oct.  1956. 

A  theoretical  expression  is  derived  for  the  second 
virial  coefficient  Ag  of  chain  polymer  solutions.  The 
expression  describes  the  empirical  relation  between 
Aj  and  molecular  weight  M  in  which  An  is  proportional 
to  M'a,  where  a  has  a  value  of  about  0.  23  over  a 
s’litable  range  of  molecular  weight.  Theoretically, 

1/2  ■  3/4  (log  1. 684/.),  where  X  is  a  variable 
proportional  to  the  square  root  of  M,  when  X  becomes 
large.  The  theory  agreed  with  the  data  of  Krigbaum  and 
Flory  (Jour.  Amer.  Chem.  Soc.,  v.  75:  1775,  1955). 
The  determination  of  the  potential  function  between 
polymer  segments  is  discussed. 


MDU.  02:011 

Maryland  U.  Dept,  of  Physics,  College  Park. 

ON  THE  CRYSTAL  STRUCTURE  OF  THE  RARE 
GASES,  by  R.  U.  Ayres  and  R.  H.  Tredgold.  May 
1956,  5p.  (Technical  rept.  no.  39)  (AFOSU-TN  56 
200)  (AF  18(600)1015)  AD  87513)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Chicago  U.  ,  Ill.,  Nov.  25-26,  1955. 

Abstract  published  in  Phys.  Rev.,  v.  100:  1257, 

Nov.  I,  1955. 

Also  published  in  Proc.  Phys.  Soc.  (London),  v.  69B: 
840  842,  1956. 

Quantitative  Investigations  were  made  of  the  following 
effects  which  are  likely  to  influence  the  lattice  energy: 
(1)  the  Interaction  of  the  repulsive  first-order  overlap 
energy  with  the  triple  dipole  forces,  and  (2)  higher 
order  ntulti|iole  3  body  forces.  The  first  effect  was 
shown  previously  to  be  of  insufficient  magnitude  to 
explain  the  face-centered  cubic  (fee)  crystal  structure 
of  rare  gases.  In  the  higher  order  triple  multipole 
forces,  the  dl)<o!e-dipole-quadni|'ole  forces  are  nen- 
negliglble  and,  because  of  their  marked  angular 
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MDU.  02:012  -  MDU.  02:015 


dependence,  the  resulting  energy  terms  arising  from 
them  In  the  2  close-packed  structures  are  shown  to 
differ  appreciably.  The  Interaction  Hamiltonian  Is  given 
for  3  atoms  located  at  lattice  sites  1,  2,  and  3  In  the 
form  H’  =  Hdd(12)  +  Hdq(23)  +  Hdq(31)  for  dipoles  at  1 
and  2  and  a  quadrupole  at  3.  The  thlrd-ordsr  psrturba- 

"H’ojH’jkH’ko 

Hon  energy  Is  E,,,  =  £ _  ;  the  other  terms 

W  j,k(E0-Ej)(E0-Ek) 

which  usually  appear  In  a  third-order  perturbaHon  are 
zero  In  this  care.  The  approximaUon  Ej-  E0  = 
EionizaHon  reduces  the  perturbaHon  energy  to 

<'u,y\>oo 

E(3)  =  .  The  only  nonzero  contrlbuHon  which 

Elon 

arises  from  the  cross  term  <^<jd(12)Hdq(23)Hdq(31^ 

for  all  permutations  1,  2,  3  Is  shown.  Appropriate 
latHce  sums  were  determined  for  the  fee  and  eph 
(close-packed  hexagonal)  latHces  on  a  high-speed  com- 
puHng  machine.  Results  Indicate  that  the  hexagonal 
structure  represents  the  lowest  energy  state  in  solid 
rare  gases  but  that,  at  higher  temperatures,  the  fee 
structure  Is  stable  and  Is  frozen  In  on  cooling.  (ASTIA 
abstract) 


MDU.  02:012 

Maryland  U.  Dept,  of  Physics,  College  Park. 

THE  CORRELATION  OF  TWO  ELECTRONS,  by  R.  H. 
Tredgold  and  J.  S.  Evans.  Aug.  21,  1956  [  lO1?.  Incl. 
dlagrs.  tables.  (Technical  rept.  no.  55)  (AFOSR-TN- 
56-415)  (AF  18(600)1015)  AD  66224  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Chicago  U. ,  III.,  Nov.  25  26.  1955. 

Abstract  published  In  Phys.  Rev. ,  v.  100:  1250, 

Nov.  15,  1955. 

In  this  mathemaUcal  study,  the  exact  giound- state 
aoluUon  for  a  system  conslsHng  of  2  electrons  In  a  3- 
dlmenslonal  harmonic-oscillator  potenUal  Is  obtained. 
The  system  Is  also  studied  by  various  well-known 
approximate  methods,  and  the  ap,  jxlmale  soluUons 
are  compared  with  the  exact  soluUons.  It  Is  shown  that 
for  all  the  approximate  methods  studied  the  wave 
funcUons  fail  badly  for  the  region  corresponding  to 
small  Interelectronlc  spacing*.  (Contractor's  abstract) 


MDU.  02:013 

Maryland  U.  Dept,  of  Physics,  College  Park. 

SEARCH  FOR  A  LATENT  HEAT  ASSOCIATED  WITH 
THE  MAGNETIC  TRANSITION  IN  CHROMIUM  IN  THE 
REGION  OF  475“K,  by  N.  de  Haas.  Oct.  31,  1956 
4  p.  Incl.  table,  refs.  (Technical  rept.  no.  58) 
(AFOKR  TN  56-525)  (AF  18(600)1015) 


AD  110343  Unclassified 

The  results  of  the  tests  for  the  heat  content  of  the  Cr 
sample  and  the  capsule  system  with  respset  to  0“C  for 
temperatures  In  the  range  440°  -  509°K  ars  tabulated. 
The  total  heat  content  varies  linearly  with  temperature 
and  no  latent  hsat  of  translUon  Is  noHced, 


MDU.  02:014 

Maryland  U.  Dept,  of  Physics,  College  Park. 

EFFECT  OF  DEFECTS  ON  LATTICE  VIBRATIONS: 
INTERACTION  OF  DEFECTS  AND  AN  ANALOGY  WITH 
MESON  PAIR  THEORY,  by  E.  W.  Montroll  and  R.  B. 
Potts.  [  1956]  [13 Ip.  Incl.  table,  refs.  [AF  18  (600) 
1015]  Unclassified 

Published  In  Phvs.  Rev.,  v.  102:  72-84,  Apr.  1,  1956. 

An  analysis  Is  given  of  ths  determlnaUon  of  addlUve 
funcUons  of  the  frequencies  of  the  normal  mode  vlbra- 
Uons  of  a  latHce.  The  method  Is  applied  to  the  prob¬ 
lem  of  calculaUng  the  self-energlss  and  InteracUon 
energies  of  dsfects  In  latHces  of  any  dimension.  In 
parUcular  results  are  derived  for  the  self-snerglss 
and  InteracUon  energies  of  Isotopes,  holes,  and 
"source"  defects  In  simple  cubic  monatomic  and  di¬ 
atomic  latHces.  For  example  It  Is  shown  that  two  holes 
In  a  simple  cubic  latHce  attract  each  other,  the  energy 
of  InteracHon  being  Inversely  proporHonal  to  His  cube 
of  the  distance  of  separaUon.  The  general  method  Is 
also  applied  to  the  problem  of  the  InteracUon  of  latHce 
defects  with  the  boundaries  of  the  latHce.  Finally,  If 
the  latHce  approaches  Hie  limit  of  a  conUnuum,  It  Is 
shown  that  the  energy  of  InteracUon  between  two  holes 
is  just  that  obtained  by  Wentzel  for  the  InteracHon 
between  two  fixed  nucleons  according  to  Hie  scalar 
meson  pair  theory.  (Contractor's  abstract) 


MDU.  02:0’ 5 

Maryland  U  [  Dept,  of  Physics]  College  Park. 

EFFECT  OF  DEFECTS  ON  LATTICE  VIBRATION.  II. 
LOCALIZED  VIBRATION  MODES  IN  A  LINEAR  DI¬ 
ATOMIC  CHAIN,  by  P.  Mazur,  E.  W.  Montrolt.  and 
R.  B.  Potts.  [  1956]  lip.  Incl.  dlagrs.  (AF  18  (600)- 
1015)  Unclassified 

Published  In  Jour.  Wash.  Acad.  Sciences,  v.  46:  1-11, 
Jan.  1956. 

The  electrical  properUes  of  semiconductors  due  to  the 
Influence  of  defects  or  local  disturbances  In  otherwise 
regular  media  can  easily  be  excited  Into  a  conducUng 
slate.  In  a  perfect  attenuaUng  latHce  the  normal 
frequencies  fall  Into  two  bands  separated  by  a  gap. 

>t  la  shown  that  localized  nodes  can  occur  with  discrete 
frequency  levels  out  of  the  bands  when  the  latHce  con¬ 
tains  defects  such  as  Isotopes.  Four  cases  artse  with 
the  Interchange  of  a  lighter  or  heavter  mass  with  a 
lighter  or  heavier  Isotope.  The  defect  level  arising 
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from  the  acoustical  band  Into  the  gap  can  be  Interpreted 
as  a  surface  mode  due  to  the  defect  mass  approaching 
zero.  The  sell  energy  of  an  Isotope  Is  computed,  and 
the  series  solutions  obtained,  one  valid  for  m  =  M  and 
the  other  for  m  >>  M,  together  cover  the  whole  range 
of  variation  of  the  masses.  The  Interaction  energy 
between  two  Isotopes  Is  proportional  to  the  Inverse 
cube  of  the  distance  of  separation  and  Is  attractive  for 
lwo  light  or  lwo  heavy  Isotopes  and  repulsive  for  a 
light  and  a  heavy  Isotope. 


MDU.  03:001 

Maryland  U.  Dept,  of  Physics,  College  Park. 

[SUMMARY  OF  U.  S.  CONTRIBUTIONS  TO  TH  E 
GEOPHYSICAL  ASPECTS  OF  COSMIC  RAYSl  by  S. 

F.  Singer.  [  Sept.  1954  ]  8p.  lncl.  refs.  [  AFOSR- 
TN-54-170A]  (AF  18(600)1038)  Unclassified 

Presented  at  meeting  of  the  International  Union  of 
Geodesy  and  Geophysics,  Rome  (Italy),  Sepl.  14-25, 
1954. 

Published  In  Trans,  of  the  Rome  Meeting  of  the  Assoc, 
of  Terrestrial  Magnetism  and  Electricity  (Sepl.  14-25, 
1954),  IAGA  Bulletin  No.  IS,  Copenhagen,  1957,  as 
Chapter  VII,  p.  247-255  (Title  Cosmic  Rays). 

A  brief  survey  article  Is  presented  on  the  properties 
of  primary  cosmic  radiation,  Its  composition  and 
energy  spectrum,  the  absence  of  low  energy  primaries 
and  Its  Interpretation,  and  the  variety  of  fluctuations 
and  variations  of  the  cosmic  ray  Intensity  which  has 
been  studied  In  the  past  lhree  years.  Only  work  done 
In  the  United  States  Is  discussed.  A  bibliography  of  50 
references  Is  included. 


MDU.  03:002 

Maryland  V.  [  Depl.  of  Physics]  College  Park. 

THE  MOUSE,  by  S.  F.  Singer.  [  19541  [2]p.  lncl 
dlagrs.  (  AF  18(600)1038]  Unclassified 

Published  In  Sky  and  Telescope,  v.  14:  15,  17,  Nov. 
1954. 

The  development  of  the  MOUSE  (minimum  orbital 
unmanned  satellite  of  the  earth)  Is  proposed  for  obser¬ 
vations  from  190  miles  above  the  earth's  surface.  It 
would  circle  the  earth,  maybe  for  only  a  few  days  and 
would  weigh  about  100  pounds.  Automatic  Instruments, 
powered  by  lightweight  solar  batteries,  would  record 
data  on  astrophyslcal  and  other  observations  and  trans¬ 
mit  the  data  by  radio  to  ground  stations.  The  proposal 
Is  for  a  3-  step  rocket  with  a  few  pounds  of  payload. 

The  first  step  Is  planned  to  lake  the  satellite  vertically 
through  the  lower  atmosphere  and  to  begin  Its  Inclined 
flight.  The  2nd  step  will  take  over  Immediately  afte- 
burnout  of  the  first  stage.  In  order  to  reach  the 
required  altitude  and  direction  of  the  motion.  The  3rd 
step  simply  boosts  the  velocity  up  to  Its  orbital  value. 
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A1  the  point  of  burnoul  or  fuel  cutoff  (controlled  from 
the  ground),  the  nose  tip  will  open  and  the  spinning 
sphere  which  Is  the  MOUSE  ilself  will  begin  to  describe 
a  relatively  stable  orbll  around  the  earth.  The  tolal 
cost  of  5  MOUSE  satellites  with  their  3- stage  rockets 
Is  estimated  al  about  5  million  dollars.  The  IGY, 

1957,  Is  suggested  as  target  dale. 


MDU.  03:003 

Maryland  U.  [Depl.  of  Physics]  College  Park. 

ORIGIN  OF  THE  CHARGE  SPECTRUM  OF  PRIMARIES 
(Abstract),  by  S.  F.  Singer.  [  1955]  [  1  ]p.  [AF18- 
(600)1038]  Unclassified 

Presented  al  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  27-29,  1955. 

Published  In  Bull.  Amer.  Phys.  Soc. ,  v.  30:  24, 

Jan.  27,  1955. 

Evaporation  theory,  cosmic-ray  data,  and  helium 
analyses  of  meteorites  were  used  lo  determine  the 
charge  distribution  of  the  primaries.  The  required 
mean  path  length  U  6  g/cm2.  Points  for  the  fragmen¬ 
tation  hypothesis  are:  (1)  It  leads  to  the  same  velocity 
speclrum  for  all  components.  Certain  Injection  mecha¬ 
nisms  favor  heavy  nuclei.  Crucial  lests  are:  the 
presence  of  LI,  Be,  B  In  the  primary  radiation,  as 
well  as  He3  and  H3.  Enhancement  of  heavy  primaries 
during  solar  flare  increases.  (Contractor's  abstract, 
modified) 


MDU.  03:004 

Maryland  U.  [  Depl.  of  Physics]  College  Park. 

THE  ALBEDO  CONTRIBUTION  IN  THE  MEASURE¬ 
MENT  OF  COSMIC-RAY  PRIMARIES  (Abstract),  by 
R.  C.  Wentworth  and  S.  F.  Singer.  [  1955]  [  1  ]p. 

[  AF  18(600)1038  ]  Unclassified 

Presented  al  meeting  of  the  Amer.  Phys.  Soc. , 
Baltimore,  Md. ,  Mar.  17-19,  1955. 

Published  In  Bull.  Amer.  Phys.  Soc.,  v.  30:23-24, 
Mar.  17,  1955. 

The  major  uncertainty  in  the  determination  of  the 
primary  proton  spectrum  lies  In  the  evaluation  of  the 
effects  of  albedo.  A  number  of  experiments  have 
shown  that  the  albedo  contribution  has  a  minimum  In 
the  vertical  direction,  bul  could  not  assign  a  value  to 
It.  This  vertical  minimum  seems  plausible  by  simple 
theoretical  arguments.  Calculation  has  been  made  of 
the  ''splash"  albedo  moving  vertically  upward  near 
the  'op  of  the  atmosphere  al  \  •  56*,  using  data  from 
balloon  emulsions  and  high  energy  accelerators.  The 
results  are  compared  with  recent  experiments.  The 
difficulties  Inherent  In  our  calculation  and  In  the  ex¬ 
perimental  approach  are  discussed.  A  tlme-of- flight 
telescope  would  give  data  of  great  value  about 
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upward-moving  albedo.  The  theoretical  treatment  Is 
extended  to  Include  the  effects  of  geomagnetic  albedo  In 
n  approximate  way.  (Contractor's  abstract) 


MDU.  03:005 

Maryland  U.  [  Dept,  of  Physics]  College  Park. 

A  NEW  METHOD  FOR  MEASURING  THE  LOW  ENERGY 
SPECTRUM  OF  PRIMARY  COSMIC  RAYS  (Abstract),  by 
S.  F.  Singer.  [  1955]  [l]p.  [  AF  18(600)1038  ] 

Unclassified 

Presented  mooting  of  the  Amer.  Phys.  Soc. , 
Baltimore,  Md. ,  Mar.  17-19  1955. 

Measurements  of  the  primary  spectrum  with  balloons 
and  also  rockets  suffer  from  the  contribution  of  unknown 
amounts  of  albedo.  High  latitude  measurements  have 
established  a  "knee"  In  the  spectrum  caused  by  the 
marked  paucity  of  primaries  with  momentum/charge 
less  'ban  1.  5  x  10“  volts.  The  actual  number  Is  unknown 
but  would  be  of  great  Importance  for  our  understanding 
of  the  relation  of  cosmic  -ays  to  events  In  the  solar 
system.  Present  high  la,  tude  measurements  may  be 
Inherently  unsuitable  because  of  complicating  effects  of 
the  earth's  quadrupole  field  and  our  Inadequate  knowledge 
of  the  shadow  cone.  An  entirely  different  approach  lies 
In  measuring  the  cosmic  ray  Intensity  at  the  geomagnetic 
equator  as  a  function  of  altitude  starting  at  the  top  of  the 
atmosphere,  surmounting  the  cosmic  ray  "plateau"  and 
extending  the  measurements  to  extreme  distances  from 
the  earth.  A  preliminary  calculation  of  the  expected 
Intensity  variation  with  altitude  has  been  carried  out  for 
the  equatorial  case,  using  geomagnetic  theory  and  taking 
Into  account  the  geomagnetic  shadow  of  the  earth.  The 
results  demonstrate  the  |>otentialitleB  of  the  proposed 
method  for  determining  accuratc'y  the  primary  cosmic 
ray  spectrum  down  to  energies  well  below  the  "knee,  " 
away  from  albedo  effects  and  distortions  of  the  magnetic 
dipole  field  near  the  earth.  (Contractor’s  abstract) 


MDU.  03:006 

Maryland  U.  Dept,  of  Physics  ]  College  Park. 

GEOMAGNETIC  ALBEDO  AT  ROCKET  ALTITUDES  AT 
THE  EQUATOR  (Abstract),  by  H.  Griem  and  S.  F. 
Singer.  [1955  1  'p.  AF  18(600)1038 

Unc  lasstficd 

Presented  at  meeting  of  the  Anier.  Phys.  Soc. , 
Washington.  D.  C. ,  Apr.  28  30,  1955. 

Published  In  Dull.  Amer.  Phys.  Soc.,  v.  30:  8, 

Apr  28.  1855. 

Cosmic -ray  secondaries  above  the  "top"  of  the  atm-is 
phere  ("albedo")  present  an  unknown  contribution  In 
experiments  designed  to  measure  the  flux  of  primary 
protors.  The  question  of  albedo  Is  of  particular  Im¬ 
portance  at  the  geomagnetic  equator;  It  enters  Into  all 
considerations  connected  with  the  primary  spectrum,  in 


particular  the  energy  balance.  At  the  present  time 
knowledge  of  the  equatorial  albedo  Is  sparse:  It  Is 
>  35  percent  of  the  total  flux  at  45°  zenith  angle  and 
made  up  mainly  of  minimum  Ionizing  particles.  In 
attacking  the  albedo  problem  theoretically,  It  Is  noted 
that  at  the  equator  the  magnetic  field  confines  charged 
secondaries  to  the  altitude  region  in  which  they  are 
produced.  Depending  on  altitude  and  range  they  can 
make  many  loops  between  production  and  absorption, 
thus  enhancing  their  contribution  to  the  counting  rate. 
This  process  has  been  studied  In  detail  for  protons 
and  electrons  of  various  energies,  and  their  relative 
contribution  to  the  albedo  is  discussed.  (Contractor’s 
abstract) 


MDU.  03:007 

Maryland  U.  Dept,  of  Physics,  College  Park. 

STUDIES  OF  A  MINIMUM  ORBITAL  UNMANNED 
SATELLITE  OF  THE  EARTH  (MOUSE).  PART  I. 
GEOPHYSICAL  AND  ASTROPHYSICAL  APPLICA¬ 
TIONS,  by  S.  F.  Singer.  [  1955]  [14]p.  incl.  dlugrs. 
refs.  [  AF  18(600)1038]  Unclassl'i^-d 

Presented  at  meeting  of  the  Amer.  Rocket  Soc. , 
Baltimore,  Md.,  Apr.  20,  1955. 

Published  In  Astronautlca  Acta,  v.  1:  171-184,  1955. 

A  MOUSE  would  provide  a  far-reaching  extension  of 
present  high  altitude  rockets  In  the  study  of  the  upper 
atmosphere  and  extraterrestrial  radiations.  Lifetimes 
of  even  a  few  days  and  payloads  as  low  as  50  pounds 
would  be  adequate  to  allow  continuous  observations  of 
the  solar  ultraviolet  and  x- radiations  which  have  a 
profound  Influence  on  the  Ionosphere  and  therefore  on 
radio  communications.  The  cause  of  magnetic  storms 
and  aurorae  could  be  established  with  more  certainty. 
Observations  of  coBmlc  rays  would  help  clear  up  the 
question  of  their  origin.  Various  other  astrophysical 
phenomena,  such  as  micrometeorites,  could  be  brought 
under  direct  observation.  Measurement  of  the  earth’s 
albedo  (reflected  sunlight)  would  give  a  measure  of 
total  world  cloud  coverage  which  could  be  used  to  pre¬ 
dict  long  term  climatic  changes.  Radio  transmissions 
from  MOUSE  would  send  back  all  data  and  allow  at  the 
same  time  a  study  of  the  ionosphere.  The  change  in  the 
orbit  and  the  lifetime  would  give  Information  on  drag 
and  therefore  upper  atmosphere  densities,  while  obser¬ 
vation  of  a  luminous  trail  of  sodium  emitted  from  the 
satellite  would  allow  studies  of  winds,  temperature, 
and  turbulence  In  the  outermost  layers  of  the  earth’s 
atmosphere.  (For  Part  II,  see  Item  no.  MDU.  03:024) 
(Contractor's  abstract) 
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Maryland  U.  Dept,  of  Physics.  College  Park. 

THE  PRIMARY  COSMIC  RADIATION  AND  ITS  TIME 
VARIATIONS,  by  S.  F.  Singer.  May  22.  1956.  lv. 
Incl.  dlagrs.  tables,  refs.  (Technical  rept.  no.  40) 
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( AFOSR-  TN-  56-234)  (AF  18(600)1038)  AD  88354 

Unclassified 

Also  published  as  a  Chapter  In  Cosmic  Ray  and 
Elementary  Particle  Physics,  Vol.  IV,  N.  Y. ,  Inter- 
science,  1957. 

The  present  status  and  some  of  the  outstanding  problems 
In  the  study  of  the  primary  cosmic  radiation  and  of  Its 
variation  with  time  are  reviewed.  Experimental  data 
on  primary  radiation  are  analyzed  to  obtain  Its  composi¬ 
tion  and  the  energy  spectra  of  the  various  components. 
The  results  obtained  Indicated  the  following  main  con¬ 
clusions:  (1)  an  appreciable  abundance  of  Li,  Be,  and 
B  In  the  primary  radiation,  (2)  the  exponent  for  differ¬ 
ent  ene  gy  spectra  forms  of  the  various  components 
Increases  with  the  charge,  (3)  the  possible  difference 
between  the  originally  Injected  and  accelerated  radiation, 
and  the  primary  radiation  is  the  result  of  fragmentation 
in  Interstellar  space,  and  (4)  the  flux  of  very  low  energy 
primaries  varies  with  the  sunspot  cycle.  Changes  In 
the  primary  radiation  (especially  during  the  large  time 
variations)  are  discussed  relative  to  solar  flare  In¬ 
creases,  and  Forbush  type  decreases. 


MDU.  03:009 

Maryland  U.  Dept,  of  Physics,  College  Park. 

METEOROLOGICAL  MEASUREMENTS  FROM  A 
MINIMUM  SATELLITE  VEHICLE,  by  S.  F.  Singer. 

Jan.  14,  1956,  lv.  incl.  lllus.  dlagrs.  tables,  refs. 
(Technical  rept.  no.  30)  [  AF  18(600)10381  AD  121009 

Unclassified 

The  purpose  of  tills  study  Is  to  examine  some  problems 
connected  with  the  data- collecting  satellite  Itself,  Its 
orbit,  orientation,  and  Instrumentation,  and  to  Indicate 
some  of  the  applications  of  the  data  gathered  to  meteor¬ 
ology.  It  la  demonstrated  that  the  resolution  attainable 
wit!  the  minim- im  satellite  and  simple  detectors  tor. 
sldered  would  provide  Information  on:  (1)  global  heal 
balance  and  general  tropospheric  circulation  patterns; 

(2)  long-term  albedo  changes  and  their  relation  to 
climatic  changes;  (3)  synoptic  albedo  changes  and  the 
development  and  motion  of  storm  areas;  (4)  long-range 
weather  forecasting;  and  (5)  variations  in  vertical Oj 
distribution  and  stratospheric  circulation.  Calculations 
are  carried  out  in  appendixes  I-UI  for  determining 
vertical  Oj  distribution,  planetary  temperatures  as  a 
function  of  albedo,  and  dependence  of  surface  tempera¬ 
ture  on  long-term  albedo  change.  Appendix  IV  considers 
the  use  of  the  minimum  satellite,  equipped  with  a  photo¬ 
cell,  as  a  ’  storm-patrol”  station. 


MDU.  03:010 

Maryland  U.  Dept,  of  Fhysits,  College  Fark. 

MEASUREMENTS  OF  INTERPLANETARY  DUST,  by 
S.  F.  Singer.  Mar.  1956.  22p  Incl.  dlagr.  refs. 
(Technical  rept.  no.  33)  AF  18(600)1038  ’ 

Unclassified 
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In  this  study,  some -aspects  of  the  hypothesis  that 
particles  of  Interplanetary  dust  carry  an  electric 
charge,  and  are  therefore  affected  by  electric  and 
magnetic  fields,  as  well  as  by  gravity  and  radiation 
pressure,  are  developed.  The  following  subjects  are 
treated:  (1)  physical  ideas  about  dust  particles;  (2)  cal¬ 
culation  of  magnetic  rigidity  (momentum/charge); 

(3)  calculation  of  the  charge  Including  photoelectric 
emission  and  electron  accretion;  (4)  transient  charge 
effects;  (5)  dynamics  of  dust  particles  Including  gravi 
tational,  electromagnetic,  and  radiation  pressure 
effects,  as  well  as  friction  with  interplanetary  gas; 

(6)  magnetic  rigidity  spectrum;  (7)  latitude  dependence 
of  dust  particle  flux;  (8)  dust  particle  motion  under 
combined  magnetic  and  gravitational  fields  and  the 
application  of  Liouville's  theorem  from  statistical 
mechanics;  (9)  geophysical  implications,  e.  g. ,  dust 
density  and  total  influx,  auroral  effects;  (10)  anisotropy, 
diurnal  vibration;  (11)  impact  zones;  and  (12)  magnetic 
storn  effects. 
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Maryland  U.  Dept,  of  Physics,  College  Park. 

MEASUREMENTS  OF  THE  EARTH’S  MAGNETIC 
HELD  FROM  A  SATELLITE  VEHICLE,  by  S.  F. 

Singer.  Mar.  1956  [25]p.  Incl.  dlagrs.  (Technical 
rept.  no.  32)  [  AF  18(600)1038  ]  Unclassified 

The  application  of  satellite  observations  to  magnetic 
measurement  on  3  different  time  scales  Is  considered. 
Part  A  discusses  the  measurement  of  the  earth's  main 
field  and  Its  secular  variations.  The  main  advantages 
of  the  use  of  a  satellite  over  other  methods  are  de¬ 
scribed.  Part  B  is  corcerned  with  short  time  variations 
of  the  field  and  atmospheric  current  systems.  It  is 
pointed  out  that  the  satellite  magnetometer,  being 
located  above  the  Ionosphere,  observes  the  magnetic 
fields  produced  by  atmospheric  current  systems  In 
opposite  phase  when  compared  to  sea  level  magnet*  ir- 
eter  measurements.  Both  instruments,  however,  ob¬ 
serve  currents  external  to  the  earth’s  atmosphere  (the 
presumed  Stfirmer  ring  current)  In  the  same  phase. 

As  a  result,  this  technique  allows  determinations  to  be 
made  of  the  location  and  strength  of  the  currents 
responsible  for  magnetic  storms  at  low  latitudes  and  lh 
auroral  zones,  as  well  as  for  the  disturbed  and  quiet 
diurnal  variations.  Part  C  focusses  on  transient  varia¬ 
tions.  These  variations,  resulting  from  rapid  motions 
of  Ionized  gases  near  the  earth,  produce  sudden  mag¬ 
netic  commencements  and  other  changes  in  the  earth’s 
field.  A  physical  model  Is  presented  In  which  the 
approach  and  penetration  of  a  magnetohydrodynamlc 
shockwave  results  In  a  sudden  commencement  (SC) 
increase.  It  Is  noted  that  satellite  observation  data 
will  Indicate  location  of  the  SC  currents  and  overcome 
the  ionosphere  shielding  effects.  Appendix  i  describes 
the  proton-free  precession  magnetometer,  Its  opera¬ 
tion.  sources  of  error,  data- storage  problems,  and 
telemetering.  Appendix  II  discusses  a  proposed  model 
experiment  to  verify  certain  critical  points  concerning 
the  magnetohydrodynamlc  shockwave  treated  In  Part  C. 
Appendix  III  considers  some  parameters  of  this 
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shockwave  'a  interplanetary  space. 
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Maryland  U.  Dept,  of  Physics,  College  Park. 

THE  ARTIFICIAL  EARTH  SATELLITE  -  PAST, 
PRESENT  AND  FUTURE,  by  S.  F.  Singer.  Mar.  12, 
1956,  9p.  [  AF  18(600)10381  Unclassified 

The  author  discusses  how  satellite  experiments  lead 
to  a  better  scientific  understanding  of  our  environment, 
which  may  have  Important  consequences  for  our  economy 
and  way  of  life.  The  use  cf  satellites  for  storm  tracking 
and  weather  control  are  also  briefly  discussed. 
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Maryland  U.  Dept,  of  Physics,  College  Park. 

COSMIC  RAY  EFFECTS  ON  MATTER  AT  HIGH 
ALTITUDES,  by  S.  F.  Singer.  I  1956]  [  18]p.  lncl. 
dlagrs,  refs.  (Technical  rept.  no.  14)  [  AF  18(600)- 
1038  )  Unclassified 

Presented  at  meeting  of  the  Aeromedical  Assoc. , 
Washington,  D.  C. ,  Mar.  1955. 

Published  In  Jour.  Aviation  Med. ,  v.  27:  111-116, 

Apr.  1956. 

In  this  study,  major  attention  Is  focussed  on  nuclear 
effects  resulting  from  cosmic  radiation  of  matter. 

Though  these  effects  are  small,  they  are  cumulative. 
Numerical  values  are  presented  for  the  effects,  and  a 
calculation  Is  described  for  gauging  their  blolcjkal 
effectiveness.  It  Is  pointed  out  that  the  shielding  prob¬ 
lems  against  heavy  primaries  and  nuclear  disintegrations 
are  similar.  Calculations  lndtcate  that  hydrogen 
materials  (water,  kerosene,  etc. )  provide  optimum 
shielding.  In  addition,  cosmic -ray  Induced  radioactivity 
is  discussed,  particularly  the  radioactivity  of  the  moon's 
surface. 

MDU.  03:014 

Maryland  U.  I  Dept,  of  Physical  College  Park. 

SATELUTES  FOR  PHYSICISTS,  by  S.  F.  Singer. 

Apr.  1956  'Sip.  lncl.  dlagrs.  [  AF  18(600)1038' 

Unclassified 

Published  In  Phys.  Today,  v.  9:  21-23,  Apr.  1956. 

In  this  brief  summary,  artificial  space  satellites  are 
described  as  being  Indispensable  tools  of  research  for 
use  In  all  branches  of  physics.  Including  field  theory. 

’t  Is  pointed  out  that  these  satellites  can  be  used  to 
measure  the  cosmic  ray  Intensity  and  composition; 
solar  ultraviolet  and  x-  rays  on  a  continuous  basis; 
magnetic  field  at  high  altitudes;  intenslly  of  meleorlc 
•Just:  and  other  electromagnetic  and  corpuscular  radia¬ 
tions  Additional  applications  are  considered. 


MDU.  03:015 

Maryland  U.  [Dept,  of  Physics]  College  Park. 

COSMIC-RAY  PRODUCTION  OF  HELIUM-3  AND 
TRITIUM  IN  METEORITES,  by  M.  Galll  and  S.  F. 
Singer.  [  1956]  [l]p.  [  AF  18(600)1038] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  26-28,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc. ,  Series  n,  v.  1: 
231,  Apr.  26,  1956. 

The  production  of  He3  and  H3  In  meteorites  by  cosmic- 
ray  bombardment  has  Important  consequences  for  the 
origin  of  meteorites,  as  well  as  for  the  origin  of 
cosmic  rays.  Earlier  calculations  have  been  extended 
to  Include  the  depth  dependence  of  He3.  Various 
cosmic- ray  data  are  considered  as  well  as  the  recent 
accelerator  measurements  of  Fireman,  and  of  Libby's 
group.  The  results  are  applied  to  the  problem  of  mass 
loss  of  meteorites  In  space  and  In  the  atmosphere. 

The  "formation  age,  ”  "solidification  age,  "  and 
"breakup  (or  cosmic-ray)  age”  of  meteorites  are 
clearly  distinguished.  Conclusions  are  drawn  about 
the  prehistoric  cosmic- ray  Intensity  by  viewing  the 
meteorite  as  an  Integrating  cosmic-ray  meter.  (Con¬ 
tractor’s  abstract) 


MDU.  03:016 

Maryland  U.  [  Dept,  of  Physic.]  College  Park. 

TRAPPED  ORBITS  IN  THE  EARTH’S  DIPOLE  FIELD, 
by  S.  F.  Singer.  [  1956]  2p.  [  AF  18(600)1038  ] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  26-28,  1956. 

Also  published  in  Bull.  Amer.  Phys.  Soc. ,  Series  n, 
v.  1:  229,  Apr.  26,  1956. 

Charged  particles  emitted  by  the  sun  or  In  Its  vicinity 
are  usually  deviated  on  approach  to  the  earth  by  Its 
magnetic  field  at  a  distance  of  about  10  earth  diameters. 
Occasionally  this  field  Is  sufficiently  disturbed  by  large 
numbers  of  such  particles  to  permit  their  closer 
approach  and  possible  entrapment  by  the  earth’s  field. 
The  very  complicated  motions  of  these  trapped  particles 
can  be  discussed  statistically.  While  some  of  the 
particles  will  be  scattered  out  by  perturbations  In  the 
earth’s  field,  the  majority  remain  in  and  are  slowly 
depleted  from  this  trapped  region  which  extends  down 
to  the  earth's  surface  In  the  auroral  zone.  Here  de¬ 
pletion  Is  greatest,  with  the  particles  moving  In  the 
earth’s  atmosphere  where  they  are  absorbed.  However, 
only  tl*  je  randomly- oriented  particles  which  move 
along  the  magnetic  Une  of  force  enter  the  atmospheric 
portion  of  the  trapped  regions;  the  greater  part  are  re¬ 
flected  back  to  the  trapped  region.  Connections  between 
this  region  of  trapped  particles  and  geophysical 
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phenomena  are  suggested.  A  current  Is  formed  by  the 
drift  of  these  particles  around  the  earth,  positive 
parttcles  moving  from  west  to  east  and  negative  particles 
vice  versa,  which  produce  a  magnetic  field  observable 
on  earth;  this  current  has  bsen  Identified  with  the  hypo¬ 
thetical  Sttirmer  ring  current,  a  suggested  cause  of 
magnetic  storms.  Particles  entering  the  earth's  atmos¬ 
phere  in  the  auroral  zones  are  held  respunulUi.  lor  the 
aurora,  for  the  alrglow,  and  probably  for  considerable 
atmospheric  disturbance.  Primary  cosmic  rays  upon 
Id'Tf.g  the  aUr.tptere  gr  4  rate  saau  udtrU  Some  of 
which  scatter  tnto  the  trapped  particle  region  and  thus 
tncrease  tts  population;  thetr  contribution  ts  small  how¬ 
ever  tn  comparison  to  that  from  low-energy  solar 
corpuscular  radiation. 


MDU.  03:017 

Maryland  U.  Dept,  of  Physics,  College  Park. 

THE  EFFECT  OF  METEORIC  PARTICLES  ON  A 
SATELLITE,  by  S.  F.  31r.ger.  May  USC  [20]p.  Inel. 
tables,  refs.  (Technical  rept.  no.  41)  (AF  18(600)1038) 
AD  10263*  Unclassified 

In  evaluating  environmental  effects  on  vehicles  above 
the  atmosphere  the  Influence  of  meteoric  dust  is  one  of 
the  laast  well  known.  The  present  paper  deals  primarily 
with  the  erosion  phenomena  due  to  Impact  of  high  velocity 
h  eteor'c  dust  and  cohetrasta  then,  with  radiation  damage 
effects  due  to  cosmic  rays.  A  review  ts  given  of  he 
penetration  effects  of  large  meteors.  Colllstons  with 
gas  leading  to  sputtertng,  and  corrosion  by  htghly  re¬ 
active  radicals  are  also  briefly  discussed.  To  calculate 
the  sandblasting  erosion  of  meteoric  dust  one  needs  data 
on  the  flux  of  micrometeors  and  on  the  effects  of  indi¬ 
vidual  Impacts.  Some  plausible  physical  models  are  de¬ 
veloped;  they  lead  to  widely  differing  values  for  the  ero¬ 
sion  rate.  Laboratory  experiments  with  artificial  dust 
partlrlis  accelerated  to  m«eof  v*k/tiU«*  should  furnish 
more  reliable  values.  An  experiment  ts  deecrtbed  for 
measuring  the  skin  erosion  of  the  Vanguard  satellite.  It 
Is  based  on  a  radioactive  method  which  has  many  advan¬ 
tages  In  terms  of  sensitivity  and  simplicity.  Some  of 
the  technical  problems  relate  to  the  choice  of  radtoactlve 
material  and  to  Its  Incorporation  into  the  skin  of  the 
satellite.  The  erosion  experiment  Is  of  considerable 
scientific  value  In  terms  of  Improvement  of  our  knowledge 
of:  the  micrometeor  flux  ai  normal  times  and  during 
meteor  streams;  the  electric  charge  of  Interplanetary 
dust:  geomagnetic  effects  on  charged  dust  pa  tides; 
effectiveness  of  solar  gas  streams  In  sweeping  particles 
from  Interplanetary  space.  (Contractor's  abstract) 


MDU.  03:018 

Maryland  U  Dept,  of  Physics.  College  Turk. 

A  METHOD  FOR  CALCULATING  IMPACT  POINTS  OF 
HIGH  ALTITUDE  ROCKETS,  by  R.  C.  Wentworth  and 
S  F  Singer.  June  1,  1956  13  p.  Incl.  dlagrs. 

(Technical  rept.  no.  42)  [  AF  18(600)1038 

Unclassified 


MDU.  03:017  -  MDU.  03:020 


A  method  for  calculating  the  tmpact  potnt  of  a  ballistic 
rocket  ts  described  which  uses  a  reference  system 
which  is  ftxed  with  respect  to  the  stars.  The  rotation 
of  the  earth  ts  taken  tnto  account  by  two  means:  (1)  by 
giving  the  rocket  at  burn-out  a  horizontal  veloctty 
component  equal  to  the  earth's  surface  speed  due  to  tts 
rotation;  and  (2)  by  ftnding  the  Impact  potnt  (tn  the 
fixed  CuOidVr.att  system),  tultulatlng  ihe  time  c!  flight 
of  the  rocket,  and  calculating,  therefore,  how  far  the 
earth  has  turned  while  the  rocket  has  described  its 
trajecbry  TU«  method  1  ae  been  tumid  U-  he  less 
tedtous  than  the  alternative  method,  which  uses  a 
coordinate  system  ftxed  v.iih  respect  to  the  launching 
potnt. 


MDU.  03:019 

Maryland  U.  Dept,  of  Physics,  College  Park. 

THERMONUCLEAR  PROCESSES  IN  THE  AURORA,  by 
S.  F.  Singer.  Aug.  1956  [  19 ] p.  tncl.  dtagrs.  tables, 
refs.  (Technical  rept.  m.  52)  (AF  16(0C0)iCXS) 

Unclassified 

The  purpose  of  this  study  is  to  point  out  the  possibility 
that  thermonuclear  reactions  exist  in  the  aurora,  and 
that  they  are  initiated  by  the  same  fast  particles  which 
are  responsible  for  the  luminous  displays  and  the 
ionization.  Of  particular  Interest  are  capture  followed 
by  "-raywrUtlw  t  «  ,  (p,vl  (d  (a  VV  en¬ 
actions,  since  the  Y  -rays  are  highly  penetrating,  betng 
obtained  at  much  lower  altitudes  (~50, 000  ft).  It  ts 
noted  that:  (1)  the  Y -rays  act  as  spectftc  Indicators  of 
the  characteristics,  energy,  and  tlux  of  the  incident 
particles;  (2)  the  prominent  reactions  are  thermonuclear 
and  load  to  a  considerable  release  of  energy,  one- half 
of  this  being  propagated  downward;  (3)  the  nuclear 
effects  in  the  upper  atmosphere  must  be  considered  In 
the  design  of  the  skin  of  space  vehicles;  and  (4)  the 
lxotro.alt  ImtimMiOM  have  vnterwdiiit  fieertwirdttd 
consequences,  e.  g. ,  the  production  of  Nl®,  O17,  and 
O18.  The  reaction  N1*  (p,  Y)0*5  N15  ts  discussed 

In  detail.  The  observation  of  these  nuclear  T -rays 
provides  a  new  method  for  studying  the  aurora. 

MDU.  03:020 

Maryland  U.  Dept,  of  Physics,  College  Park. 

WHY  EARTH  SATELLITES,  by  S.  F.  Singer.  [  1956’ 

[  3  :  p.  AF  18(600)1038’  Unclassified 

Publlshei  in  Inst.  Radto  Engineers.  Student  Quart. , 
v.  3:  3-4,  56,  Sept.  1956. 

Observations  of  the  earth  could  be  made  by  a  satellite. 
Cloud  diitributlon  could  be  determined.  The  heat  input 
tnto  the  rarth's  atmosphere  by  the  sun  could  be  studied. 
The  reflected  sunlight  which  goes  back  out  Into  space 
could  be  measured.  Quite  Importantly,  the  sun's 
ultraviolet  and  x-  radiation  could  bt  measured  by  a 
satellite.  Dy  observing  the  satellite's  orbit.  Information 
could  be  obtained  on  the  effects  of  the  earth's 
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gravitational  field,  effects  of  the  residual  atmosphere, 
and  the  density  of  the  atmosphere  at  various  altitudes. 


MDU.  03:021 

Maryland  U.  Dept,  of  Physics,  College  Park. 

THE  APPLICATION  OF  AN  ARTIFICIAL  SATELLITE 
TO  THE  MEASUREMENT  OF  THE  GENERAL  RELA¬ 
TIVISTIC  "RED  SHIFT,  "  by  S.  F.  Singer.  Mar.  1953 
[11  Ip.  lncl.  dlagrs.  (Technical  rept.  no.  31) 

[  AF  18(600)1038]  Unclassified 

Also  published  In  Phys.  Rev.,  v.  104:  11-14,  Oct.  1, 
1956. 

The  use  of  a  satellite  vehicle  to  further  verify  the 
general  theory  of  relativity  Is  considered.  At  present, 
this  theory  Is  substantiated  only  by  astronomical 
measurements,  the  most  Important  of  these  being:  (1) 
the  advance  of  the  perihelion  of  the  planet  Mercury; 

(2)  the  gravitational  deflection  of  light  rays;  and  (3)  the 
gravitational  displacement  of  spectral  lines.  The  arti¬ 
ficial  satellite  provides  the  possibility  for  testing  the 
gravitational  red  shift  by  deriving  the  shift  experienced 
by  a  clock  located  In  the  satellite  with  respect  to  a  clock 
located  on  the  earth's  surface.  Details  of  this  derivation 
are  presented  In  an  appendix  Relativistic  Effects  nf 
Satellite  Clocks.  It  Is  pointed  out  that  with  respect  to 
an  earth  clock,  the  shift  Is  calculated  to  be  a  "red  shift" 
for  low  -  altitude  orbit*,  x*ra  shift  for  an  orbit  one  half 
the  earth's  radius,  and  a  "violet  shift"  for  higher 
altitudes  where  It  approaches  7  x  10' 10.  Some  experi¬ 
mental  schemes  for  the  measurement  of  the  clock  shift 
are  discussed.  It  Is  stated  that  a  digital  or  counting 
method  best  fits  the  needs  of  the  experimental  tests, 
being  of  great  accuracy,  and  avoiding  signalling  prob¬ 
lems  created  by  the  motion  of  the  satellite. 


MDU.  03:022 

Maryland  U.  Dept,  of  Physics,  College  Park. 

GEOPHYSICAL  RESEARCH  WITH  ARTIFICIAL  EARTH 
SATELLITES,  by  S.  F.  Singer.  r  19561  [67'p.  lncl. 
Ulus,  dlagrs.  tables,  refs.  (Technical  rept.  no.  53) 

[  AF  18(600)1038’  Unclassified 

Published  in  Advances  In  Geophys.  ,  v.  3:30t-367,  1956. 

A.  review  Is  presented  of  geophysical  experiments  which 
have  been  suggested  for  a  satellite.  A  number  of  addl 
P  >nal  experiments  are  also  offered  for  suggestion.  All 
applications  are  limited  to  a  "minimum"  satellite 
(that  Is,  one  which  is  not  very  large  or  heavy  and  there¬ 
fore  capable  oi  being  launched  within  the  next  few  years). 
The  approach  used  primarily  describes  geophysical  appli¬ 
cations  from  the  core  of  the  earth  outward  Into  space 
regardless  of  their  relationship  or  c;  sual  connections. 

A  discussion  is  provided  of  the  tonos]  here  and  solar 
ultraviolet  relation  which  produces  the  ionosphere.  A 
g:  r.-p  of  t  elated  subjects  are  presented  as  an  organic 
whole,  e.  g. ,  the  complex  of  meteorological  measure 


ments,  and  the  complex  of  solar- terrestrial  phenomena. 
The  technical  problems  are  analyzed  and  the  design 
features  of  satellites  and  requirements  which  they  have 
to  fulfill  In  order  to  be  capable  of  various  types  of  ob¬ 
servations  are  discussed. 


MDU.  03:023 

Maryland  U.  [Dept,  of  Physics]  College  Park. 

A  NEW  MODEL  OF  MAGNETIC  STORMS  AND 
AURORAE  (Abstract),  by  S.  F.  Singer.  [  1956]  [l]p. 

[  AF  18(600)1038]  Unclassified 

Presented  at  meeting  of  the  Amer.  Geophys.  Union, 
Washington,  D.  C. ,  May  1956. 

The  following  model  Is  proposed  to  explain  the  sudden 
commencement  (SC)  of  magnetic  storms,  the  SC  and 
pre-SC  disturbances.  The  solar  eruption  produces  a 
shockwave  which  arrives  at  the  earth  22-34  hr  later. 
High  velocity  particles  having  a  smaller  Interaction 
precede  the  shockwave  and  cause  the  pre-SC  bay-llke 
disturbances  at  high  altitudes.  The  shockwave  Itself 
Is  retarded  by  the  body  forces  produced  by  the  geo¬ 
magnetic  field,  splits  anu  enters  the  auroral  zones. 

In  pushing  out  lines  of  force  It  creates  the  polar  SC 
events.  Charge  separation  In  the  shockwaves  produces 
the  driving  force  for  the  SC  currents  which  flow  In  the 
atmosphere  (In  accordance  with  Vestlne’s  analysis). 

Tbs  *lorm  decrease  tcUcsF.ng about  S  hr  alter  the 
shockwave,  Is  produced  by  the  high  velocity  particles 
wh  „h  enter,  because  of  field  perturbations,  Into  the 
normally  inaccessible  Stdrmer  regions  around  the  di¬ 
pole.  Here  they  are  trapped  and  will  drift  producing 
the  ring  current  which  gives  rise  to  the  storm  de¬ 
crease.  Particles  with  pitch  angle  <  2'V2‘'  however 
can  reach  the  earth's  atmosphere  and  will  produce 
aurora,  some  of  the  alrglow,  and  lonsphere  disturb¬ 
ances.  These  particles  are  replenished  by  perturba¬ 
tions  produced  by  solar  Influences  having  a  27-day  re¬ 
currence.  Many  other  deles  are  absorbed  or 
scattered  out  of  the  ti  oping  regions  so  that  their  num¬ 
ber  diminishes  rap;dly  u,  a  day  or  so,  concomitant  with 
The  magnetic-  storm  decrease. 


MDU.  03:024 

Maryland  U.  Dept,  of  Physics.  College  Park. 

STUDIES  OF  A  MINIMUM  ORBITAL  UNMANNED 
SATELLITE  OF  THE  EARTH  (MOUSE).  PART  H. 
ORD1TS  AND  LIFETIMES  OF  MINIMUM  SATELLITES 
by  S.  F.  Singer.  '  1956’  20'p.  lncl.  dlagrs.  table. 

'  AF  18(600)1038’  Unclassified 

Presented  at  meeting  of  the  Amer.  Rocket  Soc. ,  New 
York,  Nov.  30  Dec.  3,  1954. 

Published  In  Astronautics  Acta,  v.  2:  125-144,  t95G. 

The  (elliptical)  orbit  of  an  artificial  satellite  is  de¬ 
scribed  in  terms  of  the  launching  conditions  (i.e. ,  at 
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"burnout");  In  particular  minimum  and  maximum 
altitudes  of  the  ellipse  are  given  as  a  function  of  launch¬ 
ing  altitudes  and  of  errors  in  launching  velocity  and 
angle.  Criteria  are  then  developed  for  controlling  the 
launching  conditions.  The  subsequent  behavior  of  the 
orbii  is  investigated  under  the  Influence  of  the  drag  of 
the  upper  atmosphere.  The  "lifetime"  of  the  satellite 
depends  on  Its  area  and  mass,  and  is  related  to  the 
upper  atmosphere  densities;  hence,  these  densities  can 
be  determined  from  measured  changes  of  the  orbit  by 
methods  discussed  in  detail.  Both  circular  and  elliptic 
orbits  are  invcstlgaged  using  appropriate  approximation 
methods.  Three  appendices  are  included  which  take  up: 
(1)  some  teatures  ot  orbit  theory;  (2)  upper  atmosphere 
densities:  and  (3)  critical  examination  of  approximation 
methods.  (For  Part  I,  see  item  no.  MDU.  03:007) 
(Contract  r'e  stract,  modified) 


MDU.  04:001 


An  investigation  was  made  to  study  existing  methods 
of  harmoruc  generation  in  order  to  determine  the 
reason  for  low  efficiency,  to  determine  the  required 
physical  properties  of  a  semiconductor  device  for 
higher  efficiency  harmonic  generation  and  the  effect  of 
low  temperature  on  the  performance  of  harmonic 
generators,  and  to  study  polyphase  harmonic  gener¬ 
ators.  The  art  of  crystal  harmonic  generation  at 
microwave  and  millimeter  wave  frequencies  is  re¬ 
viewed.  The  causes  of  low  efficiency  are  discussed. 
Multipliers  were  constructed  which  gave  better  per¬ 
formance  by  4  to  10  db  for  the  2nd  and  3rd  harn  ^nics. 
Improvement  was  achieved  by  Improving  the  power 
transfer  to  the  crystal  and  by  controlling  the  length, 
contact,  and  pressure  of  the  whisker.  Some  improve¬ 
ment  was  obtained  by  a  2-phase  arrangement:  this 
Arratige'w-td  U  net  promising  fer  higher  htrtatfcicti 
In  many  cases,  power  Inputs  of  about  30  mw  were  used 
with  harmonic  outputs  exceeding  1  mw.  (ASTIA  ab¬ 
stract) 
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Maryland  U.  Dept,  of  Physics,  College  Park. 

VARIABLE  MICROLEAK,  by  J.  L.  Davis.  Nov.  15, 
1056,  4p.  incl.  dlagrs.  (Technical  rept.  no.  59) 

( AFOSIt-  TN-  56-  569)  (AF  18(600)1582)  AD  110390 

Unclassified 

A  satisfactory  method  of  testing  helium  sensitive  mass 
spectrograph  leak  detectors  is  presented.  The  detector 
is  evacuated  to  a  pressure  within  its  operating  range 
and  then  the  pressure  is  raised  to  a  standard  amount 
by  admitting  a  gas  mixture  containing  a  known  concen¬ 
tration  of  helium.  The  resulting  indication  is  a  direct 
measure  of  the  sensitivity.  A  valve  or  leak  that  can 
be  varied  is  essential  to  raise  the  pressure  the  known 
amount.  A  valve  which  is  easily  made  and  fulfills  all 
the  requirements  for  this  method  of  testing  is  described 
as  well  as  an  apparatus  for  preparing  a  known  concen¬ 
tration  of  helium.  The  soft  brass  valve  body  is  made 
on  a  lathe  and  the  seat  is  formed  by  reaming  with  a 
5.  0  standard  taper  pin  reamer.  It  is  recommended 
that  the  reaming  be  done  on  a  lathe  to  insure  accurate 
centering.  The  threads  on  tire  stem  were  cut  after 
the  body  was  threaded,  and  the  body  was  used  as  a  gage 
for  the  diameter  of  the  stem  threads.  The  leakage  rate 
was  variable  from  0  to  4  x  10  ^  standard  liters  sec 
with  about  1  2  turn  of  the  stem.  It  was  possible  to 
control  the  pressure  in  the  leak  detector  to  within 
,  3  x  10'^  mm  Ilg.  With  an  Octoll  Manometer,  it  is 
|iossible  to  measure  a  concentration  of  helium  in  air  of 
about  1  part  In  3000  to  about  10';  . 


MDU.  05:001 

Maryland  U.  Glenn  L.  Martin  Inst,  of  Tech.  , 

College  Park. 

HARMONIC  GENERATION  BY  CRYSTALS  AT  MICRO 
WAVE  AND  M1L1JMET ER  WAVE  FREQUENCIES,  by 
Y  C.  liwang.  Final  rept.  Jan.  31.  1956  79  p.  incl. 

Illus  dlagrs.  refs  (Rept.  no.  EE  2505)  (AFOSR 
TR  56  20)  (AF  18(600)1246)  AD  88025 

Unclassified 


MDU.  06:001 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

THE  LAMINAR  JET  MIXING  OF  TWO  COMPRESSIBLE 
FLUIDS,  by  S.  1.  Pal.  Feb.  11,  1952,  lOp.  dlagrs. 
(Technical  rept.  no.  BT-1)  (AF  33(038)10481) 

U22949  Unclassified 

Also  published  in  Proc.  Second  Midwestern  Conference 
on  Fluid  Mechanics,  Ohio  State  U. ,  Columbus  (Mar. 
17-19,  1952),  Columbus,  Coll,  of  Engineering  (Bull, 
no.  149  of  OSU  Engineering  Exper.  Station),  1952, 
p.  297-307. 

The  laminar  jet  mixing  of  2  compressible  fluids  is  in¬ 
vestigated  theoretically  under  the  assumptions  that 
the  mixture  is  a  continuous  medium,  there  is  no  re¬ 
action  between  the  fluids,  and  the  fluids  are  perfect 
gases.  The  fundamental  equations  for  2 -dimensional 
steady  flow  are  derived  and  solved  for  jet  mixing  of  1 
compressible  fluid  and  for  isothermal  and  isovel  1 
mixing  of  2  compressible  fluids.  Numerical  exa  ■  s 
are  worked  out  for  the  mixing  of  a  uniform  strea...  of 
CC>2  with  one  of  air  and  for  a  2-dlmensional  jet  of  C02 
issuing  into  surrounding  moving  air.  Results  indicate 
that  the  spread  of  mass  is  wider  than  that  of  velocity, 
and  that  the  momentum  of  the  jet  fluid  is  an  important 
factor  in  the  jet  mixing  problem. 


MDU.  06:002 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

PHYSIC Al.  PHENOMENA  IN  GAS  JETS,  by  D. 
Uershader,  B.  B.  Cary  and  others.  Final  rept. 

Oct.  1952.  53p  Ulus,  tables,  refs.  (AF  33(038)10481) 
AD  2221  Unclassified 

The  investigation  Is  concerned  with  the  optical  study 
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of  compressible  Jets;  the  supersonic  flow  of  a  two- 
dimensional  Jel  In  a  uniform  slream;  the  axially  sym¬ 
metrical  jel  mixing  of  a  compressible  fluid;  problems 
In  the  study  of  turbulence;  and  the  growth  of  a  laminar 
boundary  layer  behind  a  shock  wave.  Considerable 
effort  has  been  devoted  to  the  design  and  construction 
of  a  6- In.  Mach  Zehnder  interferometer  and  some  pre¬ 
liminary  experiments  on  a  small  jet  have  been  per¬ 
formed.  A  theoretical  analysis  has  been  made  of  a 
supersonic  jet  Issuing  Into  a  uniform  stream.  The 
theory  of  Pal  for  the  2-dlmenslonal  mean  velocity  and 
temperature  distribution  In  both  laminar  and  turbulent 
Jet  mixing  regions  has  been  extended  to  the  axially 
symmetrical  flow.  Experimental  studies  of  the  flow  on 
the  boundary  of  the  jet  have  been  carried  out  by  optical 
devices  and  have  yielded  result-.  In  good  ag^eemert  vath 
the  theory  of  Pal.  Through  the  study  of  simple  models 
of  turbulence  some  understanding  has  been  gained  on 
the  mechanism  of  turbulence  In  jets.  Some  experimental 
work  In  a  shock  tube  has  been  accomplished  as  an 
associated  research  project. 


MDU.  06:003 

Maryland  U.  f  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics]  College  Park. 

OPTICAL  STUDY  OF  COMPRESSIBLE  JETS,  by  D. 
Bershader  and  B.  [B.  ]  Cary.  [  1952  f  36 1  p.  lncl. 
illus  tables,  refs.  (Pt.  1  of  its  Final  rept.  AD  2221) 

[  AF  33(038)10481]  AD  2221(a)  Unclassified 

Instrumentation  problems  and  techniques  for  the  study 
of  Jets  are  discussed.  Construction  and  operation  of  a 
nozzle  and  a  glmbal  assembly  for  use  with  a  6-in. 
Zehnder- Mach  Interferometer  is  described,  and  the 
Interferometric  evaluation  of  2-dlmenslonal  flows  Is 
discussed.  Over- all  features  of  an  M  =  1.7  nozzle  and 
jet  were  analyzed,  showing  the  cases  of  overpressure, 
full  expansion,  and  underpressure.  Studies  were  made 
at  full  expansion  but  without  glass  windows  to  show  the 
growth  of  turbulent  mixing  for  a  Jet  with  4  free  bound¬ 
aries.  Density  profiles  were  measured  across  the 
mixing  zone  at  several  stations  up  to  8  Jet  half-widths 
downstream  of  the  orifice:  the  temperature  profiles 
can  be  com|  uted  from  the  density  profiles.  The  tech¬ 
nique  of  Interferometry  Is  shown  to  be  practicable  for 
the  quantitative  study  of  the  jet  mixing  problem,  and 
this  can  be  extended  to  axially  symmetric  flow.  Agree¬ 
ment  exists  between  a  constant-exchange  coefficient 
llieury  of  turbulent  2  dimensional  mixing  applied  to 
compressible  flow  and  the  experimental  results  for  a 
small  jet  discharging  air  Into  the  atmosphere  under  full 
expansion  at  M  =  t.7.  Full- expansion  jets  were  pro¬ 
duced  which  were  2-dlmenslonal  up  to  t5  orifice  half¬ 
widths  from  the  extrapolated  origin,  with  or  without 
glass  walls  beyond  the  orifice.  The  divergence  of  a 
supersonic  jet  was  smaller  than  that  of  a  slower  speed 
jet.  The  value  for  the  coefficient  of  eddy  kinematic  vis¬ 
cosity  was  4.  75  sq  cm  sec,  white  the  ratio  of  the  turbu 
lent  to  the  laminar  exchange  coefficient  was  t.  26  x  t(}3, 
which  Is  of  the  same  order  of  magnitude  as  the  ratio 
for  incompressible  ftow. 


MDU.  06;  004 

Maryland  U.  [Insl.  for  Fluid  Dynamics  and  Applied 
Mathematics]  College  Park. 

ON  SUPERSONIC  FLOW  OF  A  TWO-DIMENSIONAL 
JET  IN  UNIFORM  STREAM,  by  S.  I.  Pal.  [  1952  ] 

[  18  ]  p.  lncl.  Illus.  (PI.  2  of  Its  Final  rept.  AD  2221) 

[  AF  33(038)10481 1  AD  2221(b)  Unclassified 

Also  published  In  Jour.  Aeronaul.  Sciences,  v.  19: 
61-65,  Jan.  1952. 

II  is  well  known  that  a  supersonic  gas  jet  Issuing  from 
a  reservoir  into  a  medium  at  rest  has  a  periodic 
structure  if  ttw  difference  of  pressure  cl  ttwj  jet  from 
the  medium  Is  not  large.  This  Investigation  considers 
a  similar  situation  when  a  supersonic  gas  jet  Is  Issuing 
Into  a  uniform  stream.  It  Is  found  that  If  the  uniform 
stream  Is  subsonic,  the  supersonic  jet  has  almost 
periodic  structure,  and  the  approximate  wavelength 
increases  with  the  Mach  number  of  the  surrounding 
stream  tor  a  given  Mach  number  of  the  jet.  If  the 
uniform  stream  Is  supersonic,  the  supersonic  jet  does 
not  have  periodic  structure.  The  transmission  and  the 
reflection  of  small  disturbances  at  the  boundary  of  the 
Jet,  l.e.,  a  vortex  sheet,  are  Investigated.  Factors  of 
transmission  and  reflection  of  disturbances  on  the  vor¬ 
tex  sheet  are  found.  They  are  functions  of  the  Mach 
numbers  of  the  jet  and  that  of  the  uniform  stream.  The 
reflection  wave  may  be  of  the  same  sign  or  of  the 
opposite  sign  of  the  Incident  wave  or  zero  according  to 
the  Mach  numbers  of  the  two  streams.  (Contractor's 
abstract) 


MDU.  06:005 

Maryland  U.  ( Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics1  College  Park. 

AXIALLY  SYMMETRICAL  JET  MIXING  OF  A  COM¬ 
PRESSIBLE  FLUID,  byS.  1.  Pal.  [  19521  [  13  ]  p. 
lncl.  Illus.  (Pt.  3  of  Its  Final  rept.  AD  2221)  [  AF  33- 
(038)10481  1  AD  2221(c)  Unclassified 

Aigti  puhiishfA  in  Quart  App'  Math  v  If-  ltl-l«r, 
July  1952. 

The  problems  of  the  flow  of  a  2-dlmenslonal  jet  of  a 
compressible  fluid  Issuing  from  a  finite  opening  Into  a 
uniform  strejm  and  ol  the  uniform  mixing  o!  2  streams 
of  compressible  fluid  have  been  studied  (Pal,  S.  1. , 
Two-Dimensional  Jet  Mixing  of  a  Compressible  Fluid, 
Jour.  Aeronaut.  Sciences,  v.  16:  463-469,  1949). 

Both  the  laminar  and  the  turbulent  cases  were  con¬ 
sidered.  The  effects  of  compressibility  owing  to  large 
temperature  difference  and  those  resulting  from  high 
velocity  were  treated  simultaneously,  In  the  present 
study,  this  analysis  Is  extended  to  the  case  of  an  axially 
symmetrical  jet  of  a  compressible  fluid  issuing  Into  a 
uniform  stream.  The  flow  of  the  jet  Is  assumed  to  be 
under  futl  expansion  from  a  nozzle,  1.  e. ,  the  pressure 
of  the  flow  at  the  exit  of  the  nozzle  Is  exactly  equal  to 
that  of  the  surrounding  stream.  The  pressure  gradient 
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In  the  jet  Is  assumed  to  be  negligible.  Both  the  laminar 
and  turbulent  cases  are  considered.  First,  laminar 
How  Is  treated.  The  usual  assumptions  of  boundary 
layer  theory  are  adopted  to  simplify  the  Navler- Stokes 
equations.  A  solution  by  the  method  of  small  perturba¬ 
tions  Is  obtained,  and  the  exact  solution  Is  examined. 

A  numerical  Integration  method  Is  used  to  compute  the 
velocity  and  the  temperature  distributions  In  the  jet  for 
the  exact  solution.  Turbulent  flow  Is  then  considered. 
The  fundamental  equation  of  motion  of  an  axially  sym¬ 
metrical  jet  Is  derived  by  urinn  Taylor’b  hypothesis 
concerning  the  transport  of  voruclty  and  Relchardt’s 
assumption  of  free  turbulence,  l.e. ,  the  assumption 
that  the  exchange  coefficient  over  each  cross- section 
of  the  mixing  zone  Is  constant.  By  suitable  transforma¬ 
tion  of  variables,  the  equations  of  turbulent  flow  become 
Identical  to  those  of  laminar  flow.  Therefore  the  solu 
tlon  obtained  for  laminar  flow  can  be  applied  In  turbulent 
flow  provided  that  the  empirical  quantity  of  eddy  vis¬ 
cosity  has  been  evaluated  by  experiment. 


JU.  06:006 

Maryland  U.  [  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics1  College  Park. 

PROBLEMS  IN  THE  STUDY  OF  TURBULENCE,  by 
R.  Betchov.  [  1952]  [  16 1  p.  lncl.  lllus.  refs.  (Pt.  4 
of  Its  Final  rept.  AD  2221)  1  AF  33(038)10481;  continued 
by  AF  18(600)86  1  AD  2221(d)  Unclassified 

The  thermal  Inertia  of  the  hot- wire  anemometer  Is  dis¬ 
cussed.  Results  of  computations  of  the  distribution  of 
temperature  along  the  wire  with  a  linear  differential 
equation  did  not  check  with  experiment.  Approxl matlons 
and  experiments  were  used  to  predict  the  difference 
between  the  time  lags  due  to  fluctuations  In  wind  speed 
and  electric  current.  No  visible  difference  between  the 
2  time  lags  occurred  either  with  platinum  or  tungsten 
wires.  The  hot  wire  was  shown  to  be  a  possible  technique 
for  the  study  of  shock- wave  phenomena.  The  difference 
between  the  theoretical  time  lags  was  smaller  than  the 
experimental  error.  Electronic  Instruments  were 
studied  for  multiplying  2  signals  and  measuring  mean 
cubes  and  statistical  distributions  In  turbulence.  Multi 
plication  techniques  were  examined,  Including  nonlinear 
characteristics,  dlode-chali.  multipliers,  and  chains  of 
pentodes.  A  12- tube  chain  oi  pentodes  operated  within 
7%  error  under  difficult  conoitions.  A  dlode-chaln 
circuit  gave  the  mean  cube  of  a  signal,  having  approxl 
mately  gausslan  probability  distribution,  with  an  error 
less  than  10%.  A  statistical  analyzer  gave  the  amplitude 
distribution  of  an  electr.c  signal,  falling  within  the  spec 
tral  region  10  to  10,000  c.  and  3  nearly  perfect  gausslan 
distributions.  Turbulent  flow  was  compared  with  a  non¬ 
linear  system  excited  by  random  impulses.  Tills 
approach  amounts  to  studying  solutions  of  a  simplified 
Navler  Stokes  equation  In  which  the  partial  derivatives 
are  replaced  by  ordinary  derivatives.  An  electric  net 
work  analogy  was  suggested  by  the  transformed  equation, 
and  a  turbulence  model  was  constructed.  The  solutions 
of  the  system  and  their  stability  are  discussed.  No 
large  differences  occurred  between  the  model  and  the 
flow  observed  In  a  pij>e  by  means  of  a  hot  wire  ane 


mometer,  (AST1A  abstract) 
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Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park 

SUPERSONIC  ROTATIONAL  FLOW  OVER  TWO- 
DIMENSIONAL  OGIVES,  by  S.  1.  Pal.  [1953]  15p. 
lncl.  lllus.  tables.  [  AF  18(600)86;  continuation  of 
.AF  33(038)10481]  Unclassified 

Also  published  In  Proc.  Third  Midwestern  Conference 
on  Fluid  Mechanics,  Minnesota  U.  Inst,  of  Tech., 
Minneapolis  (Mar.  23-25,  1953),  Minneapolis,  Unlv. 
Press,  June  1953,  p.  303-317. 

The  supersonic  flow  fields  behind  attached  curved 
shock  over  plane  ogives  are  calculated  by  the  theory  of 
linearized  rotational  flow  for  two  cases:  One  Is  a 
sinusoidal  ogive,  and  the  other  Is  a  wedge  with  blunt 
nose.  It  is  found  that  the  finite  slope  of  the  surface  of 
the  ogive  at  the  tip  will  cause  a  big  difference  between 
rotational  flow  and  the  corresponding  lrrotatlonal  flow. 
When  this  slope  at  the  tip  is  zero,  even  though  the  basic 
disturbance  generated  from  the  surface  of  the  ogive  Is 
very  nearly  the  same  as  that  of  the  corresponding  Ir- 
rotatlonal  flow  case,  there  Is  still  considerable  differ¬ 
ence  In  the  resultant  velocity  field  between  these  two 
cases  because  of  the  reflecting  disturbance  from  the 
shock.  The  variation  of  shock  angle  of  the  curved  shock 
Is  a  function  of  the  variation  of  the  slope  of  the  surface 
of  the  ogive.  (Contractor's  summary) 


MDU.  07:002 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

TWO  DIMENSIONAL  SUPERSONIC  SHEAR  FLOW 
AROUND  A  CORNER,  by  S.  1.  Pal.  Jan.  15.  1954, 

26p.  dlagrs.  (Technical  rept.  no.  BT-25)  ’  AFOSR- 
TN-  54  -  91 1  (AF  18(600)86)  AD  29263  Unclassified 

Also  published  In  Proc.  Second  U.  S.  National  Congress 
on  Applied  Mechanics,  Michigan  U. ,  Ann  Arbor  (June 
14-  18,  1954),  N.  Y.  ,  Amer.  Soc.  Mech.  Engineers, 
1955,  p.  637-642. 

An  approximate  solution  for  two-dimensional  supersonic 
rotational  flow  of  a  perfect  gas  In  the  neighborhood  of  a 
corner  around  which  the  flow  expands  Is  given.  The 
solution  Is  applied  to  two  cases:  (1)  a  parallel  shear 
flow  over  a  wall  with  an  edge  and  (2)  a  parallel  shear 
flow  discharging  into  a  medium  of  constant  but  lower 
pressure.  (Contractor's  summary) 

MDU.  07:003 

Maryland  U.  Inst  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

THE  LOW  TURBULENCE  WIND  TUNNEL  OF  THE 
UNIVERSITY  OF  MARYLAND,  by  U.  Betchov.  Mar. 
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1954,  33p.  lncl.  dlagrs.  (Technical  note  no.  BN-29) 

([  AFOSR-TN-54-173)  (AF  18(600)86)  AD  36968 

Unclassified 

A  description  Is  given  of  a  low  turbulence  wind  tunnel 
with  closed  circuit.  The  test  section  Is  20-  by  20- In.  , 
being  15  ft  long.  Velocities  obtainable  range  from  3  to 
150  ft/  sec.  The  tunnel  Is  designed  to  reduce  turbulence, 
noise,  and  vibrations. 


MDU.  07:004 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  TURBULENT  JET  MIXING  OF  TWO  GASES  AT 
CONSTANT  TEMPERATURE,  by  S.  I.  Pal.  June  1954, 
27p.  incl.  diagrs.  (Technical  note  no.  BN-33)  (fAF]- 
OSR-TN  54-174)  (AF  18(600)86)  AD  36967 

Unclassified 

The  fundamental  equations  of  both  two-dimensional  and 
axially  symmetrical  turbulent  jet  mixing  of  two  gases  at 
constant  temperature  are  derived  and  discussed.  A 
general  method  of  solution  of  these  equations  is  given. 
The  most  important  factors  In  these  equations  are  the 
turbulent  exchange  coefficient  for  velocity  distribution 
and  that  for  density  distribution.  In  general,  these 
coefficients  are  not  equal.  If  we  assume  that  these  co¬ 
efficients  are  the  same,  an  analytic  solution  for  the  mix 
lng  of  two  uniform  streams  Is  found  which  Is  an  extension 
of  Gortter’s  solution  for  the  case  of  homogeneous  fluids. 
The  first  order  effect  of  the  difference  In  densities  of  the 
two  gases  in  the  mixture  on  the  velocity  distribution  Is 
small.  For  two-dimensional  and  axially  symmetrical 
jet  from  small  opening,  if  the  turbulent  exchange  co¬ 
efficients  are  assumed  to  he  the  same,  the  velocity  dis¬ 
tribution  for  the  case  of  homogeneous  fluid  Is  the  first 
order  approximation  of  the  velocity  distribution  in  the 
jet  of  the  mixing  of  two  gases  and  the  density  distribution 
is  the  same  as  the  velocity  distribution.  Finally  the 
effect  of  the  difference  in  the  two  turbulent  exchange 
coefficients  1b  discussed.  It  is  found  that  the  ratio  of 
turhulent  exchange  coefficient  for  density  distribution  to 
that  for  velocity  distribution  is  larger  than  one,  and  mu' 
he  as  high  as  2.  and  the  ratio  increases  as  the  difference 
in  density  of  the  two  gases  increases.  The  larger  this 
ratio  is.  ttie  wider  Uie  spread  of  the  density  distribution 
than  that  of  velocity  distribution  will  be.  (Contractor’s 
summary) 


MDU.  07:005 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

AN  INSTRUMENT  TO  STUDY  RELAXATION  RATES 
BEHIND  SHOCKWAVES,  by  E.  I,.  Itesb  i,  Jr.  amt 
V..  Schelbe  Aug  1954,  23j  inch  lltus  dlagrs.  table. 
(Technical  note  mi.  BN  39)  (  AF  OSH  TN  54  1H8) 

(AF  18(600)86)  AD  38864  Unclassified 

Ttie  instrument  comprises  a  combination  of  a  schlieren 


system  photomultiplier  tube  and  oscilloscope.  The 
sensitivity  and  properties  of  the  Instrument  were 
checked  In  a  series  of  experiments  using  commercial 
COg.  Oscillograms  are  presented  of  shock  waves  in 
0O2  at  1/2-  and  1-atm  pressures  for  M  =  1.  73,  2. 16, 
2,36,  2.69,  and  M  =  1.42,  1.86,  and  2.  05,  respective¬ 
ly,  This  technique  for  measuring  relaxation  times  has 
the  advantages  of  good  space  resolution,  high  sensi¬ 
tivity,  and  simplicity  of  interpretation  and  application. 
The  Instrument  was  originally  Intended  for  use  in 
studying  the  transition  zone  behind  very  strong  shock 
waves:  however,  the  light  given  off  behind  the  waves  by 
the  hot  gas  itself  is  difficult  to  separate  from  the  light 
used  in  the  light  beam.  In  such  cases,  other  techniques 
must  be  utilized. 

MDU.  07:006 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  THE  STABILITY  OF  ISOTROPIC  TURBULENCE, 
by  R.  Betchov.  Sept.  1953  [26]p.  incl.  dlagrs. 
(Technical  rept.  no  BT-15)  AFOSR- TN-54-345  ! 

(AF  18(600)86)  AD  18501  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Penn. 
State  Coll.  ,  University  Park,  July  1-3,  1953. 

Abstract  published  In  nhys.  Rev.,  v.  91:  1031,  Aug.  15, 
1953. 

An  analysis  of  Isotropic  i„. bulence  Indicated  that  the 
Invariant  )/  =  1  Sll{ |  ,  where  S(){  is  a  symmetric  tensor, 
has  an  upper  and  a  lower  limit  closely  related  to  the 
rate  of  energy  dlssij>atlon  by  viscosity.  In  Isotropic 
turbulence,  the  average  of  ji  was  proportional  to  the 
skewness  coefficient  S.  Experimental  evidence  Bug 
gested  that  S  approaches  Its  maximum  value  as  the 
Reynolds  number  tends  toward  zero.  The  mean  value 
of  the  determinant  |  U^  waB  zero  for  Incompressible 
isotropic  and  homogeneous  turbulence.  With  certain 
restrictions  and  approximations,  a  perturbation  of  an 
Incompressible,  isotropic  and  homogeneous  field  of 
turbulence  had  at  least  one  unstable  root.  The  growth 
of  such  a  perturbation  Increased  with  S.  (ASTIA 
abstract) 

MDU.  07:007 

Maryland  U.  Inst,  for  Ftuid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  A  MODEL  OF  TURBULENCE,  by  R.  Betchov. 

June  24.  1952.  22p.  Incl.  dlagrs.  (Technical  rept.  no. 
BT  2)  LAFOSH  TN  54  3  4  6  '  (AF  18(600)86)  U24604 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. 

Columbia  U.  .  New  York,  Jan.  31  F’eb  2,  1952. 

Abstract  puhli shed  in  Phys.  Rev.,  v.  86:  601,  May  15. 

1952. 
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Turbulent  flow  Is  compared  with  the  behavior  of  a  non¬ 
linear  system  excited  by  random  Impulses.  This  ap¬ 
proach  amounts  to  studying  solutions  of  a  simplified 
Navier-Stokes  equation  In  which  the  partial  derivatives 
are  replaced  by  ordinary  dertvattves  In  1  vartable. 

An  electrical  network  analogy  ts  suggested  by  the  trans¬ 
formed  equation.  The  solutions  of  the  system  and  the 
stability  of  the  solutions  are  discussed.  An  analog 
computer  and  feed-back  amplifier  were  used  to  study 
the  solutions  for  changes  In  the  inhomogeneous  term. 
There  seemed  to  be  no  large  differences  between  the 
model  and  the  flow  observed  in  a  pipe  by  means  of  a 
hot-wire  anemometer. 


MDU.  07:008 

Maryland  U.  [  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematic  si  College  Park. 

ON  TRIPLE  CORRELATIONS  IN  ISOTROPIC  TURBU- 
LENCE  (Abstract),  by  R.  Betchov.  r  1954  ]  flip. 

(  AF  18(600)86 1  Unclassified 

Presented  at  annual  meeting  of  the  Amcr.  Phys.  Soc. , 
Columbia  U. ,  New  York,  Jan.  28-30,  1954. 

Published  in  Phys.  Rev.  ,  v.  94:  783,  May  1,  1954. 

In  a  turbulent  flow,  the  three  points- three  velocities 
correlation  functions  form  a  tensor  depending  on  the 
two  displacement  vectors  A  and  B.  This  tensor  can  be 
developed  In  a  double  power  series  In  A  and  B  with  coef¬ 
ficients  defined  at  one  point  only.  Assuming  Incompres¬ 
sibility  and  Isotropy  relative  to  rotations  and  reflexions 
about  one  point,  we  lound  that  the  coeffictents  of  the 
cubic  terms  In  A3,  AB2,  etc.  ,  are  all  proportional  to 
the  mean  cube  of  the  local  acceleration,  that  Is  to  the 
skewness  coefficient.  Investigations  on  the  stability  of 
such  a  turbulent  flow  for  perturbations  of  moderately 
high-wave  numbers  lead  to  the  eigenvalues  of  certain 
kinematic  determinants.  The  mean  values  of  these 
determinants  are  proportional  to  the  skewness  coef¬ 
ficient  and  tlus  parameter  appears  therefore  as  an 
essential  quantity  Experimental  measurements  in  a 
turbulent  flow  behind  a  grid  agree  with  various  conse¬ 
quences  of  Isotropy  and  confirm  the  relation  between  the 
skewness  and  the  Reynolds  number  of  the  turbulence. 
Furthermore,  we  found  that  the  mechanism  res|>onslble 
lor  the  skew. ess  c  otlflcl  >nt  Is  highly  inter rvUtent.  (€  a, 
tractor’s  abstract) 


MDU.  08:001 

Maryland  U  inst.  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

AN  INTRODUCTION  TO  STRUCTURAL  ANALYSIS  OF 
1UC.11  SPEED  WINGS,  by  P  J.  Theodortdes.  June  22. 

1953.  42p  refs.  (Technical  rept.  no.  BT-14)  (AF  18- 
(600)428)  AD  57080  Unclassified 

This  is  a  review  of  the  present  (June  1953)  status  in 
mulysis  of  wing  structures  for  aircraft  and  missiles  in 
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high  subsonics  and  beyond.  The  physical  background 
is  emphasized,  and  the  mathematical  approach  dis¬ 
cussed  as  to  research  methods  and  results.  The 
considered  wings  are  thin  ones,  of  low  aspect  ratio, 
with  sweep  and  spanwise  variation  of  local  rtgidlty. 

It  is  outlined  how  their  dynamic  behavior  became 
predictable  by  thin  plate  theory  for  the  solid  wtng  of 
constant  thickness  only.  Its  static  behavior,  however, 
was  analytically  clarifted  by  solutions  for  variable 
thickness  also.  As  for  wings  of  the  stiffened  shell 
type,  the  Extended  Grid  method  is  summarized.  It  is 
proceeding  with  the  aid  of  Green  coefficients  of 
tnfluence  for  determining  the  aiar  deformablllty. 

Another  important  new  method  is  surveyed.  It  achieved 
a  more  complete  structural  analysis  by  extending  the 
thin  plate  theory  to  the  reinforced,  laminate  placoid. 
The  theories  are  discussed,  and  the  respective  solu¬ 
tions  are  compared  as  to  implications  and  limitations. 
Finally  it  is  hinted  that  work  is  under  way  in  view  of 
a  combined  theory  for  improving  this  structural 
analysis.  (Contractor's  abstract) 


MDU.  08:002 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

LIMITS  AND  CLASSIFICATION  CF  SUPERSONIC 
FLOWS,  by  T.  Theodorsen.  Mar.  1954,  26p.  diagrs. 
tables.  (Technical  note  no.  BN-23)  ([AF’OSR-TN- 
54-90)  (AF  18(600)428)  AD  30293  Unclassified 

Necessary  and  sufficient  conditions  are  presented  for 
the  existence  or  nonexistence  of  supersonic  flow  fields. 
The  analysis  of  the  equations  of  motion  of  a  compres¬ 
sible  flow  reveals  that  2  and  only  2  separate  and  dis¬ 
tinct  classes  of  flows  exist  depending  upon  whether 
(dp/ds)2  <  (1/ R2)f(p)  or  (dp/ds)2  >  (1/R2)f(p).  The 
first  condition  is  referred  to  as  the  sublimit  field,  and 
the  second  is  called  the  translimit  field.  In  both  cases. 
R  denotes  the  radtus  of  curvature.  The  sublimit  field 
is  exemplified  by  a  potential  flow  past  an  airfoil  with  a 
supersonic  embedded  region,  and  the  transllmlt  field  Is 
exemplified  by  the  supersonic  flow  In  a  Laval  nozzle. 
The  2  fields  cannot  be  joined:  a  compression  flow  in  a 
Laval  nozzle  is  prohibited  by  the  second  law  of  thermo¬ 
dynamics  whereas  a  compression  flow  Is  the  only  type 
possible  in  the  sublimit  field.  Prandtl- Meyer  flow 
around  a  toner  and  the  parallel  flow  represented  by  a 
point  in  the  hodograph  plane  represent  a  trivial  inter¬ 
mediate  condition  between  the  subiimit  and  transllmlt 
fields  and  occur  only  when  (dp/ds)2  =  (l/lt2)f(p). 
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Maryland  U.  inst.  for  Fluid  Dynamics  and  Appiied 
Mathematics,  College  Park. 

ELASTIC  THEORY  Of  THE  COMPOSITE  PLACOID 
IN  STRUCTURAL  ANALOGY  TO  A  HIGH  SPEED  WING, 
by  P.  J.  Tbeodorides.  July  5.  1954  ,  47p.  incl.  diagrs. 
refs.  (Technical  note  no.  BN  37)  (  AF  OSR-TN-54- 
169)  (AF  18(000)428)  AD  40639  Unclassified 
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A  theory  for  the  elastic  behavior  of  the  composite 
placold  (plate-like)  cantilever  as  an  alar  type  for  high¬ 
speed  aircraft  and  mlsstles  is  presented  which  accounts 
for  previously  neglected  shearing  effects  in  rod-like 
longltudinats  of  variable  rigidity.  The  structural  analy¬ 
sis  combines  ideas  related  to  the  solid  wing  and  the 
semlmonocoque  flattened  shell.  The  theory  is  based  on 
a  quasi  3-dlmensionat  state  for  the  alar  skin  and  a  2- 
dimenslonal  state  for  the  longitudlnat  stiffeners.  Gen¬ 
eral  analytic  expressions  are  derived  for  the  coefficients 
of  elastic  interaction  between  the  alar  sktn  and  its  swept 
longitudinals  with  regard  to  a  structural  plagiotropy 
(the  coefficient  of  rod  rigidity  (unitary,  flexural)  as 
contributed  by  the  1th  longitudlnat  is  not  equat  to  zero 
for  atl  dlffertng  l’s)  of  the  exosketeton.  Three  distinct 
boundary  conditions  can  be  satisfied  separately  by  this 
analysis,  and  previously  known  relations  are  obtained 
as  special  cases  of  the  new  theory. 


MDU.  08:004 

Maryland  U  Inst,  for  Ftuid  Dynamics  and  Applied 
Mathematics,  College  Park. 

AERODYNAMIC  INTERFERENCE  OF  CASCADE 
BLADES  tN  SYNCHRONIZED  OSCILLATION,  by 
C.-C.  Chang  and  W.-H.  Chu.  June  1954  [23]p.  lncl. 
dlagrs.  table,  refs.  (Technical  note  no.  BN-35) 

([  AFjOSR-  TN-54-170)  (AF  18(600)428)  AD  38966 

Unclassified 

Also  published  in  Jour.  Appl.  Mech. ,  22:  503-508, 

Dec.  1955. 

The  failure  of  a  compressor  is  sometimes  due  to  flutter 
of  the  blades.  Essentially,  this  problem  is  equivalent  to 
a  cascade  in  oscillation.  The  present  analysis  Is  to  find 
the  aerodynamic  load  on  cascade  In  synchronized  har¬ 
monic  oscillations,  pitching  and  flapping.  Conformal 
mapping  Is  used.  Two  characteristic  parameters  are 
involved  In  the  force  and  moment.  One  is  u  which  is 
related  to  the  gap- chord  ratio.  The  other  is  k  which  is 
known  as  reduced  frequency.  The  main  results  are 
expressed  In  terms  of  these  two  parameters.  Most  can 
be  reduced  to  closed  form.  The  rest  are  given  In 
graphs.  The  wake  Interference  Involves  one  new  function 
C(u,  k)  which  Is  related  to  a  ratio  of  two  hyper  geo  metric 
functions  and  which  reduces  to  Theodorsen’s  function 
C(k)  In  the  limit  of  Infinite  gap.  tn  a  certain  range  of 
frequency  and  gap-chord  ratio,  the  analysis  shows 
quantitatively  that  single  oscillation  airfoil  theory  may 
lead  to  Inaccurate  estimation  of  Interference  effect 
between  blades  (Contractor’s  abstract) 

MDU.  08:005 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

FI.OW  THROUGH  A  CASCADE  tN  FLAPPING  OSCtLLA- 
TION,  by  C.-C.  Chang  and  W.-11.  Chu.  1954,  5p. 

(AF  18(600)428)  Unclassified 

Published  Ul  Proc.  Second  U.  S.  National  Congress  of 


Applted  Mechanics,  Michigan  U.,  Ann  Arbor  (June  14- 
18,  1954),  N.  Y. ,  Amer.  Soc.  Mech.  Engineers,  1955, 
p.  617-621. 

tn  a  uniform  flow,  a  cascade  of  ftat-ptate  airfoils  is 
subject  to  smalt  flapping  oscillation,  and  is  treated 
analytically  with  conformal  mapping  technique.  Normal 
force  and  moment  are  given  essentially  in  closed  forms. 
The  interference  effects  among  the  cascade  airfotls  are 
so  significant  that  the  usual  approximation  with  single- 
airfoil  theory  is  questionable.  An  example  is  given  to 
demonstrate  this  point.  The  wake  Interference  ts 
expressed  in  ratio  of  hypergeometrlcal  functions  in¬ 
volving  parameters,  such  as  reduced  frequency  and 
gap  chord  ratio.  As  the  gap  goes  to  infinity,  it  reduces 
to  Theodorsen’s  function  as  a  special  case.  (Con¬ 
tractor’s  abstract) 
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Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

[  MULTI- PARAMETRIC  VISCOSITY  AS  A  BASIS  OF  A 
QUAS- CONTINUUM  THEORY  OF  THE  COMPRESSION 
FRONT  FOR  POLYATOMIC  GASES  ]  Mehrparametrlge 
ZUhlgkelt  als  Grundlage  elner  Quasi- Kontinuumtheorle 
der  Kompressionsfront  fUr  Mehratomlge  Case,  by  P. 

J.  Theodorldes.  1956,  9p.  lncl.  dlagrs.  refs.  (AF  18- 
(600)428)  Unclassified 

Presented  at  Joint  Conference  of  the  Technical  Com¬ 
mittees  for  Fluid  Dynamics,  Gtjttlngen  (Germany), 

Oct.  6-8,  1955. 

Published  in  Zeltschr.  Angew.  Math.  Mech. , 
Sonderheft,  Aug.  1956,  p.  38-46. 

The  present  work  postulates:  (1)  symmetry  of  the 
stress  tencor;  and  (2)  three  Independent  viscosity 
mass  parameters,  one  for  the  linear  volume  viscosity, 
and  one  for  each  linear  and  nonlinear  shear  viscosity. 
Through  a  superposition  of  transposed  matrices,  the 
tensors  of  the  speed  of  deformation  and  total  stress  are 
symmetrized;  the  dynamic  equations  are  presented  In 
three-dimensional  form;  the  laws  for  obtaining  mass, 
Impulse,  and  energy  are  confined  to  the  uniaxial,  con¬ 
stant  case,  with  the  equation  of  state  combined  and 
transformed.  The  integration  for  the  case  of  tempera¬ 
ture-dependent  characteristics  of  all  gas  properties  is 
discussed. 
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Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

AN  EXTENSION  OF  THE  CLASSICAL  STURM- 
UOUV1LLE  THEORY,  by  H.  F.  Weinberger.  Oct.  13, 
1953,  24p.  refs.  (Technical  rept.  no.  BT-16) 

(AF  18(600)573)  AD  21420  Unclassified 

AIbo  published  In  Duke  Math.  Jour.,  v.  22:  1-14, 
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Mar.  1955. 

An  explicit  sclutlon  is  given  of  the  eigenvalue  problem 
of  a  self-adjoint  differential  operator  with  a  given  set 
of  self-adjoint  boundary  conditions  in  terms  of  the 
Green's  function,  eigenfunctions,  and  eigenvalues  of 
another  problem  having  the  same  operator  but  different 
boundary  conditions.  The  theory  leads  to  some  new 
separation  theorems  of  the  classical  Sturm-Liouvilie 
theory.  An  application  to  the  theory  of  vibrations  Is 
given. 


MDU.  09:002 


of  second  order,  L(u)  =  a1^  x,  +  a*u  =  0,  in  2 
xi  1  *1 

independent  variables  Xj,  X2-  instead  of  the  adjoint 

equation  by  Rlemann  a  second  partial  differential 
equation  M(v)  =  b^^xj  +  b^v^  Is  taken,  and  Its  coef¬ 
ficients  are  determined,  together  with  2  multipliers  X, 
p,  such  that 

\L(u)  +  pM(v)  =  i^L-,  where  A  .  A  are 

C)X1  c)x2 

bilinear  forms  in  the  4  arguments  u  .  u  .  v,  ,  v  . 

X1  X2  X1  x2 


Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

AXIALLY  SYMMETRIC  PUNCH  AND  CRACK  PROB¬ 
LEMS,  by  L.  E.  Payne.  Oct.  1953,  30p.  incl.  refs. 
(Technical  rept.  no.  BT-17)  (AF  18(600)573)  AD  21418 

Unclassified 

A  formulation  of  axially  symmetric  punch  and  crack 
problems  Is  presented  for  a  medium  with  transverse 
Isotropy.  Complete  solutions  to  general  problems  are 
obtained  without  solving  dual  integral  equations.  The 
formulation  reduces  to  that  of  solving  simple  potential 
problems  and  permits  the  convenient  Introduction  of 
curvilinear  coordinates.  Solutions  to  the  problem  of 
determining  the  stress  distribution  in  a  semi-infinite 
isotropic  elastic  medium  when  the  plane  boundary  Is 
Indented  by  a  perfectly  rigid,  axially  symmetric  punch 
are  presented  for  the  case  in  which  the  indenting  surface 
Is  flat,  a  segment  of  a  sphere,  an  oblate  sphere,  or  a 
parabolic  segment.  Solutions  are  presented  for  a 
spherical,  oblate- spherical,  and  paraboloidal  pressure 
distributions.  The  stress  distribution  In  an  Infinite 
elastic  medium  where  the  pressure  Is  prescribed  on  a 
disk- shaped  crack  Is  considered,  and  solutions  are 
presented  for  constant,  parabolic,  and  spherical  pres¬ 
sure  distributions.  Solutions  are  also  presented  for  the 
crack  problem  when  the  displacement  Is  prescribed. 

The  problems  of  a  point  force  In  the  z-direction  In  the 
Interior  of  a  semi- Infinite  body  z  >  o  as  well  as  the 
corresponding  problem  In  a  medium  with  transverse 
isotropy  are  discussed. 
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Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

RIEMANN'S  METHOD  FOR  PARTIAL  DIFFERENTIAL 
EQUATIONS  OF  HYPERBOLIC,  PARABOLIC,  AND 
ELLIPTIC  TYPES,  by  J.  B.  Diaz  and  M.  H.  Martin. 
Dec.  9,  1953,  32p.  (Technical  rept.  no.  BT- 18) 

(AF  18(300)573)  AD  21775  Unclassified 

Also  published  In  Ann.  Mat.  Pura  Appi. ,  v.  36:  335- 
359,  1954. 

An  Investigation  is  made  of  partial  differential  equations 


When  this  Is  completed  the  line  integral  1  = 

2  1  o 

-A  dxj  +  A  dx2  !  vanishes  around  closed  paths, 

provided  u,  v  are  regular  solutions  of  L(u)  =  0  and 
M(v)  =  0.  These  considerations  are  used  to  unify 
the  treatment  of  the  problem  of  Cauchy  for  hyperbolic 
equations,  the  Initial  value  problem  for  parabolic 
equations,  and  the  Dirichlet  problem  for  equations  of 
the  elliptic  type.  (ASTI A  abstract) 
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Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

FLOW  PROBLEMS  FOR  RING-SHAPED  BODIES  WITH 
APPLICATION  TO  TORSION  PROBLEM,  by  G.  Weiss 
and  L.  E.  Payne.  Dec.  1953,  23p.  Incl.  illus.  refs. 
(Technical  rept.  no.  BT-19)  (In  cooperation  with  Naval 
Ordnance  Lab. ,  White  Oak,  Md. )  [  AFOSR-TN-54-2  1 
[  AF  18(600)573]  AD  22953  Unclassified 

An  extension  was  made  of  the  method  of  generalized 
electrostatics  (Bull.  Amer.  Math.  Soc. ,  v.  59:  20-38, 
1953)  so  that  It  will  be  applicable  to  flow  or  torsion 
problems  for  ring-  shaped  bodies.  The  flow  and  torsion 
problems  Involving  toroidal  boundaries  are  presented 
as  special  examples.  A  method  was  developed  for 
obtaining  the  flow  about  a  generally  axially  symmetric 
n-dlmenslonal  body  with  doubly  connected  section.  The 
cases  for  n  =  2,  3,  and  5  have  Immediate  physical 
Interpretation.  The  methods  proposed  can  be  easily 
extended  to  handle  problems  involving  2  or  more  bodies 
which  may  or  may  not  have  simply  connected  sections. 
The  solution  of  the  problem  of  a  5-dimensional  axially 
symmetric  body  in  a  uniform  stream  of  lnviscid  incom¬ 
pressible  fluid  flowing  parallel  to  the  axis  of  symmetry 
of  Infinity  is  shown  to  be  related  to  the  torsion  problem 
for  a  beam  with  an  axially  symmetric  cavity.  Solutions 
to  the  flow  problem  are  obtained  for  the  torus  and  the 
torsion  problem  for  a  near-cylindrical  shaft  with  a 
toroidal  cavity. 
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Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 


ON  THE  1SOPERIMETRIC  INEQUALITY  ON  SURFACES 
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OF  VARIABLE  GAUSSIAN  CURVATURE,  by  A.  Huber. 
Jan.  1954,  17p.  (Technical  rept.  no.  BT-20) 

[  AFOSR-TN-54-8]  (AF  18(600)573)  AD  25539 

Unclassified 

Also  published  In  Ann.  Math. ,  v.  60:  237-247, 

Sept.  1954. 

An  lsoperlmetrlc  Inequality  which  Includes  inequalities 
given  by  T.  Carleman  (Math.  Zeltschr.  ,  v.  9:  154- 
160,  1921)  and  F.  Fiala  (Comm.  Math.  Helv.  ,  v.  13: 
293-346,  1940-41)  Is  proved  for  any  sufficiently  regu¬ 
lar  abstract  surface.  The  demonstration  Is  based  on 
an  Inequality  far  suU.arriioK :  functions  and  gener¬ 
alizes  a  result  of  Carleman  and  its  extension  by 
Beckenbach  and  Radd  (Trans.  Amer.  Math.  Soc. , 
v.  33:  662-674,  1933).  Anew  method  of  proof  of 
Fiala 's  inequality  Is  suggested  which  Is  valid  under 
less  restrictive  regularity  assumptions,  and  the  In¬ 
equality  is  used  to  characterize  surfaces  of  non- 
negative  curvature. 


MDU.  09:006 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

UPPER  AND  LOWER  BOUNDS  FOR  HARMONIC 
FUNCTIONS,  DIRICHLET  INTEGRALS,  AND  BI¬ 
HARMONIC  FI  INCTrnNS,  hy  L.  F  Paym.  anH  H  *\ 
Weinberger.  Jan.  1954,  29p.  lncl.  refs.  (Technical 
note  no.  BN-21)  ([  AF 1 OSR-TN-  54-2 1)  (AF  18(600)- 
573)  AD  25455  Unclassified 

A  method  Is  presented  for  obtaining  arbitrarily  close 
upper  and  lower  bounds  for  a  harmonic  function,  Its 
gradient,  and  Its  Dlrtchlet  Integral  when  the  boundary 
values  of  the  function  or  Its  normal  derivative  are 
prescribed.  The  bounds  are  obtained  by  means  of  a 
harmonic  function  which  approximates  the  given  bound¬ 
ary  data. 

MDU.  09:007 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics.  College  Park. 

THE  CAUCHY  PROBLEM  FOR  THE  WAVE  EQUATION 
AND  THE  EQUATION  OF  EULER-  POISSON- 
DARDOUX.  by  A.  Weinstein  and  E.  K.  Blum.  Jan. 
1954,  38p.  Inch  refs.  (Technical  note  no.  BN-22) 
AFOSR-TN  54-23]  (AF  18(600)573)  AD  26066 

Unclassified 

Consideration  Is  given  to  the  general  Euler- Poisson- 
Darboux  equation  which  depends  on  a  parameter  k  and 
which  reluces  to  the  wave  equation  for  k  0.  A 
recently  developed  method  Is  presented  for  the  solution 
of  the  corresponding  singular  Cauchy  problem  with 
data  on  the  singular  hyperplane  t  0  for  all  values  of 
k.  The  method  utilizes  neither  a  fundamental  solution 
nor  a  Green's  identity.  For  sufficiently  large  values 
of  k  the  solution  is  written  explicitly,  and  for  other 
values  of  k  the  Cauchy  problem  Is  solved  with  the  aid 


of  2  simple  recurrence  formulas  for  functions  of  one 
variable  t.  The  negative  odd  integral  values  of  k  play 
an  exceptional  role  with  no  counterpart  In  the  theory 
of  equations  with  regular  coefficients,  a  new  solution 
for  these  cases  is  appended. 

MDU.  09.008 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

A  TRANSONIC  APPROXIMATION,  by  J.  B.  Diaz  and 
G.  S.  S.  Ludluid.  Mai.  1954,  21p.  lllus.  rels. 
(Technical  note  no.  BN-24)  ([  AF  ]OSR-TN-54-79) 

(AF  18(600)573)  AD  28934  Unclassified 

Alsu  published  in  Pioc.  Second  V).  S.  National  CungreBS 
on  Applied  Mechanics,  Michigan  U. ,  Aim  Arbor  (June 
14-18,  1954),  N.  Y. ,  Amer.  Soc.  Mech.  Engineers, 
1955,  p.  J51-657. 

This  approximation  is  based  on  obtaining  that  pressure- 
density  relation  which  best  fits  that  of  a  polytropic  gas 
near  the  sonic  point,  while  retaining  the  analytical 
simplicity  of  the  Tricoml  gas.  Third-order  contact  can 
be  obtained  at  the  sonic  point,  and  there  still  remains 

a  palanieVer,  winch  call  be  uliusei,  in  twu  *qo  oo  ao  Id 

give  good  supersonic  agreement.  These  two  choices 
give  practically  Identical  results.  For  this  approxima¬ 
tor.  It  *  general  solution  c(  IV  partial  different  al  equa 
tion  for  the  stream -function  Is  expressible  in  terms  of 
Bessel  functions,  as  also  are  the  product  solutions. 
(Contractor's  abstract) 


MDU.  09:009 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  TWO  METHODS  OF  GENERATING  SOLUTIONS  OF 
LINEAR  PARTIAL  DIFFERENTIAL  EQUATIONS  BY 
MEANS  OF  DEFINITE  INTEGRALS,  by  J.  B.  Diaz  and 
C.  S.  S.  Ludford.  Apr.  1954,  9p.  refs.  (Technical 
note  no.  BN-26)  (1  AF ’OSR- TN-54 -87)  (Sponsored 
jointly  by  Air  Force  Office  of  Scientific  Research  under 
AF  18(600)573  and  Office  of  Ordnance  Research  under 
DA- 36  034 -ord- 1480)  AD  30295  Unclassified 

Also  published  In  Quart.  Appl.  Math.,  v.  12:  422  427. 
Jan.  1955. 

A  connection  is  established  between  Bergman's  Integral 
operator  method  (Amer.  Jour.  Math.,  v.  74:444-474, 
19^2)  and  a  classical  method  of  l.e  Roux  (Annales  de 
i'Ecoie  Normale  Sup£rleure,  3rd  Series,  v.  12:  227-316, 
1895)  for  generating  solutions  of  linear  differential  eqiu 
tions  by  means  of  definite  Integrals  with  variable  limits 
of  integration.  A  proof  Is  presented  that  a  theorem  A 
Bergman  and  its  modification  to  include  functions  of  a 
complex  variable  are  a  restatement  of  part  of  l.e  II  ux's 
results.  The  latter  formulation  is  considered  lo  be 
simpler  m  the  fluid  dynamical  application.  (ASTIA  ah 
struct) 
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MDU.  09:010 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

THE  ELASTIC  SPHERE  UNDER  CONCENTRATED 
TORQUES,  by  A.  Huber.  May  1954  [  lllp.  lncl. 
dlagrs.  (Technical  note  no.  BN- 23)  ([  AF  lOSR-TN- 
54-101)  (AF  18(600)573)  AD  34622  Unclassified 

Also  published  in  Quart.  Appl.  Math.,  v.  13:98-102, 
Apr.  1955. 


but  It  Is  not  sufficient  to  permit  a  corresponding  esti¬ 
mate  on  the  derivatives.  The  analysis  depends  on  the 
concept  of  quasi  conformality  of  a  mapping.  This  con¬ 
cept  is  defined:  let  o>  =  u  +  iv  be  a  complex  valued 
function  of  class  C'"  defined  in  a  domain  D  of  the 
z  =  y  +  iy  plane;  «  represents  a  quasi -conformal  map¬ 
ping  of  eccentricity  not  larger  than  t ,  1  „<  t  <  oo,  pro¬ 
vided  that  (1)  the  Jacobian  of  the  transformation 
vanishes  only  at  isolated  points,  and  (2)  at  all  points 
where  the  Jacobian  is  different  from  zero, 


,  2  2  2  2. 
(ux  *  uy  +  vx  +  vy  > 


l*y\  , 

lu  V  V 


2  t. 


Consideration  is  gi  ven  to  an  elastic  sphere  subject  to 
2  concentrated  torques  acting  at  the  end  points  of  a 
diameter.  The  stress  function  is  considered  as  a 
generalized  axially  symmetric  potential  (Dull.  Amer. 
Math.  Soc. ,  v.  59:  20-38,  1953)  so  that  the  solution 
is  obtained  by  a  simple  potential- theoretic  argument. 
The  solution  is  proved  to  be  unique  and  to  possess  the 
right  type  of  singularities. 


MDU.  09-011 
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Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

TOE  GENERALIZED  RADIATION  PRODLEM  AND  THE 
EULER-  POISSON- DARBOUX  EQUATION,  by  A. 
Weinstein.  June  1954;  26p.  refs.  (Technical  note  no. 
BN- 36)  ( r  AF  ’OSR-  TN-  54- 148)  (AF  18(600)573) 

AD  35529  Unclassified 


Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 


Also  published  in  Summa  Brasiliensis  Math.  (Rio  de 
Janeiro),  v.  3,  Fasc.  7:  125-146,  1955. 


ON  A  PROBLEM  OF  TYPE,  WITH  APPLICATION  TO 
ELLIPTIC  PARTIAL  DIFFERENTIAL  EQUATIONS,  by 
R.  Finn.  Apr.  1954  21  'p.  lncl.  dlagrs.  refs. 

(Technical  note  no.  BN-27)  ([  AFlOSR-TN-54-119) 
(AF  18(600)573)  AD  31757  Unclassified 


r  2  2 

Solution  of  variational  problems  5  F(  ^  +  ^) 

dx  dy,  which  are  defined  for  all  (x,  y),  are  studied  with 
regard  to  their  behavior  under  conformal  mapping. 
Conditions  are  formulated  under  which  a  surface  repre¬ 
sented  by  such  a  solution  cannot  be  mapped  conformally 
onto  the  unit  disc.  This  result  Is  applied  to  discuss 
the  behavior  in  the  large  of  solutions  of  non-linear 
elliptic  equations.  (Contractor’s  abstract) 


The  classical  radiation  problem  for  the  wave  equation 
Is  reformulated  in  such  a  way  that  a  problem  for  the 
Euler-  Poisson  Darboux  equation  in  two  Independent 
variables  includes  as  a  special  case  the  problem  of 
Tricoml  and  more  recently  Germain  and  Bader  (Office 
National  d’Etude  et  de  Recherche  Aeronautique,  No.  54, 
1952,  and  Sur  le  probleme  de  Tricoml  Rendlcontl  del 

1953).  The  latter  j-roblem  is  concerned  with  transonic 
flows  in  which  arbitrary  data  are  given  on  the  sonic  >e 
and  prescribed  to  be  zero  on  a  Mach  line.  Precise 
conditions  are  given  under  which  the  radiation  problem 
can  be  solved,  and  new  formulas  are  ohtalned  for  the 
solution  of  the  problem  for  the  Trlcomi  equation. 

(AST  I A  abstract) 


MDU.  09:01 2 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  THE  GROWTH  OF  SOLUTIONS  OF  NON  LINEAR 
ELLIPTIC  PARTIAL  DIFFERENTIAL  EQUATIONS, 
by  R.  Finn.  May  1954.  18p.  (Technical  note  no. 

BN- 32)  (  AF  OSR-TN  54-133)  (AF  18(600)573) 

AD  34015  Unclassified 

Consideration  is  given  to  equations  of  the  form 
3t  (x,  y.  ,p,q)  *  A  (X,  y, ;  ,  p,  q)  0,  where 

*  y 

p  ,  and  q  .  It  is  shown  that  the  condition 
2*2  i 

®  ♦  A  ’  I  <»'  the  Integrals  of  the  coefficients  with 

respect  to  their  arguments,  together  with  the  elliptictty 
condition  4®.  (  A  ^  (®)1|  *  A  )*>0  is  sufficient  to 

permit  an  a  priori  estimate  on  the  growth  of  a  solution; 


MDU.  09:014 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Tark. 

ON  A  THEOREM  OF  LE  ROUX,  by  J.  B.  Diaz  and 
G.  S.  S.  Ludford.  Aug.  1954,  6p.  (Technical  note  no. 
BN  38)  (  AF  OSlt-TN  54-160)  (Sponsored  jointly  by 
Air  Force  Office  of  Scientific  Research  under  AF  18 
(000)573  and  Officcof  Ordnance  Research  under  I)A  36 
034 -ord  I486)  AD  36551  Unclassified 

Also  published  as  Interim  technical  rept.  no.  19. 

Mar.  1956,  4p.  DA  36  034  ord  1486;  AD  88238. 

Ai  extension  to  definite  integrals  with  singular  kernels 
Is  given  of  a  theorem  of  Le  Roux  (Annales  de  l’Ecole 
Normale  Superieure,  Series  3,  v.  12:  227  316,  1895) 
which  concerns  the  generation  of  solutions  of  linear 
partial  differential  equations  by  means  of  definite  lute 
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grals.  The  extended  theorem  Is  as  follows:  Let  R 
be  an  open  region  of  the  x,  y  plane  where  the  coeffi¬ 
cients  of  L(u)  =  +  a(x,  y)ux  +  b(x,  y)uy  t  c(x,  y)u  -  0 

are  continuous,  and  lat  U(x,  y,  a)  =  U(x,y,  ut)/(x-  a)*  , 
with  0  <  X  <  1,  be  a  solution  of  L(u)  =  0  for  all  [x,y) 

In  R,  wherever  aQ  ^  a  <  x.  Let  U  be  such  that  U,  Ux, 
uy.  Ujjy,  UQ,  UaXi  Uayi  Uaxy  are  continuous  on  the 

3-dlmenslonal  region  consisting  of  all  (x,y,  a)  with 
(x,  y)  In  R  and  aQ  <,  a  x.  Then 

x  ~ 

u(x,  y)  =■  r  u(^.y.  °)  *(a)  da 

"a  (*-a)A 
0 

Is,  for  an  arbitrary  once  continuously  differentiable 
function  f( a),  a  solution  of  L(u)  In  R.  Throughout  the 
discussion,  a  is  a  parameter  and  a.  Isa  constant. 
(ASTIA  abstract) 


MDU.  09:015 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

A  RAYLEIGH -RITZ  PROCEDURE  GIVING  UPPER 
AND  LOWER  BOUNDS  FOR  EIGENVALUES,  by  H.  F. 
Weinberger.  Sept.  1954,  30p.  (Technical  note  no. 
BN-41)  (r  AF1OSR-TN-54-264)  (AF  18(600)573) 

AD  44269  Unclassified 

Presented  at  meeting  of  the  Amer.  Math.  Soc., 
Laramie,  Wyo. ,  Aug.  31-Sept.  3,  1954. 

If  A  and  P  are  positive  self-adjoint  elliptic  differential 
operators  with  A  of  higher  order  than  P,  the  Raylelgh- 
Rltz  method  gives  upper  bounds  for  the  eigenvalues  of 
Au  =  X Pu.  If  another  such  eigenvalue  problem,  Dv  = 
n  Qv.  where  B  has  the  same  principal  part  as  A  and  Q 
Is  of  the  same  order  as  P.  can  be  solved  and  If  Its 
eigenfunctions  are  used  In  the  Rayleigh- Rltz  method, 
the  error  in  the  upper  bounds  for  the  X^  Is  explicitly 
bounded.  The  error  bound  can  be  made  arbitrarily 
small  by  using  enough  eigenfunctions.  The  eigenvalues 
of  any  sufficiently  regular  ordinary  differential  operator 
as  well  as  many  partial  differential  operators  may  be 
approximated  In  this  way.  (Contractor's  abstract) 


MDU.  09:016 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  THE  SINGULAR  CAUCHY  PROBLEM  FOR  A 
GENERALIZATION  OF  THE  EULElt  POISSON 
DAUBOUX  EQUATION  IN'  TWO  SPACE  VARIABLES, 
by  J.  B.  Diax  and  G.  S.  S.  Ludford.  Oct.  1954.  25p. 
tncl.  refs.  (Technical  note  no.  BN  34)  (  AF  OSIt- 
TN  54  280)  (AF  18(600)573)  AD  44333  Unclassified 

Also  published  in  Ann  Mat.  Pura  Appl. ,  Series  IV, 
v  " 38.  33-50'  1955. 


An  existence  and  uniqueness  theorem  Is  presented  for 
the  singular  Cauchy  problem  for  the  nonhomogeneous 
Euler-Poisson-Darboux  equation  In  2  space  variables, 

uxx  +  “yy  '  utt  *  £ut  =  1  >  °'  k  >  °-  u(*.y.°)  = 

u  (x,y,o)  =  0.  The  solution  of  this  problem  Is  used  to 
prove,  by  Picard’s  method  of  successive  approximations, 
an  existence  and  unlquesness  theorem  for  the  following 
singular  Cauchy  problem: 
uxx  +  “yy  -  utt  '  £u,  -  M*,y,t)u=  0,  t  >  0,  k  >  0, 

u(x,  y,  o)  =  g(x,  y),  ut(x,y,o)  =  0. 


MDU.  09:017 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

INEQUALITIES  FOR  EIGENVALUES  OF  MEMBRANES 
AND  PLATES,  by  L.  E.  Payne.  Nov.  1954,  19p. 
(Technical  note  no.  BN-43)  ( [  AF  ]OSR-TN-54-324) 

(AF  18(600)573)  AD  47553  Unclassified 

Also  published  In  Jour.  Rational  Mech.  and  Analysis, 
v.  4:  517-529,  May  1955. 

Iri  the  first  section  of  this  paper  relationships  are  ob¬ 
tained  involving  the  eigenvalues  of  a  membrane  fixed 
on  a  given  boundary  and  those  of  n  membrane  with 
vanishing  normal  derivative  on  the  boundary.  In  the 
second  section  a  conjecture  of  A.  Weinstein  Is  proved 
which  relates  certain  membrane  eigenvalues  with  those 
of  the  buckling  problem  for  a  clamped  plate  of  the  same 
shape.  (Contractor’s  abstract) 


MDU.  09:018 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  AN  INEQUALITY  OF  FEJER  AND  IUESZ,  by  A. 
Huber.  Dec.  1954  ,  29p.  refs.  (Technical  rept.  no. 

BT- 45)  ([AF’OSR-TN  54-341)  (AF  18(600)573) 

AD  49708  Unclassified 

Also  published  in  Ann.  Math.,  v.  63:  572-587,  May 
1956. 

The  following  theorem  by  Fej#r  and  Rlesz  (Math. 
Zeitschr. ,  v.  11:  305-314.  1929)  and  some  of  Its 
extensions  are  generalized.  Suppose  the  function  f(a)  Is 
regular  analytic  on  '•!  £  j.  Then  the  inequality 

X  .1  X 

f(elt)  dt!2  f(,  e1  )|  d,  holds  for  any 
"- 1 

1  (0  •  2v)  and  arbitrary  X  0.  Equality  Is 

attained  If  and  only  if  f  ^  0.  The  constant  2  is  the  best 
l>oBRlble.  The  main  result  of  the  generalization  Is  also 
stated  as  a  theorem.  Let  the  function  u(s)  be  defined  on 
the  closed  unit  circle.  *  I  1  as  a  difference  of  2  sub 
harmonic  functions  u(s)  =  u((*)  ■  U2(s).  Suppose  that 
-o(  '  1)  =  a  •  1,  where  a 2<eC)  denotes  the  meas 
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ure  associated  with  u2(»). 
J  e“(eU*dt  2  2  cos  (^f-) 


-  7T 


Then  the  inequality 
1  „/„«ifl 

r  eu'^e  )  dp  holds  for 
“-1 


any  0  (0  <  0  <  2rr).  Equality  holds  if  and  only  if 
0  <  a  <  1  and 

u  =  log  IF1  (b)[F<»)]'“(1-F2  (a))0'1  |  +  C,  where 
F(b)  denotes  any  conformal  transformation  of  Je|  <  1 
onto  itself  which  maps  the  diameter  (e1  ,  -  e1 on  the 
real  axis;  C  is  an  arbitrary  real  constant.  The  inte¬ 
grals  of  the  theorem  do  not  necessarily  exist  under  the 
given  hypothesis,  but  tue  proof  implies  that  if  the 
integral  on  the  left  exists  then  so  does  the  integral  on 
the  right  and  the  inequality  holds. 


MDU.  09:019 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 


Analysis,  v.  3:  354,  1954  that  u2  <  p>q.  where  p  is  the 
constant  giving  equality  if  D  is  a  circle.  In  this  article, 
we  obtain  for  a  convex  domain  D  the  following  inequall- 
»nd  (4)  m3  1  X1  * 

'•'"'max 


tirs:  (3) 


<  Vj,  where  p  is  the  radius  of  curvature  of  C, 


and  the  value  of  h  at  any  point  P  on  C  is  the  distance 
from  an  arbitrary  origin  Inside  D  to  the  Une  tangent  to 
C  through  P.  (Contractor’s  abstract) 


MDU.  09:021 

Maryland  U.  [Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics  1  College  Park. 

THE  METHOD  OF  AXIAL  SYMMETRY  IN  PARTIAL 
DIFFERENTIAL  EQUATIONS,  by  A.  Weinstein.  [1954] 
[11  ]p.  refs.  (AF  18(600)573)  Unclassified 


REFLECTION  PRINCIPLES  FOR  LINEAR  ELLIPTIC 
SECOND  ORDER  PARTIAL  DIFFERENTIAL  EQUA¬ 
TIONS  WITH  CONSTANT  COEFFICIENTS,  by  J.  B. 
Dial  and  G.  S.  S.  Ludford.  Dec.  1954,  17p.  refs. 
(Technical  note  no.  BN-44)  ([  AF^SR-TN  M-SOl) 
(Sponsored  jointly  by  [  Air  Force1  Office  of  Scientific 
Research  under  AF  18(600)573  and  Office  of  Ordnance 
Research  under  DA-36-034-ord-1486)  AD  51841 

Unclassified 

Also  published  in  Ann.  Mat.  Pura  Appl. ,  Series  IV, 
v.  39:  87-95,  1955  (Title  varies). 


Published  in  Attl  del  Convegno  lnternaz.  sulle 
Equazloni  alle  Derivate  Parziali  (Trieste),  Aug.  1954, 
p.  86-96. 

The  theory  presented  here  deals  with  a  class  of  elliptic 
as  well  as  hyperbolic  differential  equations.  Some 
recent  development  in  the  theory  of  hyperbolic  equations 
are  reviewed.  A  number  of  problems  concerning  the 
Euler-Poisson-Darboux  equation  are  also  discussed. 


MDU.  09:022 


Reflection  principles,  analogous  to  the  classical 
Schwarz  reflection  principle  for  harmonic  functions, 
are  obtained  for  solutions  of  linear  elliptic  second  order 
partial  differential  equations  with  constan'  coefficients. 
The  boundary  conditions  employed  are  supposed  to  be 
satisfied  in  a  limiting  sense  only,  and  do  not  require 
(a  priori)  the  existence  of  derivatives  on  the  boundary. 
(Contractor's  summary) 


MDU.  09:020 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics.  College  Park. 

INEQUALITIES  FOR  CERTAIN  EIGENVALUES  OF  A 
MEMBRANE  (Abstract),  by  L.  E.  Payne.  [  1954  ] 
[l!p.  (AF  18(600)573)  Unclassified 


Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  AXIALLY  SYMMETRIC  CRACK  AND  PUNCH 
PROBLEMS  FOR  A  MEDIUM  WITH  TRANSVERSE 
ISOTROPY,  byL.  E.  Payne.  [1954]  [8]p.  (AF  18- 
(600)573)  Unclassified 

Published  in  Proc.  Cambridge  Philos.  Soc.,  v.  50: 
468-473,  Pt.  3,  1954. 

This  paper  presents  a  straightforward  method  for  solving 
the  general  axially  symmetric  crack  and  punch  problems 
for  media  with  transverce  Isotropy.  This  method  per¬ 
mits  one  to  write  down  immediately  in  an  appropriate 
system  of  curvilinear  coordinates  the  solution  to  the 
general  axially  symmetric  proolem. 


Presented  at  meeting  of  the  Amer.  Math.  Soc. . 
Laramie,  Wyo. ,  Aug.  31  -Sept.  3,  1954. 

Let  D  be  a  closed  domain  with  boundary  C  in  the  xy 
plane  and  let  u(x,  y)  satisfy  the  differential  equation, 
^u  *  ku  *  0  in  D,  (where  k  is  a  positive  constant)  and 
either  (1)  u  =  0  on  C  or  (2)  JU  jn  =  0  on  C.  We 
denote  the  eigenvalues  In  case  (1)  by  \j,  •_  \j  i  3 
...  and  In  case  (2)  by  0  -  a  ,  _  .-2  _  .ij  _  . . .  . 
It  has  beer,  shown  by  Szego  (Jour.  Rat.  Mech.  and 


MDU.  09:023 

Maryland  U.  [Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics]  College  Park. 

NOTE  ON  A  THEOREM  OF  OSTROWSK1.  by  A.  Huber 
[June  1954]  [2]p.  (AF  18(600)573)  Unclassified 

Published  in  Proc.  Amer.  Math.  Soc.,  v.  5:  335-336, 
June  1954 . 
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MDU.  09:024  -  MDU.  09:028 


The  author  proves  a  theorem  which  Is  equivalent  to 
the  following  statement:  Let  T  be  a  set  of  real  num¬ 
bers,  unbounded  above,  and  for  each  teT,  let  Fj  be  a 

real  continuous  function  in  (a,  b);  if  lim  F.(X)  - 

t— 1 

F(X)  for  every  Xt  (a,  b)  and  F  is  continuous,  then  (a,  b) 
contains  a  point  of  uniform  convergence  (a  uniform 
Cauchy  point,  in  the  terminology  of  Pettis)  of  Jf^J  . 

This  theorem  (as  well  as  that  of  Ostrowski)  is  contained 
in  stronger  results  obtained  by  Gordon  and  McArthur 
in  more  general  situation;  in  particular,  the  set  of  uni¬ 
form  Cauchy  points  of  |Fjj  is  residuat  in  (a,  b),  and  the 
continuity  of  F  may  be  omitted  from  the  hypotheses. 
(Math.  Rev.  abstract) 


MDU.  09:024 


case  n  =  3  then  yield  i  the  solution  to  the  classical  ftow 
problem,  and  n  =  5  gives  the  sotution  to  the  torsion 
problem  under  consideration.  (Contractor’s  abstiact) 


MDU.  09:026 

Maryland  U.  Inst,  for  Ftuid  Dynamics  and  Applied 
Mathematics,  Cotlege  Park. 

ON  A  CLASS  OF  PARTIAL  DIFFERENTIAL  EQUATIONS 
OF  EVEN  ORDER,  by  A.  Weinstein.  Jan.  1955,  I8p. 
(Technical  note  no.  BN  16)  ( [  AF  ]OSR-  TN-55- 14) 

(AF  18(600)573)  AD  52283  Unclassified 

Atso  published  in  Ann.  Mat.  Pura  Appt. ,  v.  39:  245- 
255,  1955. 


Maryland  U.  Inst,  for  Ftuid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ELLIPTIC  AND  HYPERBOLIC  AXIALLY  SYMMETRIC 
PROBLEMS,  by  A.  Weinstein.  [Sept.  1954  ]  [G]p. 
refs.  [  AF  18(600)573  1  Unclassified 

Published  .  Proc.  Internal.  Congress  of  Mathema¬ 
ticians,  A  asterdam,  v.  3:  264-2S9,  Sept.  2-9,  t954. 


This  paper  presents  a  short  review  of  the  various 
problems  concerning  the  equation:  -i^u  f  g  u  ^  u 

dy!  y  N,y 

for  a  function  u  u  (Xj . x  ,  y)  where  L  is  a 

linear  differential  operator  in  the  variables  Xj,  x2, 

. . . ,  xm  with  constant  or  variabte  requtar  coefficients, 
k  denotes  here  a  reat  parameter,  -  k  •'  •  .  We 
shatl  be  matnty  concerned  with  two  cases  in  which  L  is 

m 


either  -  .,u  or  t  ..u,  where 


.  u  V 


.  (Con¬ 


tractor's  abstract,  modified) 


MDU.  09:025 

Marytand  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 


The  general  solutions  of  the  biharmonic  equation  (theory 
of  ptates),  the  iterated  wave  equation,  and  me  equation 
of  Friedrichs  are  given  in  terms  of  generalized  axiatly 
symmetric  potentials  and  sotutions  of  the  Euler- 
Poisson- Darboux  equation.  (Contractor’s  abstract) 


MDU.  09:027 

Marytand  U.  inst.  for  Fluid  Dynamics  and  Apptied 
Mathematics,  Cotlege  Park. 

THE  ELASTIC  SPINDLE  UNDER  CONCENTRATED 
TORQUES  APPLIED  AT  THE  POLES,  by  L.  E.  Payne. 
Mar.  1955.  8p.  refs.  (Technical  note  no.  BN-49) 

(  AF]Cat- TN-55  74)  (AF  18(600)573)  AD  58484 

Unclassified 

Atso  published  in  Jour.  Science  and  Engineering,  v.  I: 
37-42,  Jan.  1957. 

The  problem  of  an  etastic  spindte  subjected  to  2  con¬ 
centrated  couptes  apptied  at  the  |x>tes  is  considered. 

The  introduction  of  dipolar  coordinates  permits  a  con¬ 
venient  rej  resentation  for  the  stress  function  in  terms 
of  Legendre  functions.  Simpte  expressions  for  the 
stress  function  and  the  stresses  are  obtained,  and  the 
nonvanishtng  component  of  the  displacement  is  catcutated 
for  the  case  of  the  sphere. 


TORSION  OF  A  SHAFT  WITH  A  TOROIDAL  CAVITY, 
by  G.  Weiss  and  L.  E.  Payne.  Oct.  1954  j  ;8jp. 
refs.  (AF  18(600)573)  Unclassified 

Published  in  Jour.  Appt.  Phys. ,  v.  25:  I32t  - 1328, 

Oct.  1 904 . 

A  solution  is  given  to  the  torsion  probtem  for  a  near- 
cytiiidrical  shaft  of  circular  section  having  a  toroidal 
cavity.  Since  the  interpretation  of  the  axially  sym¬ 
metric  problem  as  a  flow  problem  in  5  dimensions  is 
wetl  known.  Hie  first  part  of  the  paper  is  devoted  to 
developing  a  method  for  handling  the  ftow  problem  about 
an  n  dimensional  ring-shaped  body  of  generat  cross 
section.  In  Hie  second  part  of  the  ]  aper  lids  method  is 
appl'ed  to  Hie  case  of  an  n  dimensional  torus  ring.  The 


MDU.  09:028 

Maryland  U.  tnst.  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Turk. 

ON  A  REGULAR  CAUCHY  PROBLEM  FOR  THE  EULER 
POtSSON  DARBOUX  EQLATION.  by  R  M.  Davis. 

Apr.  1955,  47p.  inch  diagr.  refs.  (Technical  note  no. 
BN-50)  (  AF’OSR- TN-55  104)  (AF  18(600)573) 

AD  61001  Unctassified 

Atso  published  in  Ann.  Mat.  Tura  Appt  ,  v  42:  205 
226.  1950.  " 

The  n -dimensional  Lu  Poisson  Darboux  equation 
(KI’Dequatl  in)  is  given 
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Lx[  u]  = 


*0*0 


n-1 

E 

1=  i 


u,  _  + 
xixi 


u  =  0,  where 

*o 


x -  (*Q,  Xj,  x^j)  denotes  a  point  in  a  space-time 
of  n-dlmenslons,  and  where  k  Is  any  real  number, 

-  oj  <  k  <  .  This  equation  yields  the  wave  equation 

as  a  special  case  for  k  =  0.  In  this  study,  the  solution 
of  a  regular  Cauchy  problem  for  the  EPD  equation  with 
Initial  conditions 


u(tn 


xn- 1)  '  f<xl’ 


xn- 1) 


*1. 


xn_j)  =  0  is  found.  To  obtain  the 


solution,  the  method  of  Marcel  Riesz,  developed  only 
for  self-adjoint  differential  equations  is  extended  to 
cover  the  non  self-adjoint  EPD  equation.  This  method 
of  solution  Involves  constructing  a  function  Va  (Xjy) 
depending  on  a  parameter  a  such  that  My[  Va+2 1  = 

Va ---  LxrVa+2\  where  M  Is  the  adjoint  operator  to 
L,  and  such  that  V1  (xjy)  and  its  first  derivatives 
vanish  on  the  characteristic  cone  with  vertex  x.  (Con¬ 
tractor’s  abstract) 

MDU.  09:029 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

A  MAXIMUM  PROPERTY  OF  CAUCHY’S  PROBLEM, 
by  H.  F.  Weinberger.  Apr.  1955,  Up.  refs. 
(Technical  note  no.  BN-51)  ( r  AF  OSR- TN- 55- 110) 
(AF  18(000)573)  AD  62105  Unclassified 


Also  published  in  Ann. 
1950. 


Math.  ,  V.  64:  505-513,  Nov. 


It  is  shown  that  If  the  coefficients  of  the  hyperbolic 
equation  M'u  eu  5  (aux)x  -(buy)y  ♦  (cu)x  ♦  (du)y  ♦ 
eu  =  0  satisfy  certain  Inequalities,  and  if  the  Cauchy 
data  u  and  c.’u  are  nonpositive  on  an  Initial  arc,  then 
O  y 

u  is  nonpositive  in  the  domain  of  Influence  of  the 
initial  arc.  It  follows  that  the  Riemann  function  is 
nonnegative,  and  hence  that  for  fixed  Cauchy  data,  u 
decreases  as  M  u.  ♦  eu  Increases.  Ai  application  to 
ordinary  differential  equations  results  In  the  generaliza¬ 
tion  of  a  theorem  of  Bochner  on  double  eigenfunction 
expansions.  (Contractor’s  abstract) 


MDU.  09:030 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics.  College  Park. 

MULTIVALUED  FUNCTION’S  IN  GENERALIZED 
AXIALLY  SYMMET1DC  POTENTIAL  THEORY,  by 
i.,  E.  Payne.  May  1955,  18p.  (Technical  note  no. 
UN  52)  (  AF  OSR  TN  55  146)  (AF  18(000)573) 

AD  00847  Unclassified 

Also  published  in  Estratto  dagli  Ann  deiia  Scoula 


MDU.  09:029  --MDU.  09:032 


Normale  Superiore  (Pisa),  v.  10:  135-145,  1956. 

A  representation  Is  obtained  for  the  many- valued  function 
conjugate  to  the  Neumann  function  for  a  half  plane.  This 
Neumann  function  Is  Identified  as  the  potential  of  a 
source  ring,  and  the  conjugate  function  Is  Identified  as 
the  siream  function  for  the  same  ring.  Toroidal  co¬ 
ordinates  are  introduced  to  obtain  a  representation  of  the 
stream  function  as  a  sum  of  2  terms.  The  first  term  Is 
an  arc  cotangent  a  multivalued  quantity  which  displays 
the  cyclic  nature  of  the  stream  function;  the  second  term 
is  single-valued  and  vanishes  at  the  branch  point.  This 
latter  quantity  is  written  as  an  Integral  or  as  a  sum  of 
Legendre  functions.  The  solution  for  the  stream  function 
of  the  source  disk  is  represented  In  the  same  manner. 
New  representations  for  the  stream  function  for  a  vortex 
ring  to  the  potential  of  a  source  ring  are  presented.  The 
stream  function  for  a  source  disk  can  be  represented  as 
the  sum  of  the  stream  function  for  a  source  ring  and  a 
quantity  which  Is  related  to  the  potential  of  a  vortex 
ring.  The  analytical  character  of  all  of  these  functions 
is  exhibited. 


MDU.  09:031 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  FUNCTIONS  SUBHARMONIC  IN  A  HALF-SPACE,  by 
A.  Huber.  May  1955,  26p.  refs.  (Technical  note  no. 
BN- 53)  ([  AF  OSR- TN- 55- 155)  (AF  18(600)573) 

AD  06848  Unclassified 


Also  published  in  Trans.  Amer.  Math.  Soc. 
147-159,  1956. 


V.  82: 


A  study  is  presented  of  functions  which  are  subharmonic 
In  an  n-dimensional  half- space  and  whose  upper  limit  Is 
ncnposltive  at  ail  finite  boundary  points.  The  method 
used  is  based  upon  a  1:1  correspondence  between  these 
functions  and  a  class  of  functions  which  are  defined  and 
subharmonic  In  an  entire  (n  +  2)-dimenslonal  space  and 
possess  a  certain  type  of  symmetry.  (Contractor's 
abstract) 


MDU.  09:032 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  T11E  REFLECTION  PRINCIPLE  FOR  POLY¬ 
HARMONIC  FUNCTIONS,  by  A.  Huber.  Sept.  28,  1955. 
1 5p.  (Technical  note  no.  BN-01)  (AFOSK-TN- 55-  175A) 
(AF  18(000)573)  AD  73028  Unclassified 

Presented  at  Synq>os!um  on  Partial  Differential  Equa¬ 
tions.  California  U. ,  Berkeley,  June  20- July  1,  1955. 

Also  published  in  Trans.  Symposium  on  Partial  Differ¬ 
ential  Equations.  California  U. ,  Berkeley  (June  20- 
Juiy  1,  1955),  N.  Y. ,  Interscience  Publishers,  Inc., 
1955.  0.  173-180. 
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MDU.  09:033  -  MDU.  09:036 


Also  published  in  Communications  on  Pure  and  Appl. 
Math.  ,  v.  9:  471-478,  Aug.  1956. 


A  proof  Is  given  of  the  following  theorem:  suppose 
that  the  function  w(Xj,  . . . ,  xn)  Is  harmonic  of 
order  p  (p  Is  a  positive  integer)  In  a  region  G  In  n- 
dtmenslonal  space,  the  boundary  c:  wr.vtii  contains  an 
open  subset  S  of  the  hyperplane  Xj  =  0,  and  that 
w/x^  1  assumes  the  boundary  value  0  on  S;  then  w  can 


be  continued  analytically  across  S  Into  the  reflected 
domain  G*  by  the  relation  w(-Xj,x2, . . . ,  x^ 


P-1 

s 


('X1)P+K  k  /w(xl-  x2 


(kl)^ 


xn>  \ 


p-k 


As  an  application,  the  following  Phragmen-Ltndelof 
type  of  theorem  Is  obtained:  suppose  that  w(u)  Is 
harmonic  of  order  p  throughout  the  half- space  x,  >  0 
and  that  w/x^  assumes  the  boundary  value  0  on  Xj  = 
0,  then  w  -  o(  |xp)  Implies  ws  0. 


MDU.  63.03? 

Maryland  U.  Inst,  for  Piuid  Dynamic*  and  Applied 
Matliematlcs,  College  Park. 

UPPER  AND  LOWER  BOUNDS  FOR  EIGENVALUES  BY 
FINITE  DIFFER ENCE  METHODS,  by  H.  F. 
Weinberger.  Aug.  1955,  17p.  (Technical  note  no. 

BN- 56)  (f  AF 1OSR- TN-55-247)  (AF  lb(600)573) 

AD  093ei  Unclassified 

Presented  at  Symposium  on  Paruai  Deferential 
Equations,  California  U. ,  Berkeley,  June  20-  duly  1. 
1953. 

Also  published  In  Trans.  Symposium  on  Partial  Differ¬ 
ential  Equations,  California  V. .  Berkeley  (June  20- 
July  1,  1955).  N.  Y  ,  Intersflcr.ce  Publishers,  Inc., 
:»35,  p.  315-325. 

Also  published  in  Communications  on  Pure  and  Apn!. 
Math.,  v.  9:  613-623,  Aug.  1956. 

A  finite  difference  method  is  presenter  »mch  gives  a 
lower  bound  for  the  lowest  eigenvalue  of  the  membrane 
problem  for  any  plane  domain.  Under  certain  assump¬ 
tions  on  the  domain,  both  upper  and  lower  bounds  for 
this  eigenvalue  are  found  by  solving  a  single  finite 
difference  problem.  The  difference  hetween  the  bounds 
car.  be  estimated  a  priori  and  made  arbitrarily  small 
by  choosing  the  mesh  sire  sufficiently  small.  (Con¬ 
tractor's  abstract) 


MDU.  09:034 


Maryland  U.  lnsi.  for  Fluid  !*vrumics  and  Applied 
Mathematics,  College  Park 

THE  THICK  ELASTIC  SPHERICAL  SHU.t.  UNDER 
t'fiNCE.VTltATED  TORQUES,  by  1.  It.  Bramble.  July 


1955,  17p.  (Technical  note  no.  BN-54)  ([AFlOSR- 
TN-55-249)  (AF  18(600)573)  AD  69583  Unclassified 

In  this  study,  i.  thick  elastic  spherical  shell  subjected 
to  concentrated  torques  at  the  end  points  of  a  diameter 
la  considered.  It  is  proved  bhat  the  solution  is  deter¬ 
mined  uniquely,  and  an  explicit  expression  is  derived 
for  It.  Extensive  use  Is  made  of  the  fact  that  the  stress 
function  Is  closely  related  to  an  axially  symmetric 
harmonic  function,  defined  In  a  7-dlmensional  space. 


MDU.  09:035 

Maryland  U.  I  net.  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

SOME  RECENT  RESULTS  IN  UNEAR  PARTIAL 
DIFFERENTIAL  EQUATIONS,  by  J.  B.  Dial.  Sept. 
1955,  36p.  refs.  (Technical  note  no.  BN-55)  ([AF]- 
OSR-TN- 55-328)  (AF  18(600)573)  AD  73043 

Unclassified 

Also  published  in  Attl  del  Convegno  Internal,  sulle 
Fquazionl  alle  Derlvate  Parzlall  (Trieste),  Aug.  1954, 
p.  1-29. 

Studies  on  linear  partial  differential  equations  are 
reviewed  under  the  following  topics:  (1)  Rlemann’s 
method  and  generalization  of  the  Lagrange -Green 
identity:  (2)  2  methods  of  generating  solutions  of  linear 
partial  differential  equations  by  means  of  definite  Inte¬ 
grals:  (3)  a  transonic  approximation  relative  to  the  flow 
of  a  polytropic  gas;  (4)  the  singular  Cauchy  problem  for 
a  generalization  of  the  Euler- Poisson- Darboux  equation 
In  2  space  variables:  and  (5)  upper  and  lower  bounds 
for  quadratic  functionals.  (ASTIA  abstract) 


MDU.  09:036 

Maryland  V.  !r.e!.  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

SOME  RESULTS  ON  GENERAIJZED  AXIALLY  SYM¬ 
METRIC  POTENTIALS,  by  A.  Huber.  Oct.  1955.  15p. 
incl.  rels.  (Technical  note  no.  BN-58)  (fAF'OSR-TN- 
55-366)  (AF  >6(600)573)  AD  74510  Unclassified 

Also  published  in  Proc.  Conlerence  on  Differential 
Equations,  Maryland  U. ,  College  Park  (Mar.  17-19, 
1955),  1956,  p.  147-155. 


Some  properties  of  the  solutions  of  the  elliptic  partial 
dillereiitlal  equation  t,^ '  u  =  ^  0, 


1=  1 


where  k  a  real  constant,  are  discussed.  The  method  of 
generating  solutions  Is  given  by  2  principles.  (1)  Let  k 

be  a  positive  integer,  then  the  function  u(xj,  %2 . xn) 

defined  in  a  subregion  of  the  half  space  x„  >  0,  is  a 
solution  of  L^  u  C  if  and  only  11  the  function 

W  (  r  2 .  n«k)  -  v  V  I-  "*•  ’=  !• 
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'f  +  ...  +  F 
n  n+k 


^  Is  harmonic  In  the  corresponding 


domain  In  (n+k)  -dimensional  space.  (2)  If  u  Is  a  solu¬ 
tion  of  a  0  In  a  region  G  not  Intersecting  with 

k- 1 

-  0,  then  the  function  v  =  satisfies 


L^M  =  0  and  vice  versa. 


MDU.  09:037 


Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 


ON  THE  EULER- POISSON- DARBOUX  EQUATION, 
INTEGRAL  OPERATORS,  AND  THE  METHOD  OF 
DE6CENT,  by  J.  B.  Dlar.  and  G.  8.  S.  Ludford.  Nov. 
1953,  31p.  refs.  (Technical  note  no.  BN-64)  ([AF]- 
OSR-TN-55-411)  (Sponsored  jointly  by  Air  Force  Office 
of  Scientific  Research  under  AF  18(800)573  and  Office  of 
Ordnance  Research  under  DA-36- 034-ord- 1488) 

AD  77325  Unclassified 


Also  published  In  Proc.  Conference  on  Differential 
Equatlonc,  Maryland  U. ,  College  Park  (Mar.  17-19, 
1955),  1956,  p.  73-89. 


The  problem  of  determining  a  real  valued  function 


u(it, ....  xm,  t)  which  satisfies  the  Euler -Poisson - 


Darboux  equation  Au 


u(,  where  A  Is  the 


Laplaclan,  and  meets  the  lnlUal  conditions 


u;*l . V°l’  f(Xl . Xm):  V*1 . V°>  -  * 


with  f  a  giver  real  valued  function  defined  for  all  real 


values  of  *,.xm,  Is  explicitly  solved  for  all  values  of  t, 


with  -c>  <  t  <  ♦  o  .  An  application  of  LeRoux’s  Ideas 
Is  made  to  the  generation  of  solutions  of  the  canonical 
form  of  the  linear  hyperbolic  differential  equation  In  2 


Independent  variables:  L(u)  --  uXy  ♦  a(x,y)ux  ♦  b(x,y)Uy 


♦  c(x,  y)u  u.  The  method  of  descent  Is  applied  to  the 
solution  of  the  hclmhcltz  equation: 


H  (u)  «.  u  ♦  X  u  -  0,  where 
n'  n 


-,  and  \  =  a  real  constant.  (AST1A 


abstract) 


MDU.  09:038 


Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics.  College  Park. 


TWO  INEQUALITIES  FOR  EIGENVALUES  C  F  MEM 
DUANES,  by  L.  E.  Payne  and  II.  F.  Weinberger. 
Nov.  1955,  15; .  (Technical  note  no.  BN  65)  ( '  AF 
OSlt  TN  55  420  )  (AF  18(600)573)  .cD  77324 

Unclassified 


The  first  part  proves  the  following 


A 


MDU.  09:037  -  MDU.  09:040 


Inequality.  Let  R  be  an  N-dlmenslonal  region.  Let 
P2  be  the  second  (firBt  nonzero)  eigenvalue  of  the  prob¬ 
lem  cm  +  ^u  =  0  on  R  with  the  boundary  condition  <3u/^n 
=  0.  Let  uo  be  the  second  eigenvalue  for  the  same 
problem  In  the  N- sphere  of  the  same  N- volume  as  R. 
Then  p2  c  ;i2.  The  second  part  deals  with  the  problem 

tu  +  Xu  =  0  with  the  boundary  condition  cJu/^  +  ku  =  0, 
V.  >  0.  Lower  bounds  for  the  lowest  eigenvalue  of  this 
problem  on  a  2-  or  3-dlmenslonal  region  R  are  given 
In  terms  of  k,  and  the  maximum  length  of  line  segments 
In  R  parallel  to  the  coordinate  axes.  The  Inequalities 
become  equalities  for  rectangles  and  rectangular 
parallelopipeds.  Similar  lower  bounds  are  given  for  the 
second  eigenvalue  when  R  Is  symmetric  with  respect  to 
the  coordinate  axes  or  planes.  (Contractor’s  abstract) 


MDU.  09:039 


Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 


ON  A  CLASS  OF  PLANE  AND  AXIALLY  SYMMETRIC 
PROBLEMS  IN  ELASTICITY,  by  L.  E.  Payne.  Dec. 
1955,  41p.  refs.  (Technical  note  no.  BN-66) 

([  AFlOSR-TN-55-454)  (AF  18(600)573)  AD  79702 

Unclassified 


Presented  at  the  First  Indian  Congress  on  Theoretical 
and  Appl.  Mech.,  Kharagpur  (India),  Ncv.  3,  1955. 


Also  published  In  Proc.  First  Indian  Congress  on 
Theoretical  and  Appl.  Mech.,  1955,  p.  1-18. 


Plane  and  axially  symmetric  problems  are  studied  In 
which  certain  stresses  and/or  displacements  are  known 
either  on  the  boundary  of  a  semi- infinite  region  or  on 
the  2  boundaries  of  ar.  Infinite  strip.  Consideration  Is 
also  given  to  cases  In  which  isolated  singularities  act 
at  an  Interior  point  In  the  strip  or  seml-lnflnlte  medium. 
The  formulation  chosen  Is  a  decomposition  of  the  bl- 
harmonlc  function  which  reduces  the  problems  In 
question  to  classical  problems  In  potential  theory. 
(ASTIA  abstract) 


MDU.  09:040 


Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 


NEW  BOUNDS  IN  HARMONIC  AND  BIHARMONIC 
PROBLEMS,  by  L.  E.  Payne  and  H.  F.  Weinberger. 
1955  1 7  '  p.  refs.  !  AF  18(600)573  1  Unclassified 


Published  in  Jour.  Math,  and  Phys.  ,  v.  33:  2yl  307, 
Jan.  1955. 


The  purpose  of  this  paper  Is  to  give  a  method  for  obtain 
tng  arbitrarily  close  upper  and  lower  bounds  for  a  har¬ 
monic  function.  Its  gradient,  and  Its  Dtrlchlet  Integral 
when  the  boundary  values  of  the  function  or  Its  normal 
derivative  are  prescribed.  These  bounds  are  obtained 
by  means  of  a  harmonic  function  which  approximates 
Die  given  boundary  data.  (Contractor's  abstract, 
nullified) 
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MDU.  09:041 

Maryland  U.  Inst,  (or  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

THE  REFLECTION  PRINCIPLE  FOR  POLYHARMONIC 
FUNCTIONS,  by  A.  Huber.  [  1955]  [7  Ip.  (AF  18- 
(600)573)  Unclassified 

Published  In  Pacific  Jour.  Math.,  v.  5:  433-439, 

Sept.  1955. 

The  author  shows  that  If  w(x., . . . ,  x„)  satisfies  the 
D  1  n 

differential  equation  AKw  =  0  In  a  region  G  whose 
boundary  contains  an  open  subset  S  of  Xj  =  0  and  If 
w/  XjP' 1  assumes  the  boundary  value  0  on  S,  then  w 
may  be  continued  analytically  across  S  Into  the  reflection 
of  G.  (Math.  Rev.  abstract) 

MDU.  09:042 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 


In  a  previous  report,  a  correspondence  was  found 
between  the  representations  of  solutions  of  the  canonical 
form  of  the  linear  hyperbolic  differential  equation  In  2 
Independent  variables  which  have  been  given  by  S. 
Bergman  and  J.  Le  Roux.  This  correspondence  has  the 
disadvantage  that  to  regular  kernel  functions,  according 
to  Le  Roux,  there  may  correspond  singular  kernel 
functions  In  the  sense  of  Bergman.  T7ie  purpose  of  this 
study  is  to  give  a  second  correspondence  which  avoids 
this  difficulty.  (Contractor’s  abstract) 


MDU.  09:044 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  THE  ITERATED  WAVE  EQUATION,  by  D.  Krahn.  " 

May  1956,  29p.  (Technical  note  no.  BN- 73)  (AFOSK-  •  • 

TN- 56- 239)  (AF  18(600)573)  AD  88359  \  '• 

Unclassified 


Also  published  in  Nederl.  Akad.  Wetensch.  Proc. , 
lndag.  Math.,  Ser.  A,  v.  60:  492-505,  1957. 


PROOF  OF  AN  EXISTENCE  AND  UNIQUENESS 
THEOREM  OF  PICARD  FOR  A  NON  LINEAR  HYPER¬ 
BOLIC  PARTIAL  DIFFERENTIAL  EQUATION,  BY 
MEANS  OF  AN  ANALOGUE  OF  CAUCHY’S  POLYGON 
METHOD,  by  R.  H.  Moore.  Jan.  1956,  19p.  (Techni¬ 
cal  note  no.  BN  67)  (AFOSR  TN  56-41)  (AF  18(600)- 
573)  AD  80553  Unclassified 

Following  he  general  method  used  In  proving  the 
existence  and  uniqueness  of  the  solution  of  th-  Cauchy 
prob'  in  for  the  first  order  ordinary  differential  equa¬ 
tion  ns  of  Cauchy  polygons  of  approximation,  this 

stu  the  existence  and  uniqueness  of  the  solution 

of  .ill  ana.  us  boundary  value  problem  for  a  second 
order  hypei .  He  partial  differential  equation  by  means 
of  approximate  solutions  which  are  essentially  surfaces 
of  approximation.  As  In  the  method  for  the  ordinary 
equation,  a  set  of  convergence  Inequalities  Is  first 
obtained,  and  then  It  Is  shown,  by  means  of  these  In¬ 
equalities,  that  the  sequence  of  approximate  solutions 
defined  converges  uniformly  to  a  unique  solution  cf  the 
hyperbolic  equation.  (Contractor's  abstract) 


MDU.  09:043 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  THE  INTEGRATION  METHODS  OF  BERGMAN 
AND  LEltOUX.  by  J.  B.  Diaz  and  G.  S.  S.  Ludford. 
May  1956,  9p.  (Technical  note  no.  BN  69)  (AFOSR¬ 
TN  56  140)  (Sponsored  lotntty  by  Air  Force  Office  of 
Scientific  Research  under  AF  18(600)573)  and  Office 
of  Ordnance  Research  under  DA  36  034  ord  1486) 

AD  86017  Unclassified 

Alsojiubllshed  In  Quart.  Appl.  Math.,  v.  14:  428  432, 
Jan.  1957, 


A  theorem  on  the  decompositions  of  the  general  solution 
of  the  Iterated  wave  equation  is  established  In  terms  of 
solutions  of  the  Euler-Polsson-Darboux  equation.  A 
particular  decomposition  Is  then  chosen  to  solve  a 
Cauchy  problem  for  the  equation  L[J(w)  =  0,  where 


solution  of  the  equation  L^  (w)  =  0,  with  Initial  conditions 
on  the  boundary  t  0.  Application  of  essentially  the 
same  techniques  Is  briefly  shown  for  solution  of  the 
more  general  equation 

a>L 

at2 


*(■!&“) 


W  0.  (Con¬ 


tractor’s  abstract,  modified) 
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Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  SUBHARMONIC  FUNCTIONS  AND  DIFFERENTIAL 
GEOMETRY  IN  THE  LARGE,  by  A.  Huber.  May  1956, 
92p.  refs.  (Technical  note  no.  BN- 72)  (AFOSlt  TN- 
56-261)  (AF  18(600)573)  AD  88981  Unclassified 

Certain  problems  pertaining  to  differential  geometry  in 
the  large  are  treated  by  function  theoretical  methods. 
Theorems  of  S.  Cohn  Vossen  (Coinpositio  Math  .  v.  2: 
69  133,  1935),  F.  Flala  (Comment.  Math,  ltelv. ,  v.  13: 
293-346,  1940  41),  and  of  Ch.  Blanc  and  F.  Flala 
(Comment.  Math,  ltelv.,  v.  14:  230  233,  1941-42)  are 
proved  in  new  ways  and  generalized.  Results  on 
analytic  functions  and  differentials  are  Implied.  (Con 
tractor's  abstract) 
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Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

INEQUALITIES  FOR  EIGENVALUES  OF  SUPPORTED 
AND  FREE  PLATES,  by  L.  E.  Payne.  June  1956, 

25p.  refs.  (Technical  note  no.  BN-75)  (AFOSR-TN- 
55-281)  (AF  18(600)573)  AD  89491  Unclassified 

The  eigenvalues  In  the  vibration  and  buckling  problems 
for  a  supported  or  free  plate  were  bounded  In  terms 
of  the  eigenvalues  In  the  corresponding  fixed  or  free 
membrane  problems.  Eigenvalues  of  the  fixed  mem¬ 
brane  are  monotone  with  region,  while  those  for  the 
plate  problems  considered  are  not.  Under  certain 
symmetry  conditions,  one  can  obtain  a  lower  bound 
for  the  first  nonzero  eigenvalue  In  the  free  membrane 
problem  which  Involves  only  the  geometry  of  the 
region.  There  are  also  Inequalities  which  Involve  the 
geometry  of  the  plate  and  the  eigenvalues  of  membranes 
having  the  same  shape  as  that  of  the  plate. 

MDU.  09:047 

Maryland  U.  Inst,  fnr  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

UPPER  AND  LOWER  BOUNDS  FOR  EIGENVALUES, 
by  J.  B.  Diaz.  June  1956,  47p.  refs.  (Technical 
note  no.  BN-74)  (r  AF  :OSR- TN- 56-283)  (AF  18(600)- 
573)  AD  89493  Unclassified 

Published  in  Proc.  Symposia  In  Appl.  Math,  of  the 
Amer.  Math.  Soc.,  Chicago,  U. ,  111.  (Apr.  12-13, 
1956),  New  York,  McGraw- 11111  Book  Co.  ,  Inc., 

Vol.  Vin,  Calculus  of  Variations  and  Applications, 

1958,  p.  53-78. 

An  account  is  given  of  the  underlying  Ideas  of  the 
Raleigh- Ritz  and  the  Wetr.stetn  methods  for  the 
approximation  of  upper  bounds  and  lower  bounds  of 
eigenvalues,  respectively.  For  definiteness,  attention 
has  been  focussed  on  a  particular  differential  problem, 
that  of  a  vibrating  clamped  plate  which  was  originally 
utilized  by  Weinstein  (Memorial  des  Sciences 
Math^matlques,  v.  88,  1937)  In  developing  his  method. 

In  addition,  almost  all  of  the  relevant  differentiability 
ty]ir.theses  required  of  the  "arbitrary’'  functions 
occurring  In  the  discussion  have  been  omitted.  The 
eigenvalues  are  supposed  to  be  defined  by  means  of 
certain  variational  problems,  and  the  question  of  the 
equivalence  between  these  problems  and  the  corre 
spending  differential  problems  l?  not  analyzed.  The 
variational  problems  are  used  in  Section  2  as  a  basis 
for  all  later  considerations.  In  Section  3,  the  Raleigh 
It  it  x  method  Is  cnnsldered.  and  in  Section  4,  the 
Weinstein  method  Is  treated. 

MDU.  09:048 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  SINGULAR  AND  REGULAR  CAUCI'.Y  PROBLEMS, 


MDU.  09:046  -  MDU.  09:050 


by  J.  B.  Diaz.  July  1956,  14p.  refs.  (Technical 
note  no.  BN- 79)  (AFOSR-TN- 56-354)  (AF  18(600)573) 
AD  95440  Unclassified 

Presented  at  Symposium  on  Partial  Differential 
Equations,  California  U.  ,  Berkeley,  June  20-July  1, 
1955. 

Also  published  in  Trans.  Symposium  on  Partial  Differ¬ 
ential  Equations,  California  U. ,  Berkeley  (June  20- 
July  1,  1955),  N.  Y. ,  Interscience  Publishers,  Inc., 
1955,  p.  85-92. 

Also  published  In  Cnmmunicatlons  on  Pure  and  Appl. 
Math.,  v.  9:  383-390,  Aug.  1956. 

le 

The  partial  differential  equation  i-u  =  u{{  +  -^u,,  with 

u  *  u(Xj,  .  . . ,  xm,  t)  L  ,  aL  a? _  and  k  a 

^X1  Jxm 

parameter  is  known  as  the  Euler- Poisson- Darboux 
equation.  The  singular  and  regular  Cauchy  problems 
being  investigated  (Initial  conditions  or  the  singular 
plane  t  -  0^  and  the  regular  plane  t  =  t  >  0)  at 

Maryland  were  presented  at  the  Conference  in  Differ¬ 
ential  Equations  held  at  the  University  of  California  at 
Berkeley,  June  1955.  Miss  R.  M.  Davis  has  shewn 
that,  for  k  <.  0,  the  solution  of  the  regular  Cauchy 
problem  cannot  be  expected  to  approach  a  solution  of  a 
corresponding  singular  Cauchy  prohlem  as  tQ  ap¬ 
proaches  zero. 

MDU.  09:049 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

SUDHARMONIC  FUNCTIONS  AND  GENERALIZED 
TRICOMI  EQUATIONS,  by  A.  Weinstein.  Nov.  1956, 
22p.  refs.  (Technical  note  no.  BN- 88)  (AFOSR-TN- SC- 
574)  (AF  18(600)573)  AD  110390  Unclassified 

The  solutinn  of  a  singular  Cauchy  problem  for  Uie 
hyperbolic  Euler- Poisson- Darboux  equation  with  non- 
negative  index  develops  the  mean  value  of  a  sufficiently 
smooth  function.  Certain  dlflerentiabiUly  assumptions 
are  made  fnr  dealing  with  hyperbolic  partial  differ¬ 
ential  equations.  Less  smooth  functions  are  not  con 
sldered.  The  results  are  gained  by  the  transformation 
of  the  Euler- Poisson -Darboux  equation  Into  a  gener 
allzed  Tricorn!  equation  In  several  variables. 


MDU.  09:050 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  THE  GENERALIZED  RADIATION  PROBLEM  OF 
A  WEINSTEIN,  by  H.  M.  Lieberstein.  Nov  1956. 
92p.  lncl.  diagrs.  refs.  (Technical  note  no.  BN-87) 
(AFOSR-TN- 56- 594)  (AF  18(600)573) 

AD  115021  Unclassified 
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The  two-dimensional  Euler-Polsson- Darboux  equation 

is  studied  for  solutions  u  ^  for  all  - oo  <  k  <  1 .  The 

solutions  u  ^  =  u  t  k/yu  are  con - 
xx  yy  '  ’  y 

structed  so  that  u^k(x,0)  =  f(x),  u^(x,  x)  =  g  (x) 
where  f  and  g  are  given  functions  with  a  specified 
number  of  continuous  derivatives  or.  the  closed  interval 
[  0,  al ,  a  >  0,  and  another  specified  number  of  vanish¬ 
ing  derivatives  at  the  origin,  both  numbers  depending 
on  k.  Solutions  are  constructed  with  two  or  more 
continuous  derivatives  on  the  characteristic  line  y  =  x, 
and  uniqueness  does  not  demand  the  presence  of  outer 
derivatives  on  the  singular  line  y  =  0,  The  necessary 
techniques  and  several  radiation  problem  applications 
are  considered  and  elaborated  upon. 


MDU.  09:051 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

AN  ISOPERIMETRIC  INEQUALITY  FOR  THE  N- 
DIMENSIONAL  FREE  MEMBRANE  PROBLEM,  by 
H.  F.  Weinberger.  [  19561  [4]p.  [  AF  18(600)573 1 

Unclassified 

Published  in  Jour.  Rational  Mech.  and  Analysis,  v.  5: 
633-636,  July  1956. 

The  eigenvalue  problem  cu  t  nu=  0  in  R,  4^  =  0  on  R 

a  n 

is  examined  for  R,  a  region  in  N-dimensional  Euclidean 
space.  With  eigenvalues  arranged  in  non-decreasing 
order,  Hj  1  . . . ,  u  =  0  lnd  corresponding 

eigenfunction  is  u  =  constant.  The  first  eigenvalue  of 
interest.  u«,  is  found  to  attain  maximum  value  on  the 

N- sphere  among  all  N-dimenslonal  domains  R  of  given 
N-  volume. 


Isoperlmetrlc  inequalities,  which  Include  any  Inequality 
connecting  two  or  more  physical  quantities  associated 
with  the  same  region,  are  derived  for  the  eigenvalues 
of  certain  classical  plate  and  membrane  problems 
where  the  displacement  is  considered  to  satisfy  a 
certain  differential  equation  in  a  plane  domain  D  with 
boundary  C  in  the  x,  y-plane.  The  problem  of  Stekloff 
is  then  considered  in  an  infinite  three-dimensional 
region  D*  which  lies  exterior  to  the  closed  surface  C*; 
isoperlmetrlc  Inequalities  are  obtained  for  the  first  and 
second  eigenvalues.  Inequalities  fur  certain  oilier 
physical  quantities  are  derived  in  order  to  establish 
some  of  the  eigenvalue  relationships  obtained.  The 
eigenvalue  problems  considered  Include  (1)  Au  +  Xu  = 
u  in  D,  u  =  u  on  C,  the  classical  membrane  problem, 

(2)  o2w  +  AAw  =  0  in  D,  w  =  =  0  on  C,  as  well  as 

(3)  A2£  ♦  ♦  bC  =  0  in  D,  (b=  const.  >0),  C  =  4^  = 

a  n 

0  on  C,  buckling  problem  for  a  clamped  plate; 

(4)  A2,  -n<f  --  OlnD,  <1  =  ^  =  0  on  C,  as  well  as 

(5)  A2!/  -  aA<k  -  r*  =  0  in  D  (a  const.  >0),  ;  =  4-  =  0 

dn 

on  C,  both  vibration  problem*  for  a  clamped  plate;  and 

(6)  Ax  =  0  in  D,  ^2  =  k  onC',  x=  OfR'1)  as  R  ->  Uj, 

the  Stekloff  problem,  A  denotes  the  Laplace  operator, 

U  denotes  ttie  oqlward  normal  from  D  (or  D*)  on  C 
(or  C*),  R2  =  x2  +  y2  +  z2.  and  X,  A,  fl,  T,  u,  and  k 
are  constants  (eigenvalues)  to  be  determined. 


MDU.  09:053 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  THE  RATIO  OF  CONSECUTIVE  EIGENVALUES,  by 
L.  E.  Payne,  G.  P6lya.  and  H.  F.  Weinberger. 

[  1956  1  f  10’ p.  (Sponsored  jointly  by  Office  of  Naval 
Research  and  Air  Force  Office  of  Scientific  Research 
under  r  AF  18(600)573’  Unclassified 


MDU.  09:052 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics.  College  Park. 

NEW  ISOPERIMETRIC  INEQUALITIES  FOR  EIGEN¬ 
VALUES  AND  OTHER  PHYSICAL  QUANTITIES,  by 
L.  E.  Payne.  [1956’  [12  V  tncl.  refs.  (AF  18(600) - 
573)  Unclassified 

Presented  at  Symposium  on  Partial  Differential 
Equations,  California  U. ,  Berkeley,  June  20-July  i, 
1955. 

Published  In  Trans.  Symposium  on  Partial  Differential 
Equations,  California  U. ,  Berkeley  (June  20-July  1, 
1955),  N.  Y. .  Interscience  Publishers,  Inc.,  1955, 
p.  233  244. 


Published  In  Jour.  Math,  and  Phvs. ,  v.  35:  289-398, 
Oct.  ’956. 


The  eigenvalues  considered  are  those  in  the  three 
problems  for  a  two-dimensional  domain  D  with  boundary 
C,  and 

uu  +  Xu  =  0  in  D,  u  -  0  on  C, 

AuU  -  uu  =  0  in  D,  u  =  iu/ dn  =  0  on  C, 
t.uu  +  voiu  =  0  in  D,  u  =  du/dn  =  0  on  C. 

Let  X  .  ,:n ,  vn  be  Die  eigenvalues  in  these  problems 
respectively.  It  is  proved  that 


nil 


Xn  *  J(’  l  ♦ 


'  ) '  n, 
ir 


*  ru  1 

so  that 


n*l 


•„  +  8(;‘l  +  •••  ♦  un)/n’ 

3\  ,  i.  ,  ■  9u  .  The  method  (selection 
n  n*l  *  n 


i  Communications  on  Pure  and  Appl. 
v.  9:  531-542,  Aug.  1956. 


Math.  , 


of  appropriate  trial- functions)  is  not  so  successful  for 
(3),  in  which  it  is  proved  only  that  v«  <  3v  j.  A  proof 
of  '  2  ♦  j  •_  6 '  is  also  sketched  (Math.  Rev. 

abstract) 
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MDU.  10:001 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

THE  STRUCTURE  OF  TURBULENCE,  by  T. 

Theodor  sen.  May  1954,  18p.  lllus.  dlagrs.  (Techni¬ 
cal  note  no.  BN-31)  ([  AF  ]OSR-TN-54- 131)  (AF  18- 
(000)893)  AD  33853  Unclaesifled 

The  theory  of  turbulence  Is  based  oa  the  existence 
of  a  unique  and  universal  turbulent  structure  previously 
Introduced.  The  theory  prescribe*  the  existence  of  an 
oriented  array  of  bent-vortex  formations  which  are 
arranged  so  that  work  is  continually  transferred  from 
the  main  flow  to  the  primary  disturbance,  and  from 
this  primary  structure  to  an  external  array  of  second¬ 
ary  structures.  The  process  continues  until  the 
smallest  existing  subdivision  Is  reached.  The  char¬ 
acteristic  structure  is  referred  to  as  the  horseshoe. 
Each  horseshoe  Is  attached  to  one  of  the  preceding 
order  in  such  a  way  as  to  exert  the  greatest  energy 
extraction  so  that  a  number  of  horseshoes  is  created 
at  the  expense  of  the  energy  contained  in  the  larger 
order  horseshoe.  The  theory  Is  neither  homogeneous 
nor  Isotropic  because  of  the  oriented  structures,  and 
it  Is  considered  probable  that  real  turbulence  is 
associated  with  a  shear  force  and  vice  versa.  The 
treatment  Is  restricted  to  shear  turbulence  in  hill 
equilibrium.  Experimental  verification  has  been  ob¬ 
tained  by  other  researchers  on  the  physical  appearance 
of  the  proposed  turbulent  structure. 


MDU.  10:003 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

DISCRETE  VORTICES  IN  THE  TRANSITION  RANGE 
OF  FLOW  IN  A  PIPE,  by  J.  R.  Weske.  Feb.  1955, 
Up.  lllus.  dlagrs.  refs.  (Technical  note  no.  BN-47) 

(f  AF]OSR  TN-55-37)  (AF  18(000)893)  AD  54115 

Unclassified 

Experimental  results  are  presented  of  the  action  of 
S-dlmenslonal  discrete  vortices  of  the  Theodorsen- 
horseshoe- vortex  type  on  the  flow  In  a  0-ln.  -Id,  OB-ft 
long  straight  tube.  The  How,  though  distorted  by  the 
vortices,  remained  laminar  around  the  vortex  fila¬ 
ments  and  throughout  their  core  up  to  Re  =  4000.  The 
vortex  motion  Itself  appeared  to  be  stable  and  ulti¬ 
mately  died  down  under  the  effect  of  viscosity.  The 
travel  of  vortex  centers  normal  to  the  direction  of 
mean  flow  Is  regarded  as  being  the  most  significant 
feature  of  the  motion.  Discussions  are  given  of  the 
Magnus  effect,  momentum  drag,  effects  near  the  roots 
of  the  horseshoe  vortices,  effects  in  plan  view  of 
the  vortex  filament,  and  viscous  effects.  The  ob¬ 
served  behavior  of  horseshoe  vortices  stretched  In 
a  shear  flow  may  be  explained  by  the  relative  motion 
between  the  vor*-  ■  and  the  ambient  fluid  which  Is 
caused  by  the  Magnus  effect  and  momentum  transfer. 


MDU.  10:001  -  MIXJ.  10:005 


MDU.  10:003 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

THE  EFFECT  OF  STRETCHING  OF  A  VORTEX  CORE, 
by  J.  R.  Weske.  Aug.  1955  [30lp.  inti.  iDos.  dlagrs. 
(Technical  note  no.  BN- 57}  ([  AFlOSR-TN-55-383) 

(AF  18(600)093)  AD  71370  Unclassified 

The  investigation  concerns  the  core  of  a  straight 
vortex  which  is  simplified  by  assuming  that  It  extends 
to  a  definite  radius  within  which  the  rotation  is  constant. 
The  vortex  field  surrounding  the  core  Is  Irrotattonal, 
and  the  effects  of  viscous  action  and  of  compressibility 
between  the  Initial  and  final  states  are  disregarded.  The 
results  show  that  backflow  occurs  in  the  cor*  as  the 
stretching  exceed*  a  certain  value.  The  resulting  flow 
in  an  annular  region  close  to  the  center  of  the  core  be¬ 
comes  radially  unstable.  Experimental  evidence  Is 
presented  to  show  that  the  backflow  actually  occurs. 
(ASTI A  abstract) 


MDU.  10:004 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

EXPLANATION  OF  THE  OCCURRENCE  OF  A  LIFT- 
FORCE  ON  AN  OBJECT  PLACED  IN  VORTEX,  by  D. 

F.  Gates,  f  Mar.  31,  19551  5p.  lllus.  (AF  18(800)B93) 

Unclassified 

An  experiment  was  conducted  on  reproducing  a  vortex 
In  a  cylindrical  bottle  by  means  of  water  jets  directed 
tangentially  along  the  bottle  wall.  A  golf  ball  of  density 
greater  than  water  Is  supported  nesr  the  vortex  mid¬ 
point  of  the  vortex  axis.  A  guide  wire  attached  to  the 
ball  Is  Inserted  tn  a  vertical  tube  allowing  the  ball  to 
move  axially  upward  but  preventing  radial  motion. 

From  the  pressure  relationships  In  the  vortex  and  the 
axial  variation  of  the  core  radius,  an  axial  static  pres¬ 
sure  gradient  was  established.  From  the  pressure 
relationships  tn  the  vortex  and  the  axial  variation  of 
the  core  radius,  the  presence  of  an  axial  static  pres¬ 
sure  gradient  was  established,  if  a  solid  body  Is 
placed  In  a  region  of  the  vortex  In  which  this  axial  pres¬ 
sure  gradient  exists,  a  pressure  force  Is  exerted  upon 
the  body  In  the  direction  of  lower  pressure.  If  the  core 
radius  below  the  object  Is  larger  than  the  above,  then 
there  Is  an  upward  force  or  "  lift.  "  The  existence  of 
a  lift  force  Is  thus  explained.  (Contractor's  abstract) 


MDU.  10:005 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics.  College  Park. 

A  METHOD  FOR  THE  MEASUREMENT  OF  THE  FLOW 
OF  AIR  BY  MEANS  OF  SERIES  OF  ELECTRIC  SPARKS, 
by  H.  J.  Domelburg.  Feb.  1955  [39  ip.  lncl.  lllus. 
dlagrs.  (Technical  note  no.  BN-08)  ( [  AF1OSR-TN- 56- 
36)  (AF  18(500)893)  AD  80549  Unclassified 
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MDU.  10:006  -  MDU.  11:004 


A  technique  has  been  developed  In  which  aeries  of 
electric  sparks  of  low  current  are  used  to  reader  visi¬ 
ble  the  flow  of  air.  Sparks  traversing  the  air  at  very 
high  frequency  produce  visible  successive-displace¬ 
ment  profiles,  photographic  records  of  which  furnish 
detailed  information.  The  method  is  applicable  to  both 
subsonic  and  supersonic  flow.  The  technique  has  been 
Investigated  In  detail.  Its  merits  and  limitations  are 
compared  with  other  methods.  Photographs  are  pre¬ 
sented  to  Illustrate  possible  applications.  (Con¬ 
tractor's  abstract) 


MDU.  10:006 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

THE  EFFECT  OF  STRETCHING  OF  A  VORTEX- 
CORE,  by  J.  M.  Burgers.  Aug.  1956,  22p.  ind. 
dlagr.  (Technical  note  no.  BN-80)  (AFOSH-TN-56- 
376)  (AF  18(600)893)  AD  95812  Unclassified 

General  relations  are  established  for  axially  symmetri¬ 
cal  nonvlscoue,  rotational  flows  between  converging 
or  diverging  meridional  streamlines  when  Initially 
the  axlai  velocity  Is  constant,  the  radial  velocity  zero 
and  the  radial  distribution  of  peripheral  velocity  is 
known.  The  equations  are  solved  in  detail  for  numeri¬ 
cal  evaluation  for  the  particular  case  of  a  vortex  core 
with  solid  body  rotation,  either  contained  In  a  duct  or 
surrounded  by  a  potential  vortex.  A  theoretical  treat¬ 
ment  ts  giver  the  problem  of  stability  connected  with 
this  type  of  flow.  (Contractor's  abstract) 


MDU.  11:001 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

LAMINAR  FLOW  OF  AN  ELECTRICALLY  CONDUCT 
1NG  INCOMPRESSIBLE  FLUID  IN  A  CIRCULAR  PIPE, 
by  S.  1.  Pal.  1954  ,  2p.  tncl.  diagrs,  ([AFlOSR-TN- 
54-93)  (AF  18(600)993)  Unclassified 

Published  In  Jour.  Appl.  Phys. ,  v.  25:  1205-1207, 

Sept.  1954. 

As  an  aid  In  understanding  magnetohydrodynamics, 
the  exact  solution  of  the  steady  laminar  flow  of  an 
electrically  conducting,  viscous  and  Incompressible 
fluid  in  a  circular  pipe  under  an  external  radial  mag¬ 
netic  Is  presented.  Three  typical  velocity  distributions 
for  laminar  steady  flow  In  a  circular  pipe  under  the 
Influence  of  different  strength  magnetic  fields  are 
plotted. 

MDU.  11:002 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

HYPERSONIC  VISCOUS  FLOW  OVER  AN  INSULATED 
WEDGE  AT  AN  ANGLE  OF  ATTACK,  by  S  1.  Pal. 


Oct  1954,  lip.  dl-igrs.  (Technical  note  no.  BN-42) 

([  AF]OSR-TN-54-321)  (AF  18(600)993)  AD47552 

Unclassified 

Previous  work  by  Pal  (Jour.  Aeronaut.  Sciences,  v.  20: 
502-504,  July  1953)  Is  extended  by  a  detailed  calculation 
of  the  hypersonic  viscous  flow  over  an  Insulated  wedge 
at  an  angle  of  attack  by  a  generalized  von  Kirmin  inte¬ 
gral  method  for  the  boundary- layer  equations  of  a  com¬ 
pressible  fluid.  Both  the  Interactions  of  the  shock  wave 
and  of  the  expansion  wave  with  boundary- layer  flow  over 
the  wedge  are  Investigated  In  the  strong  Interaction 
region.  The  results  are  combined  to  give  the  over- all 
effects  on  the  skin  friction  and  the  pressure  distribution 
of  the  wedge.  Consideration  is  given  only  to  those  cases 
where  the  shock  Is  attached  to  the  wedge.  The  analysis 
shows  that  the  Interaction  phenomenon  Increases  both 
the  pressure  om  the  surface  of  the  wedge  and  the  skin 
friction  of  the  wedge. 


MDU.  11:003 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

MAGNETOHYDRODYNAMICS  AND  MAGNETO- 
GASDYNAMICS,  by  S.  1.  Pal.  Sept.  1955,  33p.  refs. 
(Technical  note  no.  BN-59)  ([  AFlOSR-TN-55-347) 

(AF  18(600)993)  AD  74432  Unclassified 

The  fundamental  equations  of  magnetoflulddynamlcs  are 
derived.  For  Incompressible  fluid  magnetohydrody¬ 
namics,  the  Important  parameters  are  the  Reynolds 
number  Re,  the  magnetic  pressure  number  Rjj,  which 
Is  the  ratio  of  magnetic  pressure  to  dynamic  pressure, 
and  the  velocity  number  Ry,  which  Is  the  ratio  of  the 
fluid  velocity  to  the  characteristic  velocity  of  which  the 
magnetic  field  Is  moving  through  a  conductor.  Some 
exact  solutions  and  properties  of  the  equations  of  mag¬ 
netohydrodynamics  are  given.  Stability  of  laminar  flow 
and  turbulence  In  magnetoliydrodynamlcs  are  briefly 
reviewed.  Finally,  some  magnetohydrodynamlc  experi¬ 
ments  are  described.  For  compressible  fluid,  magneto- 
gasdynamlcs,  the  Important  parameters  are  still  Re> 

Rjj  and  Ry  plus  other  well  known  parameters  of  ordin¬ 
ary  gas  dynamics  such  as  Mach  number,  Prandtl  num¬ 
ber  and  ratio  of  specific  heats.  Both  the  waves  of  small 
amplitude,  Alfven's  waves  In  compressible  fluid,  and 
shock  waves  In  magnetogasdynamlcs  are  discussed. 
(Contractor's  abstract) 


MDU.  11:004 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  THE  SIMILARITY  SOLUTION  OF  LAMINAR 
DOUNDARY  LAYER  WITH  HYPERSONIC  VARIABLE 
FREE  STREAM,  by  S,  F.-Shen.  Oct.  1955,  18p.  lncl. 
refs.  (Technical  note  no.  BN-60)  ( \  AF  'OSR- TN-55- 
362)  (AF  18(600)993)  AD  76253  Unclassified 

For  arbitrary  Prandtl  number  and  the  power  Index  of 
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the  viscosity- temperature  relation,  certain  "similar 
solutions"  o f  the  boundary- layer  equations  are  shown 
to  exist,  provided  that  errors  of  the  order  0(Mj‘*) 
may  be  tolerated,  Mj  being  the  Mach  number  at  the 
outer  edge  of  the  boundary  layer.  The  admissible 
pressure  gradients  are  of  the  same  types  as  those  for 
the  "similar  solutions”  of  incompressible  boundary 
layers.  Application  to  the  "strong- Interaction"  prob¬ 
lem  of  a  flat  plate  In  a  hypersonic  stream  is  discussed. 
(Contractor's  abstract) 


MDU.  11:005 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

LAMINAR  JET  MIXING  OF  TWO  COMPRESSIBLE 
FLUIDS,  by  S.  I.  Pal.  OcL  1955  [30]p.  lncl.  lllas. 
diagrs.  (Technical  note  no.  BN-63)  ((AF]OSR-TN- 
55-406)  (AF  18(600)993)  AD  79701  Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  33: 
1012-1018,  Nov.  1956. 

This  study  Is  concerned  with  a  steady  2-dlmenslonal 
laminar  flow  of  a  jet  of  a  combustible  gas  mixture 
which  is  Injected  Into  and  mixed  with  a  uniform  stream 
of  another  gas  which  Is  the  combustion  product  of  the 
combustible  mixture.  The  problem  involves  5  un¬ 
knowns  (temperature,  density,  concentration,  and  3 
velocity  components)  which  are  related  through  5 
equations:  the  equations  of  state,  continuity,  diffusion, 
motion,  ami  energy.  Detailed  discussions  are  given  of 
the  following  special  cases:  (1)  jel  mixing  of  a  com¬ 
pressible  fluid  In  which  the  concentration  Is  a  constant; 
(2)  Isothermal  jet  mixing  of  3  compressible  fluids  In 
which  2  gases  mix  at  a  low  Mach  number  without  a 
chemical  reaction;  and  (3)  isovel  Jet  mixing  in  which  2 
streams  of  different  gases  of  the  same  velocity  but 
different  temperature  mix. 


MDU.  11:006 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

INSTRUMENT  TO  STUDY  RELAXATION  RATES 
BEHIND  SHOCK  WAVES,  by  E.  L.  Resler,  Jr.  and 
M.  Scheibe.  f  1955 1  [7'p.  lncl.  Ulus,  diagrs. 
f  AF  18(600)993  1  Unclassified 

Published  In  Jour.  Acnust.  Soc.  Amer. ,  v.  27:  932- 
938,  Sept.  1955. 

An  Instrument  Is  described  which  combines  the 
schlieren  technique,  a  photomultiplier  tube  and  an 
oscilloscope  in  a  manner  that  enables  one  to  measure 
the  density  distribution  behind  shock  waves  (in  gases) 
produced  in  a  shock  tube.  From  lhese  measured  dis¬ 
tributions  one  can  determine  the  way  in  which  the 
gas  or  gases  relax  to  equilibrium  and  the  time  il  takes 
to  reach  equilibrium  after  the  gas's  enthalpy  Is  In¬ 
creased  suddenly  a  calculable  amount  in  passing 


MDU.  11:005  -  MDU.  11:008 


through  the  shock  wave.  The  theory  of  the  instrument 
Is  discussed  and  its  predicted  performance  verified 
experimentally  by  measuring  vibrational  heat  capacity 
relaxation  times  behind  shock  waves  in  0O2  containing 
water  vapor.  The  Instrument  In  the  reported  tests 
demonstrated  a  sensitivity  sufficient  to  record  a  change 
in  atmospheric  density  of  1/  2%  over  1-mm  distance 
and  a  space  resolution  of  the  density  In  the  shock  tube 
of  1/ 10  mm  corresponding  to  times  of  the  order  of 
1/10  usee.  (Contractor's  abstract) 


MDU.  11:007 

Maryland  U.  last,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  RELAXATION  EFFECTS  IN  SHOCK  WAVES  IN 
GASES,  by  P.  E.  Stepanov,  tr.  by  B.  [  B.  ]  Cary. 

July  1956  [  19]p.  Inch  diagrs.  (Technical  note  no. 

BN- 79)  (AFOSIi  TN-56- 309)  (Trans,  of  Zhtrr.  Eksper. 
TeoretUheskol  FlxHd,  v.  17:  377-385,  1947)  (AF  18- 
(600)993)  AD  94S43  Unclassified 

The  possibility  of  using  a  shock  wave  for  the  investiga¬ 
tion  of  the  rate  of  the  redistribution  of  energy  between 
translational  and  rotational  degrees  of  freedom  is 
analyzed  in  the  instance  of  a  shock  wave  In  where  the 
usual  ultracoustic  method  becomes  Impracticable  owing 
to  the  slowness  of  the  corresponding  relaxation  time, 
10~7  sec,  and  the  necessity  of  resorting  to  very  high 
frequencies.  The  shock  wave  is  composed  of  2  regions, 
one  of  a  width  corresponding  to  lhe  gas- kinetic  time  of 
free  path,  being  the  seal  of  redistribution  of  energy 
among  the  translational  degrees  of  freedom,  the  other, 
being  the  scene  of  passage  of  energy  from  translational 
to  rotational  degrees  of  freedom,  of  a  width  correspond¬ 
ing  to  the  time  lag  of  that  passage.  Formulas  are  de¬ 
rived  for  the  structure  of  a  shock  wave  with  relaxation 
permitting  calculation  of  the  translational- rotational 
relaxation  time  from  the  width  of  the  2nd  region  and  the 
pressure  increase  therein.  These  determinations  will 
give  the  heal  capacity  of  the  rotational  degrees  of 
freedom. 


MDU.  11:008 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

SHOCK  WAVES  IN  A  RELAXING  MEDIUM,  by  S.  P. 
D'lakov,  tr.  by  B.  [  B.  1  Cary.  July  1956  f  15  ]  p.  lncl. 
diagrs.  (Technical  note  no.  BN- 77)  (AFOSR- TN- 56- 
378)  (Trans,  of  Zhur.  Eksper.  Teoretichcskoi  Flzlld, 
V.  27:  728,  Dec.  1954)  (AF  18(600)993)  AD  95814 

Unclassified 

The  possibility  of  the  existence  of  shock  waves  In  a  re¬ 
laxing  medium  in  which  the  process  of  relaxation  Is 
accompanied  by  a  decrease  In  pressure  was  presented. 
A  concrete  example  was  given  of  a  medium  in  which 
shock  waves  of  such  a  type  are  posslhle.  An  analytical 
examination  was  made  of  weak  shocks  In  a  relaxing 
medium. 
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MDU.  11:009 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

CONCERNING  THE  STTABIUTY  OF  SIOCK  WAVES, 
by  S.  P.  D’lakov,  tr.  by  B.  [B.  1  Cary.  Aug.  1956 
[14lp.  lncl.  diagrs.  table.  (Rept.  no.  BN- 68) 
(AFOSR-TN- 56-406)  (Trans,  of  Zhur.  Eksper. 
Teoretlcheskol  Flzlkl,  v.  27:  288-295,  1954)  (AF  18- 
(600)993)  AD  96214  Unclassified 

In  this  translation,  the  problem  of  the  stability  of 
shock  waves  In  an  arbitrary  medium  has  been  exam¬ 
ined.  Conditions  for  the  Instability  of  shock  waves  are 
found,  which  If  satisfied,  result  In  an  exponential 
growth  of  the  disturbances  with  time.  The  original 
phenomenon  discovered  is  the  spontaneous  radiation 
of  sound  by  the  shock  wave;  conditions  which  determine 
the  possibility  of  Us  occurrence  are  considered. 
Examples  are  given  of  the  shapes  of  Hugonlot  adiabatic  s 
in  which  It  Is  possible  for  the  conditions  of  Instability 
and  spontaneous  radiation  of  sound  to  be  fulfilled.  It 
Is  shown  in  which  media  the  fulfillment  of  these  condi¬ 
tions  Is  to  be  expected. 


MDU.  11:010 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

ON  EXACT  SOLUTIONS  OF  ONE  DIMENSIONAL 
FLOW  EQUATIONS  OF  MAGNETOGASDYNAM1CS,  by 
S.  1.  Pal.  Sept.  1956  [14]p.  lncl.  diagrs.  (Technical 
note  no.  BN-82)  (AFOSR-TN- 56-4 86)  (AF  18(600)993) 
AD  97370  Unclassified 

Also  published  In  Proc.  Amer.  Math.  Soc. ,  v.  8:  834- 
840,  Oct.  1957. 

Also  published  In  Proc.  Ninth  International  Congress 
of  Appl.  Mech. ,  Brussels  (Belgium)  (Sept.  5-13, 

1956),  v.  3:  17-25,  1957. 

The  magnetogasdynamlc  equations  describing  the 
steady,  one-dimension' flow  of  a  viscous,  heat  con¬ 
ducting,  electrically  conducting  and  compressible  gas 
under  planar  magnetic  field  perpendicular  to  the  veloc¬ 
ity  vector  are  treated.  The  generalized  Ranktne- 
Hugonlot  relations  are  discussed.  A  formula  for  the 
effective  sound  speed  is  obtained.  The  transition 
regions  connecting  the  two  uniform  states  of  the  gen¬ 
eralized  Ranldne-Hugonlot  relations  are  discussed. 

MDU.  11:011 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

SELECTED  TOPICS  FROM  THE  THEORY  OF  GAS 
FLOW  AT  HIGH  TEMPERATURES,  by  J.  M.  Burgers. 
Sept.  1956,  63p.  lncl.  diagrs.  (Technical-note  no. 

BN -83)  ( AFOSR  TN-56  509)  (AF  18(600)993) 


AD  110324  Unclassified 

Tbe  following  topics  are  discussed:  cases  of  one- 
dimensional  gas  flow  mainly  Involving  exchange  of 
translation  energy,  quantities  depending  on  molecular 
properties,  aridch  Introduce  various  scale  factors  Into 
the  field;  gas  flow  In  one  dimension;  refinements  neces¬ 
sary  In  order  to  take  account  of  adjustments  in  the 
distribution  of  molecular  velocities;  equations  for  steady 
flow;  states  of  uniform  flow;  numerical  example;  the 
transition  region;  application  of  the  molecular  picture 
to  the  transition  In  a  shock  wave;  more  refined  picture; 
provisional  considerations  concerning  the  viscous 
stress  and  the  beat  flow;  Boltzmann  ’a  equation  for  the 
distribution  function  of  the  molecular  velocities;  applica¬ 
tion  of  Boltzmann’s  equation  to  obtain  the  equation  of 
continuity,  momentum  and  energy;  application  of 
Boltzmann's  equation  to  the  investigation  of  the  mean 
values  c^2,  Cy2,  cz2;  application  of  Boltzmann's  equa¬ 
tion  to  the  Investigation  of  the  mean  values  c  3,  c  c  2 

2  *  x  y 

c^c^  ;  Introduction  of  approximations;  Integrals  of  the 

right  hand  side  of  Boltzmann's  equation;  final  form  of  the 
equations  for  t  and  q;  alternative  expressions  for  the 
right  hand  side  of  Boltzmann’s  equation;  considerations 
concerning  the  function  $  ;  application  of  the 

|f  =  nxF  +  n2K$ 

to  the  problem  is  considered;  and  formal  solution  of  the 
=  -nxF  ♦  n2  $  and  application  to  a  shock 

wave. 

MDU.  11:012 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
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ONE-DIMENSIONAL  UNSTEADY  FLOW  OF  MAGNETO- 
GASDYNAMICS,  by  S.  I.  Pal.  Nov.  1956,  14p.  (Tech¬ 
nical  repl.  no.  BN-86)  (AFOSR-TN- 56-537)  (AF  18- 
(600)993)  AD  110356  Unclassified 

Also  published  In  Proc.  Fifth  Midwestern  Conference  on 
Fluid  Mechanics,  Michigan  U. ,  Ann  Arbor  (Apr.  1-2, 
1957),  Ann  Arbor,  Unlv.  Mich.  Press,  1957,  p.  251- 
261. 

Hie  one-dlmenslonal  unsteady  flow  of  a  viscous,  heat 
conducting,  electrically  conducting  and  compressible 
gas  under  planar  magnetic  field  perpendicular  to  the 
velocity  vector  is  Investigated.  First  the  special  case 
of  an  ideal  gas  which  is  inviscid  nonheat- conducting  and 
infinite  electrically  conducting  is  considered  in  detail. 

An  exact  solution  of  this  case  has  been  found  which  shows 
the  shock  wave  formation  in  magnetogasdynamlcs. 

Next  the  characteristics  of  these  one-dlmenslonal  niag- 
netogasdynainicg  flow  equations  are  discussed  in  de 
tall.  (Contractor's  abstract) 
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Maryland  U.  Inst,  (or  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park.  . 

SELECTED  TOPICS  FROM  THE  THEORY  OF  GAS 
FLOW  AT  HIGH  TEMPERATURES  (II),  by  J.  M. 
Burgers.  Oct.  1956,  51p.  lncl.  dlagr.  (Technical 
note  no.  BN  84)  (AFOSR-TN-56-538)  (AF  18(600)993) 
AD  110357  Unclassified 

The  following  toptcs  are  brtefly  discussed:  cases  of 
one-dlmenstonal  gas  flow  accompanied  by  chemical 
reactions  or  by  storage  of  energy  tn  tnternal  degrees 
of  freedom  —  general  deftnltlons  and  equations;  equa¬ 
tions  of  motion;  example  of  a  steady  slate  problem; 
dlssoctatlon;  considerations  on  reaction  rates;  addition¬ 
al  observations;  resulting  formula  for  the  change  of 
the  degree  of  dlssoctatlon  with  the  distance  x;  case  of 
several  reactions  taking  place  simultaneously;  formulas 
for  the  reaction  rates;  approximations  to  be  used  for 
the  flow  behind  a  shock  wave,  when  the  reactions  do  nol 
Influence  the  composition  to  more  than  a  few  percent; 
equilibrium  relations  tn  systems  tn  which  chemical 
reactions  can  take  place;  observations  on  the  character¬ 
istics  of  the  equations;  equations  for  low  flow  speeds. 


MDU.  11:014 

Maryland  U.  Insl.  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

DISSOCIATION  OF  AIR  BEHIND  STRONG  SHOCK 
WAVES,  by  E.  L.  Resler,  Jr.  and  B.  B.  Cary.  [  1956] 
8p.  Ulus,  tables.  [  AF  18(600)993  1  Unclassified 

Published  tn  Proc.  Conference  on  Chemical  Aero  no  my, 
Cambridge,  Mass. ,  Sept.  1956. 

An  Instrument  combtnlng  the  tnterferometer  and  drum 
camera  has  been  utilized  to  study  the  approach  to 
equilibrium  behind  strong  shock  waves  tn  air.  It  Is 
found  experimentally  that  the  density  distribution  be¬ 
hind  the  shock  wave  goes  through  a  maximum  while 
approaching  equilibrium.  This  represents  a  departure 
from  what  has  been  predicted  previously  and  Indicates 
that  the  air  tends  to  over-dlsaoclate  In  approaching 
equilibrium.  A  theoretical  examination  of  the  processes 
tnvolved  shows  that  this  sort  of  relaxation  effect  Is 
possible  under  the  experimental  conditions.  (Con¬ 
tractor’s  abstract) 

MDU.  11:015 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics.  College  Park. 

ON  THE  BOUNDARY -LAYER  EQUATIONS  OF  A  VERY 
SLENDER  BODY  OF  REVOLUTION,  by  S.  1.  Pal. 

Apr.  6,  1956,  lp.  (AF  18(600)993)  AD  109842 

Unclassified 

Also  published  in  Jour.  Aeronaut.  Sciences,  v.  23:  795, 
Aug.  1956. 


A  discussion  ts  presented  of  the  boundary- layer 
equations  over  a  body  of  revolution  of  a  very  small 
radius,  and  their  transformation  to  an  equivalent  two- 
dimensional  problem.  Probstetn  and  Elliot  (The  Trans¬ 
verse  Curvature  Effect  tn  Compressible  Axially  Sym - 
melrtc  Laminar  Boundary- Laver  Flow.  Jour.  Aeronaut. 
Sciences,  v.  23:  208-222,  1956)  used  the  same  trans¬ 
form  to  study  this  problem.  It  ts  demonstrated  tn  the 
present  study  that  the  fundamental  equations  can  be 
transformed  tnlo  exactly  the  same  form  of  the  two- 
dimensional  equations.  Thetr  application  to  hypersonic 
guided  missile  work  ts  mentioned. 

MDU.  12:001 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

PHASE  RELATIONS  IN  ISOTROPIC  TURBULENCE,  by 
R.  Betchov.  Aug.  1954  ,  36p.  tnd.  table,  refs.  (Tech¬ 
nical  note  no.  BN-40)  ([  AF  ]OSR-TN-54-254) 

(AF  18(600)1014)  AD  42070  Unclasslfted 

Certain  relations  between  the  spectrum  of  a  turbulent 
function,  and  that  of  the  square  of  the  function  depend 
upon  phase  correlations  between  the  various  Fourier 
components.  The  case  of  uncorrelated  phases  can  be 
treated  with  a  suitable  hypothesis,  and  studied  experi¬ 
mentally  with  electronic  noises.  Experiments  with  tso- 
troptc  turbulence  show  that  phase  correlations  affect 
only  the  high  frequency  end  of  the  spectrum.  Phase 
correlations  tn  tsotropic  turbulence  are  associated 
with  a  certain  type  of  pulse,  easily  observed  tn  a  phase 
space.  Comparisons  between  turbulence  and  electronic 
notse  indicate  that  energy  transfer  and  vortictty  pro¬ 
duction  are  highly  Intermittent  processes.  These  results 
suggest  some  hypothesis  on  the  mechanism  of  energy 
transfer  and  vortictty  production.  (Contractor’s  ab¬ 
stract) 


MDU.  12:002 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
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ELECTRONIC  INSTRUMENTS  FOR  SQUARING  CUBING 
AND  MULTIPLYING,  by  R.  Betchov.  May  1954  ,  22p. 
illus.  dlagrs.  (Technical  note  no.  BN-30)  (fAFiOSR- 
TN-54  302)  (AF  18(600)1014)  AD  46465  Unclassified 

Theoretical  and  experimental  Information  ts  presented 
on  Instruments  which  square,  cube,  or  multiply  electric 
signals  by  the  use  of  chains  of  diodes.  Upper  limits  and 
estimates  of  error  are  discussed  for  finite  chains  of 
tubes. 

MDU.  12:003 
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ON  TRANSITION  FROM  LAMINAR  TO  TURBULENT 
FLOW,  by  F.  R.  Hama,  J.  D.  Long,  and  J.  C.  Hegarty. 
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MDU.  12:004  -  MDU.  13:001 

Aug.  1956  [52 Ip.  incl.  illus.  dlagrs.  refs.  (Technical 
note  no.  BN-81)  (AFOSR-TN- 56-381)  (AF  18(600)1014) 
AO  95817  Unclassified 

Also  published  In  Jour.  Appl.  Phys. ,  v.  28:  388-394, 
Apr.  1957. 

Water- tank  observation  of  the  flow  phenomena  associ¬ 
ated  with  boundary- layer  transition  has  confirmed  that 
a  2-dlmenstonal  discrete  vortex  line,  which  Is  con¬ 
sidered  to  be  the  consequence  of  an  amplified  perturba¬ 
tion  wave,  has  a  strong  tendency  In  shear  flows  to  form 
a  3-dimenslonal  vortex  loop  with  a  marked  transverse 
wave  length.  The  formation  and  development  of  the 
vortex  loop  are  found  to  be  the  essential  features  pre¬ 
ceding  the  origination  of  a  turbulence  spot,  which  takes 
place  near  the  top  of  the  vortex  loop  and  near  the  outer 
edge  of  the  boundary  layer,  and  the  guiding  principle  of 
laminar -to- turbulent  transition  not  only  in  boundary 
layers  but  In  wakes  and  In  jet  boundaries  as  well.  As 
an  application,  an  efficient  turbulence- stimulation  de¬ 
vice  Is  ptoposed.  (Contractor’s  abstract) 


MDU.  12:004 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

AN  EFFICIENT  TRIPPING  DEVICE,  by  F.  R.  Hama. 
Oct.  15,  1956,  2p.  lllus.  (AF  18(600)1014) 

Unclassified 

Published  in  Jour.  Aeronaut.  Sciences,  v.  24:  236-237, 
Mar.  1957. 

Investigations  on  transition  from  laminar  to  t'.i'hulent 
flow  have  revealed  that  the  formation  and  develoj  in. .  i 
of  a  3-dimenslonal  vortex  loop  are  the  essential 
features  preceding  the  genesis  of  a  turbulent  spot.  As 
an  application  of  this  confirmation,  a  proposed  turbu¬ 
lence-stimulation  or  "tripping"  device,  for  use  In 
wind-tunnel  or  towing  tank  model  tests.  Is  described. 

A  sketch  of  the  device  shows  a  row  of  thin  triangular 
patches  pasted  on  a  flat  plate.  Streamlines  near  the 
triangle  are  diagrammed,  Indicating  that  a  spiral 
motion  inherent  to  a  3  dimensional  vortex  loop  will  be 
produced.  In  addition,  because  of  converging  strean, 
lines  near  the  bottom  corner  of  2  adjacent  triangles, 
the  fluid  velocity  close  to  tilt  surface  will  be  increased, 
giving  an  efficient  vortex  which  sheds  even  better  than 
a  2-dlmenslonal  trip.  This  arrangement  generates  3- 
dlnienslonal  vortex  loops  directly  with  more  efficiency 
In  shedding,  and  for  this  reason  appears  to  give  a 
simple  yet  better  way  of  tripping  laminar  boundary 
layers  than  any  other  known  stimulation  device  An 
experimental  test  indicated  that  the  triangular -patch 
device  is  far  superior  to  a  2  dimensional  trip.  Com¬ 
parative  flow  pattern  photographs  of  the  test  results 
are  presented. 


MDU.  12:005 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

THREE-DIMENSIONAL  VORTEX  PATTERN  BEHIND 
A  CIRCULAR  CYLINDER,  by  F.  R.  Hama.  Oct.  15, 
1956,  2p.  lllus.  (AF  18(600)1014)  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  24:  156-157, 
Feb.  1957. 

A  study  was  made  of  the  3-dlmensional  vortex  pattern 
behind  a  circular  cylinder  In  a  towing  tank,  2-ft  wide, 

2-ft  deep  and  12-ft  long.  The  circular  cylinder,  a 
,25-ln.  outside  diameter  brass  tube  20-in.  long,  Is 
submerged  horizontally  at  the  mid-depth  of  the  water. 

Red  dye  Is  leaked  slowly  through  a  row  of  small  holes 
In  the  cylinder.  The  row  of  holes  Is  located  approxi¬ 
mately  120°,  measured  from  the  foward  stagnation 
point  so  that  only  one  side  of  the  vortex  sheets  is  ob¬ 
served  from  above  the  plane  of  the  vortex  sheet.  Re¬ 
sults  of  the  observations  are  presented  in  photographs 
taken  at  Reynolds  numbers  of  117,  190,  and  313.  Ai 
the  lowest  Reynolds  number  (stable  range),  the  vortices 
are  shed  regularly  without  showing  much  3-dlmen- 
slonallty  except  for  a  slight  long-range  deformation 
which  is  rather  attributable  to  persistent  large-scale 
disturbance  in  still  water.  Reasonably  good  2- 
dimensionality  was  obtained  consistently.  When  the 
Reynolds  number  Is  Increased  to  about  200  (transition 
range),  the  3-dlmensionallty  Is  seen  to  appear  vio¬ 
lently.  Flow  phenomena  In  the  Irregular  range  In  which 
the  Reynolds  number  exceeds  approximately  300,  look 
much  the  same  as  those  behind  a  trip  wire  on  a  Hat 
plate:  the  vortex  line  being  shed  by  the  circular  cylinder 
becomes  wavy  almost  Immediately,  develops  further 
apparently  In  the  shear  lay -:r,  and  then  breaks  down 
Into  turbulent  molion.  The  appearance  of  the  3- dimen¬ 
sionality.  and  Its  importance  in  creating  the  local 
transition  Into  turbulent  motion  are  therefore  confirmed 
in  the  wake  behind  a  circular  cylinder.  These  proc¬ 
esses,  thus,  are  considered  to  be  the  guiding  principle 
of  transition  phenomena  not  only  In  jet  boundaries  and 
boundary  layerB,  but  also  In  wakes. 

MDU.  13:001 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

STUDIES  IN  NON  EQUILIBRIUM  CHEMICAL  KINETICS. 
1.  THE  RELAXATION  OF  A  SYSTEM  OF  HARMONIC 
OSCILLATORS,  by  E.  W.  Montroll  and  K.  E.  Shuler. 
Mar.  1356  38  p.  incl.  dlagrs.  refs.  (Technical  note 

no.  BN  70)  (AFOSR-TN-56  108)  ^Sponsored  jointly  by 
Air  Force  Office  of  Scientific  Research  under  AF  18(600) 
1315  and  Atomic  Energy  Commission)  AD  82504 

Unclassified 

Ais<  published  In  Jour.  Chem.  Phys.,  v.  26:  454  464, 
Mar.  1957. 
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As  part  of  an  Investigation  of  non- equilibrium  phenomena 
in  chemical  kinetics,  a  theoretical  study  lias  been  made 
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of  the  colllsional  and  radiative  relaxation  of  a  system 
of  harmonic  oscillators  contained  in  a  constant  tem¬ 
perature  heat  bath  and  prepared  Initially  In  a  vibra¬ 
tional  non-equlllbrlum  distribution.  An  exact  solution 
has  been  obtained  for  the  general  relaxation  equation 
applicable  to  this  system;  expressions  have  been  de¬ 
rived  for  the  relaxation  of  Initial  Boltzmann,  Poisson, 
and  a -function  distributions,  and  for  the  relaxation  of 
the  moments  of  the  distributions.  Using  the  latter  re¬ 
sult,  explicit  expressions  are  given  for  the  relaxation 
of  the  Internal  energy  of  the  system  of  oscillators  and 
for  the  time  dependence  of  the  dispersion  of  the  distri¬ 
butions.  (Contractor's  abstract) 


MDU.  13:002 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

THEORY  OF  THE  VIBRATIONAL  RELAXATION  OF 
DIATOMIC  MOLECULES,  by  E.  W.  Montroll.  Nov. 
1956  f  12 Ip.  (Technical  note  no.  BN-85)  (AFOSR-TN- 
56-507)  (AF  18(600)1315)  AD  110322  Unclassified 

This  report  discusses  the  manner  in  which  systems  of 
polyatomic  molecules  initially  in  a  non-equlllbrlum 
vibrational  state  relax  to  their  stationary  states. 

Initial  non-equilibrium  distributions  arise  during  the 
formulation  of  molecules  and  upon  passage  of  shock 
waves  through  a  gas  composed  of  polyatomic  molecules. 
The  theory  of  dissociation  of  polyatomic  molecules  Is 
discussed  as  a  type  of  random  walk  process.  (Con¬ 
tractor’s  abstract) 


MDU.  13:003 

Maryland  U.  Inst,  lor  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

NOTE  ON  THF  RELATION  OF  ISOTOPIC  SP1NSPACE 
TO  SPACETIME,  by  R.  L.  Ingraham.  Nov.  1956 
f  10 1  p.  (Rept.  no.  BN-89)  ([  AF’OSR-TN-56-570) 

(AF  18(600)1315)  AD  110391  Unclassified 

Also  published  In  Phys.  Rev.,  v.  106:  595-597,  May  1, 

15577 

The  customary  form  of  physical  space  as  the  direct 
product  of  space-time  and  Isotopic  spin  space  can  be 
replaced  by  a  certain  fusion  of  these  2  spaces  into  1 
space  if  the  group  from  the  Lorentz  group  is  widened 
to  the  conformal  space-time  group  which  endows 
particles  with  an  intrinsic  finite  size.  It  Is  shown  that 
the  familiar  space-  time  transformations  continue  to 
induce  their  familiar  Dirac  spinor  transformations, 
will!;  the  new  space-time  transformations  in  general 
induce  isotopic  spin  transformations  as  well.  The  de¬ 
tailed  correspondence  1s  worked  out  for  a  theory  of 
T  1  bosons  coupled  to  T  =  'A  fermions.  (Contractor's 
abstract) 
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Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

CROSSLINKIN  j  OF  POLYETHYLENE- TYPE 
POLYMERS  BY  HIGH-ENERGY  IRRADIATION,  by  H. 
Ckamoto  and  A.  Islhara.  [1956]  [8]p.  [  AF  18(600) 
1315]  Unclassified 

Published  In  Jour.  Polymer  Science,  v.  20:  115-122, 

Apr.  1956. 

Effects  of  high-energy  radiation  on  polyethylene -type 
polymers  are  considered.  At  the  Initial  stage  of  irradia¬ 
tion,  crossllnklng,  double  bond  formation,  and  hydrogen 
evolution  are  proportional  to  the  radiation  dose.  The 
efficiency  of  Irradiation  In  forming  an  Infinite  network 
is  estimated.  It  depends  on  the  mobility  of  decomposed 
atoms  or  radicals  In  the  solid  polymers.  (Contractor's 
summary) 

MDU.  13:005 

[  Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park.  ] 

ON  THE  THEORY  OF  REPLACEMENT  OF  MACHINERY 
WITH  A  RANDOM  FAILURE  TIME,  by  G.  H.  Weiss. 

[  1956]  f  15 ) p.  lncl.  dlagrs.  [  AF  18(600)1315 ] 

Unclassified 

Published  in  Naval  Research  Logistics  Quart. .  v.  3: 

279  293,  Dec.  1956. 

Study  Is  made  of  the  reliability  function  and  moments 
thereof,  of  a  machine  which  Is  periodically  replaced  in 
order  to  Increase  the  mean  time  to  failure.  Two  cases 
are  considered:  strictly  periodic  replacement  and 
randomly  periodic  replacement. 


MDU.  13:006 

Maryland  U.  r  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park.  ’ 

RANDOM  Wi>LKS  IN  MULTIDIMENSIONAL  SPACES, 
ESPECIALLY  ON  PERIODIC  LATTICES,  by  E.  W. 
Montroll.  [Dec.  1956 1  [  20  p.  incl.  dlagrs.  refs. 

]  AF  18(600)1315]  Unclassified 

Published  in  Jour.  Soc.  Indus.  Appl.  Math.,  v.  4:241- 
260,  Dec.  1959. 

The  author  forms  the  generating  function  of  a  random 
walk  on  a  k  dimensional  lattice,  with  steps  between 
nearest  neighbor  points,  subject  to  periodic  boundary 
conditions.  Generalizing  a  method  used  by  Watson,  the 
probabilities  of  return  to  the  starting  point  for  k  =  1,  2. 
3  are  expressed  In  terms  of  the  complete  elliptic  inte¬ 
gral  of  the  second  kind:  an  asymptotic  formula  Is  given 
for  k  large.  The  results  are  extended  to  body  centered 
and  face  centered  lattices.  Various  remarks  are  made 
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about  Pearson’s  walk,  mean  motions,  and  physical  Also  published  In  Jour.  Chem.  Phys. ,  v.  26:667-677, 

applications.  Mar.  1957. 


MDU.  14:001 

Maryland  U.  Inst,  (or  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park. 

PROCEEDINGS  OF  THE  CONFERENCE  ON  DIFFER¬ 
ENTIAL  EQUATIONS  HELD  AT  THE  UNIVERSITY  OF 
MARYLAND  MARCH  17,  18  AND  19,  1955,  by  J.  B. 
Diaz  and  L.  E.  Payne.  Sept.  20,  1956,  294p.  lncl. 
lllus.  dlagrs.  tables,  refs.  (AFOSR-TR-56-51) 

(AF  18(600)1380)  AD  110314  Unclassified 


The  papers  presented  consider  both  the  historical  de¬ 
velopments  as  well  as  recent  advances  In  various  fields 
of  differential  equations.  The  topics  covered  illustrate 
the  wide  and  diverse  uses  of  differential  equations  In 
both  mathematics  and  In  the  physical  and  engineering 
sciences.  The  papers  by  title  Include:  Differential 
Systems  With  Boundary  Conditions  at  More  Than  Two 
Points,  by  W.  M.  Whyburn;  Sturm -Llouvllle  and  Heat 
Equations  Whose  Eigenfunctions  are  Ultraspherlcal 
Polynomials  or  Associated  Bessel  Functions,  by  S. 
Bochner;  Repeated  Branching  Through  Loss  of  Stability, 
an  Example,  by  E.  Hopf;  Problems  Related  to  Charac¬ 
teristic  Surfaces,  by  m.  Riesz;  On  the  Euler-Polaaon- 
Darbouz  Equation,  Integral  Operators,  and  the  Method 
of  Descent,  by  J.  B.  Diaz  and  G.  S.  S.  Ludford;  On 
Partial  Differential  Equations  of  Mixed  Type,  by  M.  H. 
Protter;  Some  Applications  of  Rlesz’s  Method,  by  E. 

T.  Copson;  Discontinuity  and  Representations  of  Mini¬ 
mal  Surface  Solutions,  by  Y.  W.  Chen;  Relations  Be¬ 
tween  Different  Capacity  Concepts,  by  G.  Szego;  Some 
Results  on  Generalized  Azlally  Symmetric  Potentials, 

Plrlchlet  Problem,  by  z.  NeharU  Baund«d  or  Almost 
Periodic  Solutions  of  Non-linear  Differential  Systems, 
by  L.  Amerlo;  The  Extension  of  the  Riemann  Mapping 
Theorem  to  Elliptic  Equations,  by  F.  G.  Dressel  and 
J.  J.  Gergen;  On  the  Eigenfunctions  of  the  Membrane 
Equation  In  a  Singular  Case,  by  A.  Pleljel;  An  Abstract 
Formulation  of  the  Method  of  Separation  of  Variables, 
by  D.  Hodman;  The  Heat  Equation  and  the  Welerstrass 
Transform,  by  D.  V.  Wldder;  Extensions  of  Operational 
Mathematics,  by  R.  v.  Churchill;  On  Gtnttrallrad 
Sturm-Llouvllle  Operators,  by  W.  Feller;  Heat  Trans¬ 
fer  to  Hagen- Polseullle  Flows,  by  K.  Mlllsaps  and  K. 
Pohlhausen. 


A  large  number  of  partial  and  total  molecular  scattering 
cross  sections  have  been  calculated  numerically  for 
molecules  obeying  an  exp- six  potential,  consisting  of  an 
exponential  repulsion  term  and  an  inverse  sixth  power 
attraction  term.  The  tabulations  cover  a  wide  range  of 
scattering  angles,  energies,  and  potential  parameters, 
and  can  be  used  to  obtain  Information  about  Inter- 
molecular  forces  from  the  results  of  experiments  on  the 
scattering  of  low  velocity  molecular  beams  in  gases. 

The  calculations  are  classical  throughout,  and  quantum 
effects  are  Ignored,  but  an  approximate  formula  Is 
given  for  estimating  where  the  classical  calculations 
break  down  in  any  particular  case.  The  use  of  the  tables 
is  Illustrated  by  a  comparison  with  Knauer's  results  on 
the  scattering  of  beams  of  H2  in  Hg  vapor.  (Natur- 
wlssenschaften,  v.  21:  366,  1933;  Zeltschr.  Physlk, 
v.  90:  599,  1934).  (Contractor’s  abstract) 


MIT.  01:001 

Massachusetts  Inst,  of  Tech. ,  Cambridge. 

RESEARCH  IN  DIFFERENTIAL  GEOMETRY,  by  W. 
Ambrose.  Final  rept.  [  1955 1  lp.  (AFOSR-TR-54-17) 
(AF  18(600)764)  Unclassified 

Progress  Is  reported  of  a  study  of  the  mapping  of  the 
tangent  space  of  a  Rlemannian  manifold  both  into  the 
manifold  and  into  the  bundle  of  frames. 


MIT.  01:002 

Massachusetts  Inst,  of  Tech. ,  Cambridge. 

PAR/LL2L.  TRANSLATION  OF  RIEMANNIAN 
CURV  ATURE  by  '*..  Ambrose.  [  1956]  f  27 1p. 

(AF  18(600)764)  Unclassified 

Published  In  Ann.  Math. ,  v.  64:  337-363,  Sept.  1956. 

The  object  of  this  paper  is  to  characterize  complete 
simply  connected  C  Rlemannian  manifolds  by  their 
Rlemannian  curvature  and  Its  behavior  under  parallel 
translation.  The  main  theorem  asserts  that  If  the 
Rlemannian  curvature  parallel  translates  In  the  same 
way  along  correspondingly  singly  broken  geodesics 
then  the  manifolds  are  Isometric.  (Contractor’s 
abstract,  modified) 


MDU.  15:001 

Maryland  U.  Inal,  of  Molecular  Physics,  College  Park. 

SCATTERING  OF  LOW  VELOCITY  MOLECULAR 
BEAMS  IN  GASES,  by  E.  A.  Mason.  May  12,  1956, 
.I5p.  lncl.  dlagrs.  tables,  refs.  (Rept.  no.  IMP-OSR 
1;  f AFOSR  TN  56-208)  (AF  18(600)1562)  AD  87522 

Unclassified 


MIT.  02:001 

Massachusetts  Inst,  of  Tech. ,  Cambridge. 

A  THEOREM  OF  MYERS,  by  W.  Ambrose.  Nov.  9. 
1956' 4  lp.  !  AFOSR-TN  56-5521  (AF  18(603)91) 
AD  110371  Unclassified 

Also  published  In  Duke  Math  Jour. ,  v.  24  :  34  5  348. 
Sept.  1957. 
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Myers  theorem  has  been  approved  which  states  that  if 
the  mean  curvature  of  a  complete  Rlemannian  manifold 
M  is  bounded  below  by  a  positive  number,  the  M  is 
compact.  A  variant  with  a  weaker  assumption  that  the 
Integral  of  the  mean  curvature  of  the  tangential  direc¬ 
tion  is  infinite  along  all  geodesic  rays  emanating  from 
fixed  point  of  M  is  proved.  M  is  a  completely  connected 
C f°  Rlemannian  manifold  of  dimensions  d  >  2. 


Massachusetts  Inst,  of  Tech. ,  Cambridge. 

N6ori- 10503  and  N5ori-07855,  Project  Squid  see 
under  Princeton  U.  James  Forrestal  Research  Center, 
N.  J.  (Project  SOUID1  item  nos.  Pit!.  11:097 - 
PRI.  11:109. 


MIT.  03:001 

Massachusetts  Inst,  of  Tech.  [  Aeroelastlc  and  Structures 
Research  Lab.  ]  Cambridge. 

A  STUDY  OF  GUST  ENTRY  OF  SWEPTBACK  WINGS, 
by  T.  H.  H.  Plan  and  H.  Ashley.  May  1954  [  31  ]p. 
lncl.  diagrs.  refs.  [  AFOSR-TN-54  -116]  (AF  33(038)- 
7287  and  AF  33(600)961)  AD  42902  Unclassified 

The  lift  and  moment  growths  on  a  swept  wing  upon 
entering  a  sharp-edged  gust  are  determined  by  strip 
theory  and  by  a  "semi-three-dimensional"  tneory. 

The  latter  is  based  on  the  calculation  of  lift  distribution 
of  an  Infinite  swept  wing  penetrating  a  gust  front.  This 
unsteady- flow  problem  is  shown  to  be  equivalent  to  a 
steady-flow  problem  Involving  an  Infinite  swept  wing 
with  an  angle-of-attack  discontinuity  at  a  spanwlse 
station.  Results  Indicate  that,  according  to  the  im¬ 
proved  theory,  the  airloads  build  up  faster  than  what 
Is  shown  by  strip  theory.  (Contractor's  abstract) 


MIT.  04:001 

Massachusetts  Inst,  of  Tech.  Dept,  of  Mechanical 
Engineering,  Cambridge. 

THE  STATISTICAL  THEORY  OF  SIZE  AND  SHAPE 
EFFECTS  IN  FATIGUE,  by  F.  A.  McClintock.  Nov.  4, 
1954,  15p.  diagrs.  ([  AF  OSR  TN  54-351)  (AF  18- 
(600)895)  AD  51990  Unclassified 

Also  published  In  Jour.  Appl.  Mech. ,  v.  22:421-426, 
Sept.  1955. 

Fatigue  specimens  are  considered  in  which  the  stress 
amplitude  Is  constant  with  respect  to  time  but  falls  off 
parabollcally  along  the  length  of  the  specimen  from  the 
point  of  maximum  stress.  Front  assumptions  regarding 
the  local  variability  in  the  strength  of  the  material, 
equations  are  derived  relating  the  scatter  In  cycles  to 
failure  to  the  scatter  In  position  of  failure.  The  effect 
of  specimen  size  Is  determined  for  these  two  types  of 
scatter,  as  well  as  for  the  average  life,  it  is  found 
that  the  shape  of  the  distribution  function  does  not 
seriously  affect  the  relation  between  scatter  In  cycles 


to  failure  and  scatter  in  position  of  failure.  The  size 
effect,  however,  is  markedly  influenced  by  the  shape 
of  the  distribution  function.  A  modification  is  suggested 
to  make  the  results  applicable  to  tests  to  determine  the 
endurance  limit,  where  the  stress  amplitude  is  a 
variable.  (Contractor's  abstract) 


MIT.  04:002 

Massachusetts  Inst,  of  Tech.  Dept,  of  Mechanical 
Engineering,  Cambridge. 

A  CRITERION  FOR  MINIMUM  SCATTER  IN  FATIGUE 
TESTING,  by  F.  A.  McClintock.  Nov.  29,  1954  [  17  T p. 
lncl.  diagrs.  tables.  ([  AFtOSR-TN-55-1)  (AF  18(600)- 
895)  AD  68081  Unclassified 

Also  published  in  Jour.  Appl.  Mech.  ,  v.  22:  427-431, 
Sept.  1955. 

When  a  number  of  fatigue  tests  are  run  on  specimens 
with  a  longitudinal  radius  of  curvature,  there  results  a 
scatter  In  both  the  number  of  cycles  to  failure  and  the 
position  of  failure.  A  previous  statistical  analysis 
showed  that  if  the  variations  in  life  are  due  solely  to 
local  inhomogeneities  in  the  specimen,  then  there  Is  a 
definite  relation  between  the  scatter  In  position  of 
failure  and  the  scatter  in  the  number  of  cycles  to  failure. 
If  the  scatter  in  life  significantly  exceeds  that  corre¬ 
sponding  to  the  scatter  in  position  of  failure, then  there 
is  some  factor  other  than  local  lnhomogeneltles  contrib¬ 
uting  to'  the  scatter  In  life.  Such  other  factors  can  be 
eliminated  by  Improving  the  experimental  technique. 

The  usefulness  of  this  criterion  is  illustrated  by  Its 
application  to  crack  detection  tests  on  polycrystalline 
Ingot  Iron.  (Contractor’s  abstract) 


MIT.  04:003 

Massachusetts  Inst,  of  Tech.  Dept,  of  Mechanical 
Engineering,  Cambridge. 

VARIABILITY  1.1  FATIGUE  TESTING:  SOURCES  AND 
EFFECT  ON  \'OTCH  SENSITIVITY,  by  F.  A. 

McClintock.  May  25,  1955  r  15  1  p.  lncl.  tables,  refs. 

([  AF^SR-TN  55-186)  (AF  18(600)895)  AD  71738 
FD  120014  Unclassified 

Presented  at  International  Union  of  Theoretical  and 
Appl.  Mech.  Colloquium  on  Fatigue,  Stockholm  (Sweden), 
May  1955 

Rough  limits  are  obtained  for  the  effect  of  various  testing 
variables  on  fatigue  life.  Experimental  data  support  the 
theoretical  relation  between  scatter  In  position  of  failure 
and  scatter  In  life  due  to  local  variations  In  strength: 

Ki  ,/2.  33  aj^  1.  From  a  statistical  analysis 
logN  m  z  1 

taking  Into  account  the  stress  gradient  normal  to  the 
surface,  an  estimate  of  notch  Insensitivity  Is  obtained. 
Data  from  75STG  alum.num  alloy  Indicate  that  It  Is 
unlikely  that  notch  insensitivity  results  from  statistical 
effects  alone.  (Contractor's  abstract) 
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MIT.  04:004 

Massachusetts  Inst,  o!  Tech.  Dept,  of  Mechanical 
Engineering,  Cambridge. 

RESEARCH  ON  MINIMUM  SCATTER  IN  FATIGUE 
TESTING,  by  F.  A.  McClintock.  Final  research  rept. 
Dec  2b,  1955,  3p.  (AFOSR-TR-56-3)  (AF  18(800)895; 
continued  by  AF  18(600)957)  AD  83283  Unclassified 

The  research  project  results  show  that  for  fatigue 
specimens  In  which  the  stress  Is  assumed  to  vary  with 
longitudinal  distance  z  and  depth  v  according  to 

S  =  S  (1  -  az^  -  gy),the  mean  and  standard  duration 
m 

of  the  life  and  position  of  failure  have  been  calculated 
for  a  class  of  distribution  functions  representing  the 
strength  of  the  differential  elements  comprising  the 
specimen.  These  theoretical  results  provide  a  method 
for  checking  whether  the  variability  la  life  at  constant 
stress,  or  the  variability  of  the  upiure  stress  In  the 
case  of  Prot  testing,  arises  solely  from  that  due  to 
local  lnhomogenelttes  within  the  material  or  also  arises 
In  part  from  extraneous  factors  associated  with  speci¬ 
men  preparation  and  testing  technique.  These  theoreti¬ 
cal  results  provide  a  framework  for  estimating  how 
much  of  the  size  effect  arises  from  statistical  causes. 
An  approximate  application  of  the  results  to  notched 
specimens  Is  suggested.  (Contractor’s  abstract) 

MIT.  05:001 

Massachusetts  Inst,  of  Tech.  Dept,  of  Mechanical 
Engineering,  Cambridge. 

THE  GROWTH  OF  FATIGUE  CltAChb  UNDER 
PLASTIC  TORSION,  by  F.  A.  McCUntock.  Feb.  17, 
1956  '  25  p.  inel.  Ulus,  dlagrs.  tables,  refs. 
(AFOSIl-TN  50-277)  (AF  18(600)957)  AD  89487 

Unclassified 

Also  published  In  Proc.  International  Conference  on 
Fatigue  of  Metals.  laindon  (England),  Sep*.  1956, 
p.  538  542. 

Theoretical  and  experimental  studies  were  made  of  the 
growth  nf  cracks  in  bars  subjected  to  fully  plastic 
cycles  of  torsion.  Rules  were  postulated  which  state: 
(a)  cracks  always  tend  to  grow  toward  the  center  of  the 
remaining  section,  which  la  that  point  moat  dlatant 
from  all  present  boundaries;  and  (b)  a  branch  crack 
grows  as  above,  but  more  slowly.  Crack  propagation 
and  fracture  are  essei  daily  dependent  on  the  six*  nf 
the  specimen  aa  opposed  to  yielding  where  size  effects 
are  of  secondary  Importance.  In  the  case  of  2  geo¬ 
metrically  similar  specimens  subject  to  the  same 
nominal  (large)  strain  amplitude,  cracka  progress 
across  the  larger  one  In  fewer  cycles.  Rectangular 
specimens  (7  32  In.  x  7'  16  in.  )  of  precipitation 
hardening  7075  TO  A1  alloy  were  subjected  to  reversed 
shear  strains  of  constant  amplitude  and  sectioned  for 
examination  of  crack  patterns.  The  development  of 
fatigue  cracks  under  fully  plastic  torsion,  which  is 
predicted  from  a  knowledge  nf  the  strain  distribution 
around  the  crack  was  In  general  arri.pl  with 


experimental  results.  (ASTIA  abstract) 


MIT.  05:002 

Massachusetts  Inst,  of  Tech.  Dept,  of  Mechanical 
Engineering,  Cambridge. 

ELASTIC- PLASTIC  STRESS  AND  STRAIN  DISTRIBU¬ 
TIONS  AROUND  SHARP  NOTCHES  UNDER  REPEATED 
SHEAR,  by  F.  A.  McCUntock  and  J.  A.  H.  Hult. 

Apr.  12,  1956,  Up.  lncl.  dlagrs.  (AFOSR-TN-56-278) 
(AF  18(600)957)  AD  894b8  Unclassified 

The  elastic-plastic  stress  and  strain  distributions 
around  sharp  notches  were  obtained  for  pure  shear, 
which  Is  the  limiting  case  of  a  very  shallow  notch  In  a 
specimen  subjected  to  torsion.  A  small  region  at  the 
tip  of  a  fatigue  crack  Is  sujected  to  plastic  flow  caused 
by  the  intensity  of  the  stress.  Plasticity  equations  are 
solved  for  a  material  with  a  shear  modulus  G  and  yield 
stress  In  shear  of  k.  The  shear  strain  T  Is  formulated 
for  a  dlstar.ee  r  beyond  the  end  of  a  sharp  notch,  with 
zero  flank  angle  and  depth  c  in  a  region  subjected  to  a 
nominal  shear  slress  very  math  smaller  than  the  yield 
stress,  by  the  equation  Y  =  Ca^/r  kG.  The  analysis 

analysis  shows  that:  (1)  the  strain  at  a  sharp,  zero- 
angle  notch  under  plastic  flow  Is  greater  than  that  for  a 
purely  elastic  material  by  the  factor  (t*  /k)  y/ 2c/  r  at 
relatively  low  stresses,  and  Is  still  greater  at  higher 
■tresses;  (2)  the  angle  subtended  by  the  region  of  Infinite 
strain  becomes  smaller  as  the  notch  angle  Increases; 

(3)  the  strain  amplitude  under  repeated  loading  depends 
on  the  stress  range  but  not  on  the  mean  stress;  and 

(4)  the  strain  concentration  becomes  Insensitive  to  the 
notch  angle  at  high  stresses. 

MIT.  06:001 

Massachusetts  Inst,  of  Tech,  f  Fluid  Dynamics  Research 
Group)  Cambridge. 

APPLICABILITY  OF  PISTON  THEORY  TO  THE  FLOW 
AROUND  WINGS  IN  UNSTEADY  MOTION,  by  E.  L. 
Mollo- Christensen  and  H.  Ashley.  June  6,  1954  ,  3p. 
lncl.  illu».  table,  f  AF  18(600)961  )  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  21:  779-781, 
Nov.  1954. 

It  has  been  observed  that  the  pressures  on  a  body  which 
suddenly  starts  moving  In  a  compressible  fluid  depend, 
at  the  first  Instant,  only  upon  the  local  normal  velocities 
of  the  surface  (Two-dimensional  Unsteady  Lift  Problems 
In  Supersonic  Flight,  by  M.  A.  Ileaslet  and  H.  ia>max, 
NACArepl.no.  945,  1949).  This  tnlnrmatlnn  cap  be 
applied  to  rapidly  oscillating  bodies,  considering  the 
frequency  of  oscillation  as  (he  primary  variable,  rather 
than  the  time-constant  of  the  ■motion,  it  Is  shnwn  that 
such  a  simplification  of  the  |  roblem  of  finding  the  pres 
sores  on  oscillating  wings  can  be  deduced  directly  from 
small  disturbance  considerations,  and  criteria  for  the 
applicability  of  the  simplified  theory  can  be  obtained  In 
the  process.  The  general  expression  for  the  pressures 
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on  an  osctllatlug  wing  ts  developed,  and  the  results 
of  sample  calculations  for  ’’ptston  theory"  are  com¬ 
pared  to  results  of  more  exact  theory.  Piston  theory 
proves  to  be  more  accurate,  the  higher  the  Mach 
number,  but  the  order  of  accuracy  persists  down  to 
Mj  =  10/7  for  Ic  >  2.  where  k  =  reduced  frequency. 

MIT.  06:002 

Massachusetts  Inst,  of  Tech.  Fluid  Dynamics  Research 
Group,  Cambridge. 

AN  APPROXIMATE  AERODYNAMIC  THEORY  FOR 
GUST  ENTRY  OF  SWEPT  WINGS,  by  H.  Ashley. 

Dec.  1954  ,  63p.  tncl.  dlagrs.  tables,  refs.  (MIT 
Fluid  Dynamtcs  Research  Group  rept.  no.  54-1) 

([  AF]OSR-TN-55-32)  (AF  18(600)961)  AD  55743 

Unclas  sifted 

The  lift  and  moment  growths  on  a  swept  wing  entering 
a  sharp-edged  gust  are  determtned  by  a  "seml-3- 
dtmensional”  theory,  based  on  calculating  the  lift 
distribution  of  an  tnflnite  swept  wing  penetrating  a  gust 
front.  This  unsteady  flow  problem  Is  shown  to  be 
equivalent  to  steady  flow  over  an  tnflnite  swept  wing 
with  discontinuous  angle  of  attack.  Results  tndlcate 
that  the  new  theory  predicts  a  more  rapid  buildup  of 
gust  loading  than  conventional  strip  theory  al  subsonic 
speeds.  Details  of  lift  and  moment  are  given  for  sub¬ 
sonic  flight,  and  for  supersonic  fltght  with  both  super¬ 
sonic  and  subsonic  leading  and  trailing  edges.  (Con¬ 
tractor’s  abstract) 


MIT.  06:003 

Massachusetts  Inst,  of  Tech.  Fluid  Dynamics  Research 
Group,  Cambridge. 

ON  THERMALLY  INDUCED  SOUND  FIELDS,  by 
L.  TrtlUng.  Dec.  1954,  15p.  refs.  (MIT  Fluid  Dy¬ 
namics  Research  Group  repl.  no.  54-2)  ([AF]OSR- 
TN-55-47)  (AF  18(600)961)  AD  59955  Unclassified 

Also  published  In  Jour.  Acoust.  Soc.  Ann.,  v.  27: 
425-431,  May  1955. 

The  sound  pulse  Induced  In  a  gas  al  rest  In  a  seml- 
tnflnlte  pipe  by  a  sudden  lemperalure  change  al  the 
origin  and  the  boundary  layer  Induced  along  a  wall  by  a 
progressing  shock  front  are  Investigated  by  examining 
the  superposition  of  pressure,  temperature,  and 
vortlclly  modes  needed  to  satisfy  the  boundary  condi¬ 
tions.  (Contractor's  abstract) 


MIT.  06:004 

Massachusetts  Inst  of  Tech.  Fluid  Dynamics  Research 
Group,  Cambridge. 

t  NSTFADY  FLOW  AROUND  THIN  WINGS  AT  HIGH 
MACH  Nl  M11EI  S.  by  M.  T.  l.andahl  June  1955,  20p. 

Incl.  dlagrs  (MIT  Fluid  Dynamics  Research  Group 
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rept.  no.  55-3)  ([  AF]OSR-TN-55-245)  (AF  18(600)961) 
AD  71949  Unclassifted 

Also  published  tn  Jour.  Aeronaut.  Sctences,  v.  24:  33- 
38,  Jan.  1957. 

The  perturbation  veloctty  potential  for  unsteady  flow 
around  thin  wings  ts  expanded  In  a  series  of  M‘^,  taking 
Into  account  linear  and  second-order  terms  tn  perturba¬ 
tion  veloctties.  The  first  terms  for  the  pressure  are 
seen  to  be  tn  agreement  with  those  predicted  by  the 
Hayes-Ltghthill  piston  theory.  The  addttional  terms 
provide  an  accuracy  sufficient  for  engineering  purposes 
down  to  M»2.  This  solution  cannot  be  used  tn  the  hyper¬ 
sonic  region,  and  ts  also  restricted  to  low  reduced 
frequenctes. 


MIT.  06:005 

Massachusetts  Inst,  of  Tech.  Fluid  Dynamtcs  Research 
Group,  Cambridge. 

UNSTEADY  LAMINAR  BOUNDARY  LAYERS,  by  M. 
Flnston.  June  1955,  19p.  incl.  dlagrs.  refs. 

(MIT  Fluid  Dynamics  Research  Group  rept.  no.  55-4) 
([AF]OSR-TN- 55-466)  (AF  18(600)961)  AD  84887 

Unclassifted 

Equations  are  presented  deecrlbtng  motion  of  a  viscous 
fluid.  The  unsteady  boundary-layer  equations  are  com¬ 
pared  with  the  linearized  flows.  The  htgh-frequency 
perturbations  on  an  existing  boundary  layer  are  shown 
to  be  independent  of  the  main  flow  and  relatively  In¬ 
sensitive  lo  curvature  of  adjacent  surfaces.  An  explana¬ 
tion  Is  advanced  for  these  phenomena  by  using  exact 
solutions  to  Rayleigh's  problem  and  related  classical 
examples. 


MIT.  06:006 

Massachusetts  Insl.  of  Tech.  Fluid  Dynamics  Research 
Group,  Cambridge. 

PARAMETRIC  STUDIES  OF  VISCOUS  AND  NON- 
VI  SCOUS  UNSTEADY  FLOWS,  by  M.  T.  Landahl,  E.  L. 
Mollo-Chrlslensen,  and  11.  Ashley.  Apr.  1955,  94p. 
incl.  dlagrs.  tables,  refs.  (MIT  Fluid  Dynamtcs  Re¬ 
search  Group  repl.  no.  55  1)  (!  AF’OSR-TR-55-13) 
(AF  tS(600)961)  AD  64033  Unclassified 

A  systematic  study  ts  made  of  lhe  circumstances  under 
which  the  differential  equations  governing  motion  of 
viscous  and  nonvtscous  gases  can  be  simplified  by  elim¬ 
inating  or  linearizing  various  lerms.  In  the  nonvtscous 
case,  a  complete  classification  of  small  disturbance 
l*itential  flow  prohlems  Is  constructed  bv  means  of 
series  expansions  Involving  all  important  dimensionless 
parameters.  Parametric  ranges  are  found  within  which 
mathematical  reductions  are  permissible,  and  the  order 
of  magnitude  of  the  numerical  error  made  In  each  of 
these  is  estimated.  The  multiplicity  of  parameters 
prevents  exhaustive  classification  of  viscous  flows,  but 
several  interesting  simplifications  are  presented, 
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including  linearized  cases  with  differential  equations  of 
diffusion  type  Solutions  are  derived  for  2  of  the 
simpler  problems  identified  in  the  parametric  analysis. 
The  first  concerns  the  emission  of  sound  from  a  wire 
heated  by  alternating  current,  and  qualitative  compari 
sons  are  made  with  the  data  from  an  elementary  ex¬ 
periment.  The  second  is  "piston  theory”  for  wings 
moving  at  high  frequencies  or  Mach  numbers.  Certain 
relatively  easy  computations  are  shown  to  compare 
favorably  with  more  exact  2-  and  3-dlmenslonal 
results,  and  the  application  to  flutter  prediction  is 
discussed.  (Contractor’s  abstract) 


MIT.  06:007 

Massachusetts  Inst,  of  Tech.  T  Fluid  Dynamics  Research 
Group!  Cambridge. 

ON  APPROXIMATE  SOLUTIONS  FOR  THE  COMPRES 
SIBLE  FLOW  AROUND  OSCILLATING  THIN  WINGS, 
by  M.  T.  Landhal,  H.  Ashley,  and  E.  L.  Mollo- 
Chrlstensen.  Mar.  14,  195E,  2p.  incl.  illus.  [A.-18- 
(600)961]  Unclassified 

Published  in  Jour.  Aeronaut.  Sciences,  v.  22:  581-562, 
Aug.  1955. 

A  thin  wing  with  root  semichord  b:  1  oscillating  in  a 
free  stream  of  velocity  U  «  1  with  reduced  frequency  of 
k  =  mb/U,  a  being  the  circular  velocity,  is  considered. 
An  equation  is  given  for  which  exact  solutions  can  be 
obtained  only  in  special  cases,  e.  g. ,  the  2  dimensional 
supersonic  case.  By  neglecting  one  or  several  terms, 
however,  simple  solutions  can  be  procured.  Three 
approximations  are  discussed  which  are  applicable  for 
different  ranges  of  k  and  M. 


MIT.  06:008 

Massachusetts  Inst,  of  Tech.  Fluid  Dynamics  Research 
Group,  Cambridge. 

FORCES  AND  MOMENTS  ON  OSCILLATING  SLENDER 
WING-DODY  COMBINATIONS  AT  SONIC  SPEED,  by 
M.  T.  Landahl.  Feb.  1956,  42p.  incl.  diagrs.  (MIT 
Fluid  Dynamics  Research  Group  rept.  no.  56-1) 

([  AF’OSR-TN-56-109)  (AF  18(600)961)  AD  82505 

Unc  lasslfied 

It  is  shown  that,  under  certain  conditions,  the  linearized 
equations  of  motion  are  valid  for  treating  the  lifting, 
unsteady,  transonic  flow  around  slender  configurations 
of  finite  ttdckness.  On  this  basis,  a  method  of  solution 
is  proposed  which  is  valid  for  lew  combinations  of 
aspect  ratio  and  reduced  freqiency  of  oscillation.  The 
method  is  an  extension  of  the  iterative  method  of  Adams 
and  Sears  (Jour.  Aeronaut.  Sciences,  v.  20:  Feb. 

1953),  and  is  applied  in  detail  to  a  wing,  body  configura¬ 
tion.  The  stability  derivatives  are  calculated. and 
simple  formulas  are  given  for  the  influence  of  the  body. 
It  is  found  that,  except  for  very  slender  configurations 
(A  1),  the  slender  body  theory  alone  is  Inadequate 
for  calculation  of  damping  derivatives.  The  effect  of 


the  body  is  to  decrease  the  damping  moment  in  pitch 
and  this  effect  is  important  in  case  of  a  delta  wing. 
(Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Fluid  Dynamics  Research 
Group,  Cambridge. 

A  STRIP  THEORY  FOR  OSCILLATING  THIN  WINGS 
WITH  SUBSONIC  LEADING  AND  SUPERSONIC  TRAIL¬ 
ING  EDGES,  by  M.  T  Landahl.  Mar.  1956,  19p.  incl. 
illus.  tables,  refs.  (MIT  Fluid  Dynamics  Research 
Group  rept.  no.  56-2)  (AFOSR-TN-56-155)  (AF  18- 
(600)961)  AD  86315  Unclassified 

A  strip  theory  is  presented  for  calculation  of  forces 
and  moments  on  an  oscillating  wing  having  subsonic 
leading  and  supersonic  trailing  edges.  The  theory  is 
valid  when  the  reduced  frequency,  based  on  the  wing 
semi-span  and  the  velocity  of  sound,  is  large.  Tables 
for  forces  and  moments  on  a  streamwise  strip  are  given. 
(Contractor’s  abstract) 


MIT.  06:010 

Massachusetts  Inst,  of  Tech.  Fluid  Dynamics  Research 
Group,  Cambridge. 

STRONG  SHOCK  WAVES  IN  POLYATOMIC  GASES,  by 
1.  Greber.  May  1956,  22p.  incl.  diagrs.  refs.  (MIT 
Fluid  Dynamics  Research  Group  rept.  no.  56-3) 

( !  AF  1  OSR-  TN-  56-  31 0)  (AF  18(600)261)  AD  94845 

Unclassified 

A  summary  is  presented  of  a  brief  survey  concerning 
the  literature  of  strong  Bhock  waves.  Of  the  23  pub¬ 
lished-  and  report- literature  references  treated,  which 
range  in  time  from  1922  to  1955,  22  are  in  English  and 
1  is  In  German.  Primary  attention  is  placed  on  the 
structure  of  strong  shock  waves  in  a  polyatomic  gas, 
particularly  air,  and  the  generation  of  strong  shock 
waves  in  shock  tubes.  The  increase  of  shock  strengths 
obtainable  from  simple  configurational  modifications  of 
the  basic  shock  tube  are  shown.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Fluid  Dynamics  Research 
Group,  Cambridge. 

THE  FLOW  AROUND  OSCILLATING  LOW-ASTECT 
RATIO  WINGS  AND  WING  DODY  COMBINATIONS  AT 
TRANSONIC  SPEEDS,  by  M.  T.  Landahl.  [  1956  ]  6p. 
diagrs.  refs.  (AFOSR-TN  56-44  5)  (AF  18(600)961) 

AD  96970  Unclasslfed 

Also  published  in  Proc.  Ninth  International  Congress  of 
Appl.  Mech.  ,  Brussels  (Belgium)  (Sept.  5- 13,  i956), 
v.  3:  103  112,  1957. 

Theoretical  results  on  the  unsteady  transonic  flow 
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around  thin,  low-aspect- ratio  wings  and  wing- body 
combinations  are  presented.  First  the  problem  of 
linearization  of  the  equations  of  motion  is  considered. 

It  Is  shown  that  linearization  Is  possible  provided  the 
reduced  frequency  of  oscillation  is  large  compared  to 
a  certain  parameter  Involving  the  thickness  ratio  and 
aspect  ratio  of  the  wing  TUa  requtremer.t  auto¬ 
matically  makes  any  upstream  Influence  vanish,  even 
when  the  free  stream  Is  slightly  subsonic  and  thus 
considerably  simplifies  the  analysis.  The  linearized 
solution  for  the  perturbation  velocity  potential  Is  ob¬ 
tained  through  expansion  in  terms  of  aspect  ratio  or 
reduced  frequency.  Two  different  methods  are  used, 
one  which  is  valid  for  wings  of  delta  type  and  the  other 
for  rectangular  wings.  The  methods  are  applicable 
both  for  rigid  and  elastic  oscillations  of  the  wings,  so 
that  they  can  be  used  for  three-dimensional  flutter 
calculations.  In  the  case  of  a  wing-body  combination 
the  different  terms  In  the  expansion  of  the  solution 
are  found  by  use  of  the  theory  of  conformal  transforma¬ 
tion.  Some  numerical  results  are  given  and  compared 
with  those  of  earlier,  simpler  theories.  It  Is  found 
that  three-dimensional  flow  effects  are  very  important. 
Dynamic  stability  derivatives  are  also  calculated,  and 
It  is  shown  that  the  damping  in  pitch  can  vanish  for 
certain  wings  and  wing-body  combinations.  The  Inter¬ 
ference  effect  of  the  body  Is  to  decrease  the  damping. 
Means  are  suggested  for  modifying  the  planform  so  as 
to  provide  a  substantial  increase  In  the  damping.  (Con¬ 
tractor's  abstract) 
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Massachusetts  Inst,  of  Tech,  i  Fluid  Dynamics  Research 
Group  1  Cambridge. 

THE  FLUTTER  OF  LOW  ASPECT-RATIO  WINGS, 
by  R.  L.  Hallman.  I  1956  1  20p.  lncl.  diagrs.  refs. 
(Sponsored  JotrXly  by  Air  Force  Office  of  ScumtlfU 
Research  under  AF  18(600)961  and  Bureau  of  Aero¬ 
nautics  under  NOa(s)  53-712  C)  Unclassified 

Published  In  Proc.  Ninth  International  Congress  of 
Appl.  Mech. ,  Brussels  (Betglum)  (Sept.  5-t3,  1956), 
v.  3:  113  123,  t957. 

A  brief  description  Is  given  of  recent  progress  made 
In  the  theory  of  unsteady  airloads  and  the  construction 
of  dynamic  models. 
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Massachusetts  tnst.  of  Tech.  Fluid  Dynamics  Research 
Group,  Cambridge. 

MEASUREMENTS  OF  THREE  UMENSONAL 
BOUND  A..  Y  LAYERS  ON  WINGS,  by  P.  H.  Winter. 
Mar.  '955,  30p.  lncl.  Ulus,  diagrs.  (MIT  Fluid 
Dynamics  Research  Group  rept.  no.  55-2)  (  AF.OSH 
TN  55  1 33 )  (AF  18(600)t306)  AD  64034 

Unclassified 

A  description  Is  given  of  a  preliminary  experimental 


Investigation  of  3-dlmenBlonal  boundary  layer  flow  on  a 
45°  sweptback,  infinite,  flat- plate  wing.  A  probe 
mounting  with  3°  of  freedom  tn  translation  and  1°  of 
freedom  in  rotation  In  a  plane  parallel  to  the  wing  sur¬ 
face  controlled  from  outside  the  tunnel  was  designed 
and  built.  Measurements  of  profiles  were  taken  at  a 
Reynolds  number  of  3. 3  *  liA  At  zero  Incidence,  the 
profiles  satisfied  approximately  the  7th  power  law,  but 
the  boundary- layer  thickness  was  appreciably  great  r 
than  for  the  equivalent  2-dimensional  boundary  layet . 
At  Incidence,  the  free  stream  was  nearly  parallel,  the' 
flow  In  the  core  of  the  boundary  layer  appeared  to  turn 
upstream  near  the  leading  edge,  and  to  sweep  outward 
further  downstream.  (Contractor’s  abstract) 


MIT.  07:002 

Massachusetts  Inst,  of  Tech.  Fluid  Dynamics  Research 
Group,  Cambridge. 

VISCOUS  FLOWS  NEAR  SIDE  EDGES  AND  LEADING 
EDGES,  by  L.  Trilling.  June  1955,  64p.  lncl.  diagr. 
refs.  (MIT  Fluid  Dynamics  Research  Group  rept.  no. 
55-4)  ([  AF’OSR-TN-55-220)  (AF  18(600)1306) 

AD  70112  Unclassified 

The  solution  is  given  of  the  Navler  Stokes  equations  for 
the  unsteady  motion  of  a  viscous  Incompressible  fluid 
past  a  parabolic  cylinder  parallel  to  Its  generatrices, 
and  of  the  linearized  Oseen  equations  for  the  steady  flow 
past  a  quarter  Infinite  thin  flat  plate  whose  edges  are 
respectively  parallel  and  perpendicular  to  the  direction 
of  undisturbed  motion.  In  the  second  problem,  the 
convection  velocity  is  the  constant  free  stream  velocity: 
the  no-sllp  conditions  are  applied  on  the  plate  surface, 
and  the  vortlclty  vanishes  In  the  plane  of  symmetry  off 
the  plate  surface.  The  pressure  and  skin  friction  on 
the  plate  are  computed;  the  pressure  vanishes  and  the 
•kin  trwu-.-  h*e  an  inverse  equate  root  singularity 
along  both  edges:  Its  strength  remains  constant  along 
the  leading  edge,  decreases  as  an  Inverse  quarter 
power  of  distance  downstream  from  the  leading  edge 
along  the  side  edge,  and  depends  on  the  direction  of 
approach  in  the  neighborhood  of  the  corner.  (Con¬ 
tractor’s  abstract) 
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Massachusetts  lust,  of  Tech.  |  Lab.  for  Insulation 
Research J  Cambridge. 

PIEZOELECTRICITY,  FERROELEC T1UCI TY.  AND 
CRYSTAL  STRUCTURE  (Abstract),  by  A.  von  lltppel. 

1952  J  |  1  !p.  (S|>onsored  jointly  by  Office  of  Naval 
Research.  Signal  Corps,  and  Air  Force  Office  of 
Scientific  Research  under  .  N50ri  07H0t  j) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Pbys.  Soc.  , 
Washington,  D.  C. ,  May  t  3.  1952. 

Published  in  Phys.  Rev.,  v.  87:  200  20t,  Juty  1,  1 952. 
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By  visualizing  polar  crystals  as  a  network  of  permanent 
dipole  moments,  the  piezo-  and  ferroelectric  proper¬ 
ties  of  dielectrics  may  be  derived  from  the  standpoint 
of  molecular  symmetry.  This  approach  is  used  to 
clarify  the  relation  between  the  sphalerite  and  wurtzite 
structures,  the  ferroelectric  feedback  effect  in  barium 
titanate,  aspects  of  domain  formation,  and  the  inter¬ 
relationship  between  ferro-  and  piezoelectricity. 


MIT.  08:002 

Massachusetts  Inst,  of  Tech.  Lab.  tor  Insulation 
Research,  Cambridge. 

PHOTOEMISSION  FROM  SILVER  INTO  AgCl,  KBr, 

NaCl  ALL>  HEW  BANDS  OF  PHOTOSENSITIVITY  IN 
AgCi,  by  M.  A.  Gllleo.  Oct.  1952,  40p.  incl.  diagrs. 
refs.  (Technical  rept.  no.  54)  (Sponsored  Jointly  by 
office  cl  hfaval  Etseircli,  Signal  C-arps  am*  (  Atr 
Force  Office  of  Scientific  Research]  under  N5orl-07801 
and  N5orl-07858)  U24896  Unclassified 

Also  published  in  Phys.  Rev.,  v.  91:  534-542,  Aug.  1, 
1953. 

The  work  required  to  move  an  electron  from  a  metal 
into  an  Insulator  has  been  investigated  photoelectrl- 
cally.  The  work  function  thus  found  was  about  4.  3  ev 
for  Ag  evaporated  in  vacuo  on  KBr  (Fowler  plot)  as 
well  as  on  NaCl  (threshold  wavelength).  The  photo¬ 
electrons  become  trapped  in  these  crystals  at  vacant 
anion  sites  and  may  be  released  by  F-band  illumination. 
For  Ag  on  AgCl  a  work  function  of  1. 1  ev  is  measured 
at  the  low  temperatures  used  to  freeze  out  ionic  con¬ 
ductivity.  In  AgCl  seven  new  bands  of  photoconductlve 
response  were  found;  the  optical  absorption  was  too 
small  to  be  measured  directly.  These  Lands  have  a 
half  width  of  ca  0.  2  ev  at  90°K  and  are  bleached  by 
Irradiation.  The  4400,  5000.  5700,  6600,  and  7500A 
bands  Increase  In  Intensity  with  an  Increasing  supply 
of  electrons  provided  by  photoelectric  emission  and 
behave  analogously  to  the  F  bands  of  the  alkali  halides. 
The  4800  and  9200A  bands  are  favored  by  a  scarcity  of 
electrons  and  may  correspond  to  trapped  holes.  Photo¬ 
sensitivity  in  all  these  bands  can  be  created  by  Irradia¬ 
tion  In  the  Intrinsic  optical -absorption  edge  of  AgCl 
at  low  temperature.  They  may  no!  be  characteristic 
of  a  perfect  crystal.  The  Intrinsic  band- like  photo- 
conductive  response  of  AgCl  and  the  absorption  edge 
on  which  It  occurs  shift  f-ward  shorter  wavelengths 
with  decreasing  temperature.  Th?  maximum  of 
response  which  appears  with  decreasing  wavelength 
may  arise  from  a  blmolecular  recombination  of  charge 
carriers  released  by  light.  The  absorption  edge 
steepens  as  It  shifts  toward  shorter  wavelengths  with 
decreasing  temperature.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech  Lab  for  Insulation 
Research.  Cambridge. 

ELECTRICAL  AND  OPTICAL  PROPERTIES  OE 
RUTILE  SI  NCI  E  CRYSTALS,  by  !>  C.  Cronemeyer. 


[1952]  [ll]p.  incl.  diagrs.  table,  refs.  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[Air  Force  Office  of  Scientific  Research]  under 
N5ori-07801)  Unclassified 

Published  in  Phys.  Rev. ,  v.  87:  876-886,  Sept.  1,  1952. 

Clear,  synthetic  rutile  (TiO.j)  single  crystals  have  been 
investigated  by  electrical  and  optical  methods.  It  t  ■->ms 
possible  to  correlate  the  high  temperature  conductivity 
(Eq  =  3.  05  ev)  with  the  threshold  of  optical  absorption 
at  low  temperatures  (3.03  ev)  and  with  the  maximum  of 
tie  pliotov.biiductl'vUy  (3.0!  -  3.03  ev).  This  evidence 
indicates  an  energy  gap  ca  3. 05  ev  for  rutile  as  an 
Insulator.  Semiconducting  rutile,  prepared  by  hydrogen 
reduction  at  temperatures  1 800°C,  shows  a  blue  color 
arising  iron,  an  optical  absorptlcn  maximum  at  ca  I.  Tp 
(0.  73  ev).  Conductivity-temperature  plots  for  slightly 
reduced  specimens  Indicate  an  optical  activation  energy 
0  68  pv  A  th*“jrrlLral  calculation  for  the  Cvolzatlun 
of  the  first  electron  from  an  oxygen  vacancy  indicates 
0. 74  ev  as  the  expected  value,  in  good  agreement  with 
the  experimental  results.  At  room  temperature  the 
mobility  of  electrons  in  slightly  reduced  single  crystals 
is  ca  10‘4  mV v- sec.  Strongly  reduced  rutile  is  opaque; 
a  comparison  of  electron  concentrations  calculated  from 
weight  loss  and  Hall  coefficient  data  Bhows  that  for 
samples  In  which  the  electron  concentration  is  10^®/ m®, 
all  contribute  to  conduction  at  room  temperature.  (Con¬ 
tractor's  abstract) 
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Massachusetts  In«t.  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

BEHAVIOR  OF  SLOW  ELECTRONS  IN  POLAR 
CRYSTALS,  by  E.  1'.  Gross.  Let.  lb%2,  40p.  incl. 
diagrs.  refs.  (Technical  rept.  no.  55)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[  Air  Force  Office  of  Scientific  Research1  under  N5orl- 
07801  and  N5orl-07858)  AD  6048  Unclassified 

The  effective  mass  of  slow  electrons  In  polar  crystals 
Is  Investigated  using  the  continuum  model  of  Pekar  and 
Frolich,  Plezer  and  Zienau.  The  Hamiltonian  Is  studied 
In  a  Fock  representation  po  that  effects  of  several  quanta 
can  be  assessed.  The  calculations  show  that  the  effective 
mass  is  larger  than  that  predicted  bv  the  one  quantum 
solution,  but  that  the  effective  mass  Is  still  small  for 
weakly  |*>iar  crystals.  For  excess  electrons  In  strongly 
polar  crystals  many  quantum  contributions  must  be  in 
eluded  and  the  present  method  Is  Inappropriate.  It  Is 
uncertain  whether  the  effective  mass  is  email  In  this 
case.  Holes  In  polar  crystals  appear  to  satisfy  the 
conditions  for  the  validity  of  the  theory  of  Laiklau  and 
Pekar  which  predicts  a  high  effective  mess.  (Contrac 
tor's  abstract) 

MIT.  08:005 

Massachusetts  Inst,  of  Tech  Lab.  for  Insulation 

Research.  Cambridge 

THE  GROWING  OF  LEAD  I'll  AN  ATE  CRYSTALS 
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AND  SOME  OF  THEIR  PROPERTIES,  by  H.  H.  Rogers. 
Dec.  1952,  17p.  incl.  Ulus,  dlagrs.  refs.  (Technical 
rept.  no.  56)  (Sponsored  jointly  by  Office  of  Naval 
Research,  Signal  Corps,  and  [  Air  Force  Office  of 
Scientific  Research1  under  N5orl-07801  and  N5orl- 
07858)  AD  4803  Unclassified 

Small,  high-purity,  single  crystals  of  lead  tltanate 
were  grown  from  a  melt  consisting  of  Ti02  and  an  ex¬ 
cess  of  PbO.  The  preparation  of  a  large  single  crystal 
by  the  Bridgman  Stockbarger  method  Is  described. 

Its  subsequent  fracturing  „ii  tolling  is  tnlorprtttd  by 
visual  observation  and  by  x-ray  measurements.  The 
chemical  reactivity  of  PbTiOj  is  discussed  and  data  on 
the  thermal  dissociation  into  PRO  vapor  and  by  x-ray 
measurements.  PbTi03  appears  to  be  the  only  stable 
compound  in  the  system  Pb0-Ti02-  The  chemical 
reactivity  of  I’bTi03  is  discussed  on  data  on  the 
thermal  dissociation  into  PbO  vapor  and  solid  Ti02 
are  given  PbTiOg,  as  expected,  is  piezoelectric 
at  room  temperature,  has  the  domains  characteristic 
of  a  ferroelectric  substance,  and,  in  addition,  under¬ 
goes  a  reversible  color  change  from  red  to  yellow  when 
cooled  through  the  Curie  point  (ca  490°C).  The  density 
of  a  cracked  crystal,  measured  at  25°C,  proved  to  be 
7.  all  g/  ml,  or  iia.  5%  ol  x-ray  density.  The  birefrin¬ 
gence  at  25°C  has  been  measured  as  a  function  of  wave¬ 
length  (at  5800A,  nmax"nmln  (Contractor's 

abstract) 

MIT.  08:000 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

TABLES  OF  DIELECTRIC  MATERIALS,  VOLUME  IV, 
by  A.  von  lilppel 1 .  Jan.  1953,  !38p.  incl.  diagrs. 
tables.  (Technical  rept.  no.  57)  (Sponsored  jointly 
by  Office  of  Naval  Research,  Signal  Corps,  and  [Air 
Force  Office  of  Scientific  Research1  under  N5orl- 
07801  and  N5ori-07858)  AD  5843  Unclassified 

This  work  in  ils  present  form  summarizes  the  measure¬ 
ments  of  the  Lalioratory  for  Insulation  Research  at 
M.l.T.  on  the  complex  permittivity  (dielectric  constant 
and  loss  tangent)  and  the  complex  permeability  of 
tmportant  dielectrics  made  in  this  country.  They  are 
intended  to  aid  government  agencies,  engineers  and 
manufacturers  in  the  proper  application  of  dielectrics 
and  in  the  development  of  better  products.  Volume  IV 
rejxirts  on  about  250  new  materials;  simultaneously,  it 
has  taken  over  and  amplified  the  measurements  given 
in  the  previous  volumes  as  far  as  they  still  are  of 
special  Interest.  A  number  of  materials  now  not  in 
production  iia-e  been  retained  for  this  reason  but  are 
indicated  as  'discontinued.  "  The  total  number  of 
materials  included  amounts  to  over  COO.  (Contractor's 
abstract) 

Ml  r.  08:007 

Massachusetts  Inst,  of  Tech.  Lab.  (or  Insulation 
Research.  Cambridge. 

AN  X  ltAV  DlFH'At  THIS  .STUDY  OF  BARIUM 


TITANATE,  by  H.  T.  Evans,  Jr.  Jan.  1953,  35p.  incl. 
lllus.  diagrs.  tables,  refs.  (Technical  rept.  no.  58) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [  Air  Force  Office  of  Scientific  Research  1 
under  N5ori-07801  and  N5orl-07858)  AD  4273 

Unclassified 

An  x-ray  diffraction  investigation  was  carried  out  in 
an  attempt  to  determine  in  detail  the  atomic  positions 
and  temperature  motions  in  the  crystal  structure  of  the 
tetragonal  ferroelectric  form  of  barium  titanate.  The 
bade  mx.c.riCiiei.lAl  dill  uctJ  in  the  it  ilysle  consisted 
of  the  integrated  intensities  of  99  Bragg  reflections 
of  the  type  (hkO).  The  intensities  were  carefully 
measured  by  means  of  a  scanning  technique  using  a 
Geiger  counter  assembly  especially  designed  for  this 
study,  a  small  (0. 1  mm)  untwinned  single  crystal,  and 
MoKa  radiation.  The  Intensities  were  corrected  for 
absorption  and  secondary  extinction  effects  determined 
by  special  techniques  worked  out  for  this  particular 
crystal.  The  search  for  a  structure  which  will  adequate¬ 
ly  account  for  these  data  was  carried  out  by  the  methods 
of  trial  and  error  and  least- squares  analysis.  A  model 
was  finally  defined  in  terms  of  3  structure  and  9  aniso¬ 
tropic  temperature  parameters.  It  was  found  that  in  the 
ReiiW&i  ttittbsMy  j-onttivn  tot  ill  Pc41ee.t4ui*  It,  Mi 

Interaction  between  the  structure  parameter  of  an  atom 
(displacement  along  the  tetragonal  axis)  and  the  tempera¬ 
ture  motion  of  the  atom  In  this  direction.  Therefore,  in 
order  to  determine  the  value  of  one  from  the  observed 
intensity  data,  It  is  necessary  to  assume  a  fixed  value 
for  the  other.  Consequently,  within  a  rather  wide  range, 
It  is  not  possible  to  determine  uniquely  the  structure  of 
tetragonal  barium  titanate.  Certain  temperature 
parameters  do  noi  Interact  with  other  parameters,  and 
these  are  uniquely  determined.  From  these,  reasonable 
values  have  been  assigned  to  the  other  temperature 
motions,  and  the  structure  consistent  with  these  assump¬ 
tions  determined.  The  reliability  factor  It  for  this 
structure  is  0.  0367.  These  results  are  compared  with 
those  published  by  other  workers.  (Contractor's 
abstract) 


MIT.  08:008 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

PI lOTOCUKR ENT  SPACE  CHARGE  BUILDUP,  AND 
FIELD  EMISSION  IN  ALKA1J  11A1JDE  CRYSTALS,  by 
A.  von  Ilippel,  E.  P.  Gross  and  others.  Feb.  1953, 
38p.  Incl.  diagrs.  iables,  refs.  (Technical  rept.  no. 
59)  (Sjionsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  Air  Force  Office  of  Scientific  lie 
search  under  KSnn  07H01  and  N5ori-07858)  AD  6049 

Unclassified 

Alsojniblislied  in  1'hys.  Rev.,  v.  91:  5GB-  579, 

Aug.  1.  1953. 

Additively  colored  alkali  halide  crystals  represent,  in 
a  first  approximation,  a  transparent  olid  with  frozen 
In  electrons  which  can  !>e  mobilize  /  light  absorption. 
When  moving  towards  the  anode,  these  electrons  leave 
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a  positive  space  charge  behind,  and  an  adjustable 
cathode  fall  results  which  can  be  steepened  until  elec¬ 
trons  are  released  by  field  emission.  The  steady-state 
and  transient  solutions  for  the  charging  and  discharging 
cycle  are  calculated,  the  effects  of  light  intensity, 
wavelength,  field  emission  discussed,  and  KBr  crystals 
investigated  experimentally  as  function  of  time,  volt¬ 
age,  light  intensity,  and  colorcenter  density.  Field 
emission  has  been  produced  with  voltages  as  low  as  1  v, 
and  a  field-emission  photocell  has  been  realized. 
(Contractor's  abstract) 


MIT.  08:009 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

ON  THE  DISORDER  IN  CRYSTALLINE  2,  2-D1NITRO- 
PROPANE  AT  ROOM  TEMPERATURE,  by  S.  C. 
Abrahams.  Feb.  1953,  4p.  incl.  diagr.  table,  refs. 
(Technical  rept.  no.  60)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [  Air  Force  ] 
Office  of  Scientific  Research  under  N5ori-07801  and 
NSori-07858)  AD  6191  Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  21:  1218- 
1219,  July  1953. 

2-2-Dlnitropropane  formed  face-centered  cubic  crys¬ 
tals  at  room  temperature,  with  a  =  8.73  *  0.05  A, 
and  4  molecules/ unit  cell.  For  the  models  considered, 
the  agreement  between  observed  and  calculated  factors 
was  uniformly  better  for  the  centrosymmetric  case 
than  for  the  noncentrosymmelrlc  case.  11  was  sug¬ 
gested  that  although  the  disorder  Is  complete  at  long 
range,  there  Is  a  high  degree  of  order  at  short  range. 


MIT. 08:010 

Massachusetts  lnsl.  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

THE  LOW- TEMPERATURE  TRANSITION  IN 
MAGNETITE,  by  S.  C.  Abrahams  and  B.  A.  Calhoun. 
Feb.  1953,  4p.  tncl.  tables.  (Technical  repl.  no.  61) 
(Hound  with  Its  Technical  repl.  nos.  60-63;  AD  6191- 
AD  6094)  (Sponsored  jolnlly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  Air  Force  Office  of  Sclen 
tlflc  Research  under  N5orl -07801  and  N5ort-07858) 

AD  6192  Unclassified 

Also  published  in  Acla  Crystallographtca,  v.  6:  105- 
106,  Jan.  id,'  1953. 

Magnetite  was  shown  to  transform  from  the  cubic  to 
Ihe  orthorhombic  system  at  temperatures  below  H9°K 
The  thermal  expansion  coefficient  of  the  c  axis  became 
negative  below  tl9“K.  and  at  about  95“K  there  was  no 
appreciable  difference  In  the  spacing  of  <440)  ami  (008) 
The  dimensions  of  ttie  magnetite  unit  cell  were  titeas 
ured  at  295°,  128“.  and  7(1  K  and  the  resulting  volumes 
were  591  4  589  1,  and  589  6  respectively. 

From  these  data  and  the  c  axis  length  at  t<>8  k.  the 


coefficients  of  thermal  expansion  above  and  below  the 
transition  were  calculated. 

MIT.  08:011 

Massachusetts  Inst  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

A  LOW- TEMPERATURE  ADAPTOR  FOR  THE 
NORELCO  HIGH- ANGLE  SPECTROMETER,  by  B.  A. 
Calhoun  and  S.  C.  Abrahams.  Feb.  1953,  3p.  incl. 
illus.  (Technical  rept.  no.  62)  (Bound  with  tu 
Technics!  rept.  nos.  60-63;  AD  6191- AD6194)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[  Air  Force  Office  of  Scientific  Research]  under  N5orl- 
07801  and  N5ori-07858)  AD  6193  Unclassified 

Also  published  in  Rev.  Sclent.  Instruments,  v.  24:  397, 
May  1953. 

A  description  is  given  of  a  simple  adapter  which  was 
developed  for  use  with  the  Norelco  high-angle  spec¬ 
trometer  with  samples  cooled  to  78°K.  The  cryostat 
consists  of  a  sample  holder,  an  insulated  open  chamber 
for  liquid  N,  and  an  insulated  cover  to  prevent  ice 
formation  near  the  sample.  The  device  was  success¬ 
fully  used  to  lnvestiage  the  transition  in  magnetite  down 
to  78°K. 


MIT.  08:012 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

A  SHIELDING  DEVICE  FOR  X-RAY  DIFFRACTION 
CAMERAS,  by  S.  C.  Abrahams  and  W.  R.  Blaclcmore. 
Feb.  1953,  2p.  Incl.  Ulus.  (Technical  rept.  no.  63) 
(Bound  With  ll£ Technical  rept.  noB.  60-63;  AD  6191- 
AD  6194)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  I  Air  Force  Office  or  Scientific  Re¬ 
search !  under  N5orl-07801  and  N5orl-07858)  AD  6194 

Unclassified 

Also  published  In  Rev.  Sctenl.  Instruments,  v.  24: 

885.  Sepl.  1953. 

A  description  Is  given  of  a  simple  device  of  durable 
construction  which  was  developed  lo  prevenl  the  scat¬ 
tering  of  x  rays  between  lhe  window  of  an  x-ray  tube 
and  the  collimator  of  the  camera.  The  shield  was  de¬ 
signed  for  Machletl  x-ray  tubes  and  Supi>er  collimators 
am!  cameras,  hut  it  may  easily  lie  modified  for  most 
types  of  tulies  and  cameras 

MIT.  06:013 

Massachusetts  lnsl  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

A  MOVING  SHU  1*  FOURIER  ANALYZER,  by  It.  J. 
Grenville  Welts.  Eeb.  1953.  18p.  Incl.  Illus  tables 
(Technical  rept.  no  64)  (Hound  with  Its  Technical 
rept  nos.  64-66:  AD  6195  AD  6197)  (Sponsored 
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Jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[  Air  Force  Office  of  Scientific  Research]  under 
N8orl-07801  and  N5ori-07858)  AD  6195  Unclassified 

Also  published  In  Rev.  Sclent.  Instruments,  v.  25: 
1156-1161,  Dec.  1954. 

An  analyzer  Is  described  whlcb  performs  directly 
2-dlmenslonal  Fourier  summations  of  the  type 
211  F(hk)cos  2  tt  (hX  +  kY).  The  analyzer  also  evaluates 
HK 

sine  summations  and  some  3-dlmensional  summations. 
The  device  accommodates  values  of  F(hk)  =  ±  (1  -.99), 
h  =-15  to  15,  k  =  0  to  15  for  X  and  Y  =  1/36  of  the 
repeat  distance.  Tbe  operation  of  the  analyzer  is 
Illustrated  by  an  example. 


WIT.  08:014 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

A  GRAPHICAL  METHOD  OF  EVALUATING  CERTAIN 
CRYSTALLOGRAPHIC  STRUCTURE  FACTORS,  by 
H.  J.  Grenville -Wells.  Feb.  1953,  14p.  incl.  lllus. 
table.  (Technical  repl.  no.  65)  (Pound  with  Its 
Technical  rapt.  nos.  54-SS;  AD  6195-AD  6197) 

(Sponsored  jotntly  by  Office  of  Naval  Research,  Stgnal 
Corps,  and  f  Air  Force  Office  of  Scientific  Research] 
under  N5ort-07801  and  N5orl-07858)  AD  6196 

Unclassified 

Also  published  in  Jour.  Appl.  Phys. ,  v.  25:  485-490, 

Apr.  1954. 

A  graphical  method  is  descrtbed  for  evaluating  struc¬ 
ture  factors  of  the  form 

F(hk)  --  5  fr(hk)C0S  2rr(hxr  ♦  kyr)  and  electron  denstty 

expressions  of  the  form  |  (X,  Y)  =  22  F(hk)cos  2v(hX 

H  K 

t  kY).  The  method  depends  upon  the  fact  that  If  in  a 
2-dlmenslonal  r  001 1  projection  of  a  unit  cell  the 
normal  to  the  planes  (hkO)  Is  graduated  with  the  appro¬ 
priate  cosine  function  giving  the  phases  of  points  along 
the  normal,  then  a  circle,  having  its  center  at  (X/2, 

Y/2)  and  passing  through  the  origin  will  cut  the  normal 
to  F(hkO)  ai  the  value  of  cos  2rr(hx  ♦  ky).  The  practical 
limitations  and  general  uttllty  of  the  construction  are 
discussed.  (ASTIA  abstract) 

MIT. 08:015 

Massachusetts  Inst  of  Tech  Lab.  for  Insulation 
Research,  Cambridge. 

UPPER  LEVEL  PRECESSION  PHOTOGRAPHY  AN1)  THE 
I  .OR  ENT/.  POLARIZATION  CORRECTION,  by  11.  J. 
Grenville  Wells  ami  5.  v.  Abrahams.  Feb.  1953,  tip. 
tncl.  Ulus  (Technical  rept  no.  '  (UotUKi  with. its 
Tedmical  rept  nos.  84-66:  AD  6195  AD  1197)  (S|xir: 
sored  jointly  by  Offn  eof  Nava!  Rene  (Signal  Corps, 

ami  Air  Force  Office  of  Scientific  Research  under 
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N5ori-07801  and  N5ort-07858)  AD  6197 

Unclassified 

Also  published  In  Rev.  Sclent.  Instruments,  v.  23:  328- 
331,  July  1952. 

A  set  of  charts  Is  presented  for  the  Lorentz-polarization 
correction  for  upper-level  precession  photographs  ob¬ 
tained  with  a  30*  precession  angle.  The  charts  cover 
7  levels  In  reciprocal  space,  0.05  rlu  apari,  and  corre¬ 
spond  to  a  5. 5-cm  magnification  factor.  By  super¬ 
imposing  x-ray  films  on  the  charts,  the  corrections  can 
be  read  off  at  the  positions  at  which  diffraction  spectra 
occur. 


MIT.  08:016 

Massachusetts  Insl.  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

INHOMOGENEITY  OF  THALLIUM  HALIDE  MIXED 
CRYSTALS  AND  ITS  ELIMINATION,  by  A  Smakula, 

J.  Kalnajs,  and  V.  SLls.  Mar.  1953,  20p.  tncl.  tllus. 
tables,  refs.  (Technical  rept.  no.  67)  (Sponsored 
Jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
f  Air  Force  Office  of  Scientific  Research]  under 
N5ori-07801  and  N5ori-07858)  AD  8948 

Unclassified 

Also  published  In  Jour.  Opt.  Soc.  Amer. ,  v.  43:  698- 
701,  Aug.  1953. 

A  study  was  made  of  the  optical  tnhomogenetty  of  prtsms 
used  In  1R  spectroscopy,  which  are  cut  from  mixed 
crystals  of  thallium  halides.  The  cause  of  the  defect 
was  determined  to  be  the  use  of  tncorrect  minimum 
melting  points  of  the  compositions  from  which  the 
crystals  were  grown.  The  freezing  points  of  thalltum 
halides  and  the  minimum  freezing  points  of  the  binary 
systems  (T1CI  with  TlBr  and  Til)  were  determined  by 
cooling  the  melted  samples  and  measuring  the  tempera¬ 
ture  with  an  Fe-Constantan  thermocouple.  The  freezing 
points  were  higher  than  those  ot  Moenkemeyer  (Neves 
Jahrb.  Mineral.  Geol.  Pal.  22,  Betlage-Band,  1906). 
Crystals  of  binary  systems  were  grown  on  the  basis  of 
the  new  data,  and  the  greatest  deviation  of  the  latttce 
constant  along  the  crystal  length  was  determined  to  be 
more  than  5  x  10"  ®.  These  results  show  that  the  optical 
inhomogeneity  was  caused  by  the  Incorrect  composition 
of  the  melt.  The  refractive  Index  variation  In  the  new 
crystals  was  less  than  l  x  10'®. 


MIT.  08:017 

Massachusetts  Inst,  of  Tech.  Lab  for  Insulation 
Research,  Cambridge. 

ELECTRICAL  CONDUCTIVITY  OF  MAGNETITE  AT 
LOW  TEMPERATURES  (Abstract),  by  II.  A.  Calhoun 
1953  1  p.  (Sponsored  jointly  by  Office  of  Naval 

Research,  Signal  Corps,  and  Air  Force  Office  of 
Scientific  Research  under  N5or!  97801  ) 

Unclassified 
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Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Cambridge,  Mass. ,  Jan.  22-24,  1953. 

Published  In  Phvs.  Rev.,  v.  90:  374,  Apr.  15,  1953. 

The  electrical  conductivity  of  synthetic  magnetite  single 
crystals,  has  been  measured  from  room  temperature 
to  40°K.  Below  the  transition  at  119°K,  the  activation 
energy  decreases  ftrvm  l>.  11  ev  (yb-H^K)  to  0.1)61  ev 
(52-40°K).  The  conductivity  below  the  transition  is 
Isotropic  when  the  samples  are  cooled  in  a  demagnetized 
state.  Samples  cooled  through  the  transition  In  a  mag¬ 
netic  field  sufficient  to  saturate  and  then  demagnetized 
show  an  anisotropic  conductivity.  The  conductivity 
depends  on  the  orientation  of  both  the  sample  and  the 
magnetic  field.  Verwey  and  his  co-workers  (Jour. 

Chem.  Phys. ,  v.  15:  181,  1947)  suggested  that  the 
transition  resulted  from  an  ordering  of  the  ferrous  and 
ferric  ions  in  the  octahedral  sites  and  proposed  an 
ordered  structure  of  orthorhombic  symmetry.  The  ob¬ 
served  anisotropy  of  the  conductivity  agrees  with  this 
model.  (Contractor's  abstract) 

MIT.  08:018 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

A  HIGH- TEMPERATURE  LABORATORY  CATENARY 
KILN,  by  G.  Economos  and  F.  E.  Vlnal.  [  1953]  [3]p. 
lncl.  tllus.  dtagrs.  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  [  Air  Force  Office 
of  Scientific  Research]  under  N5ori-07801) 

Unclassified 

Published  In  Jour.  Amer.  Ceramic  Soc.  ,  v.  38:  204- 
206,  June  1953. 

The  catenary  curve  was  analyzed  to  find  the  dimensions 
at  which  a  self-supporting  arch  can  he  obtained.  For 
kiln  construction,  a  height- to -base  ratio  of  1  to  1  was 
found  to  be  advisable.  Detailed  construction  data  was 
give-  for  a  tt  bn  with  a  f)  Vcu  U  ch«rher  A  parallel 
heating  element  system  with  a  low  voltage,  high- 
ampere  power  circuit  ts  described,  and  the  advantages 
of  the  arrangement  are  noted.  Excellent  temperature 
uniformity  is  reported,  and  t400°C  can  be  attained  at  a 
rate  of  85°C  per  hour  with  3  kw  power  input.  An 
atemized  cost  of  construction  Is  also  given.  (Con¬ 
tractor's  abstract) 

MtT.  08:019 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

MAGNETIC  AND  ELECTRIC  PROPERTIES  OK 
MAGNETITE  AT  1AJW  TEMPERATURES,  by  n.  A. 
Calhoun  July  1953  49p.  lncl  diagrs.  tables,  refs. 
(Technical  rept.  no.  68)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  Air  Force  «fice 
of  Scientific  Research  under  N5ort  07801  ami  N5ori 
07858)  Al)  15523  Unclassified 

Also  published  In  Phys.  Rev  .  v.  94:  (577  1585. 


June  15,  1954. 

The  low- temperature  transition  in  magnetite,  according 
to  Verwey,  is  due  to  the  ordering  of  the  ferrous  and 
ferric  ions  in  the  octahedral  Interstices  of  the  spinel 
lattice.  This  arrangement  would  require  a  symmetry 
change  from  cubic  to  orthorhombic.  X-ray  diffraction 
Indicates  and  electric  conductivity  and  magnetization 
measurements  corftriu  UaI  the  trajvstttoh  leads  to  an 
orthorhombic  structure.  An  external  magnetic  field 
applied  while  cooling  through  the  transition  establishes 
a  preferred  orientation  for  the  c  axis  throughout  the 
whole  crystal.  Below  the  transition  this  c  axis  can  be 
switched  to  a  new  direction  by  a  strong  magnetic  field, 
a  process  Involving  a  cooperative  rearrangement  of  the 
ferrous  ions  in  new  sites  and  relatively  large  changes 
in  dimensions.  In  stoichiometric,  synthetic,  single 
crystals  the  transition  occurs  at  119. 4°K  and  Is  marked 
by  an  abrupt  decrease  In  the  conductivity  by  a  factor  of 
90  In  a  temperature  interval  of  1°.  No  thermal  hyster¬ 
esis  is  observed.  The  conductivity  of  a  crystal  cooled 
in  a  strong  magnetic  field  is  anisotropic  below  the 
transition  as  given  by  the  relation  cr  =  A  +  B(1  +  cos28), 
where  0  is  the  angle  between  the  c  axis  and  the  direction 
of  measurement.  The  ratio  B/(A  +  B)  Increases  rapidly 
as  the  crystal  Is  cooled  to  90°K,  Indicating  a  progres¬ 
sive  Increase  In  the  long-range  older.  The  c  axis  Is 
the  direction  of  easy  magnetization  below  the  transition, 
and  the  anisotropy  energy  Is  very  much  larger  below 
than  above:  the  anisotropy  constants  have  been  deter¬ 
mined  at  85°K.  (Contractor's  abstract) 


MIT.  08:020 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

A  NOMOGRAM  FOR  EVALUATING  THE  TEMPERA¬ 
TURE  FACTOU,  by  H.  i.  Gtv idVHle  -  Wells.  11953) 
f  2  p.  lncl.  dlagr.  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  [  Air  Force  Office 
Rr8earrK  under  N5nri-0730i  »*!  NVrl- 
07858)  Unclassified 

Published  in  Acta  Crystallographtca,  v.  6:  665-666, 

July  10,  1953. 

The  nomogram  evaluates  the  expression 

exp  (  -  2B  stn20)/\2]  f(/fQ, 

where  the  symbols  have  the  usual  significance.  It  has 
four  scales,  A.  B,  C,  and  D.  A  and  Dare  logarithmic 
scales  with  1  cycle  10  in. :  they  are  equidistant  from 
C,  which  is  the  logarithmic  scale  having  2  cycleB  - 
10  in.  required  for  multiplication.  The  D  scale,  which 
is  a  linear  inch  scale,  is  antilogarithinic  against  the  A 
scale.  An  example  of  the  use  of  the  nomogram  for 
evaluating  f(  f ^  for  particular  values  of  B  and  sin^O  'X2 

would  be:  if  sin"*)  '•  2  0.04  and  B  3,  the  f(  fQ 

0.79. 
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MIT. 08:021 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

A  KINETIC  APPROACH  TO  COLLISION  PROCESSES 
IN  GASES.  I.  SMALL  AMPLITUDE  PROCESSES  IN 
CHARGED  AND  NEUTRAL  ONE-COMPONENT  SYS¬ 
TEMS,  by  P.  L.  Bhatnager,  E.  P.  Gross,  and  M. 
Krook.  Sept.  1953,  41p.  incl.  111-is.  refs.  (Technical 
rept.  no.  69)  (In  cooperation  with  Harvard  Coll. 
Observatory,  Cambridge,  Mass,  under  AF  19(604)146) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  f  Air  Force  Office  of  Scientific  Research  1 
under  N5ori-07801  and  N5orl-07858)  AD  17744 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Chicago,  Ill.,  Nov.  27-28,  1953. 

Abstract  published  in  Phys.  Rev. ,  v.  93:  936, 

Feb.  15,  1954. 

Also  published  in  Phys.  Rev. ,  v.  94:  511-525,  May  1, 
1954. 

This  approach  appears  adequate  for  the  unified  treat¬ 
ment  of  the  dynamic  properties  of  gasss  over  a  con¬ 
tinuous  range  of  pressures  from  the  Knudsen  limit  to 
the  high-pressure  limit  where  the  aerodynamic  equa¬ 
tions  are  valid.  Alterations  are  made  in  the  collision 
terms  of  the  Boltzmann  equation;  each  collision  con¬ 
serves  particle  number,  momentum,  and  energy; 
persistence  of  velocities  and  angular  dependence  may 
be  included.  The  approach  Illustrates  a  technique  for 
a  simple  model  involving  the  assumption  of  a  collision 
time  independent  of  velocity;  this  model  is  applied  to 
the  study  of  small  amplitude  oscillations  of  1-compo¬ 
nent  ionized  and  neutral  gases.  The  Initial  value  prob 
lem  for  unbounded  space  is  solved  by  performing  a 
Fourier  transformation  on  the  space  variable  and  a 
Laplace  transformation  on  the  time  ’’ariable.  For  un¬ 
charged  gases  there  results  the  correct  adiabatic 
limiting  law  for  sound-wave  propagation  at  high  pres 
sures  For  ionized  gases  the  difference  in  the  nature 
uf  the  .■.rga,.izatli,r,  H.  th.  L*  presses  plasma  ostllla 
lions  and  in  high-pressure  sound-type  oscillations  is 
studied.  Two  important  cases  are  distinguished.  If 
the  wave  length  of  the  oscillations  is  long  compared  to 
either  the  Let  ye  lenptl  or  tie  wit  tree  pat*  t  small 
change  in  frequency  ts  obtained  as  the  collision  fre¬ 
quency  varies  front  zero  to  infinity.  The  accompanying 
absorption  is  small  and  reaches  its  maximum  value 
when  the  collision  frequency  equals  the  plasma  fre 
quency.  The  other  case  refers  to  waves  shorter  than 
Ixitli  the  Debye  length  and  the  mean  free  path:  these 
waves  are  characterized  by  a  very  heavy  absorption. 
(For  part  il  of  this  re|>ort  see  item  no.  SYit.  03:002) 
(AST1A  abstract) 


MIT.  08:022 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

THE  CRYSTAL  STRUCTURE  OF  BARIUM  TETRA- 
SULFIDE  MONOHYDRATE,  by  S.  C.  Abrahams. 

Sept.  1953,  25p.  incl.  lllus.  tables,  refs.  (Technical 
rept.  no.  70)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  f  Air  Force  Office  of  Scien¬ 
tific  Research]  under  N5orl-07801  and  N5ori-07858) 

AD  17743  Unclassified 

Also  published  in  Acta  Crystallographica,  v.  7:  423-429, 
May  20,  1954. 

Barium  tetrasulfide  monohydrate  forms  piezoelectric 
crystals  belonging  to  the  orthorhombic  system,  space 
group  -  P2j2j2  with  4  molecules  in  the  unit  cell  of 
dimensions  a  =  9 . 67,  b  =  7. 99,  c  -  7.  81  A.  The 
crystal  structure  was  completely  determined,  and  the 
values  of  the  17  atomic  coordinates  were  refined  by 
double  Fourier  series  and  least-square  methods,  based 
upon  296  terms  derived  from  visual  intensity  measure¬ 
ments,  in  the  3  principal  zones.  Tlie  Ba  atom  is  com¬ 
pletely  ionized,  and  is  in  ionic  contact  with  the  S  atoms 
and  the  O  of  the  HjO  molecule.  The  tetrasulfide  ion 
possesses  C,  symmetry.  Like  the  anion  of  Cs2Sg  the 
tetrasulfide  ion  is  non- branched  and  nonplanar,  and 
also  exhibits  a  similar  alternation  in  bond  length.  Two 
kinds pf  S-S  bonds  are  present,  of  length  2.02  and 
2.07  A,  allowing  a  new  tentative  bond-order  vs  bond- 
length  curve  for  S  to  be  established.  (Contractor’s 
abstract) 

MIT.  08:023 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

DERIVATION  OF  ATOMIC  COORDINATES  IN 
HELICAL  STRUCTURES,  byH.  J.  Grenville  Wells 
Sept.  1953,  12p.  incl.  lllus.  (Technical  rept.  no.  71) 
(Sponsored  jointly  by  Office  of  Naval  Research,  9gnal 
CoTpb,  and  {  AiT  FuTlc  UHlt-k  ,jl  SvlMittftc  Ltseaiih  j 
under  N5orl-07801  and  N5or!-07858)  AD  19939 

Unclassified 

A  several  o'v4*.  *1 1«  ieveLqwd  t-  r  oMaifirvc  tie  coerdi 
nates  of  atoms  In  helical  structures.  The  helix  ts 
treated  as  the  repetition  of  a  structural  unit  by  an  n-fold 
screw  axis,  where  n  Is  continuously  variable.  The  co¬ 
ordinates  are  needed  in  complex  structures  such  as 
protelnB  for  the  calculation  of  bond  lengths  and  bond 
angles.  The  specific  form  in  which  the  derivation  is 
presented  was  developed  for  Die  analysis  of  polypeptide 
chain  helices.  Graphs  are  given  which  facilitate  the 
use  of  the  derived  expressions. 
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MIT.  08:024 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

A  SINGLE- CRYSTAL  ADAPTOR  FOR  THE  NORELCO 
HIGH-ANGLE  DIFFRACTOMETER,  by  S.  C.  Abrahams 
and  H.  J.  Grenvtlle-WeHs.  Sept.  1953,  4p.  lncl.  tllus. 
(Technical  rept.  no.  72)  (Bound  with  Its  Technical 
rept.  no.  71;  AD  19939- AD  19940)  (Sponsored  jointly 
by  Office  of  Naval  Research,  Signal  Corps,  and  [  Air 
Force  Offtce  of  Scientific  Research!  under  N5ori-07801 
and  N5ort-07858)  AD  19940  Unclassified 

Also  published  in  Rev.  Sctent.  Instruments,  v.  25: 
519-520,  May  1954. 

The  adaptor  is  based  on  the  principle  of  completely 
bathing  a  small  single  crystal  in  a  slightly  divergent 
collimated  x-ray  beam,  and  slowly  rocking  the  crystal 
through  the  Bragg  reflection  angle  while  keeptng  the 
GM  counter  stationary  at  the  proper  20  angle.  The 
normal  specimen  holder  is  replaced  by  a  long  shaft 
which  closely  fits  the  bronze  sleeve  of  the  diffractome¬ 
ter  and  ends  'n  a  screw  on  which  a  Supper  goniometer 
head  can  be  fitted.  A  graduated  circle  is  attached  to 
the  other  end  of  the  shaft  which  is  connected  to  a  syn- 
cbr.iicuj  rootor.  The  whole  shaft  car.  be  translated 
along  its  length  to  bring  the  crystal  into  the  x-ray 
beam.  A  Bodlne  motor  is  used  to  rotate  the  crystal 
at  a  constant  angular  velocity  of  1/8°  0/mtn.  A 
backstop  is  mounted  on  a  sleeve  which  fits  over  the 
collimator  shaft,  and  permits  the  counler  to  record 
spectra  with  angles  as  low  as  3°20 . 


MIT.  08:025 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

A  REGULATED  CONTROL  SYSTEM  FOR  A  LARGE 
ELECTROMAGNET,  by  L.  E.  Johnson.  Sept.  t953 
[4t  ]p.  inci  lltus.  tables,  refs  (Technical  rept.  no. 
73)  (S)>onsoreil  jointly  by  Office  (if  Naval  Research, 
Signal  Corps,  and  Air  Force  Office  of  Scientific  t!r 
search’  under  N5orl  0780t  and  N5orl  07858)  AD  (9932 

Unclassified 

The  system  is  an  automatic  self  correcting  device 
which  maintains  the  magnet  current  at  any  desired 
tevel.  The  design  is  a  servomechanism  which  functions 
as  a  follow  up  device  (or  varying  input  comma! ids.  It 
atso  compensates  (or  extraneous  current  fluctuations 
resulting  from  variations  produced  by  temperature 
changes,  generator  brush  noise,  generator  structural 
asymmetries,  and  changes  in  generator  speed  caused 
by  variations  in  line  voltage.  The  design  originally 
Incorporated  a  parallel  connected  dual  loop  design  of 
which  the  l.F  loop,  cr  current  stabilizer,  was  intended 
to  satisfy  the  Input  requirements,  while  the  2  loops 
together  would  give  the  proper  degree  of  st.dntizad  m 
The  present  system  however,  uses  only  the  l.F  hem 
which  compensates  tor  the  drift  and  small  shifts  in  the 
dc  vatue  of  the  current  at  any  desire!  level.  Flow 


thermal  drift  and  smali  dc  shifts  are  held  to  within 
1  part  in  10  .  (ASTIA  abstract) 


MIT.  08:026 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

BLEACHING  OF  CaF2  CRYSTALS  COLORED  BY  X- 
RAYS,  by  A.  Smakula.  Sept.  15,  1953  [2lp.  lncl. 
diagrs.  (Sponsored  jotntly  by  Office  of  Naval  Research, 
Signal  Corps,  and  f  Air  Force  Office  of  Scientific  Re 
search1  under  [  N5ori- 07801 1 )  Unclassified 

Published  in  Phvs.  Rev.,  v.  91:  1570-1571,  Sept.  15, 
1953. 

Bleaching  by  light  at  room  -emperature  is  reported  of 
x-ray  colored  CaF,  synthetic  crystals,  by  use  of  a 
filtered  Hg  lamp.  Tabulated  results  show  no  apparent 
bleaching  of  the  absorption  bands  marked  1  to  4  after  3 
weeks  treatment  at  room  temperature.  An  exposure  to 
light  absorbed  only  by  band  1  does  not  bleach  this  band 
after  one  hour  of  exposure.  A  five- minute  exposure  to 
light  absorbed  by  band  2  produced  a  strong  decrease  of 
band  2,  the  other  bands  being  unaffected;  simultaneous 
will,  diiy.iTnct.lfjT,  oi  Land  2,  a  ms*  tajvt  peaking,  at 
4850A  appears.  Band  2  can  be  restored  either  by  heat 
or  by  light  absorbed  by  band  1  which  remains  unaffected 
while  the  new  band  at  4850A  disappears.  Use  of  light 
simultaneously  absorbed  by  bands  1  and  2  effects  bleach 
ing  of  both  bands  and  formation  of  a  new  band  at  4850A: 
both  bands  can  be  restored  either  thermally  or  by 
ll  1  odiat.l/.l  Ml  band  1.  A  tentative  explanation  (Atilt 
absorption  bands  is  proposed. 


MIT.  08:027 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

LFFECT  OF  A  TWO  DIMENSIONAL  PRESSURE  ON  THE 
CUItlE  TOINT  OF  BAJtlUM  T1TANATE,  by  P.  W. 
Fnrsbergh,  Jr.  Ocl.  1953,  20j  .  inci.  lllus.  refs. 
(Technical  repl.  no.  74)  (Sponsored  jotnliy  by  Office  of 
Naval  Research,  Signal  Corps,  and  Air  Force  Office 
(*!  Scientific  Research  under  Naorl  07801  and  N5ori 
07858)  AD  19933  Unclassified 

AIs(i_pubI!6liPi.t  in  Pliys  Rev.,  v.  93:  68C-692,  Feb.  15. 

1 354. 

Ily  hydraulics,  a  single  crystal  of  iiuTlOj  In  the  shape 
of  a  fiat  circular  disk  was  subjected  i  >  a  pressure  ex 
erted  on  the  edges.  After  removal  of  all  domains  that 
were  n.  l  normal  to  the  disk  by  a  slight  pr*ssure.  the 
stress  system  consisted  of  equal  pressures  on  the  2  a 
axes  and  none  on  Hie  £  axis.  The  transition  temperature 
increased  with  the  squarr  of  the  2  dimensional  pres 
sure;  Merz's  hydrostatic  pressure  produced  a  linear 
drop.  The  free  energy  for  the  2  dimensional  and  hydro 
static  stress  systems  was  obtained  by  using  ts  von 
shirr's  exi-anslon  for  energy  (Phil.  Mag.  ,  v.  40;  tOt6. 
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1949;  v.  42:  1065,  1951)  and  the  appropriate  Legendre 
transformation.  The  expansion  had  to  be  supplemented 
to  obtain  a  quadratic  effect.  The  evaluation  of  the 
effect  of  pressure  on  the  transition  temperature  was 
difficult  when  higher  terms  were  Included,  but  the  effect 
on  Curie- Weiss  temperature  was  easily  determined. 

The  linear  part  of  the  Curie- Weiss  temperature  shift 
depended  only  on  the  lower  terms  in  the  free  energy 
expansion;  it  provided  2  Independent  relations  for  deter¬ 
mining  the  2g  coefficients.  The  quadratic  shift  of  the 
Curie-Welss  temperature  depended  on  the  higher  terms 
with  which  the  Devonshire’s  expansion  was  supple¬ 
mented,  and  an  interpretation  of  these  higher  terms 
gave  an  upward  direction  to  the  shift. 


MIT. 08:028 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

THE  KINETICS  OF  THE  HETEROGENEOUS  PARA- 
HYDROGEN  CONVERSION,  by  Y.  L.  Sandler.  1953 
f  2 1  p.  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  f  Air  Force  Office  of  Scientific 
Research]  under  f  N5orl -07801  ] )  Unclassified 

Published  in  Jour.  Chem.  Phys. ,  v.  21:  2243-2244, 
Dec.  1953. 

Heterogeneous  parahydrogen  conversion  is  asserted  to 
follow  a  strict  first  order  decay  law.  The  observed 
rale  Is  written  as:  r  =  kN  *  k-Nj,  where  N  is  the  total 
number  of  molecules  present  in  the  reaction  veseel  and 
Nj  is  the  number  of  absorbed  molecules.  The  ”  true" 
rate  constant  kg  is  defined  by  the  aforeglven  equation. 
Like  k.  it  generally  will  be  a  function  of  temperature 
and  pressure  (or  coverage). 


MIT.  08:029 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

SOLUTION  OF  THE  BOLTZMANN  EQUATION  FOR 
MAXWELLIAN  MOLECULES,  by  E.  P.  Gross.  [  1954  ] 
r  2  i  p.  [  Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [  Air  Force]  Office  of  Scientific 
Research  under  1  N5orl-07801  ]  Unclassified 

Published  In  Phys.  Rev.,  v.  93:  34  7  34C,  Jan.  15, 

1954. 


The  Boltzmann  integrodlfferenltal  equation  for  mona¬ 
tomic  gases  has  been  studied  extensively  In  two  limiting 
cases,  where  the  mean  free  path  Is  small  compared  to 
the  relevant  lengths  of  the  problem  and  where  the  mean 
free  paths  are  large  compared  to  a  container  dimension. 
Due  to  present  active  Interest  in  processes  occurring 
In  rarefied  gases,  a  method  of  solution  is  required 
which  deals  with  the  entire  range  of  pressures  In  a  uni¬ 
fied  manner  and  which  can  satisfy  general  microscopic 
boundary  conditions.  A  method  Is  outlined  for  the 


special  case  of  Maxwellian  molecules  which  repel 
each  other  with  an  inverse  fifth-power  law  of  force. 


MIT.  08:030 

Massachusetts  Inst,  of  Tech,  f  Lab.  for  Insulation 
Research]  Cambridge. 

A  KINETIC  APPROACH  TO  COLUSION  PROCESSES 
IN  GASES,  n  (Abstract),  by  E.  P.  Gross  and  M.  Krook. 
[  1954  ]  [  1  ]p.  (Sponsored  jointly  by  Office  of  Naval 
Research,  Signal  Corps,  and  [  Air  Force  Office  of 
Scientific  Research]  under  f  N5orl-07801  ] ) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Chicago,  Ill.,  Nov.  27-28,  1953. 

Published  in  Phys.  Rev. ,  v.  93:  936,  Feb.  15,  1954. 

A  kinetic  approach  is  applied  to  the  study  of  the  small 
amplitude  oscillations  of  one-component  ionized  and 
neutral  gases.  The  initial-value  problem  in  unbounded 
space  is  solved  in  detail  for  a  simple  collision  model 
Involving  the  assumption  of  a  collision  time  Independent 
of  velocity.  For  uncharged  gases,  there  results  the 
corrected  adiabatic  limiting  law  for  sound-wave  propa¬ 
gation  at  high  pressures.  In  addition,  one  obtains  a 
theory  of  the  absorption  and  dispersion  of  sound  for 
arbitrary  pressures.  For  ionized  gases  the  difference 
in  the  nature  of  the  organization  in  the  low-pressure 
plasma  oscillations  and  in  high-pressure  sound-type 
oscillations  can  be  studied.  At  high  pressures  it  Is  not 
permissible  to  treat  an  ionized  gas  as  a  one-component 
system:  the  electron  Ion  coupling  must  be  studied  more 
carefully.  This  kinetic  approach  Is  therefore  gener¬ 
alized  to  treat  many-component  systems  and  is  applied 
to  the  treatment  of  the  oscillations  of  ionized  gases 
and  to  the  propagation  of  sound  in  mixtures  of  neutral 
gases.  (Contractor's  abstract) 


MIT.  08:031 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

THE  CRYSTAL  STRUCTURE  OF  Dl-p-TOLYL 
TELLUR1DE,  by  W.  R.  Blackmore  and  b.  C. 

Abrahams.  May  1954,  15p.  lncl.  lllus.  tables,  refs. 
(Technical  rept.  no.  75)  (Bound  with  Its  Technical 
rept.  nos.  76-77;  AD  35327(a)  -  AD  35327(b))  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  Signal  Corps 
and  '  Air  Force  Office  of  Scientific  Research]  under 
N5orl -07801  and  N5orl-07B58)  AD  35327  Unclassified 

Algo  published  in  Acta  Crystallographies,  v.  8:  317- 
323,  June  10,  1955 

Dt  p  lolyl  tellurlde  forms  orthorhombic  crystals, 
space  group  P2 1 2 j 2 ^ ,  with  four  molecules  in  a  unit 

cell  of  dimensions  a  -  25.  33.  b  8.  05,  and  c  =  6.  01A 
The  crystal  structure  has  been  determined,  the  45 
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positional  parameters  being  refined  by  double  Fourier 
series  and  least-squares  methods.  There  were  288 
terms  used,  derived  from  visual  tntenslty  measure¬ 
ments  by  two  Independent  observers.  The  tellurium- 
carbon  bond  length  was  measured  as  2.  OsA  and  the 
carbon- tellurium- carbon  bond  angle  was  101°.  The 
planes  of  the  two  aromatic  rtngs  are  tncllned  at  an 
angle  of  62°  to  each  other.  Evidence  only  for  van  Jer 
Waals  forces  In  the  crystal  was  found.  (Contractor’s 
abstract) 


MIT.  08:032 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

THE  CRYSTAL  STRUCTURE  OF  DI-p-TOLYL 
SELENIDE,  by  W.  R.  Btackmore  and  S.  C.  Abrahams. 
May  1854,  lOp.  lncl.  lllus.  tables,  refs.  (Technical 
rept.  no.  76)  (Bound  with  Its  Technlcat  rept.  no.  75; 

AD  35327)  (Sponsored  jotntly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  [  Air  Force  Office  of  Scien¬ 
tific  Research]  under  N5orl-07801  and  N5orl-07858) 

AD  35327(a)  Unclassified 

Also  published  tn  Acta  Crystallographies,  v.  8:  323-328, 
June  10,  1855. 

Dl-p-tolyl  selenlde  forms  orthorhombtc  crystals,  space 
group  P2  j2  j2j,  with  a  unit  cell  of  constants  a  =  25. 12, 
b  i  7.  88,  and  c  -  5.  8sA,  containing  four  molecules. 

The  erystat  structure  has  been  determined,  and  the  45 
positional  parameters  refined  by  double  Fourier  sertes 
and  least- square  methods,  emptoying  401  terms.  The 
Intensities  were  measured  vlsuatly  by  two  observers. 
The  selenium- carbon  distance  ts  1.  83A  and  the  carbon- 
set  enlum- carbon  valence  angle  Is  106°.  The  ptanes  of 
the  two  aromatic  rtngs  forms  an  angle  of  55*  with  each 
other.  (Contractor's  abstract) 
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Massachusetts  tnsi.  of  Tech.  Lab.  for  insutatlon 
Research,  Cambrtdge. 

THE  CRYSTAL  STRUCTURE  OF  M-p-TOLYL 
SULFIDE,  by  W.  R.  Btackmore  and  S.  C.  Abrahams. 
May  1954.  May  1854,  t5p.  (net.  lttus.  tables,  refs. 
(Technical  repl.  no.  77)  (Pound  with  Its  Technlcat 
rept.  no.  75;  AD  35327)  (Sponsored  Jolnlty  by  Office  of 
Naval  Research,  Slgnat  Corps,  and  r  Air  Force  Office 
of  Scientific  Research’  under  N5orl-0780t  and  N5orl- 
07858)  AD  35327(b)  Unclassified 

Also  published  In  Acta  Cryslaltographlca,  v.  8:  329- 
335,  Jui.e  to,  t955. 

Dl  p  tolyl  sulfide  betongs  to  the  orthorhombic  system 
and  has  cell  dimensions,  a  25.07,  b*  7.92, 
c  5.  61  A.  There  are  four  molecutes  per  celt,  and 
the  space  group  Is  F2 j 2 j 2 j .  The  crystal  structure  has 
been  determined,  and  284  terms  were  used  tn  double 
Fourier  series  and  least  squares  procedures  to  refine 


the  atomic  coordinates  of  the  65  positional  parameters. 
The  Intensities  were  measured  visually  by  two  Inde¬ 
pendent  observers.  The  sulfur-carbon  bond  length  Is 
1. 75A  and  the  carbon- sulfur- carbon  bond  angle  ts  108°, 
The  normals  to  the  two  aromatic  rtngs  form  an  angle 
of  56*  with  each  other.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

A  STUDY  ON  MAGNETIC  CERAMICS  [Parts  1-5],  by 
G.  Economos.  May  1854  ,  58p.  lncl.  lltus.  tables, 
refs.  (Technical  rept.  no.  78)  (Sponsored  jotntly  by 
Offtce  of  Naval  Research,  Signal  Corps,  and  [  Air 
Force  Office  of  Scientific  Research]  under  N5orl- 
07801,  N5orl-07858,  and  AF  18(604)458)  AD  33858 

Unclas  sifted 

Also  published  tn  Jour.  Amer.  Ceramic  Soc.,  Pt.  1, 
v.  38:  241-244,  July  1855;  Pt.  2,  v.  38:  282-287,  Aug. 
1855;  Pt  3,  v.  38:  335-340,  8ept.  1855;  Pt.  4,  v.  38: 
353-357,  Oct.  1855;  and  Pt.  5,  v.  38:  408-411,  Nov. 
1855. 

Magnetite,  manganese  ferrite,  and  magnesium  ferrite 
together  with  thirteen  compositions  within  the  system 
FejOj- MgO-  MnO  were  Investigated.  A  carbonate  de¬ 
composition  method  of  obtaining  a  well-dispersed  oxide 
mix  of  high  reactivity  was  used.  The  ferrites  were 
also  prepared  and  fired  In  various  controlled  atmos¬ 
pheres.  Magnesium  ferrite  and  one  complex  composi¬ 
tion  (approximate  mole  percent:  30  Fe.Oj:  35  MgO: 

35  MnO)  with  a  rectangular  hysteresis  loop  character¬ 
istic  were  Investigated  In  detail  under  a  variety  of  ftring 
conditions.  They  showed  an  Increase  tn  the  tnitlal 
permeability  (Uj)  and  a  decrease  In  the  coercltlve 
Held  (Hc)  with  Increasing  peak  firing  temperature  and 
ftring  time.  The  maximum  Induction  (B_)  tncreased, 
but  the  remanent  Induction  (Br)  fell  off  when  fired  at 
1450®C,  especially  for  the  complex  composition.  A 
simitar  decrease  of  Br  was  noted  by  quenching  from 
above  800* C.  Oxygen  loss  or  gain  over  the  stolchio- 
metrtc  amount  produced  a  loss  of  magnetic  properties 
In  atl  the  ferrttes  Investigated  (jij,  Dm,  Br  down  and 
Hc  up).  Changes  In  the  magnetic  properties  of  the 
complex  ferrites  In  the  center  of  the  system  Fe.Oj- 
MgO-MnO  coutd  be  correlated  to  the  amount  and  types 
of  tons  contributing  magnetic  momenis.  X-ray  and 
mlcroslructure  studies  aided  In  the  interpretation  of 
lhe  expert  menial  data.  (Contractor’s  abstract) 
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Massachusetts  tnsi.  of  Tech.  [  Lab.  for  Insulation 
Research  Cambridge. 

PROPAGATION  OF  WAVES  IN  IONIZED  GASES 
(Abstract),  by  E.  P.  Gross  and  M.  Krook.  Prelimi¬ 
nary  rept.  t954  '  1  p.  ?  Sponsored  jointly  by 

Ofllce  of  Naval  Research,  Signal  Corps,  and  Air  Force 
Office  of  Scientific  Research  under  N5orl-078Q1  ! 

Unctas  sifted 
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Presented  at  annual  meeting  of  the  Amer.  Phys  Soc. , 
Columbia  U.  ,  New  York,  Jan.  28-30,  1954. 

Published  in  Phys.  Rev. ,  v.  94  :  778,  May  1,  1954. 

A  theoretical  study  is  made  of  the  small -amplitude 
oscillations  of  a  completely  ionized  gas  as  a  function  of 
pressure.  At  low  pressures  there  exist  two  types  of 
waves.  The  high-frequency  electronic  plasma  waves 
(Phys.  Rev. ,  v.  75:  1851,  1864;  1949),  are  only 
slightly  modified  by  the  motion  of  positive  ions.  In 
addition,  we  find  the  low-frequency  ”plasma-ion"  waves 
previously  studied  by  Tonks  and  Langmuir  (Phys.  Rev. , 
v.  33:  195,  1929).  The  latter  are,  however,  undamped 
only  when  the  electron  temperature  is  considerably 
greater  than  the  ion  temperature.  To  study  the  effects 
of  collisions  we  make  use  of  a  model  for  collision 
processes  proposed  earlier  (Bull.  Amer.  Phys.  Soc. , 
v.  28:  32,  1953).  It  is  found  that  the  low  frequency 
modes  are  increasingly  damped  an  the  pressure 
is  raised.  The  high-frequency  modes  arc  also  highly 
damped  at  intermediate  pressure.  However,  at  higher 
pressures  this  mode  changes  its  nature  continuously  and 
becomes  a  sound  wave  with  a  propagation  velocity 
characteristic  of  a  mixture  of  gases.  (Contractor’s 
abstract) 


MIT.  08:036 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

SHAPE  OF  COLLISION- BROADENED  SPECTRAL 
LINES,  by  E.  P.  Gross.  May  1954  ,  24p.  lncl.  diagrs. 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  I  Air  Force  Office  of  Scientific  Research  1 
as  technical  rept.  no.  79  under  N5orl-07801  and 
N5ori-07858,  and  technical  note  no.  P-5:  AFOSR-TN- 
54  84  under  Syracuse  U.  Inst,  for  Industrial  Research 
AF  18(600)459)  AD  33884  Unclassified 

Also  published  In  Phys.  Kev.  ,  v.  97:  395-403,  Jan.  15, 

TC5!u 

Van  Vleck  and  Weisskopf  and  Frbhllch  have  derived  a 
microwave  line  shape  by  studying  the  Interruption  by 
collisions  of  the  motion  of  a  classical  oscillator.  They 
assume  that  after  the  instantaneous  impact  the  oscillator 
variables  are  distributed  according  to  a  Boltzmann  dis¬ 
tribution  appropriate  to  the  value  of  the  applied  field  at 
collision.  In  contrast  to  the  earlier  theory  of  Lorentz, 
they  obtain  the  correct  static  polarization.  The  pro¬ 
cedure  involves  an  assumption  of  very  large  velocity 
during  collision.  This  Is  criticized  on  the  grounds  that 
the  duration  of  collision  is  short  compared  to  the  reso¬ 
nant  period  and  energy  exchanges  are  of  the  order  of 
kT.  We  have  derived  a  line  shape  formula  assuming 
that  the  ]v>sitions  are  unchanged  after  impact.  Two 
extreme  models  are  studied.  In  one,  the  oscillators 
have  a  Maxwellian  distribution  of  velocities  after  im¬ 
pact:  the  second  is  a  Brownian  motion  treatment.  The 
resulting  line  shape  in  both  cases  is  that  of  a  friction 
dam:  ed  oscillator  For  collision  frequency  much  less 
than  the  resonant  frequency,  the  ;>olnri  zation  postulates! 


by  the  above  authors  is  reached  as  a  result  of 
kinematic  motion  between  collisions,  and  the  line 
shapes  agree  with  ours.  However,  to  obtain  equal  line 
widths  and  peak  absorptions,  the  collision  frequency  is 
twlc  t  as  large  for  the  present  theory.  For  collision 
frequency  comparable  to  resonant  frequency  a  less 
distorted  line  shape  results.  For  testing  the  theories, 
experiments  on  foreign-gat:  broadening  in  the  micro- 
wave  region  at  pressures  of  the  order  of  an  atmosphere 
are  required.  Differences  between  the  theories  are 
small  for  conditions  accessible  experimentally  at 
present.  (  See  also  item  no.  SYR.  04:007)  (Contractor’s 
abstract) 


MIT.  08:037 

Massachusetts  Inst,  of  Tech 
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THE  LATTICE  CONSTANTS  OF  THE  ALKALI 
BOROHYDRIDES  AND  THE  LOW- TEMPERATURE 
PHASE  OF  SODIUM  BOROHYDRIDE,  by  S.  C. 

Abrahams  and  J.  Kalnajs.  July  1954  ,  8p.  incl.  diagrs. 
tables.  (Technical  rept.  no.  80)  (Bound  with  its 
Technical  rept.  nos.  81-82;  AD  37227(D))  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[  Air  Force  Office  of  Scientific  Research  ]  under  N5ori- 
07801  and  N5orl-07858)  AD  37227  Unclassified 

Also  published  in  Jour.  Chem.  Phys.  ,  v.  22:  434-4  36, 
Mar.  1954. 

The  lattice  constants  of  sodium,  potassium,  rubidium, 
and  cesium  borohydrides  have  been  measured  at 
25.  0°C  as  6.  1635  t  0.  0005,  6.  7272  ±  0.  0005,  7.  029  i 
0.001,  and  7.  419  *  0.  001  A,  respectively.  All  four 
crystals  are  face-centered  cubic  and  have  the  sodium 
chloride  structure.  Below  the  transition  point  (-83°C) 
sodium  borohydrtde  becomes  tetragonal  with  lattice 
constants  of  a  =  4.  354  ±  0.  005  and  c  =  5.  907  t  0.  005  A 
at  -195°C.  (Contractor's  abstract) 


MIT. 08:038 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

THE  CRYSTAL  STRUCTURE  OF  BARIUM  PEROXIDE, 
by  S.  C.  Abrahams  and  J.  Kalnajs.  July  1954,  14p. 
lncl.  Ulus,  tables,  refs.  (Technical  rept.  no.  81) 
(Bound  with  its  Technical  rept.  no.  80;  AD  37227) 
(Sjxmsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  A  r  Force  Office  of  Scientific  Research 
under  N5ori- 07801  and  N5orl- 07858)  AD  37227(a) 

Unclassified 

Also  published  In  Ada  Cryslallographica,  v.  7:  838- 
842.  Dec."  10.  .954. 

The  lattice  constants  of  barium  peroxide  have  been 
remeasured,  aid  at  25.  0“C,  the  tetragonal  unit  cell 
has  a  5.  834  t  0.  010  and  c  -  6.  841  t  0.  005A.  The 
crystal  structure  has  been  redetermined,  using  a 
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complete  least- squares  method,  as  well  as  triple 
Fourier  series,  based  upon  powder-derived  intensities, 
measured  with  a  Geiger  counter.  The  oxygen-oxygen 
bond  lengths  is  1.49  *  0.04A,  and  there  are  two  kinds  of 
barium-oxygen  contacts  of  2.  68  -">■1  5  tsa  Tii*  final 
agreement  factor  Rj  has  the  value  0. 0381.  (Contractor's 
abstract) 

MIT.  08:039 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

A  MAGNETO-X-RAY  STUDY  OF  MAGNETITE  AT  78°K, 
by  S.  C.  Abrahams  and  B.  A.  Calhoun.  July  1994, 
lOp.  lncl.  lllus.  refs.  (Technical  rept.  no.  82)  (Bound 
with  Its  Technical  rept.  no.  bu;  AD  37277)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[  Air  Force  Office  of  Scientific  Research]  under  N5orl- 
07801  and  N5orl-07858)  AD  37227(b)  Unclassified 

Also  published  In  Acta  Crystallographica,  v.  8:  257- 
200,  May  10,  1955. 

The  x-ray  diffraction  pattern  produced  by  a  small 
single  crystal  of  magnetite  after  cooling  through  the 
transition  at  119°K,  has  been  examined.  It  is  demon¬ 
strated  by  using  orientated  magnetic  fields  during  the 
cooling  process  that  up  to  six  different  domain  orienta¬ 
tions  are  present  In  the  crystal  at  78°K.  This  number 
of  domain  orientations  can  be  produced  only  If  the  sym¬ 
metry  of  the  low- temperature  phase  of  magnetite  Is 
orthorhombic,  or  lower.  (Contractor’s  abstract) 


MIT.  08:040 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

TllE  CRYSTAL  AND  MOLECULAR  STRUCTURE  OF 
ORTHORHOMBIC  SULFUR,  by  S.  C.  Abrahams.  Sept. 
1954  ,  27p.  incl.  lllus.  tables,  refs.  (Technical  rept. 
no.  83)  (Bound  with  its  Technical  repts.  nos.  84-85; 

AD  45084(a)-  AD  45684(b))  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [  Air  Force 
Office  of  Scientific  Research  under  N5orl-07801) 

AD  45084  Unclassified 

Also  published  in  Acta  Crystallographica,  v.  8:  061-671, 
Nov.  10,  1955. 

The  lattice  constants  of  orthorhombic  sulfur  have  been 
determined  as  a  10.437  *  0.020,  b --•  12.845  *  0.010, 
and  c  24. 3C9  t  0.010  A.  Using  Moke  radiation,  and 
both  Welssenberg  and  precession  cameras,  GS9  out  of  a 
l»ssible  1049  structure  factors  have  been  measured. 
Warren  and  liurwell's  approximation  to  the  structure 
was  refined  first  by  double  Fourier  series,  and  then  by 
rejieated  least- squares  analyses  using  all  the  measured 
structure  factors.  The  coordinates  thus  obtained,  after 
the  least  squares  method  had  completely  converged, 
were  used  in  evaluating  a  triple  Fourier  series.  The 
arithmetic  mean  of  the  coordinates  obtained  by  the 
tripie  iourler  series  and  the  final  least- squares 


analysis  correspond  to  an  Sg  molecule  In  which  the 
average  sulfur- sulfur  bond  length  is  2.039  *  0.007 A, 
the  average  sulfur- sulfur-sulfur  bond  angle  is  107°41 
t  39'  and  the  average  dihedral  angle  is  99°44’  *  48’. 
There  are  no  unusual  intermolecular  contacts.  The 
dimensions  in  the  Sg  molecule  are  briefly  discussed  In 
terms  of  other  recent  determinations  of  sulfur  com¬ 
pounds.  (Contractor’s  abstract) 


MIT.  08:041 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

THE  CRYSTAL  STRUCTURE  OF  n-POTASSIUM 
SUPEROXIDE,  by  S.  C.  Abrahams  and  J.  Kalnajs. 

Sept.  1954,  lOp.  lncl.  dlagrs.  table,  refs.  (Technical 
rept.  no.  84)  (Bound  with  its  Technical  rept.  no.  83, 

AD  4  5684)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  f  Air  Force  Office  of 
Scientific  Research]  under  NSorl- 07801)  AD  45684(a) 

Unclassified 

Also  published  In  Acta  Crystallographica,  v.  8:  503- 
506,  Aug.  10,  1955. 

The  lattice  constants  of  a -potassium  superoxide  have 
been  measured,  and  the  tetragonal  unit  cell  found  to  be 
a  -  5.  704  *  0.  005  and  c  =  6.  699  t  0. 005A  at  25°C.  The 
coordinates  have  been  refined  by  use  of  the  method  of 
least  squares  and  by  triple  Fourier  Berles.  Geiger- 
counter  methods  were  used  to  measure  the  intensities 
diffracted  by  a  powder  specimen.  The  oxygen-oxygen 
bond  length  is  1.  28  *  0. 02  A,  and  there  are  two  kinds  of 
closest  potassium-oxygen  contact,  of  2.  71  and  2.  92A. 
(Contractor’s  abstract) 


MIT.  08:042 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

CRYSTALLOGRAPHY  OF  THE  TELLURIUM-IODINE 
SYSTEM,  by  W.  K.  Bl.-.ckmore,  S.  C.  Abrahams, 
and  J.  Kalnajs.  Sept.  1954  ,  8p.  lncl.  lllus.  dlagrs. 
table.  (Technical  rept.  no.  85)  (Bound  with  Its 
Technical  rept.  nos.  83,  AD  45684)  (Sponsored  jointly 
by  Office  of  Naval  Research,  Signal  Corps,  and  1  Air 
Force  Office  of  Scientific  Research]  under  N5orl- 
07801)  AD  45684(b)  Unclassified 

Also  published  In  Acta  Crystallographica,  v.  9:  295 
296,  Mar.  10.  1956. 

Tellurium  tetralodlde  is  shown  to  be  dimorphous:  the 
telragonal  modification  has  a  16.  12  *  0.  02A  and  c 
11.20  *  0.  020A;  space  group,  I4j  amd.  The  ortho¬ 
rhombic  modification  has  a  13.54  *  0.02,  b  16.73 
t  0.02.  and  c  -  14.48  *  0.  02A:  space  group  I’nma. 
Evidence  for  the  formation  of  a  crystal  with  cont|iosition 
Tel  is  presented.  (Contractor’s  abstract) 
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MIT.  08:043 

Massachusetts  Inst,  of  Tech. 
Research,  Cambridge. 


Lab.  (or  Insulation 


COLOR  CENTERS  IN  CALCIUM  FLUORIDE  CRYSTALS, 
by  A.  Smakula.  Sept.  1954,  18p.  incl.  iltus.  tables, 
re(s.  (Technical  rept.  no.  88)  (Sponsored  jointly  by 
Office  of  Naval  Research,  Signal  Corps,  [  Air  Force 
Office  of  Scientific  Research]  under  N5ori- 07801  and 
Watertown  Arsenal.  Ordnance  Material  Research  Office 
under  DA  19-020-ord-3429)  AD  42473  Unclassified 


Also  published  in  Zeitschr.  f. 
1954. 


Physik,  v.  138:  278-283, 


Synthetic  CaF2  crystals  were  colored  by  2.5-mev 
electrons,  Ca  vapor,  and  low-energy  electrons.  Im¬ 
purities  and  imperfections  of  the  crystals  were  compared 
by  the  measurements  of  UV  light  transmission,  density, 
and  ionic  conductivity  and  by  spectroanalysis.  The  best 
crystals  showed  good  transmission  in  the  near  and  far 
UV,  big’’  density,  and  low  ionic  conductivity;  they  had 
a  low  yield  of  color  centers.  Four  absorption  bands 
located  at  2. 16,  3. 14,  3.  70,  and  5.  50  ev  were  observed. 
The  coloration  rate  was  higher  and  the  absorption  bands 
varied  somewhat  in  spectral  position  and  intensity.  The 
4  bands  observed  in  the  best  crystals  were  caused  by 
electrons  and/or  holes  trapped  In  lattice  imperfections 
and  not  by  chemical  impurities  as  was  suggested  by 
Luty  (Zeitschr.  Physik.  v.  34  :  596,  1958).  (ASTIA 
abstract) 


MIT.  08:044 

Massachusetts  Inst,  of  Tech. 
Research,  Cambridge. 


Lab.  for  Insulation 


THE  DYNAMIC  BEHAVIOR  OF  DOMAIN  WALLS  IN 
BARIUM  TITANATE,  by  E.  A.  Little.  Oct.  1954  ,  44p. 
Incl.  tllus.  refs.  (Technical  rept.  no.  87)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[  Air  Force  Office  of  Scientific  Research ]  under  N5orl- 
07801)  AD  45689  Unclassified 


Also  published  in  Phys.  Rev. 
1 955. 


v.  98.  978-984,  May  15, 


The  nucleatlon  and  growth  of  180°  and  90°  domains 
In  BaTiOj  single  crystals  were  measured  with  optical 
techniques.  The  creation  of  180“  domains  proceeds  by 
the  nucleatlon  of  long  thin  spikes  with  an  initial  velocity 
along  the  polar  axis  of  about  10*  cm/aec  for  E=5  kv/cm. 
The  limiting  field  for  180°  domain  growth  Is  nearly 
Identical  with  the  limiting  field  for  nucleatlon  of  a 
domain.  The  growth  of  90“  domains  In  an  electric  field 
begins  by  the  nucleatlon  of  long  thin  wedges.  Direct 
measurements  of  the  nucleatlon  rate  as  a  function  of 
time  and  field  strength  show  that  this  rate  traverses  a 
maximum  as  a  function  of  time.  The  maximum  growth 
rate  of  a  single  wedge  approaches  asymptotically  about 
tO6  cm  sec  with  Increasing  field  strength.  The  Inter¬ 
action  of  90“  and  180°  domains  were  also  Investigated. 
Observations  showed  that  90“  waits  may  form  head- to 
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head  or  tail- to- tail  configurations  which  can  only  be 
switched  by  the  intermediate  formation  of  180° 
domains.  The  free  energy  for  rotation  of  the  polar 
axis  through  90°  was  calculated,  and  an  approximate 
value  for  the  energy  of  a  90“  wall  was  derived.  (ASTIA 
abstract) 


MIT. 08:045 

Massachusetts  Inst,  of  Tech. 
Research,  Cambridge. 


Lab.  for  Insulation 


LINE  BROADENING  AND  DIELECTRIC  RELAXATION 
IN  COMPRESSED  GASES,  by  C.  S.  E.  Phillips.  Oct. 
1954,  23p.  incl.  diagrs.  refs.  (Technical  rept.  no. 

88)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [  Air  Force  Office  of  Scientific 
Research]  under  N5orl-07801)  AD  45688 

Unclassified 

Also  published  in  Jour.  Chem.  Phys.,  v.  23:  2388- 
2394,  Dec.  1955. 

An  attempt  was  made  to  Investigate  the  transition  from 
resonance  to  relaxation  spectrum  by  high-pressure  re¬ 
search  in  the  microwave  region.  Equipment  was  de¬ 
veloped  for  studying  the  dielectric  constant  and  loss  of 
gases  and  liquids  in  the  K-band  region  up  to  1000  atm 
at  temperatures  up  to  300°C.  Measurements  on  a 
nearly  spherical  molecule  of  strong  dipole  moment 
(CHClFj),  on  a  linear  molecule  of  weak  dipole  moment 
(NjO),  and  on  mixtures  of  CHClFjWlth  nitrogen  are 
reported, and  a  preliminary  discussion  of  the  results 
is  given.  (Contractor’s  abstract) 


MIT.  08:046 

Massachusetts  Inst,  of  Tech. 
Research,  Cambridge. 


Lab.  for  Insulation 


THE  SYNTHESIS  OF  FERRITES  AND  PREPARATION 
OF  COBALT- FERRITE  CRYSTALS,  by  D.  G. 

Wickham.  Oct.  1954  ,  51p.  incl.  diagrs.  tables,  refs. 
(Technical  rept.  no.  89)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [  Air  Force 
Office  of  Scientific  Research]  under  N5orl- 07801,  and 
[  Wright  Air  Development  Center.  Electronic  Compo¬ 
nents  Lab.  ]  under  AF  33(616)2191)  AD  47112 

Unclassified 

A  new  method  Is  developed  for  the  preparation  of 
magnesium,  manganese,  cobalt,  nickel,  and  zinc 
ferrites,  based  on  the  thermal  decomposition  of  the 
mixed  precipitates  of  ferrous  oxalate  dihydrate  with 
the  analogous  compounds  of  magnesium,  manganese, 
cobalt,  nickel,  and  zinc.  Evidence  la  presented  to 
show  that  ferrous  oxalate  dihydrate  forms  mixed 
crystals  (solid  solutions)  with  the  other  oxalates  of  the 
series.  The  ferrites  are  prepared  from  these  mixed 
crystals  at  relatively  low  temperatures  and  with  greater 
convenience  In  comparison  with  methods  previously 
used.  The  purity  of  the  ferrite  products  is  established 
by  x-ray  and  chemical  analysis.  An  x- ray  diffraction 
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study  of  the  oxalate  dihydrates  shows  that  the  compounds 
of  manganese,  cobalt,  nickel,  and  zinc  possess  crystal 
structures  very  similar  to  that  of  ferrous  oxalate  dihy¬ 
drate,  which  is  found  to  be  orthorhombic  (space  group, 
Fmm2).  Lattice  parameters  for  ferrous  oxalate  are 
directly  measured,  those  for  the  other  oxalates  and 
mixed  crystals  are  computed.  A  high  temperature 
furnace,  utilizing  a  molybdenum  wire  heating  element, 
is  designed  and  constructed  for  the  purpose  of  growing 
single  crystals  of  the  ferrites  from  the  melt  by  the 
Bridgman  method.  The  operation  of  the  furnace  Is 
tested  in  attempts  to  prepare  single  crystals  of  cobalt 
ferrite.  The  results  of  these  experiments  uhow  that 
single  crystals  can  be  obtained  by  the  method  used,  but 
in  order  to  prepare  crystals  of  the  composition  given  by 
the  formula,  CoFeoO^,  an  oxygen  pressure  surrounding 
the  melt  considerably  higher  than  one  atmosphere  will 
be  required,  and  some  provision  to  prevent  the  loss  of 
cobalt  oxide  by  evaporation  will  be  necessary.  (Con¬ 
tractor's  abstract) 


MIT.  08:047 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

THE  ORIENTATION  OF  ELECTRIC- BREAKDOWN 
PATHS  IN  ALKALI  HALIDE  SINGLE  CRYSTALS,  by 
M.  E.  Casparl.  Nov.  t954,  55p.  incl.  dlagrs.  tables, 
refs.  (Technical  rept.  no.  90)  (Sponsored  jointly  by 
Office  of  Naval  Research,  Signal  Corps,  and  [  Air  Force 
Office  of  Scientific  Res“arch]  under  N5ori-07801) 

AD  49542  Unclassified 

Also  published  in  Phys.  Rev.,  v.  98:  1079- 1691,  June  15, 
is55. 

Experiments  were  conducted  to  establish  the  breakdown 
path  directions  in  some  alkali  haldie  crystals  over  a 
wide  temperature  range  under  controlled  Held  tundtttmis 
prior  to  breakdown.  Independence  of  the  dc  breakdown 
strength  of  NaCl  in  homogeneous  fields  on  tne  direction 
of  the  applied  field  was  confirmed  for  liquid  N  tempera¬ 
ture.  Experiments  on  the  orientation  of  the  breakdown 
paths  in  NaCl  at  room  temperature  with  various  elec 
trode  shapes  and  immersion  media  revealed  the  exist¬ 
ence  of  3  different  types  of  breakdown  paths:  anodic, 
cathodic,  and  homogeneous  field  paths.  Dreakdown 
leading  to  anodic  paths  is  Initiated  by  prebreakdown 
discharges  at  the  anode  and  is  produced  by  highly  tn 
homogeneous  starting  fields.  The  paths  are  precisely 
orientated  with  respect  to  the  crystallographic  axes  of 
Die  crystal.  Cathodic  breakdown  paths  are  initiated 
directly  at  the  cathode  in  |>olnt  plane  electrode  systems 
with  the  joint  as  cathode'  thetr  direction  difference  dif¬ 
fers  from  those  of  anodic  paths.  Dreakdown  paths  pro 
duced  in  homogeneous  fields  follow  the  direction  of  the 
applied  field.  Experiments  on  NaCl,  NaBr,  KDr,  libCl, 
and  Rbl  from  16011  to  325°C  under  reproducible  field 
roudiUtiiu  -ii'itlfm  the  ti’sUige  ot  Uavi mup  (Hys  Rev 
v.  70;  685.  t94G;  v.  73:  1 1 94 .  t948)  that  the  anodic  path 
directions  follow  the  sequence:  random  -*  tOO  -* 
ttt  -*  ttO  willi  increasing  temperature.  While  the 
random  -»  tOO  '  transition  takes  place  gradually  over 


a  range  of  more  than  100°C,  the  \  100 1  ->  [110] 
transition  in  K  and  Rb  salts  is  sharp.  Mechanical 
deformation  has  little  effect  on  the  path  directions. 
(ASTIA  abstract) 


MIT.  08:048 

Massachusetts  Inst,  of  Tecli.  Lab.  for  Insulation 
Research,  Cambridge. 

PREBREAKDOWN  CURRENT  AND  NOISE  IN 
INSULATORS,  by  D.  A.  Powers  and  T.  Suita.  Jan. 
1955,  l?p.  incl.  diagrs.  refs.  (Technical  rept.  no.  91) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  N5ori-07801)  AD  54  505  Unclassified 

Also  published  in  Jour.  Appl.  Phys.  ,  v.  26:  1244- 
1247,  Oct.  1955. 

Haworth  and  Bozorth  (Physics,  v.  5:  15.  1934),  as 
well  as  von  Hippel  (Phys.  Rev. ,  v.  54:  t096,  1938), 
many  years  ago  observed  that  the  prebreakdown  cur¬ 
rent  in  dielectrics  may  be  accompanied  by  character¬ 
istic  noise  phenomena  of  a  not  clearly  established 
origin.  Lately,  several  scientists  have  ascribed  this 
noise  to  impact  ionization  in  the  dielectric  and  deduced 
the  number  and  height  of  these  avalanches  from  it. 

This  interpretation  appears  very  doubtful,  because  the 
onset  ot  impact  ionization  in  the  presence  of  field 
emission  should  normally  lead  to  breakdown.  To 
clarify  the  situation,  the  present  authors  have  investi¬ 
gated  the  origin  of  the  noise  and  its  freqiency  spectrum 
in  some  detail.  The  finding  is  that  most  of  the  noise  is 
due  to  s-"-face  discharges  and  can  be  eliminated  by 
special  ,pei>  ot  electrodes  and  cat  etui  experimentation. 
The  remaining  noise  has  a  frequency  spectrum  with  the 
highest  amplitudes  at  very  low  frequencies;  It  fails 
rapidly  to  the  Johnson  noise  level  In  the  measuring  re¬ 
sistor  at  about  MP  tps.  Tlhs  notst  apparently  orvgL 
nates  from  fluctuations  in  the  field  emission  current. 
(Contractor's  abstract) 


MIT.  08:049 

Massachusetts  inBt  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

PRECISION  DETERMINATION  OF  LATTICE 
CONSTANTS  WITH  A  GEIGEli  COUNTER  X-RAY 
DIFFRACTOMETER,  by  A.  Smakula  and  J.  Kalnajs. 
Feb.  1955,  28p.  Incl.  diagrs.  tables,  refs.  (Technical 
rept.  no.  92)  (Sjwnsored  jointly  by  i 'ffice  of  Naval 
Research,  Signal  Corps,  and  Ai r  Force  Office  of 
Scientific  Research  under  N5orl- 07801  and  Watertown 
Arsenal  Ordnance  Material  Research  Office  under 
DA  19  020-ord  3429)  AD  56304  Unclassified 

AlsopuMlKli.-l  in  Phys  Rev  v  <19-  '7}7-  1741 

Sept.  15,  1 955 

It  Is  shown  that  the  Geiger  counter  x-ray  diffractometer 
can  be  used  for  precision  determination  of  lattice 
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constants.  The  zero  point  of  the  goniometer  (deter¬ 
mined  by  two  methods)  and  the  position  of  the  diffraction 
lines  (20)  have  been  obtained  with  an  accuracy  of 
±  0.001°.  The  temperature  was  kept  constant  by  a 
special  unit  within  0.  05°C.  An  Investigation  of  the 
systematic  errors  has  been  made,  which  shows  that  the 
extrapolation  of  lattice  constants  vs  cos20 ,  according 
to  Wilson’s  equation,  Is  permissible  and  the  vertical 
divergence  error,  as  computed  by  Eastabrook,  lies  up 
to  20  =  165°,  within  the  limits  of  error,  and  may  be 
neglected.  The  lattice  constants  of  Al,  Ag,  Ge,  SI, 
CaF2,  Csl,  T1C1,  and  TIBr,  determined  by  extrapola¬ 
tion,  are  in  good  agreement  with  published  data.  The 
limiting  factor  in  the  accuracy  of  ihe  lattice  constants 
determination  is  not  In  the  error  of  the  diffractometer, 
but  In  the  x-ray  wavelength.  (Contractor’s  abstract) 


MIT.  08:050 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

CONDUCTION  AND  BREAKDOWN  IN  HEXANE,  by  W. 

B.  Green.  Mar.  1955,  38p.  lncl.  diagrs.  refs.  (Tech¬ 
nical  rept.  no.  93)  (Sponsored  jointly  by  Office  of  Naval 
Research,  Signal  Corps,  and  [  Air  Force  Office  of 
Scientific  Research]  under  N5orl-07801)  AD  57124 

Unclassified 

Also  published  In  Jour.  Appl.  Phys. ,  V.  26:  1254-1264, 
Oct.  1955. 

Conduction  currents  In  hexane  were  studied  as  a 
function  of  spacing,  metal,  and  heat- treatment  of  the 
electrodes  over  the  field  -  stren  -th  range  from  0  to 
250  kv/cm.  Exposure  to  T  rays  Increases  the  current 
In  a  way  that  Indicates  a  decrease  of  the  effective  work 
function.  The  most  Important  factor  determining  the 
currents  appears  to  be  the  surface  layer  on  the  cathode. 
As  the  voltage  Increases  from  zero,  positive  Ions  ac¬ 
cumulate  In  front  of  the  cathode  and  set  up  an  intense 
local  field  which  Induces  field  emission.  The  size  of  the 
local  field  depends  on  the  number  of  ions  arriving  per 
second  and  on  the  thickness,  homogeneity,  and  con¬ 
ductivity  of  the  surface  layer.  For  some  electrodes, 
the  current  Increases  with  gap  width  for  constant  field, 
but  change  of  current  with  gap  width  is  an  electrode 
property.  In  one  case  the  current  was  measured  up  to 
breakdown  (1060  kv/ cm). 


MIT.  08:051 

Massachusetts  Inst,  of  Tech  Lab  for  Insulation 
Research.  Cambridge. 

INFRARED  SPECTRA  OF  FERRITES,  by  R.  D. 

Waldron.  Mar.  1955,  22p.  inch  diagrs.  tables,  refs. 
(Technical  rept.  no.  94)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  Air  Force  Office 
of  Scientific  Research  under  N5orl  07801)  AD  59713 

Unclassified 

Also  published  hi  Phys.  Rev. ,  v.  99;  1727  1735, 
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Sept.  15,  1955. 

The  infrared  spectra  of  7  ferrites  of  the  formula 
MFe204,  where  M  designa'.es  a  divalent  metal,  are 
presented  aivl  analyzed.  Electronic  absorption  was 
observed  in  the  visible  and  near-infrared  regions. 

Two  absorption  bonds  arising  from  interatomic  vibra¬ 
tions  were  measured  and  force  constants  calculated  for 
the  stretching  of  bonds  between  octahedral  or  tetra¬ 
hedral  metal  Ions  and  oxide  ions.  These  force  con¬ 
stants  are  in  agreement  with  the  elastic  and  thermo¬ 
dynamic  properties  of  these  compounds  and  are  sensi¬ 
tive  to  the  distribution  of  metal  Ions  between  the 
alternate  sites.  The  Integrated  vibrational  bond  in¬ 
tensities  were  measured;  they  are  compatible  with 
predominantly  ionic  bonding  for  these  structures. 
(Contractor’s  abstract) 


MIT.  08:052 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

PRECISION  DENSITY  DETERMINATION  OF  LARGE 
SINGLE  CRYSTALS  BY  HYDROSTATIC  WEIGHING, 
by  A.  Smakula  and  V.  Sils.  May  1955,  9p.  lncl. 
diagrs.  tables,  refs.  (Technical  rept.  no.  95) 

(Bound  with  Its  Technical  rept.  no.  96;  AD  64148) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [  Air  Force  Office  of  Scientific  Research] 
under  N'5ort-O7801  and  Watertown  Arsenal.  Ordnance 
Materials  Research  Office  under  DA  19-020-ord-3429) 
AD  64148  Unclassified 

Also  published  In  Phys.  Rev.,  v.  99:  1744-1746, 

Sept.  15,  1955. 

In  connection  with  a  study  of  crystal  imperfections, 
precision  determination  of  density  (better  than 
1  x  10"’  g/cm2)  have  been  made  on  large  single  crys¬ 
tals  of  SI.  quartz,  CaF?,  Csl,  Ge,  T1C1  and  TIBr. 

In  addition,  polycrystalfine  Al  was  measured.  (Con¬ 
tractor’s  abstract) 


MIT.  08:053 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

DENSITIES  AND  IMPERFECTIONS  OF  SINGLE 
CRYSTALS,  by  A.  Smakula,  J.  Kalnajs,  and  V.  Sils. 
May  1955,  I4p.  lncl.  diagrs.  tables,  refs.  (Technical 
rept.  no.  96)  (Bound  with  Its  Technical  rept.  no.  95; 
AD  64  1  48)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  [  Air  Force  Office  of  Scien¬ 
tific  Research  under  N5orl- 07801  and  Watertown 
Arsenal.  Ordnance  Materials  Research  Office  under 
DA  19-020-ord-34?9)  AD  64148(a)  Unclassified 

Also  published  In  Phys.  Rev.,  v.  99:  1747-1750, 

Sept.  15,  1955. 

The  den slUes  of  SI,  Al,  CaF2,  Csl,  Ge,  T1C1,  TIBr, 
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and  SIO2  (quartz)  have  been  computed  from  lattice 
constants  and  molecular  weights  obtained  from  Inter¬ 
national  Atomic  Weights,  and  compared  with  the  densities 
as  determined  by  hydrostatic  weighing  of  large  crystals. 
The  hydrostatic  density  of  Ge  proves  too  large  by  0. 0019 
0.  00193.  This  discrepancy  disappears  when  the  mass- 
spectroscopic  atomic  weight  is  used  for  the  density 
calculations.  Also  for  Si,  Al,  and  CaF2  a  better  agree¬ 
ment  results  with  mass-spectroscopic  atomic  weights. 
From  this  series  of  measurements  it  is  concluded  that 
the  mass- spectroscopic  atomic  weights  are  more  relia¬ 
ble  than  the  officially  accepted  ones.  From  measured 
densities  and  lattice  constants  of  Si,  Al,  CaF2>  and  Ge, 
Avogadro's  number  is  obtained  6.  02368  x  1023  mole"1, 

The  relative  density  defects  for  these  samples  of  Si,  M, 
CaF2,  and  Ge  proves  to  be  negligible  within  the  limit  of 
the  measurements  (  <  5  x  10"°).  These  crystals  are 
considered  the  most  perfect  that  we  have  obtained  up  to 
the  present  time.  A  somewhat  higher  relative  density 
defect  in  quartz  (11  x  10"°)  may  be  caused  by  uncertainty 
of  the  data  used  for  the  computation  of  the  density  and 
that  for  Csl  (13  x  10"®)  by  Rb  contamination.  TICi  and 
TIBr  show  the  neatest  relative  density  defects,  43  x  10'® 
and  40  x  10"®,  respectively.  These  crystals  may  contain 
vacancies  or  dislocations  in  the  order  of  ~  5  x  lO^/cc, 
as  is  known  also  for  the  silver  halides.  (Contractor's 
abstract) 
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DIELECTRIC  SPECTROSCOPY  OF  FERROMAGNETIC 
SEMICONDUCTORS,  by  A.  von  Hippel,  W.  D.  Westphal, 
and  P.  A.  Miles.  July  1955,  117p.  lncl.  dlagrs.  refs. 
(Technical  rept.  no.  97)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  f  Mr  Force  Office 
of  Scientific  Research]  under  N5ori-07801  and  Wright 
Mr  Development  Center.  Electronics  Components  Lab. 
under  AF  33(616)2191)  AD  68767  Unclassified 

Also  published  in  Rev.  Modern  Phys. ,  v.  29:  279-307, 
July  1957. 

A  broad-band  dielectric  spectroscopy  of  the  ferrites  Is 
attempted.  The  objective  of  such  a  research  is  defined, 
the  language  of  dielectric  spectroscopy  is  formulated  and 
the  experimental  techniques  from  dc  to  the  ultraviolet 
are  described.  Sections  3-11  discuss  the  physics  of  the 
situation,  outlining  the  existing  information  on  the  fre¬ 
quency  dependence  of  ferromagnetic  response,  and 
reformulating  in  our  language  the  gyroscopic  effects  in 
magnetization  phenomena,  the  behavior  of  domain  walls, 
and  the  possible  resonance  and  relaxation-type  responses 
that  may  be  expected  in  |»lartzation  and  magnetization 
processes.  The  criteria  for  distinguishing  between  these 
responses  are  considered  Measurements  in  the  optical 
ard  Infrared  ranges  show  the  contributions  to  the  iow- 
frequency  dielectric  constant  of  the  electronic  and  atomic 
|)oiarizahlUtles,  the  latter  showing  sensitivity  to  cation 
distribution  in  ferrites.  Conductivity  measurements  at 
microwave  frequencies  Indicate  a  loss  mechanism  differ¬ 
ing  from  the  normal  semiconducting  behavior  observed 


at  lower  frequencies.  Boundary- layer  effects  pre¬ 
dominate  in  the  kilocycle  range.  The  magnetization, 
in  contrast,  varies  with  frequency  only  In  the  electrical 
range.  Two  main  dispersion  regions  can  be  distin¬ 
guished  and  the  uncertainty  of  their  interpretation  as 
dom»'n-wali  or  spin-orientation  processes  is  partly 
resolved  by  evidence  from  the  nickel-zinc  ferrite  sys¬ 
tem  and  from  temperature  and  time  effects.  Dielectric 
spectroscopy,  as  a  mode  of  thinking,  can  obviously  con¬ 
tribute  much  to  the  perception  of  ferromagnetic  effects 
and  of  their  appraisal  in  proper  perspective.  (Con¬ 
tractor’s  abstract) 


MIT.  08:055 

Massachusetts  Inst,  nf  Tech.  Lab.  for  Insulation 
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PULSE- VOLTAGE  STUDIES  ON  THE  CONDUCTIVITY 
OF  ELECTROLYTES  AND  SEMICONDUCTORS,  by  F. 

R.  Hotter.  July  1955,  45p.  tnci.  illus.  dlagrs.  refs. 
(Technical  rept.  no.  98)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  corps,  ana  1  Air  f  orce  Office 
of  Scientific  Research!  under  N5ori-07801)  AD  67888 

Unclassified 

Equipment  was  developed  for  the  study  of  conductivities 
and  of  deviations  from  Ohm's  law  in  highly  conducting 
systems.  A  differential  pulse  transformer  bridge  simi¬ 
lar  to  that  of  Gledhill  and  Patterson  (Jour.  Phys. 

Chem. ,  v.  56:  999,  1952)  was  built  for  Wlen-effect 
measurements.  Preliminary  measurements  at  field 
strengths  up  to  105  v/ cm  with  3-qsec  rectangular- 
voltage  pulses  on  aqueous  MgS04  solutions  (0.  0002  to 
0.  004 M)  showed  departures  from  ohmic  behavior  about 
50%  larger  than  predicted  by  the  Onsager-Wilson  Theory 
(H.  S.  Harned  and  B.  B.  Owen,  The  Physical  Chemistry 
of  Electrolytic  Solutions.  N.  Y.  ,  Reinhold,  1950,  p.  95- 
114).  Contrary  to  the  predictions  of  the  Onsager  theory 
for  weak  electrolytes,  measurements  on  acetic  acid 
(0.  0006  to  0.  3N)  showed  a  dependence  on  concentration. 
Four- terminal  equipment  was  used  with  10- p  sec  voltage 
pulses  in  preliminary  studies  on  solids  (magnetite,  Se, 
and  AgjHgl^).  Significant  departures  from  ohmic  be¬ 
havior  were  observed  with  field  strengths  of  the  order 
of  103v/cm. 


MIT.  08:050 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

FERROMAGNETIC  AND  FERROELECTRICS,  by  A. 
von  Hippel.  Aug.  1955,  43p.  lncl.  dlagrs.  refs. 
(Technical  rept.  no.  99)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  [  Mr  Force  Office 
of  Sclenfilic  Research  under  N5oTl-u7 Sol)  AD  7138a 

Unclassified 

A  comparison  between  ferromagnetics  and  ferroeiec- 
trics  is  given  that  intends  to  piace  these  states  of  spon¬ 
taneous  order  into  clearer  perspective  by  emphasizing 
their  analogies  and  differences.  Magnetization  and 
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polarization  by  uncoupled  moments  leads  to  the  Curie 
law.  The  introduction  of  a  long-  range  feedback  coupling 
produces  the  Curie- Weiss  law;  and  the  concept  of  an 
Inherent"  ordering  temperature  sets  both  laws  In  a 
mutual  relation.  However,  it  becomes  apparent  that 
the  long-range  dipole  forces  of  permanent  moments  can¬ 
not  account  for  the  creation  of  the  observed  long-range 
order.  They  have  to  be  replaced  by  a  short-  range  or¬ 
dering  forces,  because  the  magnetic  moments  are  too 
weak  and  the  electric  moments  too  strong.  The  forma¬ 
tion  of  the  ordered  state  Is  followed  in  more  detail  in 
the  examples  of  nickel,  barium  tltanate  and  magnetite. 
The  domain  status  of  the  ordered  state  and  its  response 
to  ’’effective'’  fields  requires  an  analysis  of  the  domain 
walls  and  of  the  distortion  caused  by  walls  in  the  crystal 
lattice.  On  the  basis  of  domain  rotation  and  the  domain- 
wall  nucleatlon  and  motion,  the  dynamics  of  the  ordered 
state  is  considered  as  shaped  by  anisotropy,  resonance 
and  relaxation  effects,  fabrication  parameters,  and  the 
short-range  order  of  the  material.  (Contractor's 
abstract) 


MIT.  08:057 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

FIELD  EMISSION  FROM  METALS  INTO  ALKALI 
HALIDE  CRYSTALS,  by  M.  Geller.  Oct.  1955,  31p. 
incl.  diagrs.  tables,  refs.  (Technical  rept.  no.  100) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [  Air  Force  Office  of  Scientific  Research! 
under  N5ori- 07801)  AD  76994  Unclassified 

Also  published  in  Phys.  Re'.,  V.  101:  1685-1693, 

Mar.  15,  1956. 

Experimentation  on  (1)  the  transient  photocurrents 
associated  with  the  movement  of  photoelectrons  in 
addltlvely  colored  alkali  halide  crystals  and  (2)  the  ac¬ 
companying  growth  of  positive  space  charge  at  the  cath¬ 
ode  with  subsequent  field  emission  was  extended  from 
room  temperature  to  low  temperatures,  and  the  theory 
was  expanded  to  include  the  final  photocurrents  produced 
by  the  space- charge-enhanced  field.  The  field  strength 
at  the  cathode  was  derived  and  correlated  to  the  final 
current  density  by  means  of  measurements  of  the  initial 
current,  its  time  rons'lnt,  ae't  the  final  nirrftit  FuWlrT- 
Nordhelm  plots  yielded  a  straight  line,  but  the  order  of 
magnitude  of  the  calculated  field  and  the  apparent  work 
function  were  too  small  to  be  reasonable.  The  work 
function  exhibited  a  dependence  on  light  Intensity.  Die 
decrease  of  the  photocurrent  from  room  temperature  to 
-130°C  by  a  factor  of  only  2  was  attributed  to  the  lowered 
nobility  at  the  electrons  tn  Hit  crystal  Ai-  analysts  J 
final  photocurrent- vs- voltage  curves  for  various  metals 
and  composite  surfaces  indicated  that  the  photocurrent 
was  controlled  by  the  ionized  F  centers  in  a  thin  surface 
layer  of  the  crystal,  and  that  the  image  fortes  of  these 
centers  created  the  high  fields  which  were  required  for 
the  emission. 
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Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

MOLECULAR  ENGINEERING,  by  A.  von  Hippel.  Oct. 

1955,  22p.  incl.  refs.  (Technical  rept.  no.  101) 

(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  f  Air  Force  Office  of  Scientific  Research  ] 
under  N5ori- 07801)  AD  76993  Unclassified 

Also  published  in  Science,  v.  123:  315-317,  Feb.  24, 

1956. 

A  discussion  is  presented  on  the  concept  of  molecular 
engineering  and  the  necessity  of  a  transition  from  the 
phenomenological  approach  to  matter  to  such  a  concept. 
In  cases  of  great  complexity,  empirical  experimentation 
may  be  more  suitable  than  scientific  analysis  and 
synthesis,  but  the  shift  will  be  to  molecular  engineering 
as  knowledge  and  experience  increase.  The  concept  is 
applied  to  the  problem  of  developing  aircraft  materials 
capable  of  withstanding  temperatures  of  1000CF  caused 
by  friction.  An  academic  environment  incorporating 
areas  for  fundamental  research, discussion  of  practical 
implications  and  long-range  applications,  and  prototype 
development  is  recommended. 

MIT. 08:059 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

DEVELOPMENT  OF  THE  VIBRATING- COIL 
MAGNETOMETER  AND  ITS  APPLICATION  TO  MAG¬ 
NETITE,  by  D.  O.  Smith.  Nov.  1955,  77p.  incl. 
diagrs.  refs.  (Technical  rept.  no.  102)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
f  Air  Force  Office  of  Scientific  Research  ]  under  N5ori- 
07801)  AD  80347  Unclassified 

Also  published  in  Rev.  Sclent.  Instruments,  v.  27: 
261-268,  May  1956. 

Also  published  in  Phys.  Rev.,  v.  102:  959-963,  May  15, 
1956. 

A  ylbraUnf  -ct'll  n  igretuvrlieT  was  used  lu  measure 
the  isothermal  M-H  curves  of  magnetite  at  atmospheric 
pressure  in  the  principal  crystallographic  directions 
from  room  temperature  to  the  Curie  point.  Near  the 
Curie  | ml ul,  ttit  magnetizing  field  reqaired  lo  trealt 
a  single  domain  was  less  than  100  amp/m  which  pro¬ 
vides  an  unambiguous  experimental  determination  of 
Uie  ipontaML  us  riagnrUiafcun  In  Ibis  critical  rigocn. 

In  the  neighborhood  of  the  Curie  point,  the  M-H  curves 
are  very  nonlinear;  replotting  the  data  in  the  form  of 
Il-T  curves  at  constant  magnetization  shows  that  in  this 
region  the  magnetic  energy  can  be  expressed  as 

U..  ~-n  WM2/2  where  W  Is  a  constant,  H  is  the 
fti  o 

applied  field,  and  M  is  the  volume  magnetization. 

These  results  suggest  that  the  classical  work  of  Weiss 
and  Forrer  (Ann.  Phys.,  v.  5:  153,  1926)  on  nickel 
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should  be  repeated  with  the  use  of  a  single  crystal  to 
eliminate  domain  effects. 


MIT.  08:060 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge, 

CONTROLLED  FIELD  EMISSION  IN  HEXANE,  by  W. 

B.  Green.  Nov.  1955,  18p.  lncl.  diagrs.  refs.  (Techni¬ 
cal  rept.  no.  103)  (Sponsored  jointly  by  Office  of  Naval 
Research,  Signal  Corps,  and  [  Air  Force  Office  of 
Scientific  Research]  under  N5orl-C7801  and  Army  Ord¬ 
nance.  Diamond  Ordnance  Fuze  Labs,  under  DAI-49- 
186-502-ord(P)-334)  AD  80348  Unclassified 

Also  published  In  Jour.  Appl.  Phys. ,  v.  27:  921-925, 

Aug.  1956. 

The  current- voltage  relationship  for  dielectric  liquids 
consists  of  two  portions,  usually  in  superposition;  at 
lower  voltages  a  current  of  ions  flows;  at  higher  volt¬ 
ages,  field  emission  sets  In.  The  field  emission  current 
depends  on  the  material  of  the  cathode,  but  not  simply 
on  Its  work  function.  The  current  may  be  altered  by 
changing  the  thickness  of  the  cathode  surface  layer  or 
the  gas  adsorbed  upon  the  surface.  When  the  ion  content 
of  the  liquid  is  raised,  not  only  the  lontc  current,  but 
also  the  field-emission  portion  of  the  current  increases. 
Controlled  field-emission  currents  have  been  produced. 
(Contractor’s  abstract) 


MIT. 08:061 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

THE  STEREOCHEMISTRY  OF  SUBGROUP  Vlb  OF  THE 
PERIODIC  TABLE,  by  S.  C.  Abrahams.  Apr.  1956, 

71p.  incl.  diagrs.  tables,  refs.  (Technical  rept.  no. 

104)  (Sponsored  jointly  by  [  Office  of  Naval  Research, 
Signal  Corps,  and  Air  Force  Office  of  Scientific  Re¬ 
search]  under  N5orl- 07801)  AD  92639  Unclassified 

Also  published  in  Quarterly  Rev.  ,  v.  10:  407-436,  1956. 

In  the  last  decade,  a  great  increase  in  both  theoretical 
and,  particularly,  experimental  knowledge  regarding 
the  nature  of  the  various  kinds  of  chemical  bond  formed 
by  the  atoms  of  subgroup  VIb  has  become  available.  The 
present  review  Is  an  attempt  to  bring  together  the  most 
Important  Information,  at  present  scattered  throughout 
the  literature,  concerning  the  geometrical  and  electronic 
configuration  of  these  atoms  in  thetr  different  bonded 
states.  (Contractor’s  abstract,  modified) 

MIT.  08:062 

Massachusetts  Inst,  of  Tech.  Lab.  for  insulation 
Research,  Cambridge. 

PREBREAKDOWN  CURRENT  STUDIES  IN  COMPRESSED 


NITROGEN,  by  N.  L.  Allen.  Apr.  1956,  24p.  lncl. 
diagrs.  tables,  refs.  (Technical  rept.  no.  107) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [  Air  Force  Office  of  Scientific  Research  ] 
under  N5ori-07801)  AD  99321  Unclassified 

A  description  Is  given  of  a  vessel  containing  an  elec¬ 
trode  system  for  measurement  of  prebreakdown  cur¬ 
rents  In  compressed  gases.  Auxiliary  equipment 
includes  a  pressure  lntenslfier  and  a  man ganin- wire 
pressure  gauge.  A  highly  stabllzed  high-voltage  supply 
allows  measurements  to  be  made  very  close  to  break¬ 
down.  Values  of  the  Ionization  coefficient  q  and  re¬ 
generation  coefficient  Y  are  given  for  pressures  between 
one  and  four  atmospheres  and  the  variation  of  Y  in  this 
region  is  discussed  In  detail.  Difficulties  encountered 
at  higher  pressures  aixl  suggestions  for  future  experi¬ 
ments  are  outlined.  (Contractor’s  abstract) 


MIT.  08:063 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

THE  CRYSTAL  STRUCTURE  OF  DIPHENYL 
SULFOXIDE,  by  S.  C.  Abrahams  and  H.  J.  Grenvtlle- 
Wells.  May  1956,  20p.  lncl.  diagrs.  tables,  refs. 
(Technical  rept.  no.  105)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [  Air  Force  Office 
of  Scientific  Research  1  under  NSorl-07801)  AD  95350 

Unclassified 

Also  published  in  Acta  Crystallo graphics,  v.  10;  417- 
422,  June  10,  1957. 

Diphenyl  sulfoxide  forms  monocllnic  crystals,  apace 
group  P2 j/n,  in  a  cell  with  lattice  constants  a  =  8.  90 
t  0.  02,  b  *  14.  08  t  0.  03  and  c  =  8.32  t  0.02A,  and 
P  =  101°7’  *  10’,  containing  four  molecules.  The  crys¬ 
tal  structure  has  been  solved  by  a  combination  of  teo- 
morphous  replacement  and  trial  and  error  methods. 
Refinement  of  the  atomic  parameters  was  effected  by 
the  use  of  double  Fourier  series,  followed  by  least- 
squares  analysis  of  a  set  of  664  independent  structure 
factors.  This  partially  complete  set  of  three-dimen¬ 
sional  structure  factors  was  derived  by  visual  Intensity 
measurement.  The  final  coordinates  lead  to  bond 
lengths  of  1.47  t  0.  016A  for  sulfur-oxygen,  1.  76  * 

0.  015A  for  sulfur-carbon  and  1.40  *  0.  008A  for  carbon- 
carbon,  and  bond  angles  of  106°  10’  t  40’  for  carbon- 
sulfur-oxygen,  97°19’  *  58'  for  carbon- sulfur-carbon 
and  119°27'  for  sulfur- carbon- carbon.  The  dihedral 
angle  between  the  normals  to  the  planes  of  the  aromatic 
rings  is  75°50’  t  58’,  and  between  the  plane  of  each  ring 
and  the  common  carbon- sulfur- carbon  plane  is  81°5d’ 
t  40’.  An  intermolecular  contact  of  3.  36 A  satisfying 
the  formal  requirements  of  a  C  -  H  .  .  .O  bond  occurs  in 
this  crystal.  In  considering  the  stereochemistry  of  sub¬ 
group  VL  of  the  periodic  table,  there  is  a  special  im¬ 
portance  in  a  study  of  these  atoms  when  chemically 
linked  to  three  other  atoms.  The  early  debates  on  the 
possibility  of  planarity  in  the  three  sulfur  bonds  in  the 
sulfoxide  group  were  largely  ended  by  the  optical  reso¬ 
lution  of  unsymmetrical  sulfoxides  by  Harrison.  Kenyon 
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and  Phillips  (1926).  This  work  clearly  demonstrated 
flat  the  three  bonds  could  not  be  coplanar,  but  left  the 
precise  arrangement  undetermined.  Recent  studies  of 
the  tnoiecnlar  constants  of  several  simple  sulfoxides 
has  entirely  confirmed  the  pyramidal  form  of  these 
bonds.  The  present  study  of  the  simplest  aromatic 
sulfoxide  was  undertaken  In  order  to  throw  further  light 
on  the  stereochemistry  of  the  sulfoxide  group,  and  also 
for  comparison  with  similar  molecules  lacking  the 
oxygen  atom. 


MIT.  08:064 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

INFRARED- ABSORPTION  STUDIES  ON  BARIUM 
TIT  AN  ATE  AND  RELATED  MATERIALS,  by  J.  T.  Lasl. 
May  1956,  3Rp.  Incl.  dlagrs.  tables,  refs.  (Technical 
rept.  no.  106)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  Air  Force  Office  of  Scientific 
Research  under  N5ort-07801)  AD  96171 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Eugene,  Ore. ,  June  21-23,  1956. 

Abstract  published  In  Bull.  Amer.  Phys.  Soc. ,  Series 
n,  v.  1:  255,  June  21,  1956. 

Also  published  In  Phys.  Rev,,  v.  105:  1740-1750, 

Mar.  15,  1957. 

The  Infrared-absorption  spectrum  of  BaTlOg  has  been 
measured  for  thin  single  crystals  and  for  powder  samples 
dispersed  In  pressed  KBr  disks.  Absorption  bands  for 
single-crystal  samples  occur  at  495  cm'1  and  at  ca  340 
cm'1,  arising  from  normal  vibrations  of  the  TIO3  group. 
A  third  vibration,  a  motion  of  Ba  against  the  TiOj  group, 
occurs  below  the  experimentally  accessible  range.  A 
frequency  of  about  225  cm'1  Is  expected  for  this  vibration 
on  the  basis  of  a  comparison  of  the  specific  heat  contri¬ 
butions  of  the  observed  bands  with  the  measured  low- 
temperature  specific  heat.  Measurements  were  made 
on  the  495  cm'1  band  over  a  wide  temperature  range. 

As  the  crystal  changes  from  the  cubic  to  the  tetragonal, 
orthorhombic,  and  rhombohedral  structures,  there 
occurs  band  splitting  which  can  be  related  to  the  change 
of  crystal  symmetry.  The  spectra  of  the  perovsklle 
ittanates,  SrTlOj,  PbTiOj,  and  CaTit>3,  and  the 
perovsklte  nlobates,  ICNbOj  and  NaNbt^,  have  been  found 
to  be  similar,  in  general  features,  to  that  of  BaTl<>3. 

The  slight  differences  In  band  frequency  and  structure 
can  be  related  to  differences  In  unit  cell  size  and  sym 
metry.  Integrated  band  Intensities  have  been  found  to  be 
In  reasonable  agreement  with  measurements  on  other 
oxide  systems  that  have  vibrations  In  this  sj-ectral 
region.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

THE  INFRARED  SPECTRA  OF  HDO  IN  WATER  AND 
IONIC  SOLUTIONS,  by  R.  D.  Waldron.  May  1956,  18p. 
Incl.  diagrs.  lables,  refs.  (Technical  rept.  no.  108) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [  Air  Force  Office  of  Scientific  Research  ] 
under  N5orl-07801)  AD  100917  Unclassified 

Also  published  In  Jour.  Chem.  Phys.  ,  v.  26:  809-814, 
Apr.  1957. 

The  IR  spectra  of  HDO  In  HjO  and  saturated  metal- 
halide  solutions  were  investigated  for  studying  the  in¬ 
teractions  between  tons  and  solvent  molecules  and  the 
nature  of  H  bonding  in  aqueous  systems.  The  funda¬ 
mental  and  overtone  bands  of  tl-e  OH  and  OD  stretching 
vibrations  are  shifted  to  lower  frequencies  and  the 
bending  vibration  is  shifted  to  higher  frequencies  in 
passing  from  the  gaseous  to  the  liquid  stale.  Similar 
shifts  occur  for  the  metal- halide  solutions;  the  magni¬ 
tudes  of  these  are  sensitive  to  the  anion  species  bui 
relatively  independent  of  the  cations.  The  frequency 
shifts  for  tonic  solutions  increase  in  the  order  I~,  Cl', 
and  F',  with  the  shift  in  Ion- free  HjO  about  equal  to 
that  for  Cl'.  The  ribrational  anharmonldty  of  the  OH 
stretching  vibration  in  solution  was  almost  independent 
of  the  frequency  shift  and  only  slightly  larger  than  the 
gas  value.  The  dependence  of  frequency  shift  on  the 
shortening  of  H  bonds  (volume  contraction)  and  H-bond 
energy  gave  qualitative  agreement  with  other  systems 
previously  Investigated. 


MIT.  08:066 

Massachusetts  tnsi.  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

SINGULAR  POTENTIALS  IN  QUANTUM  MECHANICS, 
by  F.  L.  Scarf.  June  1956,  4Bp.  incl.  diagrs.  refs. 
(Technical  rept.  no.  109)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [  Air  Force 
Office  of  Scientific  Research]  under  N5ori-07801) 

AD  100919  Unclassified 

Many  physical  systems  are  characterized  by  attractive 
potential  energies  which  become  infinite  in  such  a  way 
that  11m  r^V(r)  ■.  0.  For  example,  magnetic,  spin- 

r  -»  0 

orbit,  polarization  and  many  exchange  forces  are  all 
approximately  described  fat  large  distances)  by  these 
so-called  singular  potentials  for  which  ordinary  metliods 
of  solving  Schrddtnger’s  equation  are  Insufficient.  In 
this  paper  the  general  problem  of  solving  the  quantum 
mechanical  wave  equations  for  singular  potentials  Is 
reinvestigated.  It  Is  shown  that  a  set  of  orthogonal  states 
states  with  complex  energy  eigenvalues 
(En  =  Wn  *  j  1  r„'  t*  obtained.  In  general,  UUs  is 

Interpreted  in  the  following  way:  Wn  is  the  most  proba 
hie  position  of  the  energy  level  for  various  kinds  of 
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potential  cut-offs  and  Pn  is  a  measure  of  the  probable 
error.  The  virial  theorem  and  the  W.  K.  B.  method  are 
used  to  explain  the  physical  basis  of  these  results. 
(Contractor's  abstract) 


MIT.  08:067 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

WIDE- BAND  HIGH-PRESSURE  DIELECTRIC  CELL, 
by  M.  G.  Vallauri  and  P.  W.  Forsbergh,  Jr.  Oct. 

1956,  8p.  lncl.  dlagrs.  (Technical  rept.  no.  110) 
(Sponsored  Jointly  by  Office  of  Naval  Research,  Signal 
Corps,  [  Air  Force  Office  of  Scientific  Research  1  and 
Ordnance  Materials  Research  Office  under  [  NSorl- 
07801]  AD  114705  Unclassified 

Also  published  in  Rev.  Sclent.  Instrument,  v.  28:  198- 
199,  Mar.  1957. 

A  quartz  and  metal  seal  capable  of  holding  compressed 
gases  at  1500  atm  forms  the  tapered,  coaxial  transition 
leading  from  a  standing-wave  detector  or  from  a  bridge, 
into  a  coaxial  condenser.  The  continuity  of  character¬ 
istic  Impedance  through  the  seal  is  sufficiently  good  to 
allow  accurate  measurement  of  dielectric  constant  and 
loss  in  compressed  gases  and  liquids  from  low  frequen¬ 
cies  to  3000  me  (\0  =  10  cm)  In  a  single  cell.  The 
peiformance  is  illustrated  with  Isotherms  of  the  dielec¬ 
tric  constant  of  NjO  through  the  critical  point.  Organic 
sealing  materials  are  not  used.  The  unit  promises  to  be 
satisfactory  for  a  wider  temperature  range  than  is  re¬ 
ported  here. 


MIT.  08:068 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

A  SYSTEM  FOR  ELECTRICAL  MEASUREMENTS  ON 
SMALL  CRYSTALS  UNDER  HIGH  PRESSURES,  by  P. 

W.  Forsbergh,  Jr.  and  G.  J.  Wolga.  Oct.  1956,  4p. 
incl.  dlagr.  (Technical  rept.  no.  Ill)  (Bound  with  Its 
Technical  rept.  no.  110;  AD  114705)  (Sponsored  jointly 
by  Office  of  Naval  Research,  Signal  Corps,  [  Air  Force 
Office  of  Scientific  Research  ]  and  Ordnance  Materials 
Research  Office  esder  [  N5orl-07801  ] )  AD  114705(a) 

Unclassified 

A  high- pressure  system  for  electrical  measurements  Is 
described,  which  uses  a  new  tyne  of  seal.  The  pressure 
vessel  Is  simple  In  construction  and  can  be  considered 
readily  expendable,  thereby  allowing  a  greater  range  of 
useful  pressures.  The  seal  Is  effective  for  work  at  the 
highest  pressures  at  which  a  vessel  without  external 
support  can  be  used  (15,000  atm  or  higher,  depending 
on  the  material  and  treatment  of  the  vessel).  (Con¬ 
tractor’s  abstract) 


MIT.  08:069 

Massachusetts  Inst,  of  Tech.  Lab.  for  Insulation 
Research,  Cambridge. 

ELECTRIC  BREAKDOWN  AND  CONDUCTION 
THROUGH  MYLAR  FILMS,  by  Y.  Liulshi  and  D.  A. 
Powers.  Dec.  1956,  19p.  lncl.  Ulus.  (Technical  rept. 
no.  112)  (Sponsored  joinUy  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  [  Air  Force  Office  of  Scien¬ 
tific  Research  1  under  [  N5orl-07801  ]  and  DAI-49- 186- 
502-ord(P)-334)  AD  120218  Unclassified 

Also  published  In  Jour.  Appi.  Phys. ,  v.  28:  1017-1022, 
Sept.  1957 

Shxiies  of  dc  breakdown  on  Mylar  film  show  that  defects 
cause  a  decrease  In  dielectric  strength  with  decreasing 
film  thickness  at  room  temperature  but  not  at  -180°C. 
The  breakdown  at  defects  is  associated  with  moisture 
content.  Using  self-healing  electrodes  to  eliminate 
weak  areas,  a  dc  electric  strength  of  6  mv/  cm  is 
found,  Independent  of  film  thickness.  Prebreakdown 
current  measurements  indicate  ionic  currents  which  are 
fairly  uniform  throughout  a  sample,  and  field  emission 
currents  localized  at  Incipient  breakdown  points. 
Breakdown  probably  occurs  as  a  result  of  local  heating 
due  to  the  field  emission  currents.  (Contractor’s 
abstract) 


MIT.  09:001 

Massachusetts  Inst,  of  Tech.  Naval  Supersonic  Lab. , 
Cambridge. 

MACH  NUMBER  MEASUREMENTS  IN  HIGH-SPEED 
WIND  TUNNELS,  by  J.  A.  F.  HU1,  J.  R.  Baron,  and 
L.  H.  Schindel.  Jan.  1956,  121p.  incl.  dlagrs.  tables, 
refs.  (Technical  rept.  no.  145)  (AFOSR-TR-56-7) 

(AT  18(603)4)  AD  81540  Unclassified 

Presented  at  Eighth  meeting  of  the  Wind  Tunnel  and 
Model- Testing  Panel  of  AGARD,  Rome  (Italy),  Feb. 
1956. 

The  report  discusses  the  measurement  of  subsonic  and 
supersonic  Mach  numbers  In  air  from  the  point  of  view 
of  calibration  measurements  of  an  empty  wind  tunnel, 
of  measurements  of  local  Mach  numbers  at  points  in  the 
flow  field  around  a  model,  and  of  simulating  free  flight 
Mach  numbers  In  the  presence  of  wind-tunnel  wall  In¬ 
terference.  The  sensitivity  of  various  parameters  to 
change  In  Mach  number  Is  evaluated  and  Instruments 
and  techniques  are  discussed.  The  Mach  number  Is 
related  to  various  measurable  properties  by  assuming 
certain  properties.  Errors  are  due  to  departures  from 
the  assumed  properties  (perfect  gas,  etc. )  and  the  In¬ 
terference  of  the  probe. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ON  A  CLASS  OF  TRANSFER  FUNCTIONS  SUITABLE 
FOR  VIDEO  NETWORKS,  by  R.  M.  Fano.  Apr.  13, 

1950,  14p.  Ind.  diagrs.  refs.  (Technical  rept.  no.  155) 
f  Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36-039-sc-lOO  and  W36-039-SC-32037] 

U12315;  ATI-84985  Unclassified 

This  report  deals  with  a  new  class  of  transfer  functions 
suitable  for  video  networks.  The  resulting  unit-step 
response  has  a  very  small  amount  of  overshoot  which  is 
almost  Independent  of  the  algebraic  degree  of  the  corre¬ 
sponding  transfer  function.  The  applications  of  such 
functions  to  the  design  of  video  filters  and  amplifiers  Is 
discussed  In  some  detail.  (Contractor's  abstract) 

MIT.  10:002 


objective  some  specific  terminology  was  used:  "reso¬ 
nant  transients, "  "transitional  transients,”  etc  This 
nomenclature  is,  of  course,  not  quite  suitable  for  other 
applications  of  the  method  of  Integration.  It  Is  there¬ 
fore  advised  that  the  reader  disregard  the  terms 
"resonant  and  transitional  transients"  and  use  instead 
the  terms  "second-order,  third-order  solutions. 
(Contractor's  abstract) 


MIT.  10:003 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

PERIODIC  SAMPLING  OF  STATIONARY  TIME  SERIES, 
by  J.  P.  Costas.  May  16,  1950,  7p.  lnci.  diagrs. 
(Technical  rept.  no.  156)  l  Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  [Air  Force! 
Office  of  Scientific  Research  under  DA  36-039-sc-lOO 
and  W36 -039- sc -32037]  U11612;  ATI-83682 

Unclassified 
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Electronics,  Cambridge. 
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ON  THE  EVALUATION  OF  INTEGRALS  OF  THE  TYPE 

f<^2 . ^n>=  ti  i  F<8)eW(8’Tl,T2'-”,T  )ds 

AND  THE  MECHANISM  OF  FORMATION  OF  TRAN¬ 
SIENT  PHENOMENA.  PART  2a.  AN  ELEMENTARY 
INTRODUCTION  TO  THE  THEORY  OF  THE  SADDLE- 
POINT  METHOD  OF  INTEGRATION,  by  M.  V.  Cerrillo. 
May  3,  1950,  74p.  lncl.  diagrs.  (Technical  rept.  no. 
55:2a)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  r  Air  Force  Office  of  Scientific 
Research!  under  DA  36-039-sc-lOO)  AD  47792 

Unclassified 


This  report  Is  concerned  with  the  Ideas  that  serve  as  a 
foundation  for  the  "  Saddlepolnt  Method  of  Integration.  " 
This  method  Is  also  known  by  other  names:  particularly, 
as  the  "Method  of  Steepest  Descent”  and  the  "Method 
of  the  Foints  of  Stagnation. "  The  method  and  Ideas  pre¬ 
sented  here  will  serve  as  an  Introductory  presentation 
to  a  more  complete  theory  of  Integration  which  will  be 
discussed  In  subsequent  reports  of  this  series.  The 
material  covers  the  following  condens  '  description: 

(a)  definition  and  properties  of  saddlepoints  of  different 
orders;  (b)  basic  procedure  of  Integration  through  saddle 
points  of  the  second  order;  (c)  definition  of  the  family  of 
integral  approximations  of  the  resonant  type.  The  pole, 
zero,  and  dipole  solutions;  (d)  integration  In  the  case  of 
composite  behavior:  (e)  Introduction  to  the  Idea  of  "Gen 
eratlng  Function"  associated  with  second -order  saddle- 
points.  The  Fresnel  solid;  (f)  the  case  of  saddlepoints 
of  higher  order  and  the  theory  of  transition  for  saddle¬ 
points  of  the  third  order:  (g)  zero,  pole,  and  dipole 
types  of  integral;  (n)  the  Airey  Hardy  type  of  "Generating 
Function.  "  The  corresponding  generating  solid;  (1)  tire 
mixed  type  of  Integral  and  composition  of  s.  "'itlons:  and 
(l)  a  few  comparative  typical  solutions  for  transitions  of 
higher  order  corresponding  to  the  pole,  zero,  and  dipole 
cases.  The  manuscript  was  originally  written  for  use  In 
certain  applications  In  circuit  theory  Because  of  this 


When  measuring  the  mean  or  average  value  of  a  random 
time  function  by  periodic  sampling  some  error  is  to  be 
expected  since  only  a  finite  number  of  samples  are 
taken.  An  expression  for  the  mean-square  error  of  a 
sample  mean  is  derived.  The  variation  of  error  with 
changes  In  total  sampling  time  and  spacing  between 
samples  Is  discussed.  An  expression  for  the  error  In¬ 
volved  In  determining  the  mean  by  continuous  Integration 
is  derived  and  the  concept  of  sampling  efficiency  is 
Introduced.  A  brief  discussion  of  the  probability  of 
error  is  presented.  (Contractor’s  abstract) 


MIT.  10:004 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

MICROWAVE  DETERMINATIONS  OF  AVERAGE 
ELECTRON  ENERGIES  AND  THE  FIRST  TOWNSEND 
COEFFICIENT  IN  HYDROGEN,  by  L.  J.  Vamerin,  Jr. 
and  S.  C.  Brown.  May  24,  1950,  14p.  lncl.  diagrs. 
refs.  (Technical  rept,  no.  158)  f  Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36-039- sc- 100 
and  W36-039- sc- 32037]  U13444;  ATI  83681 

Unclassified 

A  microwave  method  of  measuring  the  average  energy 
of  electrons  In  a  gas  In  the  presence  of  a  dc  field  has 
been  developed  through  a  measurement  of  the  ratio 
between  the  electron  diffusion  and  mobility.  By  solving 
for  ac  and  dc  distribution  functions  It  is  found  possible 
to  compare  quantitatively  the  effective  ac  ionization 
coefficient  and  the  first  Townsend  coefficient  in  hydro- 
gen.  It  is  then  possible  to  calculate  the  first  Townsend 
coefficient  from  ac  breakdown  data  in  hydrogen  and 
these  values  are  compared  with  previously  determined 
values.  Measurements  of  average  energy  have  been 
made  and  values  calculated  from  theory  compared  with 
previous  measurements  of  average  energy.  All  meas¬ 
urements  are  In  substantial  agreement  with  each  other 
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and  with  the  theoretically  determined  values.  (Con¬ 
tractor’s  abstract) 


MIT.  10:005 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  INFLUENCE  OF  A  TRANSVERSE  FIELD  ON  THE 
CONDUCTIVITY  OF  THIN  MET  ALU  C  FILMS,  by  E. 

H.  Sondheimer.  May  31,  1950,  lip.  Incl.  dlagrs. 
(Technical  rept.  no.  161)  [Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  DA  36-0S9-sc-100  and 
W36-039-SC-320371  U12103;  ATI-84982 

Unclassified 

The  Influence  of  a  transverse  magnetic  field  on  the  con¬ 
duction  properties  of  thin  metallic  films,  of  thickness 
comparable  with  the  free  path  of  the  conduction  elec¬ 
trons,  Is  Investigated.  It  Is  shown  that,  owing  to 
scattering  of  electrons  at  the  boundaries  of  the  film, 
the  Hall  coefficient  Is  Increased  and  the  electrical  re¬ 
sistance  oscillates  with  the  strength  of  the  applied 
magnetic  field.  (Contractor’s  abstract) 


MIT.  10:006 


Massachusetts  In3t.  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

SHORT-TIME  AUTOCORRELATION  FUNCTIONS  AND 
POWER  SPECTRA,  by  R  M.  Fano.  June  6,  1950  [  5  7 p. 
Incl.  dlagrs.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  [  Air  Force  Office  of  Scientific 
Research  '  under  [  DA  36-039- sc- 100  and  W36-039-SC- 
32037 J)  U13567;  ATI- 198559  Unclassified 

Also  published  in  Jcur.  Acoust.  Soc.  Amer.  ,  v.  22: 

546  -  5  50,  Sept.  1950. 


The  reciprocal  relations  between  autocorrelation  func¬ 
tions  ana  power  spectra,  known  as  Wiener* s  Theorem, 
are  extended  in  a  modified  form  to  the  case  of  experi¬ 
mental  results  obtained  by  means  of  filters  with  finite 
time  constants.  If  the  short-time  au.ocorrelatlon 
♦uiittim  p  ( c)  and  power  sptttrmri  Ot(c6)  are  properly 


defined,  It  Is  found  that 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

AN  ANALOG  DEVICE  FOR  SOLVING  THE  APPROXI¬ 
MATION  PROBLEM  OF  NETWORK  SYNTHESIS,  by 
R.  E.  Scott.  June  8,  1950,  47p.  incl.  illus.  dlagrs. 
refs.  (Technical  rept.  no.  137)  [  Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36-039- sc-100 ] 
U14002;  ATI- 92381  Unclassified 

An  analog  device  has  been  developed  which  can  solve 
the  approximation  problem  of  network  synthesis  with 
sufficient  accuracy  for  most  network  problems.  The 
complex  frequency  plane  Is  represented  by  a  conducting 
sheet  of  Teledeltos  paper.  The  zeros  and  poles  of  the 
rational  function  are  represented  by  positive  and  nega¬ 
tive  currents  Introduced  Into  the  plane.  The  voltage 
along  the  jo>  axis  In  the  plane  represents  the  logarithm 
of  tbe  magnitude  of  the  rational  function.  This  voltage 
is  scanned  by  a  commutator  at  10  cps  and  displayed 
upon  the  face  of  a  CRT.  The  locations  of  the  poles  and 
zeros  for  a  desired  function  are  obtained  by  a  cut  and 
try  process.  A  comparison  of  calculated  and  observed 
results  shows  that  the  accuracy  of  the  device  is  1-5% 
for  the  logarithm  of  the  magnitude  of  the  network 
function,  and  3-15%  for  the  phase,  depending  upon  the 
particular  function  which  is  being  solved.  This  accura¬ 
cy  is  adequate  for  most  network  problems.  A  complete 
analysis  is  included  of  the  errors  introduced  by  the 
finite  size  of  the  plane,  the  finite  size  of  the  current 
and  voltage  probes,  and  the  finite  series  impedance  of 
the  current  sources.  (Contractor’s  abstract) 


MIT.  10:008 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  EFFECT  OF  MAGNETIC  HELD  ON  THE  BREAK¬ 
DOWN  OF  GASES  AT  MICROWAVE  FREQUENCIES,  by 
B.  Lax,  W.  P.  Allis,  and  S.  C.  Brown.  June  30,  1950, 
16p.  incl.  dlagrs.  refs.  (Technical  rept.  no.  165) 

[  Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36-039- sc- 100  and  W36-039-8C-32037  ) 
\tt259a:  ATI-84981  Unclassltled 

The  effect  of  magnetic  field  on  tbe  HF  breakdown  of 
gases  has  been  studied.  The  presence  of  energy  reso- 
i.ahte  and  Hie  modification  ul  dtttutfton  are  si  town  ex¬ 
perimentally  and  explained  theoretically.  An  application 
Is  made  of  both  the  average  electron  theory  and  the 
Boltzmann  theory,  and  the  correspondence  between 
these  two  theories  is  discussed.  (Contractor's  abstract) 
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where  1/  c  Is  a  time  constant.  These  equations  may  be  Massachusetts  Inst,  of  Tech.  Research  Lab.  of 

used  to  relate  the  autocorrelation  function  representation  Electronics,  Cambridge, 

of  a  speech  wave  to  the  corre8|>ondlng  spectrographlc 

representation.  (Contractor’s  abstract)  AMPLIFIERS  WITH  PRESCRIBED  FREQUENCY 
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CHARACTERISTICS  AND  ARBITRARY  BANDWIDTH, 
by  J.  G.  Llnvill.  July  7,  1950,  61p.  incl.  dlagrs.  refs. 
(Technical  rept.  no.  163)  f  Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  DA  36-039-sc-100] 

U15596  Unclassified 

The  amplifier  chain,  a  cascade  connection  of  amplifier 
tubes  connected  by  2-terminal  or  2- terminal -pair  Inter¬ 
stages,  is  the  basic  component  of  the  amplifiers  de- 
e.gred  -jl.ur.t  capacitance  in  the  tnteretagec  impoeet  a 
limit  on  the  amplification  per  stage  over  a  prescribed 
band  of  frequencies.  The  limit  of  amplification  per  stage 
is  Inversely  proportional  to  the  bandwidth.  The  method 
of  design  of  amplifier  chains  presented  leads  to  simple 
interstages  which  are  economically  close  to  the  maximum 
in  performance  for  the  shunt  capacitance  present.  The 
tnterstages  used  are  simple-tuned  circuits  or  double- 
tuned  circuits.  The  technique  of  design  of  the  amplifier 
chains  is  related  to  the  stagger-tuning  technique  invented 
by  Wallman.  The  characteristics  of  individual  stages  are 
nonuniform  but  the  stages  in  a  chain  complement  each 
other  to  provide  an  acceptably  uniform  characteristic. 

In  the  destgn  procedure  one  chooses  the  amplification 
functton  for  the  chain  being  designed,  according  to  a 
f'exible  technique  presented  in  technical  report  no.  145 
(TIP  U11490),  such  that  prescribed  frequency  character¬ 
istics  are  approximated.  The  amplification  functions  so 
chosen  are  suitable  to  be  Identified  with  realizable  net¬ 
works.  This  step  is  the  key  of  the  whole  design  process. 
Single  amplifier  chains  become  ineffective  as  amplifiers 
when  the  bandwidth  becomes  so  broad  that  the  amplifica¬ 
tion  per  stage  approaches  1.  When  amplifiers  are  to 
amplify  such  broad  bands  of  frequencies  that  this  situation 
arises,  more  than  1  amplifier  chain  is  used.  The  chains 
ampltfy  different  subbands  and  are  connected  in  parallel 
at  the  Input  and  output.  The  amplification  functions  of  the 
tndtvldual  chains  are  also  chosen  that  the  chains,  when 
uwitcled  In  parallel,  give  a  desired  characteristic.  A 
summary  of  the  pertinent  characteristics  of  the  distribu¬ 
ted  amplifier  (Invented  by  Perclval),  which  is  capable  of 
amplifying  „v*r  bands  greater  than  ttn.st  i\  t  width  sli.gk 
amplifier  chains  are  useful,  permits  a  comparison  with 
the  parallel-chain  amplifier.  The  parallel-chain  ampli¬ 
fier  is  more  economical  In  tubes  and  the  design  Is  more 
flexible.  The  frequency  selectivity  of  the  parallel- 
chain  amplifier  Is  affected  by  nonuniform  changes  In 
the  tube  characteristics;  a  properly  designed  distributed 
amplifier  has  a  frequency  selectivity  not  altered  by 
changing  transconductances  of  the  tubes.  (Contractor's 
abstract) 


MIT.  10:010 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

DETEIUORATION  OF  OXIDE- COATED  CATHODES 
UNDER  LOW  DUTY  FACTOR  OPERATION,  by  J.  F. 
Waymouth,  Jr.  July  20,  1950,  15p.  tncl.  dlagrs.  tables. 
(Technical  rept.  no.  159)  Sponsored  jotntly  by  Signal 
Corps.  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  DA  36-039-sc-100  and 
W36-039  sc  32037  U12316;  ATI-85018  Unclassified 
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The  behavior  of  oxide  cathodes  coated  on  a  N1  alloy 
containing  about  0. 1%  SI  has  been  investigated  under 
100%  and  zero  duty-factor  operation.  The  operation  of 
these  cathodes  at  zero  duty-factor  was  found  to  be 
highly  favorable  to  the  development  of  a  high  resistance 
in  a  layer  of  Ba^SlO^  located  at  the  Interface  between 
the  oxide  and  the  core.  The  layer  itself  was  present 
not  only  In  cathodes  that  had  aged  without  electron 
emission  and  had  developed  interface  resistance,  but 
also  in  cathodes  that  had  aged  with  electron  emission 
and  had  nut  dciekperi  interface  resistance  A  muds' 
iu  presented  to  account  for  the  experimental  observa¬ 
tions.  Evidence  is  also  presented  which  shows  that 
there  may  exist  an  ’'active"  Ni  alloy  that  does  not  lead 
to  undue  interface  resistance  formation.  (Contractor  'h 
abstract) 


MIT.  10:011 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

AMPLITUDE  MODULATION  OF  SYNCHRONIZED 
MICROWAVE  OSCILLATORS,  by  W.  P.  Schneider  and 
E.  E.  David,  Jr.  July  25,  1950,  23p.  incl.  illus. 
dlagrs.  refs.  (Technical  rept.  no.  166)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research, 

[  Air  Force  Office  of  Scientific  Research]  under  DA  36- 
039- sc -100  and  W36-039-SC-32037)  U17066;  An-103041 

Unclassified 

It  can  be  shown  that  2  push-pull  frequency- modulated 
osctllators,  both  synchronized  by  the  same  RF  signal, 
can  be  arranged  so  that  their  combined  output  contains 
the  side  bands  of  ordinary  amplitude  modulation. 
Linearity  of  the  scheme  ts  excellent  even  for  high 
modulation  tndlces.  The  bandwidth  ts  somewhat  less 
«.*fi  th*  AM  taridwldil.  ,.i  U.e  emulators  U.err.selvew; 

It  is  about  3  me  at  X-band.  Experimental  work  with 
the  system  indicates  that  It  has  characteristics  suitable 
for  microwave  relay  and  possibly  low -power  tr  adcast 
applications.  (Contractor’s  abstract) 


MIT.  10:012 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electrontcs,  Cambrtdge. 

MICROWAVE  SPECTRUM  OF  PHOSPHINE.  ARSINE 
AND  STIB1NE,  by  C.  C.  Loomis  and  M.  W.  P. 
Strandberg.  July  31,  1950,  20p.  tncl.  tables,  refs. 
(Technical  rept.  no.  i 67)  f  Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Offtce 
of  Scientific  Research  under  DA  36-039  sc- 100  and 
W36  -  039-  sc-  32037  ]  U12314;  ATI  84  984 

Unclassified 

The  mtcrowave  spectrum  of  the  mono-deuterated 
phosphtne  (PHjD),  arsine  (AsHjD),  and  stiblne  (SbH^D) 
has  been  measured.  Although  a  supposedly  pure  sample 
of  stiblne  was  prepared,  phosphine  and  arsine  proved  to 
be  major  tmpurttles.  They  were  separated  from  the 
sample:  the  mtcrowave  spectrometer  was  used  to 
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monitor  the  distillation  process.  The  quadrupole  fine 
structure  associated  with  the  absorption  transitions  for 
AsH,D  is  used  lo  illustrate  the  special  assumptions 
which  may  be  made  with  these  molecules  having  an  axis 
of  charge  symmetry.  These  assumptions  allow  one  to 
rotate  the  coordinate  system  from  the  charge- symmetry 
axes  lo  the  Inertial  axes  without  thereby  adding  unknown 
cross  derivatives  lo  the  descriptions  of  the  dyadic 
VE  .  Interpretation  of  the  spectrum  of  SbHjD  Is  more 
complicated.  II  is  nol  found  possible  to  fll  the  theory  to 
lhe  observed  lines  wilhoul  making  use  of  the  second-order 
order  perturbations  due  lo  a  nearby  level  of  different 
symmetry  bul  of  the  same  J.  This  perturbation  Involves 
the  cross  derivatives  which  had  previously  been  assumed 
lo  be  zero.  With  the  assumption  of  cross  derivatives 
approximately  1%  of  the  diagonal  terms,  the  theory  filled 
experiment  within  the  experimental  error.  In  order  lo 
measure  tne  electric  dipole  moment  of  arsine  ana  sumne 
a  slight  extension  Is  made  to  the  theory  of  asymmetric 
tops  In  a  uniform  electric  field.  The  ground -state  In¬ 
version  splitting  is  determined  to  be  less  than  0. 5  me/ssc 
for  all  three  molecules.  (Contractor's  abstract) 


MIT.  10:013 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

LIMITS  FOR  THE  DIFFUSION  THEORY  OF  HIGH- 
FREQUENCY  GAS  DISCHARGE  BREAKDOWN,  by 
S.  C.  Brown  and  A.  D.  MacDonald.  Aug.  3,  1950,  lOp. 
incl.  dlagra.  refe.  (Technical  repl.  no.  132)  [  Spon¬ 
sored  jointly  by  Signal  Corps,  Offlcs  of  Naval  Research, 
and  Air  Force  Office  of  Scientific  Research  under 
DA  36-039- sc- 100  and  W38-039- sc-32037  ]  U10088; 
ATI-71878  Unclassified 

A  study  Is  made  of  the  Umlls  within  which  diffusion 
phenomena  control  the  breakdown  of  a  HF  discharge. 

The  discussion  is  based  on  proper  variables  for  dimen¬ 
sional  analysis,  using  the  parameters  pA,  pX,  and  EA, 
where  p  is  the  pressure,  A  the  characteristic  diffusion 
length,  X  the  wave  length  of  the  excllatlon,  and  E  the 
breakdown  electric  field.  The  limits  of  applicability  of 
the  diffusion  theory  are  found  lo  be  a  uniform  field 
limit,  a  mean  free  path  limit,  and  an  oscillation  ampli¬ 
tude  limit.  Within  these  Umlls,  a  single  function  for  the 
effective  breakdown  voltage,  EA,  and  lhe  energy  per 
mean  free  path,  E/p,  correlated  lhe  breakdown  voltages 
for  all  published  dala  tested,  covering  a  wave-length 
range  from  10  to  17,000  cm.  (Contractor’s  abstracl) 


MIT.  10:014 

Massachusetts  lnsl.  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THEORY  OF  NONLINEAR  TRANSDUCERS,  by  H.  E. 
Singleton.  Aug.  12,  1950,  47p  lncl.  dlagrs.  tables, 
refs.  (Technical  repl.  no.  100)  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  '  Air 
Force  Office  of  Scientific  Research  ’  under  DA  38-038- 


sc-100  and  W38- 039- sc -32037)  U16903;  ATI-96271 

Unclassified 

Transducers  are  classified  according  to  the  manner  In 
which  they  make  use  of  storage  lo  conlrol  their  output. 
The  state  of  a  transducer  Is  specified  by  the  position 
of  a  point  In  multidimensional  space.  The  system 
function  of  the  transducer  Is  then  determined  by  attach¬ 
ing  lo  each  stale  point  a  sel  of  numbers  or  probabilities 
characteristic  of  the  outpul  for  the  corresponding  slate. 
The  technique  of  synthesizing  nonUnear  transducers  Is 
considered,  and  standard  forms  for  synthesizing  the 
various  kinds  of  transducers  are  obtained.  II  is  shown 
that  a  necessary  and  sufficient  condition  for  an  In¬ 
variant  finite- stale  transducer  lo  be  capable  of  synthe¬ 
sis  In  lerms  of  a  finite  number  of  linear  elements  and 
rectifiers  Is  that  the  slale-deflning  regions  be  bounded 
by  hypertine  suilaces.  It  is  lound  that  any  nonlinear 
system  function  Is  determined  by  certain  higher-order 
autocorrelation  functions  of  the  input  and  cross  corre¬ 
lations  between  the  input  and  output.  The  problem  of 
optimum  design  of  nonlinear  filters  Is  discussed.  It 
Is  shown  that  If  the  probability  distributions  of  noiBe 
and  signal  are  Gaussian,  the  optimum  mean-square 
filter  is  linear.  For  finite- state  filters,  the  criterion 
of  mti-imtzing  the  probability  of  error  is  employed. 

The  problem  Is  to  specify  optimum  boundaries  for  the 
state-defining  regions  and  to  obtain  specific  design 
equations.  Several  examples  of  filter  design  are  given, 
Including  an  application  to  the  radar  search  problem. 
(Contractor’s  abstract) 


MIT.  10:015 

Massachusetts  lnsl.  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

TRANS  ENT  STARTING  OF  A  MAGNETRON  AS 
DESCRIBED  BY  THE  INHOMOGENEOUS  VAN  DER 
POL  EQUATION,  by  E.  E.  David,  Jr.  Aug.  16,  1950, 
14p.  incl.  illus.  dlagrs.  (Technical  repl.  no.  168) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  [  Air  Fores  Office  of  Scientific  Research] 
under  DA-36-039-SC-100  and  W36  039- sc-32037) 
U18525;  ATI-111108  Unclassified 

The  solution  lo  the  Inhomogeneous  Van  der  Phil  equa¬ 
tion  specifies  lhe  operation  of  a  nonUnear  oscillator 
perturbed  by  ar.  external  signal  of  similar  frequency. 
The  steady  sla*»  behavior  of  such  an  oscillator  was 
first  quoled  by  Van  der  Pol  himself  and  Is  in  agreement 
with  other  Uteralure  In  the  field.  In  this  study,  approx¬ 
imate  and  differential  analyzer  soluUons  are  used  lo 
investigate  lhe  frequency  and  phase  transients  during 
starting,  and  distortion  of  the  build-up  envelope  by 
the  exciting  signal.  Results  are  essentially  In  agree¬ 
ment  with  results  Indicated  In  technical  repl.  no.  100 
(TU*  U89G7),  although  details  are  different  because 
reacUve  eieclronic  beam- loading  Is  neglected  here. 
(Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  NOTE  ON  THE  BEHAVIOR  OF  MUTUALLY  COUPLED 
OSCILLATORS,  by  E.  F-.  David,  Jr.  Aug.  16,  1950, 

15p.  lncl.  dlagrs.  (Technical  rept.  no.  169)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force  Office  of  Scientific  Research]  under  DA  36- 
039-sc-lOO  and  W36-039-SC-32037)  U17791; 

ATI-109131  Unclassified 

The  operation  of  an  arbitrary  number  of  oscillators 
mutually  coupled  Into  an  arbitrary  number  of  loads  Is 
discussed.  By  utilizing  the  oscillator  Rteke  diagrams, 
the  scattering  equations  of  the  Interconnecting  network, 
and  the  constraints  furnished  by  passive  loads,  the  be¬ 
havior  of  such  a  system  may  be  predicted.  Two  simple, 
but  practically  Important  cases  are  discussed:  (1)  two 
oscillators  operating  Into  a  matched  parallel  junction, 
and  (2)  the  dual  of  this  arrangement.  The  operation  of 
these  systems  is  critically  dependent  upon  the  oscillator 
spacing  relative  to  the  Interconnecting  network,  although 
the  tolerances  on  these  spaclngs  are  not  severe.  Dis¬ 
similarities  between  the  oscillators  are  not  Important. 
(Contractor's  abstract) 


MIT. 10:017 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  STUDY  OF  SPEECH  PROBABILITY  DISTRIBUTIONS, 
by  W.  B.  Davenport,  Jr.  Aug.  25,  1950,  78p.  lncl. 
Ulus,  dlagrs.  refs.  (Technics’  rept.  no.  148)  (Spon¬ 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Research, 
and  [  Air  Force  Office  of  Scientific  Research  ]  under 
DAS?  U3J  sc  190  and  WJ6  033-rc  S2C37)  UW81S; 
ATI-101290  Unclassified 

The  problem  of  measuring  a  probability  concerning  a 
random  time  function  is  shown  to  reduce  generally  to 
that  of  measuring  a  time  average.  A  study  ts  made  of 
the  error  aue  to  averaging  over  only  a  finite  Interval 
of  time.  A  description  Is  given  of  apparatus,  which, 
with  pulse  techniques,  can  measure  certain  probabilities 
concerning  tie  Instantaneous  amplitude  and  the  zero- 
crossing  periods  of  any  time  function  whose  statlrtlcs 
lie  In  the  range  of  the  voice  wave  statistics.  Measure¬ 
ments  of  the  first  probability  distribution  density  of  the 
speech-wave  Instantaneous  amplitude  for  several  speak¬ 
ers  Indicate  that  this  distribution  varies  exponentially 
for  large  value  of  amplitude.  Small  but  definite  In¬ 
creases  in  conditional  probability  were  noted  for  delay 
times  of  the  order  of  magnitude  of  the  pitch  period. 
These  measurements  were  of  the  stationary,  or  long 
'i™  speech  statistics.  Most  of  the  measurements 
were  made  on  substantially  undlstorted  speech;  some 
were  made  to  show  qualitatively  the  effect  of  reflections. 
(Contractor's  abstract) 
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MIT.  10:018 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

SERVOMECHANISM  SYNTHESIS  THROUGH  POLE- 
ZERO  CON  FIGURATIONS,  by  J.  G.  Truxal.  Aug.  25, 
1950,  lOlp.  lncl.  dlagrs.  refs.  (Technical  rept.  no. 
162)  [  Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039-sc-lOO]  U15904;  ATI-96270 

Unclassified 

A  servomechanism  synthesis  procedure  based  on 
manipulation  of  pole- zero  configurations  permits 
simultaneous  control  over  system  response  in  both  the 
frequency  and  time  domain.  In  addition,  this  synthesis 
procedure  is  based  on  several  Important  relationships 
between  pole- zero  locations  and  various  criteria  of 
system  performance  (e.  g.  error  constants  or  the  effect 
of  corrupting  signals).  The  synthesis  procedure  starts 
with  the  selection  of  an  over-all  system  function  meet¬ 
ing  performance  specifications  In  both  the  time  and 
frequency  domains  and  simultaneously  resulting  In 
physically  realizable  compensation  networks.  From 
the  over-all  syetem  function  the  open-loop  transfer 
function  is  determined  by  a  simple  graphical  procedure, 
and  the  final  step  In  the  design  Is  the  determination  of 
compensation  networks.  (Contractor's  abstract) 


MIT.  10:019 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

AXIALLY  SYMMETRIC  ELECTRON  BEAM  AND 
MAGNETIC  FIELD  SYSTEMS,  by  L.  A.  Harris, 

Aug.  29,  1950,  77p.  lncl.  lllus.  dlagrs.  refs.  (Tech¬ 
nical  rept.  no.  171)  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  [  Air  Force  Office  of 
Scientific  Research]  under  DA  36 -039- sc -100  and 
W36  -  039-  sc  -  32037)  U17398  Unclassified 

The  theory  of  UTvg.tedir.alLy  uniform,  and  axially  sym¬ 
metric  electron  beams  focused  by  a  uniform  axial 
magnetic  field  Is  presented.  It  Is  assumed  that  the 
axial  velocity  ts  common  to  all  electrons  and  that  they 
do  not  cross  each  other  radially.  The  radial  electric, 
magnetic,  and  centrifugal  forces  are  balanced  If  the 
proper  relation  between  the  magnetic  field  at  the 
cathode  and  that  tr  Ue  uniform  bean  la  sabstled  Tibs 
balance  Is  due  to  the  rotation  of  electrons  around  the 
axis  brought  about  by  their  crossing  magnetic  field 
lines.  A  general  graphical  method  Is  presented  for 
obtaining  the  potential  distribution  required  tor  the 
design  of  hollow  beams.  The  necessity  of  bringing  the 
beam  through  a  transition  region  where  electrons 
acquire  their  angular  velocity  restrict*  the  prub lea,  to 
2  categories  in  which  the  cathode  Is  either  In  a  uniform 
magnetic  field  or  In  a  magnetically  shielded  region. 
Special  cases  are  the  solid  beam,  the  hollow  beam  with 
uniform  r-wlal  charge  density,  the  hollow  beam  between 
coaxial  elo'.'trodes  at  the  same  potential,  and  the  hollow 
beam  lneldi  an  outer  electrode  only.  Of  Interest  is  the 
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case  of  a  hollow  beam  focused  with  a  magnetic  field  In 
the  cathode  region  only.  Explicit  design  equations  are 
presented  for  all  cases.  The  possible  effects  of  incl- 
vleutlal  loiil^atloii  are  bi lefty  Considered.  Experimental 
results  confirm  the  theory  qualitatively  and  to  a  con¬ 
siderable  ertent  quantitatively  and  Indicate  the  impor¬ 
tance  of  the  cathode  flux  condition  and  the  need  for  a 
good  method  of  bringing  the  beam  through  the  transition 
region.  (Contractor's  abstract) 


MIT. 10:020 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  NEW  METHOD  OF  ESTIMATING  PR EOSCILLATION 
NOISE  IN  A  PULSED  OSCILLATOR  (MAGNETRON),  by 
E.  E.  David,  Jr.  Aug.  30,  1950,  Sp.  lncl.  diagr. 
(Technical  rept.  no.  173)  [  Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  fittsnUtic  Research  under  DA  J?-t!3?-8e-Ut 1 
U14696;  ATI-92489  Unclassified 

Starting- time  jitter  In  pulsed  magnetrons  Is  through!  to 
be  caused  principally  by  a  corresponding  Initial  RF 
amplitude  jitter  resulting  from  preoscillation  noise. 

The  initial  amplitude  (Ao)  and  the  nose  envelope  were 
assumed  to  have  a  Rayleigh  distribution,  and  the  built-up 
was  assumed  to  commence  exponentially.  Measure¬ 
ments  of  the  time  jitter  were  extrapolated  to  compute 
the  amplitude  variations  and  subsequently  the  rms  pre- 
osctllatlon  noise.  Values  100  db  above  that  expected 
from  a  temperature  limited  diode  carrying  the  same 
current  and  about  20  db  greater  than  that  found  by  static 
measurements  were  obtained  for  the  QK-61  magnetron. 
The  large  value  may  be  attributed  to  the  low  magnetic 
field  (1400  gauss)  used  with  this  magnetron  and  the 
larger  plate  voltage  (1050  v)  present  during  the  transient 
as  opposed  to  the  static  measurement. 


MIT.  10:021 

Massachusetts  Inal.  of  Tech.  Research  Lab.  of 

Electronics,  Cambridge. 

THE  QUANTUM  THEORY  OF  ANTI  FERROMAGNETISM, 
bjfll  J  Harrison  Aug  31  laiC  Jlp  tvl  dlagra 
refs.  (Technical  rept.  no.  172)  Spons  <red  jointly  by 
Signal  Corps.  Office  of  Naval  Research,  am'  Air  Force 
Office  of  Scientific  Research  under  DA  36  039-sc-lOO 
U 14693:  ATI  92490  Unclassified 

Recent  neu*rou  diffraction  experiments  on  antiferro¬ 
magnetic  crystals  at  low  temperatures  Indicate  the 
existence  of  a  long  range  correlation  In  direction  of  the 
spin  magnetic  moments.  Although  the  Islng  model  pre¬ 
dicts  such  a  correlation,  a  consideration  of  the  uncer¬ 
tainty  relationships  for  spin  shows  that  In  the  correct 
quantum  description  of  an  antlferromagnet,  the  ordering 
cannot  be  the  simple  type  given  by  this  temlclasslcal 
model.  The  problem  of  determining  the  lowest  quantum 
state  of  an  antlferromagnet  Is  much  the  same  as  the 
quantum  chemical  problem  of  determining  the  state  of  a 


large  molecule.  The  short  range  correlation  of  spin 
moments  Is  measured  by  a  quantity  called  the  "bond 
order"  In  molecular  problems.  This  assumes  Its 
maximum  in  the  lowest  eigenstate.  In  an  attempt  to 
make  progress  In  solving  the  general  quantum  mechan¬ 
ical  problem,  a  new  method  of  approximation  has  been 
developed  and  applied  to  the  linear  antiferromagnetic 
chain.  The  spin  eigenfunction  is  expanded  in  terms  of 
a  set  of  "valence  bond  spin  functions,  "  grouped  ac¬ 
cording  to  "degree  of  excitation.  "  The  amplitudes  for 
each  excitation  are  determined  by  the  solution  of  an 
Infinite  set  of  linear  difference  equations.  (Con¬ 
tractor’s  abstract) 


MIT.  10:022 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

APPLICATION  OF  STATISTICAL  METHODS  TO 
COMMUNICATION  PROBLEMS,  by  Y.  W.  Lee.  .Sept 
1,  1950,  39p.  lncl.  lllus.  diagrs.  refs.  (Technical 
rept.  no.  181)  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  [  Air  Force  Office  of 
Scientific  Research!  under  DA  36-039-sc- 100) 

U16340;  ATI -101 289  Unclassified 

The  basic  Ideas  and  tools  in  the  statistical  theory  of 
communication  are  discussed.  The  methods  of  the 
theory  in  the  formulation  of  some  Important  communi¬ 
cation  problems  are  outlined.  Some  techniques  which 
have  been  developed  for  application  to  practical  prob¬ 
lems,  and  certain  laboratory  results  In  support  cf  IK 
theory  are  described.  To  Indicate  the  possibility  of 
practical  application,  primarily  with  respect  to  Im¬ 
provement  of  S/N  ratio,  experimental  results  are  pre¬ 
sented.  (Contractor's  abstract) 


MIT.  10:023 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

LOCKING  PHENOMENA  IN  MICROWAVE  OSCILLA¬ 
TORS  WITH  MISMATCHED  LOADS,  by  J.  C.  Pitts, 

W.  F.  Wicks,  and  E.  E.  David,  Jr.  Sept.  11,  1950, 
ijp.  lncl.  diagrs.  (Technical  rtpl  171)  (spon¬ 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  [  Air  Force  Office  of  Scientific  Research] 
under  DA  38-039-SC-100  and  W36-039-8C-32037) 

U 17399;  ATI- 105778  Unclassified 

This  report  Is  a  supplement  to  technical  report  no.  63 
(TIP  U1294).  It  presents  an  exact  graphical  method 
for  predicting  the  behavior  of  an  oscillator  perturbed 
by  an  external  signal  and  operating  into  an  arbitrary 
but  passive  load  Impedance.  The  method  is  applicable 
to  any  oscillator,  but  Is  applied  here  to  a  reflex 
klystron.  Doth  theoretical  and  experimental  results 
are  Included. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  NEW  "DOUBLE  RESONANCE”  METHOD  FOR  THE 
INVESTIGATION  OF  ATOMIC  AND  NUCLEAR 
MOMENTS.  PARTI.  THEORY  OF  EFFECTS  IN 
MERCURY  VAPOR,  by  F.  Bitter  and  J.  Brossel. 

Sept.  12,  1950,  24p.  Inch  dlagrs.  tables.  (Technical 
rept.  no.  176)  \  Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36-039-sc-100]  U14030; 
ATI- 92488  Unclassified 

In  general,  If  a  system  Is  capable  of  existing  in  3  states, 
A,  B  and  C,  the  method  Involves  the  detection  of  reso¬ 
nances  between  any  2  <  f  these,  say  A  and  B,  by  observ¬ 
ing  changes  In  transitions  from  either  A  or  B  to  C.  Of 
particular  Interest  Is  the  case  In  which  A  and  B  are 
either  Zeeman  or  hyperflne  structure  levels,  and  tran¬ 
sitions  to  C  Involve  frequencies  In  the  optical  range. 
Effects  to  be  expected  are  analyzed  with  particular 
emphasis  on  Hg  vapor.  Measurements  on  both  the 
ground  and  excited  states  should  be  possible.  (Con¬ 
tractor's  abstract) 


MIT. 10:025 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  OFFSET  WAVEGUIDE  JUNCTION  AS  A  RE¬ 
ACTIVE  ELEMENT,  by  L.  D.  Sir.ullln  and  W.  G.  Glass. 
Sept.  13,  1950,  6p.  lncl.  dlagrs.  (Technical  rept.  no. 
164)  r  Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific  Re¬ 
search  under  DA  36-039- sc -100]  U15593;  ATI- 96267 

Unclassified 

A  new  type  of  wave-guide  circuit  element  Is  described 
that  hat  a  number  of  declrahle  electoral  art?  mechani¬ 
cal  properties.  These  Include  ease  and  accuracy  of 
adjustment,  and  simple  analytical  expressions  for  some 
of  the  more  Important  properties.  The  capacitive  junc¬ 
tion  allows  the  practical  construction  of  capacltlvely 
coupled  resonant  cavities.  Such  cavities  have  a  rela¬ 
tively  constant  bandwidth  over  their  tuning  range,  as 
compared  with  the  more  ecrrmcnly  used  ludurtlvely 
coupled  cavities.  (Contractor’s  abstract) 

MIT.  10:026 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  NEW  TYPE  OF  ELECTROMAGNET.  PART  I. 
OPERATION  AT  20-kw  LEVEL,  by  F.  Bitter  and  F. 

E.  Reed.  Sept  14,  1950  [Sip.  lncl.  lllus.  dlagrs. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Reset ect.,  tnd  1  Alt  Forte  office  uf  Scientific  Re 
search]  under  [  DA  36-039- sc- 100’ )  U16597; 

ATI- 149626  Unclassified 
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Also  published  In  Rev.  Sclent.  Instruments,  v.  22: 
171-173,  Mar.  1951. 

An  Improved  Iron  core  magnet  for  general  laboratory 
use.  weighing  two  tons,  has  been  designed  and  several 
units  have  bean  constructed.  It  Incorporates  the 
desirable  features  of  a  number  of  earlier  magnets  and 
Is  engineered  to  give  optimum  utility  with  minimum 
space  and  weight  and  with  minimum  attention  by  the 
operating  personnel.  A  summary  of  test  performance 
at  20  kw  is  given. 


MIT.  10:027 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  SIMPLIFICATION  OF  THE  HARTREE-FOCK 
METHOD,  by  J.  C.  Slater.  Sept.  28,  1950  [5]p. 
lncl.  dlagrs.  (Sponsored  jointly  by  Signal  Corps, 

Office  of  Naval  Research,  and  [  Air  Force  Office  of 
Scientific  Research  1  under  ]  DA  36- 039- sc- 100]) 
U16598;  ATI- 158493  Unclassified 

Also  published  in  Phys.  Rev.,  v.  81:  385-390,  Feb.  1, 
1951. 

It  Is  shown  that  the  Hartree-Fock  equations  can  be  re¬ 
garded  as  ordinary  Schrodlnger  equations  for  the 
motion  of  electrons,  each  electron  moving  In  a  slightly 
different  potential  field,  which  Is  computed  by  electro¬ 
statics  from  all  the  charges  of  the  system,  positive 
and  negative,  corrected  by  the  removal  of  an  exchange 
charge,  equal  In  magnitude  to  one  electron,  surrounding 
the  electron  whose  motion  Is  being  investigated.  By 
forming  a  weighted  mean  of  the  exchange  charges, 
weighted  and  averaged  over  the  various  electronic  wave 
functions  at  a  given  point  of  space,  we  set  up  an  average 
potential  field  in  which  we  can  consider  all  of  the  elec¬ 
trons  to  move,  thus  leading  to  a  great  simplification  of 
the  Hartree-Fock  method,  and  bringing  it  Into  agree¬ 
ment  with  *he  uval  bilk)  ^.irturr  of  bolide,  In  whirl  all 
electrons  are  assumed  to  move  In  the  same  field.  We 
can  further  replace  the  average  exchange  charge  by  the 
corresponding  value  which  we  should  have  In  a  free- 
electron  gas  whose  local  density  of  actual  charge  Is  at 
the  position  In  question:  this  results  in  a  very  simple 
expression  for  the  average  potential  field,  which  still 
behaves  qualUaC'wly  Uke  tiM  of  the  HarUree-Turk 
method.  This  simplified  field  is  being  applied  to  prob¬ 
lems  in  atomic  structure,  with  satisfactory  results, 
and  Is  adapted  as  well  to  problems  of  molecules  and 
solid.  (Contractor’s  abstract) 

MIT.  10:028 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

CENTRIFUGAL  DISTORTION  IN  ASYMMETRIC  TOP 
MOLECULES,  i.  ORDINARY  FORM ALDEHYDE, 
H2C120,  by  R.  B.  Lawrance  and  M.  W.  P.  Strandberg. 
Oct.  3,  1950,  16p.  lncl.  dlagrs.  tables,  refs.  (Tech¬ 
nical  rept.  no.  177)  r  Sponsored  jointly  by  Signal 
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Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  DA  38-039-sc-lOO] 

U14860;  ATI-92487  Unclassified 

A  semtclasslcal  approach  Is  used  to  develop  a  simple 
expression  for  the  centrifugal  distortion  correction  tn 
asymmetric  top  molecules.  The  general  expression  for 
the  shift  of  any  given  energy  level  involves  5  experi¬ 
mentally  determtned  distortion  coefftctents  and  a  knowl¬ 
edge  of  the  dependence  of  the  term  value  as  a  function  of 
asymmetry.  A  useful  simplified  expression  for  the 
frequency  correction  In  AJ  =  0  transitions  tnvolves  only 
2  effective  rigid  rotor  parameters  and  4  distortion  co¬ 
efficients.  The  method  Is  applied  to  the  microwave 
spectrum  of  H,C^20:  the  results  show  excellent  tnternal 
consistency.  The  resulting  rigid  rotor  parameters  are: 
a  =  282, 106  me/  sec,  b  =  38,  834  me/  6ec,  and  c  = 

34  ,  004  me/  sec.  The  electric  dipole  moment  Is  deter¬ 
mined  to  be  2. 31  i  0.  04  debye  and  the  line  breadth 
parameter  as  97  ±  10  microns  Hg  per  mc/sec.  (Con¬ 
tractor's  abstract) 


MIT.  10:029 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

CENTRIFUGAL  DISTORTION  IN  ASYMMETRIC 
MOLECULES,  n.  HDS,  by  R.  E.  Hlllger  and  M.  W.  P. 
Strandberg.  Oct.  5,  1950,  15p.  lncl.  dlagr.  tables. 
(Technical  rept.  no.  180)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  f  Air  Force  Offtce 
of  Scientific  Research  1  under  DA  38-039-6C-100) 

U61362;  ATI- 123918  Unclassified 

Also  published  In  Phys.  Rev.,  v.  83:  575-581,  Aug.  1, 
1951. 

A  perturbation  method  for  relating  the  theory  of  centrif¬ 
ugal  distortion  tn  asymmetric  top  molecules  to  observed 
microwaVe  Q  branch,  a-  or  c-type  transitions,  Is  pre¬ 
sented.  The  formula  for  the  distortion  correction  Is 
expressed  !n  terms  of  the  totat  angular  momentum,  J, 
the  symmetry  axis  momentum  of  the  nearest  symmetric 
top,  K,  and  five  distortion  constants.  The  formula 
yields  a  satisfactory  ftt  to  the  observed  spectrum  of  HDS 
(K  ~  -0.  5).  The  electric  dipole  moment  Is  determined 
as  1. 02  *  0. 02  debye.  The  Inertia  defect  and  distortion 
constants  are  calculated.  The  effective  structure  for  the 
HDS  molecule  so  determined  ts  In  agreement  with  infra¬ 
red  determinations.  (Contractor's  abstract) 

MIT. 10:030 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

PRESSURE  DEPENDENCE  OF  SECOND  SOUND 
VELOCITY  IN  LIQUID  HELIUM  Q,  by  R.  D.  Maurer  ami 
M.  A.  Herltn.  Oct.  13,  1950  -4]p.  lncl.  dtagrs. 
(Technical  rept.  no.  179)  (Sponsored  jointly  hy  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force 
Office  of  Scientific  Research1  under  [  DA  36  039-sc- 
100  and  W36  039  sc -32037  1 )  U16599:  ATI-105777 


Unclassified 

Also  published  tn  Phys.  Rev.,  v.  81:444-447,  Feb.  1, 
1951. 

The  velocity  of  second  sound  as  a  function  of  pressure 
and  temperature  has  been  measured  to  0.  95°K  by  a 
pulse  method.  The  quantitative  dependence  of  the  rise 
In  velocity  upon  pressure  ts  found  to  support  the  role 
of  the  phonons  in  contributing  to  the  normal  fluid  flow 
alone.  (Contractor’s  abstract) 


MIT.  10:031 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

AREA  DISPLAYS  OF  THE  ELECTRICAL  ACTIVITY 
OF  THE  HEART,  by  S.  Goldman,  W.  F.  Santelmann, 

Jr.  and  others.  Nov.  15,  1950,  lip.  lncl.  tllus. 
diagrs.  (Technical  rept.  no.  121)  (Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force  Office  of  Scientific  Research]  under  DA  38-039- 
sc-100)  U15144  Unclassified 

The  method  of  electronic  mapptng  or  area  display  was 
used  to  obtain  Information  about  the  movement  of  elec¬ 
trical  potentials  tn  the  heart  as  projected  on  the  surface 
of  the  chest.  Sixteen  electrodes  connected  to  a  CRT 
were  placed  tn  an  ordered  array  on  the  chest,  with 
a  small  square  marked  on  the  screen  of  the  tube  corre¬ 
sponding  to  each  electrode.  The  light  Intensity  of  each 
square  was  made  proportional  to  the  Instantaneous 
voltage  of  Its  electrode  by  electronic  means.  The  sub¬ 
ject  was  placed  on  a  cot  Inside  a  wire- mesh  grounded 
cage  and  had  an  added  ground  attached  to  tils  arm. 
Moving  pictures  were  made  of  the  area  display  on  the 
CRT  and  were  subsequently  shown  tn  slow  motion. 

These  pictures  tndteated  the  location  and  sequences  or 
paths  of  activity  of  the  P,  QRS,  and  T  waves  in  normal 
and  abnormal  heart  functions. 


MIT.  10:032 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  MICROWAVE  SPECTRA  OF  THE  DEUTERO- 
AMMON1AS,  by  M.  T.  Weiss  and  M.  W.  P.  Strandberg. 
Dec.  18,  1950,  16p.  lncl.  tables.  (Technical  rept. 
no.  183)  (S|>onsored  jotntly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Force  Offtce  of  Sctentlftc 
Research1  under  f  DA  36-039  sc- 100  and  W36-039- sc- 
32037 1 )  ATI  118355  Unclassified 

Also  published  in  Phys.  Rev.,  v.  81:  286,  Jan.  15, 

1951  (Letter- to- the- edttor). 

Also  published  In  Phys.  Rev.,  v.  83:  567-575,  Aug.  t, 
1951. 

Measurements  of  the  Inversion  rotation  spectra  of  the 
deutero  -  ammonias  have  been  made  in  the  4000  me/  sec 
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region.  Fifty  lines  of  NH2D  and  NHD2  have  been  meas¬ 
ured  and  Identified  by  means  of  the  Stark  effect.  As 
expected,  the  results  show  that  for  these  molecules, 
only  simultaneous  rotational  and  inversion  transitions 
could  be  observed.  Thus,  corresponding  to  each 
JT  -  JT>  transition  two  absorption  lines  could  be  ob¬ 
served,  separated  by  either  twice  the  rotational  energy 
separation  or  twice  the  inversion  splitting  of  the  levels 
Involved.  From  the  observations  the  Inversion  splittings 
of  the  partially  deuterated  molecules  could  be  calculated 
and  were  found  to  be  in  good  agreement  with  the 
Dennison  and  Uhlenbeck  Inversion  doubling  theory.  Thus, 
the  inversion  splittings  for  the  ammonia  molecules  are 
approximately  as  follows:  24, 000  me/  sec  for  NH,; 

12,000  me/ sec  for  NH2D;  5,000  me/ sec  for  NHD2; 

2000  me/  sec  for  NDj.  The  re-.'.'lts  are  also  in  agree¬ 
ment  with  the  structural  parameters  of  ammonia  as  given 
by  Herzberg.  The  sign  if  the  nuclear  quadrupole  cou¬ 
pling  Constant  was  also  measured  and  found  to  be  nega¬ 
tive,  as  expected.  The  centrifugal  distortion  for  both 
rotation  and  inversion  states  has  been  experimentally 
determined.  (Contractor's  abstract) 


MIT.  10:033 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ROTATIONAL  MAGNETIC  MOMENTS  OF  l£  MOLE¬ 
CULES,  by  J.  R.  Eshbach  and  M.  W.  P.  Strandberg. 

Jan.  9,  1951,  20p.  inel.  diagr.  tables,  refs.  (Techni¬ 
cal  rept.  no.  184)  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  [  Air  Force  Office  of 
Scientific  Research]  under  DA  36-039-sc- 100  and 
W36- 039 -sc -32037)  U19568;  ATI-118356 

Unclassified 

Also  published  In  Phys.  Rev.,  v.  85:  24-34,  Jan.  1, 

TS557 

The  molecules  considered  have  zero  total  orbital  and 
zero  to'.al  spin  angular  moments.  The  magnetic  moment 
due  to  the  free  rotation  of  a  *>'.  polyatomic  molecule  is 
calculated,  using  the  equation  for  the  magnetic  moment 
of  a  system  of  particles 

*-  5  I  Vi'8!' 

where  c  Is  the  particulai  axis  of  Inertia  fixed  in  the 
molecule  and  e^  Is  the  charge,  r'j  the  position  vector,  and 
■Vj  the  velocity  vector  of  the  1th  particle.  Then’s  are 
derived  from  the  rotational  problem.  The  theory  of  the 
rotational  magnetic  moment  In  molecules  Is  applied 
to  describe  experiments  on  the  Zeeman  effect  for  a 
linear  rotor,  OCS,  and  a  symmetric  top,  NHj.  (TTP 
abstract) 

MIT.  10:034 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

TH  E  APPROXIMATION  WITH  RATIONAL  FUNCTIONS  OF 


PRESCRIBED  MAGNITUDE  AND  PHASE  CHARACTER¬ 
ISTICS,  by  J.  G.  Linvill.  Jan.  19,  1951,  [  11  ]p- 
incl.  dlagrs.  (In  cooperation  with  Bell  Telephone 
Labs. ,  Inc. )  [  Sponsored  jointly  by  Signal  Corps, 

Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36-039- sc- 100  and  W36- 
039-sc- 32037]  U23852  Unclassified 

Also  published  in  Proc.  Inst.  Radio  Engineers,  v.  40: 
711-721,  June  1952. 

A  successive- approximations  method  Is  applied  to  the 
selection  of  network  functions  having  desired  magnitude 
and  phase  variation  with  frequency.  The  first  approxi¬ 
mation,  the  first  set  of  pole  and  zero  locations,  can  be 
selected  on  the  basis  of  known  solutions  to  similar 
problems  or  through  use  of  a  set  of  curves.  In  succeed¬ 
ing  approximations  the  pole  and  zero  locations  are  ad¬ 
justed  U,  decrease  the  dev' iter  of  the  uarUer  approxi¬ 
mations  from  the  desired  characteristics.  The  process 
adjusts  the  magnitude  and  phase  characteristics  simul¬ 
taneously.  Its  flexibility  permits  accommodation  of 
praetlMd  constraints  not  possible  with  other  methods. 
(Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

EXPERIMENTAL  STUDY  OF  NONUNEAR  DEVICES 
BY  CORRELATION  METHODS,  by  L.  Weinberg  and 
L.  G.  Kraft.  Jan.  20,  1951,  29p.  incl.  illus.  dlagrs. 
refs.  (Technical  rept.  no.  178)  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force  Office  of  Scientific  Research]  under  DA  36-039- 
sc- 100)  U20643;  ATI- 128339  Unclassified 

The  autocorrelation  method  «as  applied  In  determining 
the  power  density  spectra  for  the  output  of  2  nonlinear 
devices,  the  linear  9005  tube  and  the  square-law  1N48 
crystal  diode.  The  characteristic-function  method  Is 
discussed  for  obtaining  the  output  autocorrelation  func¬ 
tion  of  nonlinear  circuits.  In  the  experimental  setup, 
a  6D4  gas  trtode  was  employed  as  the  primary  white 
noise  generator.  Monitoring  of  the  rectifier  input  and 
the  rectifier  bias  voltages  was  arcompUshed  by  use  of 
thermocouple  and  dc  meters,  respectively.  The  reso¬ 
nant  frequency  of  the  band-pass  filter  was  23  kc.  The 
sine- wave  generator  was  also  set  to  this  frequency. 
Autocorrelation  curves  of  the  rectifier  input,  with  and 
without  the  sine  wave  present,  were  obtained  for  Q 
values  (60,  25,  8.  8)  of  the  resonant  circuit.  Autocor¬ 
relation  curves  of  the  rectifier  output  were  also  obtained. 
The  results  for  the  autocorrelation  (unctions  were  com¬ 
pared  with  the  theoretically  calculated  curves.  (TIP 
abstract) 
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SUBCARRIER  MODULATION  OF  A  REFLEX 
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KLYSTRON,  by  J.  Jensen.  Jan.  26,  1951,  1SF.  tncl. 
dlagrs.  refs.  (Technical  rept.  no.  187)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force  Office  of  Scientific  Research  ]  under  DA  36- 
039-sc-lOO  and  W36-039-SC-32037)  U18786;  ATI-113039 

Unclassified 

A  method  of  modulating  a  reflex  klystron  is  reported 
whereby  the  message  to  be  transmitted  Is  modulated  on 
a  subcarrier,  which  In  turn  modulates  the  klystron 
through  Its  repeller.  Of  the  resulting  frequency  spec¬ 
trum  only  a  narrow  band,  which  contains  the  message, 

Is  transmitted.  The  message  was  found  to  be  contained 
In  a  frequency  band  centered  locally  about  the  first 
microwave  side  bands,  and  In  certain  cases  also  about 
the  microwave  carrier.  A  theoretical  analysis  seems 
to  Indicate  that  the  distortion  introduced  by  transmitting 
or'.y  one  of  these  local  frequency  bands  can  be  made  as 
small  as  desired  under  proper  operating  conditions, 
dependent  upon  the  modulation  Index  of  the  frequcncy- 
modulated  klystron  output.  The  power  output  obtainable 
by  this  method  Is  considered,  since  the  possibility  of 
modulating  microwave  frequencies  at  high-power  levels 
Is  the  main  reason  for  studying  this  problem.  The  power 
output  ol  i  8  crystal  modulator  may  be  exceeded  urder 
certain  conditions.  Experimental  data  confirm  the 
analytical  results  within  the  limits  of  accuracy  of  the 
equipment. 


MIT.  10:037 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

KGNAL-TO-MUISE  RATIO  TMCOPRET.AtXN 
DETECTORS,  by  R.  Nl.  Fano.  Feb.  19,  1951,  13p. 
lncl.  refs.  (Technical  rept.  no.  186)  (Sponsored 
jointly  by  Signal  Corps;  Office  of  Naval  Research,  and 
[  Air  Force  Office  of  Scientific  Research  1  under  DA  36- 
039-sc- 100  and  W36- 039-8C-32037)  U17068;  ATI  103043 

Unclassified 

A  discussion  Is  presented  of  the  operation  In  the 
presence  ol  noise  of  a  correlation  detector  consisting 
of  a  multiplier  followed  by  a  low- pass  filter.  It  Is 
shown  that  In  the  nrost  favorable  cases  the  output  S/N 
powei  ratio  Is  pit>)jc.rtional  to  tt«e  turrtepoiulVng input 
ratio  and  to  the  ra:to  of  the  signal  bandwidth  to  the 
bandwidth  of  the  lew-pass  filter.  (Contractor's  abstract) 


MIT.  10:038 


Extension  of  the  Investigation  of  the  deutero- ammonias 
down  to  the  4, 000  mc/sec  region  produced  many  In¬ 
version-rotation  spectrum  lines  of  ND2H.  Selection 
rules,  molecular  constants,  and  equations  employed 
by  Weiss  (The  Microwave  Rotation-  Inversion  Spectra 
of  the  Deutero-Ammonlas.  Doctoral  Thesis,  Physics. 

M.  I.  T.  1950)  were  found  to  be  reliable  with  the  excep¬ 
tion  ol  the  need  lor  a  slight  modlllcatlou  ol  tin.  con¬ 
stants  developed  for  the  Sheng,  Barker,  and  Dennison 
(Phys.  Rev. ,  v.  60:  786,  1941)  type  inversion  equation. 
Frequencies  in  this  region  may  serve  other  purposes 
than  that  of  Investigating  the  ND„H  molecule.  The 
lines  are  of  sufficient  Intensity  Co  provide  a  good  fre¬ 
quency  check  in  this  region.  Inasmuch  as  a  mixture 
of  the  ammonias  is  easily  prepared  and  the  combined 
spectrum  covers  the  whole  microwave  region,  the 
deutero- ammonias  are  exceptionally  useful  for  this 
purpose.  With  the  use  of  this  energy  region  for  com¬ 
mercial  microwave  relay  systems  these  frequencies 
may  have  value  for  stabilization  purposes.  Frequencies 
in  this  region  are  being  considered  by  SB8  lor  use  in 
an  atomic  clock,  a  clock  controlled  by  constant  absorp¬ 
tion  frequencies.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  SHORT-TIME  CORRELATOR  FOR  SPEECH  WAVES, 
by  P.  E.  A.  Cowley,  R.  M.  Fano,  and  B.  L.  Basure. 
Feb.  26,  1951,  21p.  lncl.  illus.  dlagrs.  (Technical 
rept.  no.  174)  (Sponsored  jointly  by  Signal  Corps, 

Office  of  Naval  Research,  and  [  Air  Force  Office  of 
Scientific  Research!  under  DA  36-039-sc- 100) 

U65644;  ATI-162764  Unclassified 

A  short-time  correlator  for  speech  waves  is  described. 
This  equipment  is  designed  to  analyze  speech  of  a 
quality  suitable  for  toll -telephone  circuits.  The  analy¬ 
sis  carried  outls  a  thirteen-point  approximation  to  the 
short-time  autocorrection  function  which  is  presented 
as  a  display  on  a  cathode-ray  tube.  The  design  Is 
discussed  ill  BOiue  detail  and  circuit  diagrams  ol  die 
equipment  are  presented.  The  equipment  Is  considered 
suitable  for  any  application  where  autocorrection  or 
etc;*. is  co*rel»Ucti  fcALCdcn*  ot  JWdki  «  Me 

desired  to  a  moderate  accuracy.  Some  experimental 
results  are  also  Included  In  this  report  of  short-time 
correlation  patterns  of  speech  sounds,  sinusoids,  noise, 
and  combinations  of  these  waveforms. 
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Massachusetts  Inst,  of  Tech.  Research  *  of 

EXTENSION  OF  THE  MICROWAVE  SPECTRUM  OF  Electronics,  Cambridge.  \  '  • 

ND2H,  by  K.  A.  Sawyer  and  J.  D.  Klerstead.  Feb,  19,  • 

1951,  5p.  ind  tables.  (Technical  rept.  no.  188)  INTERFERENCE  FILTERING,  by  J.  P.  Costas 

(Sponsored  jointly  by  Signal  Corps.  Office  of  Naval  Re  Mar.  1,  1951,  45p.  lncl.  dlagrs.  tables,  refs.  -  *  •  , 

search,  and  Air  Force  Office  of  Scientific  Research  '  (Technical  rept.  no.  185)  (Sjionsored  jointly  by  Signal 

under  DA  36-039  sc  100  and  W36  039  sc  32037)  Corps,  Office  of  Naval  Research,  and  Air  Force.  Office 

U 1 8585:  ATI  113038  Unclassified  of  Sclentllic  Research’  under  DA  36-039- sc- 100)  • 

U20628:  ATI- 128340  Unclassified  . 
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The  problem  of  filtering  a  number  of  channels  of 
Information  for  the  best  recovery  of  one  particular 
channel  message  Is  considered.  Each  channel  is 
assumed  to  carry  a  message  and  a  disturbance  function, 
and  correlation  is  assumed  to  exist  between  all  possible 
pairs  of  message  and  disturbance  functions.  Exact  solu¬ 
tions  are  obtained  for  filtering  with  long  delay,  and 
expressions  for  the  irremovable  filtering  error  are  de¬ 
rived.  The  synthesis  of  optimum  linear  filters  by 
approximation  methods  is  considered.  A  method  of 
approximation  which  tends  to  minimize  the  filtering 
error  for  a  given  allowable  network  complexity  is 
given  and  detailed  examples  In  the  use  of  the  method 
for  the  general  solution  of  .he  multiple  time  series 
problem  are  presented.  Multichannel  filtering  tech¬ 
niques  may  be  applied  to  the  problem  of  detection  of 
amplitude- modulated  signals.  Adjacent  channel  inter¬ 
ference  situations  are  examined  in  detail  for  both 
double-  and  single- side-band  signals.  Experimental 
results  verify  the  theoretical  conclusions.  (Contractor's 
abstract) 


MIT.  10:041 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

CORRELATOR  ERRORS  DUE  TO  FINITE  OBSERVA¬ 
TION  INTERVALS,  byW.  B.  Davenport,  Jr.  Mar.  8, 
1951,  16p.  (Technical  rept.  no.  191)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force  Office  of  Scientific  Research]  under  DA  38- 
039 -sc- 100  and  W36-039- sc-32037)  U17087;  ATI- 103042 

Unclassified 

A  measurement  S/  N  ratio  is  defined  as  the  reciprocal 
of  a  normalized  rms  measurement  error.  This  ratio 
is  evaluated  for  the  general  continuous  correlator  and 
lut  tilt  general  Sampling  Correlator.  The  Ulliltllig  be¬ 
havior  of  the  S/N  ratio  Is  studied  for  several  specific 
cases.  The  continuous  correlator  cases  considered 
are  those  where  the  averaging  filter  Is:  (a)  a  perfect 
Integrator,  and  (b)  an  RC  low- pass  filter.  The  sampling 
correlator  special  case  considered  Is  that  where  the 
sampling  Is  done  periodically.  (Contractor's  abstract) 


MIT.  10:042 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  MICROWAVE  SPECTRUM  OF  KETENE,  by  H.  R. 
Johnson  and  M.  W.  P,  Strandberg.  Mar.  15,  1951, 

20p.  lncl.  illus.  rilagrs.  refs.  (Technical  rept.  no. 

192)  (Sponsored  Jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039- sc- 100)  U20019;  ATI  - 123911 

Unclassified 

Also  published  In  Jour.  Chem  Phys.  .  v.  20:  G87-695, 
Apr  1952 

The  microwave  absorption  spectra  of  the  Il^C^O16, 


MIT.  10:041  -  MIT.  10:044 


HlD2C  2^016,  and  D^C^O16  ketene  molecules  were 
studied.  The  lines  were  Identified  by  the  Stark  effect, 
intensity,  and  frequency.  The  reciprocal  moments  of 
Inertia  were  calculated  for  each,  and  the  centrifugal- 
distortion  theory  of  Hillger  and  Strandberg  (Technical 
rept.  no.  177;  item  no.  MIT.  10:028)  was  verified  tor 
both  Q  (A  K.  j  =  0,  A  J  =  0)  and  R  (A  K_j  =  0,  A  J  = 

+  1)  branches.  The  equilibrium  structure  was  calcu¬ 
lated  from  the  moments  of  inertia  extrapolated  to  zero 
centrifugal  distortion.  Comparison  with  data  from 
other  methods  indicated  an  Increased  accuracy  for  the 
structure  as  well  as  the  dipole  moments  which  are 
determined  from  the  Stark  effect.  Intensities  of  satel¬ 
lites  of  the  lightest  molecule  corresponding  to  the 
lowest  3  vibrational  fundamentals  were  also  measured, 
and  changes  in  the  aveiage  reciprocal  moments  deter¬ 
mined.  Calculated  vibrational  frequencies  differed 
from  values  reported  by  infrared  workers.  Further 
measurement  of  the  spectrum  was  recommended 

for  a  more  complete  check  on  the  centrifugal-distortion 
theory  applied  to  a  molecule  with  both  Q  and  R  branch 
transitions.  Actual  calculation  of  the  coefficients  from 
the  vibrational  fundamentals  seemed  possible  for  ketene 
because  of  Its  symmetry. 

MIT.  10:043 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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AN  ELECTRONIC  CORRELATOR,  by  T.  P.  Cheatman, 
Jr.  Mar.  28,  1951,  87p.  incl.  IHub.  diagrs.  refs. 
(Technical  rept.  no.  122)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force  Office 
of  Scientific  Research]  under  DA  36-039-SC-100  and 
W38 -039- SC- 32037)  U18523;  ATI- 112708 

Unclassified 

The  ruk  and  application  uf  ccrrelatkn  (unctkns  In  the 
statistical  theory  of  communication  is  described  in 
terms  of  the  Important  basic  properties  of  autocorrela¬ 
tion  and  crosscorrelation  functions.  An  electronic 
correlator  constructed  on  the  basis  of  (a)  utilizing 
pulse -sampling  techniques  and  (b)  multiplication  In 
time- amplitude  coordinates  is  described  In  detail. 
General  criticisms  ai&i  suggestions  tor  improvements, 
based  on  experience  gained  from  the  application  of  the 
correlator  to  several  problems,  are  given.  Some 
additional  methods  of  computing  correlation  functions 
are  outlined  and  discussed.  The  experimental  applica¬ 
tion  of  the  electronic  correlator  is  illustrated  by 
several  studies  that  are  concerned  with  the  detection, 
analysis,  or  filtering  of  a  desired  signal  In  noise. 
(Contractor’s  abstract) 

MIT .  10:044 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

HIGH-FREQUENCY  GAS  DISCHARGE  BREAKDOWN, 
by  S.  C.  Brown.  Apr.  12,  1951,  15p.  incl.  diagrs, 
refs.  (Technical  rept.  no.  195)  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air 
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Force  Office  of  Scientific  Research]  under  DA  36-039- 
sc-130  and  W36-039- sc-32037)  U17867;  ATI-109076 

Unclassified 

A  phenomenological  description  of  HF  gas  discharge 
breakdown  Is  given.  The  effects  of  superimposing  on 
the  ac  field,  a  small  dc  field,  and  a  magnetic  field  are 
also  discussed.  (Contractor's  abstract) 


MIT.  10:045 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

SIMPLIFIED  FM  TRANSIENT  RESPONSE,  by  W.  L. 
Hatton.  Apr.  23,  1951,  7p.  lncl.  dlagrs.  (Technical 
rept.  no.  196)  (Sponsored  jointly  by  Signal  Corps, 

Office  of  Naval  Research,  and  [  Air  Force  Office  of 
Scientific  Research]  under  DA  36-039-SC-100)  U20023; 
ATI-123916  Unclassified 

The  response  of  a  single  tuned  circuit  to  a  driving  cur¬ 
rent  having  a  sudden  jump  In  frequency  Is  calculated. 

It  Is  found  that  the  rise  time  and  overshoot  depend  upon 
the  size  of  the  frequency  jump  and  the  position  of  the 
initial  and  final  frequencies  with  respect  to  the  center 
frequency  of  the  tuned  circuit.  The  slowest  rise  occurs 
when  the  jump  is  very  small  and  near  the  center  fre¬ 
quency.  The  rise  time  is  then  the  same  as  In  the  case 
of  double- side-band  AM.  Larger  jumps  and  decentering 
of  the  driving  frequencies  result  in  shorter  rise  times 
and  possibly  larger  overshoots.  FM  compares  favorably 
with  double- side-band  AM. 


MIT.  10:046 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  FLOW  OF  SCHEDULED  AIR  TRAFFIC  (I),  by  R. 

D.  Adler  and  S.  J.  Frlcker.  May  2,  1951,  lOOp.  lncl. 
dlagrs.  tables,  refs.  (Technical  rept.  no.  198)  (Spon¬ 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Research, 
and  r  Air  Force  Office  of  Scientific  Research]  under 
DA  36-039-SC-100  and  Cca-28152)  U19569;  ATI-118354 

Unclassified 

IDM  punched-card  machines  were  employed  In  an 
analysis  of  the  congestion  at  a  single  landing  strip  when 
aircraft  are  scheduled  to  arrive  In  sequence  but  fall  to 
meet  such  schedules  according  to  certain  simple  devia¬ 
tion  statistics  assumed  to  have  a  finite  spread.  Numeri¬ 
cal  results  for  the  distribution  of  the  resulting  stack  and 
total  delays  are  presented.  The  former  are  compared 
with  those  which  arise  from  the  more  random  Poisson 
arrival  distribution.  The  amounts  of  congestion  and 
stack  delay  are  considerably  smaller  under  the  new 
conditions,  particularly  when  the  traffic  is  heavy.  A 
significant  range  of  the  parameters  was  covered  by  the 
numerical  analysis.  A  quantitative  relation  is  estab¬ 
lished  between  the  time-keeping  errors  of  the  aircraft 
en  route  to  an  airport  and  the  resulting  terminal  con¬ 
gestion  and  delay.  The  results  may  be  applied  to 


problems  of  en  route  control.  (TIP  abstract) 


MIT.  10:047 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  SPECTROSCOPIC  STUDY  OF  THE  ELECTRONIC 
STRUCTURE  OF  METALLIC  POTASSIUM  AND 
CALCIUM,  byR.  H.  Kingston.  May  10,  1951,  30p. 
lncl.  illus.  dlagrs.  refs.  (Technical  rept.  no.  193) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  [  Air  Force  Office  of  Scientific  Re¬ 
search]  under  DA  36-039- sc- 100)  U20230;  ATI-125041 

Unclassified 

Also  published  In  Phys.  Rev.,  v.  84:  944-949,  Dec.  1, 
1955. 

The  spectrograph  used  by  O'Bryan  and  Skinner  (Phys. 
Rev.  ,  v.  45:  370,  1934)  to  study  the  emission  bands  of 
metals  was  modified  by  replacing  the  photographic 
plates  with  a  photomultiplier  detector.  Samples  were 
prepared  by  evaporating  a  pure  coat  of  the  metal  onto 
the  targets  In  a  high-temperature  furnace;  the  targets 
were  bombarded  with  electrons  of  300  to  500  ev  energy 
at  currents  of  2  to  6  ma.  Transitions  of  the  valence 
electrons  into  the  Ionized  3p  state  of  the.  atom  produced 
the  radiation.  A  spectrum  curve  was  recorded  in  5 
min  at  bombarding  power  approximately  0.  01  as  great 
as  that  required  with  the  photographic  plates.  The 
emission  bandwidths  for  K  a.A  Ca,  respectively,  were 
1.  9  and  3.  0  ev  compared  with  3.  6  and  5.  0  ev  predicted 
from  theoretical  calculations.  Sample  purity  was  the 
limiting  factor  in  emission-band  accuracy;  emission 
edges  were  as  sharp  as  those  observed  for  Al. 
Reliability  of  the  emission  curves  was  mainly  deter¬ 
mined  by  the  depth  of  penetration  of  the  bombarding 
electrons.  A  bombarding  potential  of  300  v  or  higher 
waB  required  for  K  and  Ca.  Chemical  activity  did  not 
appear  to  be  a  decisive  factor  in  determining  resistance 
to  oxide  contamination.  Results  indicated  that  the 
present  theories  give  an  Inadequate  picture  of  the  elec¬ 
tronic  structure  of  metals  of  the  third  period.  A  bibli¬ 
ography  is  Included  relating  to  the  electronic  structure 
of  solids,  high-vacuum  spectroscopy,  and  experimental 
techniques. 

MIT.  10:048 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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COMMUNICATION  AND  LEARNING  IN  TASK 
ORIENTED  GROUPS,  by  L.  S.  Christie,  R.  D.  Luce, 
and  J.  Macy,  Jr.  May  13,  1952,  251p.  incl.  illus. 
dlagrs.  tables,  refs.  (Technical  rept.  no.  231) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  [  Air  Force  Office  of  Scientific  Re¬ 
search  '  under  DA  36-039-  sc-100)  AD  16785 

Unclassified 

This  study  presents  an  account  of  the  principal 
theoretical  and  experimental  developments  of  the 
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"Group  Networks  Lab.  ”  at  M.  I.  T.  during  the  period 
of  Aug.  1940  to  Apr.  1952.  The  following  are  pre¬ 
sented:  Chap.  1.  Task-oriented  groups  are  discussed 
generally  and  definitions  are  Introduced  to  Isolate  varia¬ 
bles  which  were  experimentally  manipulated.  Chap.  2. 

A  general  description  of  the  experimental  techniques 
is  given.  Chap.  3.  The  statistical  behavior  of  Individ¬ 
ual  message  destination  choice  Is  coupled  with  com¬ 
munication  network  properties  to  account  for  the  ob¬ 
served  staUcUce  of  group  ptrfor Mince.  Emphasis  is 
placed  upon  the  learning  which  occurs  during  trials. 
Chap.  4.  Individual  decision  latency  Is  shown  to  be 
approximately  exponential.  A  simple  theory  relates 
group  latency  to  Individual,  arid  these  results  are  used 
to  explicate  other  experiments  for  which  less  complete 
data  are  available.  Chap.  5.  Attention  is  turned  to 
n  ut  Be  15  '!.<  coding- krjdu«g  of  mettaget.  Grcvp 
errors  are  simply  explicable  In  terms  of  a  measure  of 
noise.  A  mechanism,  redundancy,  Is  demonstrated  to 
account  for  a  decrease  In  noise.  In  turn,  redundancy  is 
related,  imperfectly,  to  several  network  properties. 
Chap.  6.  Questionnaire  attitudlnal  data  are  presented 
and  fur  sume  questions  a  high  correlation  with  network 
properties  is  demonstrated.  A  factor  analysis  yields 
four  orthogonal  factors  for  the  questionnaire  used. 
Appendix  1.  Detailed  descriptions  of  specific  experi¬ 
ments  are  presented.  Appendix  2.  An  electrical  device 
which  controls  and  records  a  class  of  communication 
experiments  Is  described.  Appendix  3.  A  human  group 
t.'.terpcefcrtkKi  ul  Hit  classical  electrical  network  equa¬ 
tions  Is  shown  to  have  very  limited  applicability. 
Appendix  4.  Some  mathematical  results  on  network 
topology  and  their  experimental  implications  are  re¬ 
counted.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

EXPERIMENTAL  STUDY  OF  OPTIMUM  FILTERS,  by 
C.  A.  Stutt.  May  15,  1951,  127p.  Incl.  lllus.  dlagrs. 
(Technical  rept.  no.  182)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  DA  3C039-SC-100  and 
W3G-039  SC-32037)  U17505  Unclassified 

A  study  was  made  of  the  use  of  mean-square-error 
(mse)  criterion  in  network  and  communication- theory 
problems.  It  concerned  the  development  of  a  time-do- 
n.aln  technique  for  use  In  Wiener's  theory  for  the  linear 
system,  and  the  compilation  of  experimental  data  on  the 
performance  of  optimum- mean- square  (oms)  filters  on 
certain  idealized  problems.  One  part  of  the  design 
technique  Is  a  specification  of  the  Impulse  response  of 
oms  filters,  and  is  pointed  towards  Interpreting  this 
response  directly  in  lernis  of  experimental  correlation 
data.  The  method  hinges  on  a  time-domain  solution  of 
the  Wiener  Hopf  Integral  equation.  A  second  part  Is 
Je-tulcJ  to  a  latn.rafc/17  scheme  of  synthesis  lor  this 
response.  A  flexible  network,  based  on  the  convolution 
integral,  is  described.  The  device  Incorporates  a 
delay  line  having  multiple  taps  with  provision  for 
linearly  combining  the  voltage  of  each  tap  into  a  common 
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output.  The  transient  voltage  evoked  In  this  circuit 
can  be  shaped  by  independent  adjustment  of  the  taps. 

The  delay- line  network  is  shown  to  be  useful  In  the 
evaluation  of  Fourier  transforms  and  convolution 
integrals  and  as  an  Information  storage  device.  Prob¬ 
lems,  especially  adapted  to  the  mse  theory,  and  equip¬ 
ment  for  their  study  In  the  laboratory  are  described, 
and  experimental  results  on  the  performance  of  oms 
filters  and  a  Butterworth-type  filter  are  presented. 
Thc-e  rp*ailfo  Include  values  of  the  mse,  noise-to- 
slgnal  ratio,  and  pictures  of  pertinent  wave  forms. 
These  experiments  Indicate  that  the  mse  network 
specifications  may  be  used  advantageously  as  standa'-ds 
in  conventional  designs,  that  oms  designs  are  relatively 
noncritical,  and  that  the  theory  needs  strengthening  by 
the  Inclusion  of  some  interpretation  of  what  Is  objec¬ 
tionable  in  an  error  function. 
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Massachusetts  Inst,  of  Tech  Research  Lab.  of 
Electronics,  Cambridge. 

ELECTROMAGNETIC  WAVE  PROPAGATION  ON 
HELICAL  CONDUCTORS,  by  S.  Sensiper.  May  16, 
1951,  119p.  incl.  dlagrs.  refs.  (Technical  rept.  no. 
194)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  j  Air  Force  Office  of  Scientific 
Hesearrh'  under  DA  Jf-iid-se-tOOl  UR9J27 
ATI- 194313  Unclassified 

The  results  of  a  theoretical  Investigation  of  the  proper¬ 
ties  of  the  natural  waves  or  "free  modes"  which  propa¬ 
gate  along  Infinite  helical  conductors  are  reported. 

The  sheath  model  which  replaces  the  helix  by  an  aniso¬ 
tropic  cylindrical  sheet  Is  considered.  The  higher 
modes  are  Investigated,  and  It  Is  found  that  several 
waves  per  mode  can  exist.  The  significance  of  these 
waves  In  terms  of  Inward  and  outward  traveling  waves 
from  a  source  Is  shown.  The  manner  In  which  the 
characteristics  of  these  waves  change  as  the  parame¬ 
ters  of  the  system  are  altered  Is  discussed.  A  more 
physically  realistic  model  of  the  helix  than  the  sheath 
model  Is  analyzed.  The  exact  formulation  shows  the 
existence  of  bands  where  free  mode  waves  are  not 
permitted.  The  cases  of  a  single  wire  helix  wound  with 
a  very  narrow  tape  and  a  very  wide  tape  for  which 
reasonably  valid  approximations  can  be  made  are 
analyzed,  and  the  solutions  are  obtained.  The  usual 
low  frequency  behavior  predicted  by  the  sheath  model 
and  the  anomalous  behavior  of  the  propagation  constant 
In  the  region  where  the  circumference  of  the  helix  is 
approximately  equal  to  a  wavelength  result  from  these 
solutions.  The  problem  of  multiwire  helices  Is  con¬ 
sidered,  and  the  manner  In  which  the  sheath  helix 
model  Is  obtained  as  the  number  of  wires  becomes 
h.fiiiitfc  is  stwwn.  Tin.  integral  formulation  uf  the 
small  wire  helix  problem  yields  results  essentially 
Identical  to  those  obtained  by  means  of  the  methods  and 
approxi  nation*  indicated  abtw  Thu  formulation 
allows  a  solution  for  the  Infinite  driven  helix  to  be  ob 
tamed,  and  although  this  Is  not  completely  evaluated, 
the  free  mode  portion  is  extracted.  (Contractor's 
abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

PRE- EMPHASIZING  VIDEO  SIGNALS,  by  W.  L. 

Hatton.  May  23,  1951,  16p.  incl.  lllus.  dlagrs. 
(Technical  rept.  no.  202)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force  Office 
of  Scientific  Research)  under  DA  36-039-sc-100) 

U20020;  ATI- 123909  Unclassified 

In  considering  the  feasibility  of  using  FM  for  TV  picture 
transmission,  an  effort  was  made  to  adapt  pre-  and  de- 
emphasls  networks  for  obtaining  all  the  noise- reduction 
benefits  of  FM.  The  application  of  pre-emphasis  similar 
to  that  for  audio  waves  to  the  video  produced  overshoot 
of  the  order  of  300%  for  a  single  rapid  white -to-black 
transition.  Analysis  of  the  overshoot  caused  by  an  Input 
of  the  Kallman  stretch  function  (Proc.  Inst.  Radio 
Engineers,  v.  33:  169,  Mar.  1945)  by  graphical  convo¬ 
lution  indicated  that  the  principal  problem  exists  at  tne 
rapid  white-black  or  black-whltc  transitions.  A  system 
of  clipping  after  prr-emphasis  was  proposed,  and  com¬ 
parisons  were  made  of  a  facsimile- system  transmission 
with  and  without  clipping.  The  clipping  produced  some 
degradation  of  quality  In  large  transitions,  but  the  over¬ 
all  picture  was  fairly  acceptable.  A  second  method  was 
proposed  which  spread  out  the  overshoot  by  phase  dis¬ 
tortion.  An  approximate  method  was  used  to  Investigate 
the  effect  of  this  method.  In  a  preliminary  test,  poor 
results  were  obtained  which  were  attributed  to  improper 
network  approximation. 

MIT.  10:052 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

PARTICLE  DYNAMICS  IN  THE  LINEAR  ACCELERA¬ 
TOR,  by  J.  R.  Terrall  and  J.  C.  Slater.  May  31,  1951, 
4p.  incl.  dlagrs.  (Technical  rept.  no.  204)  (Sponsored 
jointly  by  ftgral  C  tp*.  Otttte  of  N»  U  !  «*»«*>, 

[  Air  Force  Office  ot  Scientific  Research  under  DA  36- 
039  sc -100)  U2001 8;  ATI  123912  Unclassified 

Also  published  In  Jour.  Appl.  Phys.,  v.  23:66-68, 

Jan.  1952. 

Hamilton's  equations  for  the  motion  of  an  electron  In  a 
linear  accelerator  are  Integrated  to  obtain  the  final 
kinetic  energy  and  phase  of  an  electron  Injected  with 
arbitrary  Initial  kinetic  energy  and  phase.  The  results 
are  expressed  In  the  form  of  a  map  of  the  final  energy 
and  phase  of  electrons  ;ifter  traversing  a  section  of  the 
accelerator  The  actual  operation  of  the  accelerator 
is  discussed  on  the  basis  of  tills  ma|  .  The  curves 
presented  are  calculated  for  numerical  values  appro)  rl 
ate  for  the  M.  1.  T.  accelerator 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

DETERMINATION  OF  AXIAL  FIELD  STRENGTH  IN 
A  LINEAR  ACCELERATOR  CAVITY,  by  L.  C.  Maler, 
Jr.  and  J.  C.  Slater.  May  31,  1951,  5p,  incl.  dlagrs. 
(Technical  rept.  no.  205)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force 
Office  of  Scientific  Research]  under  DA  36-039-sc- 
100  and  W36-039-SC-32037)  U19802;  ATI-123914 

Unclassified 

Two  experimental  methods  are  described  for  finding 
the  accelerating  field  E  In  the  MIT  linear  accelerator. 
These  methods  were  used  to  check  a  numerical  factor 
a  In  Slater's  formula  for  E  in  terms  of  Input  power 
per  unit  length,  unloaded  Q  of  the  accelerator  cavity, 
and  wave  length  (Rev.  Mod.  Phys.,  v.  20:  473,  1948). 
One  method  Is  based  on  measuring  the  power  leaking 
out  of  a  hole  In  the  Cavity  wall  at  the  point  where  the 
field  is  to  be  determined.  This  method  yielded  a  value 
of  0.  51  for  a  compared  with  the  theoretical  value  0.48. 
The  other  method  based  on  the  perturbation  of  the 
resonant  frequency  of  the  cavity  by  a  Bmall  conducting 
sphere  located  on  the  axis  gave  a  value  of  0.474.  (TIP 
abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ELECTROMAGNETIC  RESONANT  BEHAVIOR  OF  A 
CONFOCAL  SPHEROIDAL  CAVITY  SYSTEM  IN  THE 
MICROWAVE  REGION,  by  J.  C.  Simons  and  J.  C. 
Slater.  May  31,  1951,  3p.  (Technical  rept.  no.  206) 
(S|K>nsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Re¬ 
search  under  DA  36-039- sc- 100  and  W3G-039-SC- 
32037)  U19803;  ATI- 123913  Unclassified 

The  resonance  of  a  small  spheroid  In  a  larger  con- 
focal  spheroidal  cavity  Is  investigated.  The  resonant 
frequencies  and  the  ratio  of  contributions  to  the  Q  of 
the  inner  and  outer  conductors  are  computed  for  dif¬ 
ferent  values  of  the  parameters.  This  problem  is 
used  to  approximate  the  case  of  a  thin  needle- like 
antenna  In  a  large  cavity.  The  needle  if  thin  enough 
shows  a  greatly  enhanced  magnetic  field  on  its  surface 
when  the  cavity  is  tuned  to  the  resonant  frequency 
defined  by  the  needle.  At  resonance  most  of  the  cavity 
loss  Is  located  at  the  surface  of  the  needle  and  depends 
on  the  needle  material.  This  property  may  be  used 
as  a  means  of  measuring  the  surface  impedance  o' 
tile  needle  material. 
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Massachusetts  Inst,  of  Tech.  Research  l.ah.  of 
Electronics.  Cambridge. 

INTERACTION  OF  MODES  IN  MAGNETRON 
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OSCILLATORS,  by  R.  R.  Moats.  June  25,  1951,  54p. 
incl.  dlagrs.  tables,  refs.  (Technical  rept.  no.  171) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  [Air  Force  Office  of  Scientific  Research] 
under  DA  36-039-SC-100)  U21245;  ATI-134862 

Unclassified 

The  magnetron  is  discussed  in  terms  of  its  properties 
as  a  feed-back  oscillator  In  order  to  show  that  non¬ 
linear  circuit  theory  may  be  applied  In  analyzing  mode 
Interactions.  The  problems  under  study  concern  mode 
selection  or  the  establishing  of  oscillation  In  the  desired 
mode  stability  in  either  pulse  or  CW  magnetrons.  The 
Interaction  of  modes  in  a  nonlinear  feed-back  oscillator 
with  2  resonances  was  examined.  The  development 
established  that  large- amplitude  oscillation  in  one  mode 
tends  to  suppress  oscillation  In  other  modes.  This  sup¬ 
ports  the  mode-competition  theory  advanced  by  Rieke 
(Microwave  Magnetrons.  M.  I.  T.  Rad.  Lab.  Series  6, 
McGraw-Hill,  1948).  These  theoretical  observations 
were  supported  directly  by  measurement  of  the  loading 
effect  of  an  oscillating  mode  in  a  magnetron  upon  small- 
amplltude  externally  supplied  oscillations  In  another 
mode;  they  were  also  supported  indirectly  by  observation 
of  the  performance  of  several  different  types  of  magne¬ 
trons. 
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previous  authors.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

SOLUTIONS  OF  SOME  PARTIAL  DIFFERENTIAL 
EQUATIONS-(WITH  TABLES),  by  L.  Weinberg. 

July  1951  [  20 1  p.  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  [  Air  Force  Office  of 
Scientific  Research]  under  [  DA  36-039-sc-lOO] ) 

ATI- 186157  Unclassified 

Also  published  in  Jour.  Franklin  Inst. ,  v.  252:  43-62, 
July  1951. 

A  simple  method  is  demonstrated  for  obtaining  some 
solutions  of  the  principal  equations  of  mathematical 
physics  Tables  of  solutions  are  included  in  the 
appendix  so  that  problems  in  field  theory  can  be  solved 
with  a  minimum  of  labor. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 


Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  HIGH  VACUUM  RECORDING  SPECTROGRAPH  FOR 
THE  STUDY  OF  RADIATION  FROM  SOLIDS  IN  THE 
100-800  A  RANGE,  by  E.  R.  Piore,  G.  G.  Harvey  and 
others.  June  29,  1951  [  5  p.  Inc!.  Ulus,  dlagrs.  tables 
(Sponsored  jointly  hy  Signal  Corps,  Office  of  Naval  Re¬ 
search  and  Air  Force  Office  of  Scientific  Research 
under  r  DA  36-039-sc-lOO  and  W36-039  sc -32037  ] ) 
U23078;  ATI  149027  Unclassified 

Also  published  in  Rev.  Sclent,  instruments,  v.  23: 

8  12,  Jan.  1952. 


The  two  meter  grazing- Incidence  vacuum  spectrograph 
used  hy  O’Dryan  and  Skinner  for  the  study  of  the  emis¬ 
sion  lands  of  solids  has  been  rebuilt  'o  operate  with 
improved  sensitivity  and  speed.  The  major  modification 
Is  the  replacement  of  the  photographic  plate  by  a  De 
Cu  photomultiplier  which  Is  designed  to  traverse  the 
Rowland  circle,  giving  a  continuous  record  of  the 
photon -counting  rate  as  a  function  of  wavelength.  With 
the  photomultiplier  it  is  imssible  to  take  as  many 
separate  curves  as  desired,  subject  to  x-ray  target 
condition,  without  opening  the  spectrograph,  which  is 
n  rmally  evacuated  to  better  than  IO'-’nim  lig.  in 
addition,  the  sensitivity  is  increased  about  a  thousand 
fold,  l.e.,  with  a  photographic  plate,  the  target  current 
and  voltage  needed  are  10  100  nia  and  about  3000  v  for 
a  one  to  three  hour  erasure.  Using  the  photoniultl 
[dler,  however,  these  values  may  be  reducer!  to  2-3  ma 
and  300  500  v  respectively,  and  the  complete  emission 
hand  may  he  recorded  in  five  minutes  The  results  for 
■  lumlnum  are  in  excellent  agreement  with  the  results  of 


PROPAGATION  OF  DISTURBANCES  IN  ACCELER¬ 
ATED  ELECTRON  STREAMS.  I.  ONE- DIMENSIONAL 
ACCELERATED  STREAMS,  by  L.  D.  SmulUn.  July  12, 
1951,  6p.  (Technical  rept.  no.  207)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force  Office  of  Scientific  Research^  under 
DA  36-039-sc-lOO)  U20024;  ATI- 123910  Unclassified 

Also  published  in  Jour.  Apnl.  Phys. ,  v.  22:  1496- 
1498,  Dec.  1951. 

The  ,/iopagat  ion  of  small  sinusoidal  modulations  in  the 
infinite,  parallel  plane  diode  was  studied.  A  second- 
erder  differential  equation  was  obtained  for  the  alter- 
''•’Lmg  convection  current.  Solutions  were  found  in 
closed  form  for  the  cases  oi  a  drift  stream,  space- 
charge  limited  acceleration,  and  acceleration  with  an 
arbitrary  current  density  less  than  the  space-charge 
limited  value  (Contractor’s  abstract) 

MIT.  10:059 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ELECTRON  DENSITY  DISTRIBUTION  IN  A  HIGH 
FREQUENCY  DISCHARGE  IN  THE  PRESENCE  OF 
PLASMA  RESONANCE,  by  W.  P.  Allis,  S.  C.  Brown, 
and  E.  Everhart.  July  16,  1951,  9p.  inch  illus.  diagr. 
(Technical  rept.  no.  210)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Recearch,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36-039  sc 
100)  U20228;  ATI  123919  Unclassified 

In  a  high  frequen/y  discharge,  plasma  resonance 
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maximizes  the  electric  field,  thus  producing  a  high 
Ionization  rate  in  the  regions  njar  resonance.  The 
effect  on  lhe  distribution  of  electrons  and  of  ionization 
In  a  parallel  plane  discharge  Is  calculated  and  compared 
with  the  observation  that  the  light  from  such  a  discharge 
often  Is  a  minimum  at  the  center.  (Contractor's  ab¬ 
stract) 
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Massachusetls  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

MICROWAVE  DETERMINATION  OF  THE  PROBABILITY 
OF  COLLISION  FOR  SLOW  ELECTRONS  IN  GASES,  by 
A.  V.  Phelps,  O.  T.  Fundingsland,  and  S.  C.  Brown. 
July  23,  1951,  9p.  incl.  dlagrs.  (Technical  rept.  no. 

211)  Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  [  Air  Force  Office  of  Scientific  Research] 
under  DA  36-03C-SC-100)  U20227;  ATI-123920 

Unclassified 

A  microwave  method  Is  outlined  for  determining  the 
collision  probability  for  momentum  transfer  for  elec¬ 
trons  in  thermal  equilibrium  with  a  gas.  An  Integral 
equation  Is  developed  which  gives  the  ratio  of  the  re¬ 
sistive  and  reactive  components  of  the  microwave  con¬ 
ductivity  In  terms  of  the  collision  frequency  for  electrons 
with  the  gas  a<oms.  Two  appropriate  solutions  are  given 
for  the  collision  frequency  as  a  function  of  electron 
energy.  An  experimental  procedure  is  described  In 
which  the  conductivity  ratio  Is  determined  from  the  shift 
In  the  resonant  frequency  and  the  change  In  conductance 
of  a  resonant  cavity.  Measurements  are  made  during 
the  decay  of  a  pulsed  discharge  after  the  electrons  have 
cooled  to  lhe  gas  temperature.  For  electrons  having  a 
mean  energy  of  0.  039  ev  the  following  results  were  ob 
talned  for  Pc  at  1  mm  Hg  pressure  In  units  of  cm2/  cm3: 
He,  19:  Ne,  3.3;  A,  2. 1;  Kr,  54;  Xe,  160;  H2,  46;  and 

Nj.  15. 
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Massachusetts  Insl.  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  DEWAR  FOR  INTRODUCING  LIQUID  HELIUM 
BELOW  THE  EXPERIMENTAL  APPARATUS,  by  W. 
Krag.  July  27,  1951  I  1  1  p.  Incl.  Ulus.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force  I  .Office  of  Scientific  Research  under 
[  W36-039  sc -32037  and  DA  36  039- sc  - 100  ) 

AD  205  Unclassified 

Also  published  in  Rev.  Sclenl.  Instruments,  v.  23:  379- 
380,  July  1952. 

A  description  Is  given  of  a  Dewar  flask  that  was  de¬ 
veloped  for  Introducing  liquid  helium  below  the  experi¬ 
mental  apparatus.  II  was  found  lhal  only  about  half  as 
much  liquid  helium  was  required  lo  cover  a  charge  of 
one  eighth  In.  spherical  carbon  pellets,  2  In.  deep, 
when  the  helium  was  lnjecled  through  lhe  tube  inlo  lhe 


bottom  of  the  flask  as  was  required  when  the  helium 
was  introduced  on  top  of  the  carbon  pellets. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

DETERMINATION  OF  FIELD  STRENGTH  IN  A 
LINEAR  ACCELERATOR  CAVITY,  by  L.  C.  Maier, 

Jr.  and  J.  C.  Slaler.  Aug.  2,  1951  [  6  ]  p.  Incl. 
dlagrs.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Force  Office  of  Scientific 
Research!  under  DA  36- 039- sc- 100)  ATI-163260 

Unclassified 

Also  published  in  Jour.  Appl.  Phys. ,  v.  23:  78-83, 

Jan.  1952. 

One  theoretical  and  two  experimental  methods  are 
described  for  finding  the  accelerating  field  In  the 
M.I.  T.  linear  accelerator  cavity,  In  terms  of  the  in¬ 
put  powe"  One  of  the  experimental  methods  Is  based 
on  measui.ng  the  power  leaking  out  through  a  calibrated 
hole  in  an  end  wall  closing  the  cavity,  the  hole  being 
located  where  the  field  strength  Is  to  be  determined. 

The  other  method  Is  based  on  the  resonanl  frequency 
of  the  cavity  by  a  small  conducting  sphere  located  on 
the  axis.  All  three  methods  of  determination  check 
satisfactorily.  In  terms  of  the  resulting  relations,  we 
discuss  the  probable  field  actually  existing  In  the 
accelerator  under  operating  conditions.  (Contractor’s 
abstract) 


MIT.  10:063 

Massachusetls  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  FLOW  OF  SCHEDULED  AIR  TRAFFIC  (II),  by 
R.  B.  Adler  and  S.  J.  Frlcker.  Aug.  13,  1951,  50p. 
Incl.  dlagrs.  tables.  (Technical  rept.  no.  199)  (Spon¬ 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  r  Afr  Force]  Office  of  Scientific  Research 
under  DA  36  U39-SC-100  and  Cca-26152)  U19805; 

ATI- 123915  Unclassified 

IBM  punched-card  analysis  was  used  In  a  sludy  of 
scheduled  air  traffic  problems  under  the  following  con¬ 
ditions:  (a)  a  single  en-roule  control  polnl  rescheduled 
the  aircraft,  and  (b)  the  conlrol  polnl  attempted  to  keep 
each  plane  on  1  Is  original  schedule.  In  both  cases, 
moderate  conlrol  reduced  the  frequency  of  long  slack 
delays  for  heavy  lraffic  bul  had  llllle  effect  on  light 
lrafflc.  In  case  (a)  the  iolal  time  keeping  error  sta¬ 
tistics  were  nol  greally  altered  by  the  control,  since 
slack  delay  was  traded  for  added  artiflcal  en- route 
delay,  in  case  (b),  however,  lhe  en-roule-deviatlon 
distribution  was  reduced  as  well  as  the  slack  delay 
A  less  rigid  schedule  wlthoui  en-roule  conlrol  was  ap 
proxlmately  equivaleni  io  en-roule -deviation  statistics 
acting  upon  a  rigid  schedule.  The  slacking  caused  by 
a  sudden  terminal  shutdown  is  illustrated  In  a  severely 


•  • 


•  • 


•  •  •  • 
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Idealized  case.  The  elfect  of  a  delayed  feedback  which 
eventually  stops  the  flow  of  traffic  to  the  terminal  was 
Included.  Long  stack  delays,  which  can  not  be  accounted 
for  In  terms  of  reasonable  en- route-deviation  distribu¬ 
tions,  may  be  caused  by  the  shutdown.  The  conditions 
for  this  latter  occurrence  were  regarded  as  relatively 
rare,  (gcfi  Item  no.  MIT.  10:046  for  Part  I)  (TIP 
abstract) 


MIT.  10:064 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

SPECTROSCOPY  OF  THE  SOLID  STATE:  POTASSIUM 
AND  CALCIUM,  by  R.  H.  Kingston.  Aug.  27,  1951 
f  6 Ip.  lncl.  dlagrs.  tables.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force] 

Office  of  Scientific  Research  under  [  DA  36-039-sc-100] ) 
AH- 149239  Unclassified 

Also  published  In  Phys.  Rev.  ,  v.  84:  944-949,  Dec.  1, 
1951. 

Utilizing  the  techniques  by  O’Bryan  and  Skinner  for  the 
study  of  the  emission  bands  of  metals,  It  has  been 
possible  to  determine  the  structure  cf  the  conduction 
bands  of  the  metals,  potassium  and  calcium.  The  spec¬ 
trograph  used  utilizes  a  photomultiplier  In  place  of  a 
photograph  plate,  thus  enabling  higher  sensitivity  and 
ease  of  operation.  The  particular  radiation  studied  Is 
produced  by  transitions  of  the  conduction  electrons  Into 
the  Ionized  3p  state  of  the  atom.  The  limiting  factor  In 
the  accuracy  of  the  emission  band  obtained  In  this  way 
Is  the  purity  of  the  sample  studied.  The  contamination 
of  the  surface  of  an  evaporated  sample  affects  the  re¬ 
sultant  curve  mainly  as  a  result  of  insufficient  penetra¬ 
tion  of  the  electrons,  since  the  photon  absorption  Is 
negligible  at  depths  required  to  produce  radiation 
representative  of  the  pure  bulk  metal.  The  results  for 
potassium  and  calcium  at  temperatures  between  25°C 
and  !00°C  are  not  In  good  agreement  with  previous  theo¬ 
retical  calculations.  The  experimental  values  of  band 
width  are  1.9  and  3.0  ev,  respectively,  compared  with 
the  theoretical  calculations  of  3.  6  and  5.  0  ev.  (Con¬ 
tractor's  abstract) 


MIT.  10:065 

Massachusetts  Inst,  of  inch.  Research  Lab.  of 
Electronics,  Cambridge. 

STATISTICAL  ERRORS  IN  MEASUREMENTS  ON 
RANDOM  TIME  FUNCTIONS,  by  W.  D  Davenport,  Jr.. 
R.  A.  Johnson,  and  D.  Middleton.  Aug.  29.  1951 
r  12  p.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039- sc- 100  )  U23524 

Unclassified 

Published  (n  Jour  Appl.  Phys.,  v.  23.  377  388, 

Apr.  1952 


The  statistical  errors  In  time- average  measurements 
of  various  properties  of  (stationary)  random  time 
functions  are  analyzed  for  their  dependence  on  the 
averaging  interval,  the  method  of  averaging,  and  the 
statistics  of  the  particular  time  function  under  obser¬ 
vation.  The  specific  averaging  processes  considered 
here  are:  (1)  the  continuous  time  average 


i  ;Tz<txit\ 
T  O  J 


(2)  the  summation  (by  discrete  sampling  techniques) 

^  ^  '  y  (nTQ)j  ;  and  (3)  the  smoothing 

accomplished  by  various  low-pass  filters  (for  example, 
a  dc  meter).  Here  Z(t)  may  represent  the  output  of  a 
linear  or  non-linear  device.  As  a  particular  example, 
the  measurement  of  the  power  In  a  random  noise  voltage 
of  bandwidth  u>p  Is  analyzed  In  detail.  The  expected 
root- mean- square  error  approaches  asymptotically  the 
value  (K/uipT)1/2,  where  K  Is  some  numerical  con¬ 
stant,  depending  on  the  device  In  question.  For(l) 
and  (2)  T  Is  the  total  observation  time,  while  for  (3)  It 
Is  proportional  to  a  relevant  time  constant  of  the  low- 
pass  filter.  A  short  discussion  of  the  relative  merits 
of  correlators  and  spectrum  analyzers  Is  Included, 
together  with  a  brief  treatment  of  the  distribution  func¬ 
tion  of  the  error  In  the  measurement. 


MIT.  10:066 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

NEW  SYNTHESIS  PROCEDURES  FOR  REALIZING 
TRANSFER  FUNCTIONS  OF  RLC  AND  RC  NETWORKS, 
by  L.  Weinberg.  Sept.  15,  1951,  105p.  lncl.  Ulus, 
refs.  (Technical  rept.  no.  201)  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force 1  Office  of  Scientific  Research  under  DA  36-039- 
sc-100)  AD  2227  Unclassified 

Also  published  in  part  In  Jour.  Appl.  Phys. ,  v.  24: 
776-779,  June  i953. 

Synthesis  procedures  that  realize  practical  RLC  and 
RC  networks  are  presented.  The  RLC  networks  are 
practical  In  that  they  contain  no  mutual  inductance  and 
no  perfect  coils  (every  inductance  has  an  associated 
series  resistance).  New  techniques  employed  In  the 
procedures  are  discussed  in  detail  and  applied  to 
various  synthesis  problems.  Included  among  the  pro 
cedures  for  synthesizing  RLC  networks  are  tho6e  for 
realizing  unbalanced  structures  and  lattices  whose 
arms  possess  identical  poles.  Reduction  of  the  lattices 
to  unbalanced  forms  Is  considered;  if  real  transformers 
are  allowed  (transformers  with  winding  resistance, 
magnetizing  Inductance,  and  a  coupling  coefficient 
smaller  than  one),  then  the  lattice  realization  for  a 
transfer  admittance  is  always  reducible.  Unbalanced 
networks  are  realized  by  the  RC  synthesis  procedure. 
The  number  of  elements  required  is  smaller  than  that 
required  by  the  Guillemln  method  (A  Summary  of 
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Modern  Methods  of  Network  Synthesis:  Advances  In 
Electronics.  vol.  HI,  Academic  Press,  New  York, 

1951)  ot  RC  synthssls.  Two  new  synthesis  procedures 
ars  presented  for  realizing  a  Darlington  network  (Jour. 
Math.  Phys. ,  v.  18:  257-153,  1939)  without  any  Ideal 
or  unity- coupled  transformers,  whsrs  a  Darlington 
network  Is  considered  to  be  composed  of  lossless  ele¬ 
ments  plus  only  one  resistance.  In  one  of  the  pro¬ 
cedures,  the  single  resistance  appears  not  as  a  termina¬ 
tion  but  within  the  network. 


MIT.  10:067 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  HYPER  FINE  STRUCTURE  OF  2P‘A  STATE  OF  THE 
STABLE  CHLORINE  ISOTOPES,  by  J.  G.  King  and  V. 
Jaccarlno.  Sept.  27,  1951,  2p.  lncl.  diagrs.  table. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  (  Air  Fores]  Office  of  Scientific  Research 
under  \  DA  36-039-sc-lOO  and  W36-039-SC-32037  1 ) 
U24532;  ATI  149238  Unclassified 

Also  published  In  Phys.  Rev.,  v.  84:  852-854,  Nov.  15, 
1951. 

From  observations  of  the  hyperflne  structure  (hfs) 
Interaction  In  an  eiternal  magnetic  field,  the  nuclear 
magnetic  dipole  coupling  constants  (“‘A)  for  2p'A  meta¬ 
stable  state  of  the  stable  chlorine  Isotopes  have  been 
obtained.  The  results  of  these  measurements  are  In 
excellent  agreement  with  recent  work  on  the  ratio  of 
the  nuclear  moments  of  the  two  Isotopes.  Use  has  been 
made  here  of  the  atomic  beam  magnetic  resonance 
method. 


MIT.  10:068 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

RESPONSE  OF  NONLINEAR  DEVICES  TO  A  PULSED 
SIGNAL  AND  GATED  NOISE,  by  D.  B.  Armstrong. 

Oct.  5,  1951,  l5p.  lncl.  diagrs.  (Tschnlcal  rept.  no. 
214)  (Sponsored  Jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  f  Air  Force]  Office  of  Scientific 
Research  under  DA  36-039- sc- 100)  U20879;  ATI-13087 

Unclassified 

The  analysis  of  the  performance  of  nonlinear  devices 
In  the  presence  of  signals  and  noise  is  extended  to  the 
case  In  which  the  excitation  consists  of  a  pulsed  signal 
and  gated  noise.  The  idealized  assumption  Is  made 
that  the  pulses  are  rectangular.  The  general  method  of 
analysis  (Quart.  Appl.  Math.,  v.  5:  445,  1947)  Involved 
determining  the  autocorrelation  function  of  the  response 
of  the  nonlinear  device  In  terms  of  the  parameters 
specifying  the  applied  excitation  voltage.  The  magni¬ 
tude  of  each  line  component  of  the  output  signal  spec¬ 
trum  and  the  mean  power  spectrum  of  the  output  noise 
are  derived  from  the  output  autocorrelation  obtained. 
The  general  results  are  applied  to  a  balanced  diode 
phase-detector  circuit. 


MIT.  10:070 

Massachusetts  Inst  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

LINE  BREADTHS  IN  THE  5- MM  MICROWAVE 
ABSORPTION  OF  OXYGEN,  by  B  V.  Gokhale  and 
M.  W.  P.  Strandberg.  [1951]  U]p.  lncl.  table. 
(Sponsored  Jointly  by  Signal  Corps,  Office  of  Naval 
Researched  r  Air  Force  Office  of  Scientific  Re¬ 
search  under  [  DA  36-039- sc- 100  J  and  W36-039- sc- 
32037)  U24533  Unclassified 

Published  In  Phys.  Rev.,  v.  84:  844,  Nov.  15,  1951. 


AN  FM- AM  MULTIPLIER  OF  HIGH  ACCURACY  AND 
WIDE  RANGE,  by  R.  Price.  Oct  4,  1951,  15p.  lncl. 
diagrs.  refs.  (Technical  rept.  no.  213)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36- 
039- sc- 100)  U20226:  ATI  123921  Unclassified 

This  multiplier  employs  combined  frequency  and 
amplitude  modulation  to  obtain  nearly  faithful  multi  plica 
tlou  with  minimum  space  requirements.  With  a  fixed 
dc  signal  on  either  Input,  linearity  of  the  output  with 
the  other  input  is  within  1  or  2%.  The  range  in  output 
product  Is  2500:1,  the  output  for  maximum  inpul  signals 
of  1. 4  v  In  the  FM  channel  and  a.  6  v  In  the  AM  channel 
being  0.  07  v.  1  requency  response  is  excellent  from  dc 
up  to  5  kc  in  either  channel.  A1  10  kc  there  Is  about  7° 
phase  shift  In  the  AM  channel,  with  the  same  perform¬ 
ance  in  the  FM  channel  if  the  AFC  phase  correcting 
unit  is  used.  Total  chassis  space  is  about  1.  5  sq  ft. 


Measurements  of  line  breadths  In  the  5-mm  microwave 
absorption  of  oxygen  were  made  by  means  of  a  Zeeman 
modulation  spectrograph  using  a  modulation  frequency 
of  26.  5  cp8.  Half  breadths  at  half  intensity  of  0.  021  - 
0.48  cm  '/atm  are  reported  for  8  lines. 

Transition  Frequency,  In  Half-breadth  at  half- 

mc  'sec  Intensity,  lncm"l/atm 


K*  = 

1 

56.265.2  4  0.5 

0.035  t  0.007 

K*  = 

3 

58.446.3  i  0.4 

0.  028  t  0.  003 

Kt  - 

13 

62,412.9  *  0.8 

0.  025  4  0.  003 

K-  = 

3 

62,486.  2  *  0.  4 

0  037  4  0.  003 

K-  - 

7 

59,  164.2  i  0.  2 

0  026  4  0.005 

K-  v 

9 

58,  324. 9  *  0. 3 

0.  021  4  0.  003 

l(-  = 

11 

57,612.  3  i  0.  4 

0.  034  4  0.  006 

K-  = 

15 

56. 334. 2  *  0. 5 

0.  048  4  0.  003 
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MIT.  10:071 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

PARAMAGNETIC  RESONANCE  IN  LIQUIDS,  by  M. 
Ttnkham,  R.  Weinstein,  and  A.  F.  Kip.  [1951]  [2]p. 
lncl.  lllus.  dlagr.  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  [  Air  Force  Office  of 
Scientific  Research1  under  TDA  36-039-sc-lOO1  and 
W36-039- sc-32037)  U24534  Unclassified 

Published  In  Phys.  Rev. ,  v.  84:  848-849,  Nov.  15, 

1951. 

Formulas  that  explain  all  observable  hyperflne  structure 
are  given.  The  absorption  spectrum  of  0. 16  mole 
MnCl2  at  80°  Is  shown.  The  line  width  W  Is  plotted  as 
a  function  of  rj/T  for  solutions  0.  2  -  0.  8  mole  in  MnCl2 
and  0-0.8  mole  in  CaCl2.  When  total  Ionic  strength 
Is  constant.  W  Is  a  nearly  linear  function  of  Mnft  con¬ 
centration.  When  Mn+f  concentration  Is  constant,  W 
is  a  nearly  linear  function  of  total  ion  concentration. 


MIT.  10:072 

Massachusetts  Inst,  of  Tech.  Research  I  ah  of 
Electronics,  Cambridge 

PROPERTIES  AND  TABLES  OF  THE  EXTENDED  AIRY 
HARDY  INTEGRALS,  by  M.  V.  Cerrlllo  and  W.  H. 

Kautz.  Nov.  15,  1951,  61p.  lncl.  dlagrs.  tables. 
(Technical  rept.  no.  144)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force1 
Office  of  Scientific  Research  under  DA  36-039- sc - 
[100])  AD  126183  Unclassified 

There  are  three  basic  Airy-Hardy  functions.  They  are 
denoted  by:  Al^  j,  Ah2  3,  Ahj  3_  The  first  Index 

refers  to  the  particular  function;  the  second  Index 
expresses  the  order  of  the  saddlepolnt  associated  with 
the  function.  Definitions,  series  representations,  and 
properties  are  given  In  this  report.  The  connections  of 
these  functions  with  the  methods  of  Integration  are  sup¬ 
plied  In  Appendices  1  and  II.  The  functions  Ahv,3>  v 
1,2,3,  correspond  to  the  so  called  pure  transitions 
The  function  Aht  3(s)  has  been  tabulated  for  complex 
values  of  the  argument  s.  This  function  represents  a 
surface  over  the  s- plane.  Radial  cross  sections  have 
been  computed  for  angular  arguments  In  steps  from  0° 
lo  180°  and  fir  |  s  [  In  the  range  from  zero  to  4. 

Twenty  seven  tables  give  [Ah.  3'«)  i .  arg  jAlij  3(s)}  , 
Re  {Ai(  .('s)j  ,  and  lm  [a’i.  3(s)j.  Plots  of  this 
function  are  pr  >v!de<i  in  the  graph  of  the  cross  sections 
of  each  of  the  fun-  tlons  above.  Several  Isometric  plots 
of  the  cirrus:*)  nding  surface  are  also  given.  The  aim 
of  the  computations1  given  In  thi6  report  Is  to  show  an 
over- a!!  behavior  of  the  functions  indicated  above, 
rather  than  '<>  produce  a  detailed  evaluation  of  those 
functions.  Only  the  function  Ahj  3  was  tabulated  There 

are  si  inn.  e  connecting  relations  between  this  function 
.uid  A,  3  and  Aij  3  that  permit  a  rapid  computation  for 


Ah2  3  and  Ahj-3  from  the  tables  of  Ahj  j.  Mixed 

transitions  of  third  order  require  some  other  functions, 
p(B)  and  f>v  0(B),  which  appear  when  the  saddle- 

point  of  third  order  runs  over  or  In  the  vicinity  of  a 
pole  or  a  zero  of  the  integrand.  These  functions  can 
be  expressed  as  the  integrals  or  derivatives,  respec¬ 
tively,  of  the  Ahj  3  functions.  A  simple  numerical 
Integration  of  differentiation  can  be  performed  from 
Ah^  3,  and  the  evaluation  of  $ijp(B)  and  $l  o(B)  ob¬ 
tained  without  much  effort.  ( Contractor’s  abstract, 
modified) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

SYNTHESIS  OF  RC  TRANSFER  FUNCTIONS  AS  UN¬ 
BALANCED  TWO  TERMINAL- PAIR  NETWORKS,  by 
B.  J.  Dasher.  Nov.  20,  1951,  48p.  lncl.  dlagrs. 
refs.  (Technical  rept.  no.  215)  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force]  Office  of  Scientific  Research  under  DA  36-039- 
sc-100)  U20880;  ATI- 130386  Unclassified 

A  new  general  method  for  synthesizing  RC  transfer 
functions  is  based  on  an  extension  of  Brune’s  pro¬ 
cedure  (Jour.  Math.  Phys.,  V.  10:  191-236,  1930-31) 
for  the  synthesis  of  driving-point  impedances.  Canoni¬ 
cal  sections  are  used  for  controlling  transmission 
zero6  In  much  the  same  way  as  they  are  used  by 
Darlington  (Jour.  Math.  Phys.,  v.  18:  257-353,  1939) 
In  synthesizing  lossless  2  terminal-pair  networks. 

The  following  theorem  is  proved:  given  a  function 
Fj(> .)  of  suitable  degree,  realizable  as  an  RC  function 
or  admittance,  It  is  alwayB  possible  to  design  an  un¬ 
balanced  2  terminal-pair  network  that  (a)  produces  a 
transmission  zero  or  single  pair  of  conjugate  zeros 
at  any  given  point  or  points,  respectively,  not  In  the 
right  half-plane;  and  (b)  produces  the  prescribed  func¬ 
tion  F,(\)  when  terminated  In  a  second  function  F2(\), 
also  RC,  the  degree  of  which  Is  less  than  the  degree 
of  Fj(X).  The  networks  obtained  take  the  form  of 
ladder  networks  cascaded  with  bridge  sections  similar 
to  the  twin  T  null  network.  Hie  zero  sections  are  ob¬ 
tained  one  at  a  time,  each  by  a  single  application  of  the 
theorem,  and  this  process  Is  repeated  until  the  original 
function  !s  completely  developed.  When  used  In  com¬ 
bination  with  existing  synthesis  techniques,  the  method 
provides  a  highly  flexible  procedure  which  allows 
limited  control  over  Impedance  levels  and  Insertion 
loss. 

MIT.  10:074 

Massachusetts  Inst,  of  Tech.  Research  I  ab.  of 
Electronics,  Cambridge. 

THE  MAGNETIC  MOMENT  OF  K'"  AND  THE  HYPER 
KINK  STRUCTl  RE  ANOMALY  OF  THE  POTASSIUM 
ISOTOPES,  by  J  T  El  stager.  IV  Pederson,  and  B 
T  F»*I1  Dec  fi,  1951  9  j».  lncl.  diugrs  tabit^ 
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refs.  [  Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039-sc-100  and  W38-039-sc- 
320371  U23053;  ATI- 158905  Unclassified 


Published  in  Phvs.  Rev.,  v.  86:  73-31,  Apr.  1,  1952. 


The  nuclear  magnetic  moment  and  atomic  hyperflne 
splitting  of  the  rare  K40  Isotope  have  been  measured  by 
the  atomic  beam  magnetic  resonance  technique.  De¬ 
tection  of  K40  atoms,  from  a  source  of  normal  potas¬ 
sium,  was  achieved  by  employing  a  conventional  surface 
Ionization  detector  as  the  Ion  source  for  a  mass  spec¬ 
trometer,  and  by  utilizing  an  electron  multiplier  to 
count  the  K40  Ions.  By  measuring  the  frequencies  of 
appropriate  lines  In  the  Zeeman  pattern,  the  nuclear 
moment  was  redetermined  with  higher  precision  than 
that  of  previous  measurements,  to  be  Av  =  1285.790  i 
0. 007  me/  sec.  The  ratio  of  the  nuclear  g  factors  of 
K39  and  K49  was  measured  directly  by  observing,  in  the 
same  homogeneous  magnetic  field,  H,  the  frequencies 
of  two  lines  (a  doublet)  In  the  Zeeman  spectrum  of  each 
Isotope.  The  doublet  separation  of  these  lines  is,  In 
each  case,  proportional  to  2  -  H,  so  that  the  ratio  of 
the  doublet  splittings  yielded  directly  ]  g(K49)/g(K39)  |  = 


1.  24346  t  0.  00024.  From  these  results  and  from  the 
previously  measured  Av(K39),  the  hyperflne  structure 
anomaly  of  these  K  Isotopes  is  {[2UK40)  +  1  ]g  (K49) 

Av  (K39)/  [2I(K39)  +  1  ]  g(K39)A  vfK40)}—  1  = 

(0.  436  i  0.  019)  percent.  The  theory  of  the  hyperflne 
structure  anomaly,  as  developed  by  A.  Bohr  and  V.  F. 
Welsskopf,  has  been  applied  to  the  interpretation  of  this 
result.  The  predictions  of  a  number  of  specific  models, 
previously  suggested  to  account  for  the  observed  nuclear 
g  factors,  have  been  compared  with  this  experiment  and 
with  previous  results  on  the  anomalies  for  the  Rb  and  the 
ahundant  K  Isotopes.  The  "asymmetric  core”  model 
of  A.  Bohr  gives  the  best  over- all  agreement,  mainly 
on  the  basis  of  the  K^'-K39  anomaly.  In  general,  all 
models  which  are,  in  their  essential  features,  based 
on  the  Independent- particle  model  with  spin  orbit  cou¬ 
pling,  give  predictions  In  fair  qualitative  agreement  with 
the  experiments.  The  tonlrihuti./n  jl  VT-n  to  the  Ids 
anomaly  seems,  however,  to  be  (fortuitously)  insensitive 
to  the  differences  between  the  models  investigated. 
(Contractor’s  abstract) 


MIT.  10:075 


alkaline  earth  oxides  revealed  that  emission  from  the 
oxide-coated  filament  was  not  Influenced  by  the  varia¬ 
tion  of  work  function  with  crystallographic  direction  of 
the  base  metal.  The  apparent  deviation  of  thermionic 
electrons  from  Maxwrll-Boltzmann  statistics  was 
Interpreted  as  due  to  a  potential  drop  through  the 
coating.  This  interpretation  led  to  a  method  for  study¬ 
ing  the  resistive  properties  of  the  coating. 


MIT.  10:076 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  NEW  "DOUBLE  RESONANCE"  METHOD  FOR  IN¬ 
VESTIGATING  ATOMIC  ENERGY  LEVELS.  APPLICA¬ 
TIONS  TO  Hg3?!,  by  J.  Brossel  and  F.  Bitter.  Dec. 

17,  1951  r  9 1  p.  incl.  dlagrs.  tables,  refs.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force]  Office  of  Scientific  Research  under  [  DA- 
36-039-sc-lOO  and  W36-039-SC-32037])  U23088; 
ATI-160286  Unclassified 

Also  published  in  Phys.  Rev.,  v.  86:  308-316,  May  1, 
1952. 

Excitations  of  atoms  in  a  vapor  by  polarized  light 
produces  unequal  population  of  the  magnetic  sublevels 
of  the  excited  state.  The  emitted  optical  resonance 
radiation  Is  therefore  partly  polarized.  The  application 
of  radiofrequency  or  microwave  fields  at  a  magnetic 
resonance  frequency  will  Induce  transitions  between 
sublevels  of  the  exceed  state.  The  degree  of  polariza¬ 
tion  of  the  emitted  optical  resonance  radiation  Is 
altered  when  the  magnetic  resonance  condition  Is  ful 
filled.  As  suggested  by  Brossel  and  Hastier,  this  effect 
may  be  used  to  reveal  the  structure  of  the  energy  level. 
A  detailed  theory  applicable  to,  and  experiments  on  the 
3I’1  ctate  ul  all  the  tauiope*  ol  incfcuty  are  fettled . 
The  results  obtained  Indicate  that  double  resonance 
phenomena  constitute  a  valuable  new  tool  for  Investiga¬ 
ting  ihe  B'ructuhB  uf  c ’■gj'  Vvt1*  th®  tucan 

life  of  the  3Pi  state  is  shown  by  observations  on  the 
resonance  line  widths  to  be  1.  55  x  10' 9  sec  for  all  the 
Isotopes.  The  g  factor  of  the  3Pj  state  for  Isotopes 
with  zero  spin,  measured  in  terms  ot  the  proton  g  fac¬ 
tor,  is  1. 4838  t  0.  0004.  (Contractor's  abstract) 

MIT.  10:077 


Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

THERMIONIC  EMISSION  FROM  OXIDE-COATED 
TUNGSTEN  FILAMENTS,  by  C  P.  Hadley.  Dec.  11, 
1951,  25p.  incl.  dlagrs.  refs.  (Technical  rept.  no.  2 1 R ) 
(Sponsored  jointly  by  Signal  CorpB,  Office  of  Naval  Re 
search,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039  sc  100)  AD  6945:  ATI-158301 

Unclassified 

Also  published  in  Jour.  Appl.  Phys.  ,  v.  24:  49  52, 

Jan.  1953 


Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

T11E  NUCLEAR  MAGNETIC  MOMENT  OF  S33  FROM 
MICROWAVE  SPECTROSCOPY,  by  J.  It.  Eshbach, 

It.  E.  lllllger,  and  M.  W.  P.  Strandberg.  Dec,  20. 
1951,  18p.  incl.  dlagrs.  L.bles,  refs.  (Technical  rept, 
no.  224)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039  sc- 10C)  U23505;  U24U32 

Unclassified 

Also  published  in  Phys.  Rev.,  v  85:  a32  539, 

Feb  la.  1952. 


A  study  of  Uie  filaments  cataphoretlcally  coated  wliii 
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The  magnetic  dipole  moment  of  the  S  nucleus  was 
determined  by  means  of  the  Zeeman  effect  on  the  hyper- 
fine  pattern  of  the  J  =  1  -»  2  rotational  absorption  of  the 
molecule  0*®C12s33  at  about  24,020  mc/sec.  The  re¬ 
sult  Is  m (S33)  =  +0.  633  ±  0.  010  nuclear  magnetons. 

The  sign  of  this  moment  was  determined  by  means  of 
circularly  polarized  microwave  radiation  with  a -type 
Zeeman  observations.  The  frequencies  of  all  of  the 
components  of  the  hyperfine  pattern  were  measured. 

All  fii  the  nuclear  electric  quadrupole  coupling  theory 
to  within  ±  0. 01  mc/sec.  The  measured  value  for  eqQ 
of  the  S33  nucleus  in  O^C^S33  is  eqQ(016C12S33)  = 
-29.07  ±  0.01  mc/sec.  (Contractor's  abstract) 


MIT.  10:078 


nant  processes  in  the  afterglow:  production  of  He* 
ions  and  electrons  by  collisions  between  metastable- 
atom  pairs,  ambipolar  diffusion  of  the  Ions  and  elec¬ 
trons,  and  He+  to  Hei  ion  conversion  by  3-body  col- 
lisionc  with  neutral  atoms.  The  time  constants  for 
the  electron-density  decay  at  low  pressures  yielded 
560  sq  cm/ sec  for  the  ambipolar  diffusion  coefficient 
for  He*  ions  and  a  frequency  of  65/sec  for  He*  to  He* 
conversion;  both  were  calculated  at  1-mm  pressure 
and  300°K.  The  He*  moblUty  coefficient  of  14  sq 
cm/v-sec  at  300°K  and  760-mm  pressure  obtained  from 
the  measured  ambipolar  diffusion  coefflcent  agreed 
satisfactorily  with  the  value  of  12  sq  cm/v-sec  calcu¬ 
lated  using  the  quantum  mechanical  Interaction  of  the 
He*  ion  and  the  neutral  He  atom. 


Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

TABLE  OF  LOG2£,  p.  LOG^ANDp.  LOG2p+(l-p). 
LOG2  by  L.  Dolansk^  and  M.  P.  Dolanskjf-  Jan.  2, 

1952  [24],  incl.  diagr.  tables.  (Technical  rept.  no. 
227)  (Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  [  Air  Force  ]  Office  of  Scientific  Research 
under  DA  36-039- sc- 100)  U21833;  ATI-149630 

Unclassified 


Expressions  of  the  form 


f=l  Pi  •  l0g2pT 


are  frequently  encountered  in 


information  theory,  thermodynamics  and  elsewhere. 
This  table  contains  (a)  -arlous  components  of  this 
expression,  and  (b) 

n  1 

I  ^  pj  .  log2jJ  for  n  =  2.  (Contractor's 
abstract) 


MIT.  10:079 

Massachusetts  lnsi.  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

POSITIVE  IONS  IN  THE  AFTERGLOW  OF  A  LOW- 
PRESSURE  11 ELIUM  DISCHARGE,  by  A.  V.  Phelps 
and  S.  C.  Brown.  Jan.  3,  1952,  8p.  Incl.  diagr.  refs. 
(Technical  rept.  no.  220)  (Snonsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  r  Air  Force 
Office  of  Scientific  Research  under  DA  36-039-sc- 100) 
U 2 2086;  U23523;  ATI  149713  Unclassified 

Also  published  in  Phys.  Rev.,  v.  86:  102-105,  Apr,  I, 
1952. 

The  production  and  loss  of  He*  and  He*  Ions  in  the 
afterglow  of  a  low  pressure  He  discharge  were  studied 
by  using  a  mass  spectromeier  io  analyze  the  positive 
Ions  and  resonant  frequency  shifts  In  the  microwave 
cavity  containing  Hie  discharge  to  determine  the  elec 
tron  density.  The  change  of  positive  Ion  and  electron 
densities  with  time  is  explained  Dy  considering  3  dornl 


MIT.  10:080 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

PROBE  STUDIES  OF  ENERGY  DISTRIBUTIONS  AND 
RADIAL  POTENTIAL  VARIATIONS  IN  A  LOW  PRES¬ 
SURE  MERCURY  ARC,  by  R.  M.  Howe.  Jan.  18,  1952, 
2?p.  Incl.  dlagrs.  tables.  (Technical  repi.  no.  221) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  [  Air  Force]  Office  of  Scientific  Re¬ 
search  under  DA  36-039-sc-lOO)  U22883;  ATI-158168 

Unclassified 

Probe  studies  were  made  of  the  electron- energy  dis¬ 
tributions  In  the  plasma  of  the  low  pressure  Hg  arc  in 
order  to  obtain  improvemenis  over  Killian's  (Phys. 

Rev. ,  v.  35:  1238,  1930)  original  determinations  of 
radial  variations  of  plasma  potential  and  density  in  a 
cyclindrlcal  discharge.  The  electron-energy  measure¬ 
ments  showed  depletions  from  a  Maxwellian  distribution 
in  the  high-energy  range.  Coupling  effects  beiween 
adjacenl  probes  were  investigated  and  found  to  be  small 
but  In  the  proper  direction  for  agreement  with  the 
Langmuir-  Tonics  theory.  Drlft-curreni  distortion  of 
the  random  electron- energy  distributions  was  meas¬ 
ured  with  a  bidirectional  probe  and  compared  with 
theory.  A  multlsectlon  probe  extending  from  lube  axis 
to  lube  wall  allowed  a  determination  of  radial  potential 
and  density  variations.  Results  over  a  pressure  range 
from  3.4  io  3.5  u  showed  good  agreement  with  the 
ambipolar  diffusion  theory  based  on  cumulative  Ioniza¬ 
tion.  Adireci  calculation  of  Ionization  rale  in  the 
plasma  w~s  made  from  the  ionization  probability  for  a 
1-step  ionizing  process;  comparison  of  this  calculation 
with  the  observed  ionlzaiion  raie  ai  1.7  ,i  Indicated  that 
t-.e  ionization  is  half  dlreci,  half  cumulative.  For 
higher  arc  pressures  cumulative  ionization  evidently 
predominates. 

MIT.  10:081 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

AN  ATTEMPT  TO  PRODUCE  NUCLEAR  OR]  ENT  A 
TUN  IN  MERCURY  VAPOlt,  by  F.  Bitter  and  J. 
Brussel.  Jan  21,  1952  l  p.  incl.  diagr.  ^Sponsored 
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jointly  by  Signal  Corps,  Office  of  Naval  Research,  and  MIT.  10:083 

Air  Force  Office  of  Scientific  Research  under  DA  36- 

039-sc-lOO  and  W36-039-8C-32037]  U23076;  ATI- 158904  Massachusetts  Inst,  of  Tech.  Research  Lab.  of 

Unclassified  Electronics,  Cambridge. 


Also  published  in  Phys.  Rev.,  v.  85:  1051,  Mar.  15, 
1952. 

The  absorption  of  polarized  resonance  radiation  by  a 
vapor  produces  unequal  populations  of  the  magnetic  sub- 
levels  of  the  excited  state,  and  also  of  the  ground  state 
after  re-emission.  Kestler  has  suggested  that,  as  a 
consequence  of  these  facts,  polarized  light  maybe  used 
to  orient  nuclei.  An  experimental  demonstration  of  this 
effect  was  attempted,  and  yielded  a  negative  result. 
Further  experimentation  is  under  way  In  an  attempt  to 
isolate  the  reasons  for  the  negative  results  reported. 


MIT. 10:082 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

METHODS  OF  MEASURING  THE  PROPERTIES  OF 
IONIZED  GASES  AT  HIGH  FREQUENCIES.  I.  MEAS¬ 
UREMENTS  OF  Q,  by  S.  C.  Drown  and  D.  J.  Rose. 

Jan.  22,  1952,  17p.  inci.  aiagrs.  (Technical  rept.  no. 
222)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  r  Air  Force  I  Office  of  Scientific 
Research  under  DA  36-039  sc- 100)  U22085;  ATI-149714 

Unclassified 

Also  published  In  Jour.  Appl.  Phys.,  v.  23:  711-718, 
July  1952. 

Experimental  methods  for  obtaining  the  Q  of  both  high- 
and  low-Q  resonant  cavities  were  Investigated  In  con¬ 
nection  with  determining  the  practical  measurements 
necessary  In  establishing  the  properties  of  Ionized  gases 
at  microwave  frequencies.  The  lumped  circuit  repre¬ 
sentation  of  a  cavity  was  Introduced.  The  system  under 
analysis  consisted  of  a  cavity  and  part  of  the  Input  line 
to  which  the  cavity  ts  coupled  by  loops  through  vacuum - 
tight,  glass  seals.  The  calculations  apply  explicitly  to 
the  usual  case  In  which  the  cavity  terminates  lhe  line. 
Relationships  were  derived  for  determining  the  Imped 
ance,  the  Q.  and  the  resonant  wave  length  of  the  cavity 
system  from  measurements  of  the  voltage  distribution 
on  the  line  terminated  by  the  cavity.  The  measurements 
Involve  determining  the  position  of  the  voltage  minima 
and  the  VSWIt  in  dh  as  functions  of  .  Three  Q  mens 
urlng  procedures  using  the  relationships  derived  are 
outlined:  a  resonance- curve  method,  a  phase -curve 
method,  and  a  technique  employing  an  HI  impedance 
bridge.  The  effect  of  Introducing  a  steady- state  dls 
charge  into  the  cavity  Is  also  considered. 


METHODS  OF  MEASURING  THE  PROPERTIES  OF 
IONIZED  GASES  AT  HIGH  FREQUENCIES.  H. 
MEASUREMENT  OF  ELECTRIC  FIELD,  by  D.  J. 

Rose  and  S.  C.  Brown.  Jan.  22,  1952,  8p.  Incl. 
dlagrs.  (Technical  rept.  no.  223)  (Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force  T  Office  of  Scientific  Research  under  DA  36-039- 
sc- 100)  U22070;  ATI-151187  Unclassified 

Also  published  In  Jour.  Appl.  Phys.,  v.  23:  719-722, 
July  1952. 

Three  general  procedures  are  outlined  whereby  the 
electric  field  Is  determined  In  terms  of  the  incident 
power  on  the  cavity  and  the  standing- wave  pattern  on 
the  input  line.  The  procedures  designated  for  high  Q-^ 
cavities  are  the  cavity  mode  method  which  Is  applied 
when  the  field  configuration  can  be  readily  computed 
and  the  tuning- rate  method  which  is  applicable  when 
the  cavity  has  a  complicated  shape.  For  cases  where 
lhe  cavity  Q  Is  very  low,  a  4-termlnal  network  method 
Is  proposed  which  Is  subject  to  the  restriction  that  the 
region  of  the  discharge  is  small  compared  to  A 
discussion  is  given  on  converting  Incident-power 
measurements  at  frequencies  other  than  the  cavity 
resonant  frequency  to  equivalent  ones  at  resonance. 
(TIP  abstract) 


MIT.  10:084 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  MAGNETIC  MOMENT  AND  HYPERFINE  STRUC¬ 
TURE  ANOMALY  OF  K40,  by  J.  T.  Eisinger  and 
D.  Bederson.  Jan.  28,  1952,  32p.  tncl.  Ulus,  dlagrs. 
refs.  (Technical  rept.  no.  212)  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  DA  36-039- 
sc- 100)  U24409;  ATI- 170042  Unclassified 

Presented  al  meeting  of  the  Amer  Phys.  Soc.  , 

Chicago,  Ill.,  Oct.  24  27,  1951. 

Abstract  published  In  Phys.  Rev.  ,  v.  85:  71C,  Feb.  15. 
1952. 

40 

The  ratio  of  the  nuclear  gyromagnetic  ratios  of  K 
and  1\39  was  measured  hy  an  atomic  beam,  magnetic 
resonance  method  using  a  high- resolution  RF  spec¬ 
trometer.  The  average  value  for  die  ratio  was 
1  24340  i  0.00024.  Die  nuclear  moment  of  K4^  was 
measured  independently  of  this  ratio  by  determining 
the  applied  magnetic  field  and  mean  frequency  of  the 
K4®  doublet  and  applying  the  llreit  Rahl  formula.  The 
value  obtained  was  1.2904  t  0.  0004  nun.  The  gyro 
magnetic  ratio  if  K41  was  then  calculated  to  be 
0  32410  t  0  00010.  The  hyperfine  separation.  •  .  of 
K41*  was  determined  f:  mi  the  maximum  mean  frequency 
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of  the  doublet  to  be  1285.  790  ±  0.  007  me.  Results  are 
compared  with  pertinent  theoretical  formulas  and  values 
obtained  by  other  experimenters;  they  give  support  to 
nuclear  models  based  on  the  Independent  particle 
model  with  spln-orblt  coupling. 


MIT.  10:085 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge, 

AN  ANALOGUE  ELECTRONIC  CORRELATOR,  by  J. 

F.  Reintjes  Feb.  1952,  lip.  lncl.  lllus.  diagrs. 
tables.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [Air  Force  1  Office  of  Scientific 
Research  under  [  DA  36-039-SC-100]  and  W36-039-SC- 
32037)  U23054;  ATI- 149624  Unclassified 

Also  published  in  Proc.  National  Electronics  Confer¬ 
ences,  v.  7:  390-400,  Feb.  1952. 

In  recent  years  widespread  attention  has  been  given  to 
the  application  of  statistical  methods  to  the  solution  of 
electrical-communications  problems.  Involved  in  the 
statistical  approach  is  a  need  for  a  machine  capable  of 
evaluating  correlation  functions  of  random  electrical 
phenomena.  An  electronic  device  for  evaluating  cor¬ 
relation  functions  is  described.  The  machine  is  capable 
of  providing  110  points  on  the  correlation  curve  of 
signals  having  frequency  components  in  the  range  be¬ 
tween  500  c/  sec  and  100  fcc/  sec.  Operation  is  based 
upon  the  principle  of  discrete  sampling  of  the  input 
signal,  in  pairs,  at  periodic  Intervals.  The  delay, 
multiplication,  and  integration  processes  Involved  In  the 
computation  are  carried  out,  for  each  pair  of  samples, 
through  use  of  pulse  techniques.  The  pulses  used  for 
multiplication  and  integration  are  derived  from  the 
signal  amplitudes,  which  are  stored  as  charges  on 
capacitors  rather  than  In  binary  form.  In  the  design  of 
the  machine  emphasis  has  been  placed  upon  simplicity, 
stability,  and  portability.  Included  in  the  paper  Is  a 
discussion  of  principles  of  operation,  details  of 
circuitry,  and  examples  of  experimental  data  taken  from 
the  machine. 


direction  of  propagation  of  this  plane  wave  was 
perpendicular  to  the  beam.  Only  the  J  =  3,  K  =  3 
line  was  investigated.  Line  half- widths  at  half- 
intensity  of  20  kc/sec  were  obtained.  The  center  fre¬ 
quency  was  measured  as  23,  870.  135  *  0.  007  mc/sec. 
Ordinarily,  the  Doppler  half-width  is  36  kc/sec. 


MIT.  10:087 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

SEEMAN- EFFECT  MEASUREMENTS  ON  MICROWAVE 
SPECTRA,  by  J.  R.  Eshbach  and  M.W.P.  Strandberg. 
Feb.  4,  1952,  12p.  incl.  diagrs.  refs.  (Technical 
rept.  no.  225)  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  [  Air  Force  ]  Office  of 
Scientific  Research  under  DA  36-039-SC-100)  U23437; 
ATI-161641  Unclassified 

Apparatus  and  experimental  techniques  for  Zeeman- 
effect  measurements  on  microwave  absorption  spectra 
are  described.  The  method  uses  a  wave- guide- type 
absorption  cell  and  provides  for  either  ir-  or  i  -  type 
observations.  Molecular  rotational  and  nuclear  gyro- 
magnetic  ratios  were  measured  to  about  1%  accuracy. 

A  method  is  also  presented  for  sign  determination  of 
these  gyromagnetlc  ratios  using  circularly  polarized 
microwaves.  The  microwave  components  used  in 
setting  up  the  circularly  polarized  waves  are  described. 
(TIP  abstract) 


MIT.  10:088 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ZEEMAN  EFFECT  AND  HYPERFINE  SPLITTING  OF 
POQTRONIUM,  by  M.  Deutsch  and  S.  C.  Drown. 

Feb.  6,  1952  [2’p.  lncl.  diagrs.  (Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  Atomic 
Energy  Commission,  and  [Air  Force!  Office  of 
Scientific  Research  under  [  DA  36-039  sc-100 ] 
U23800;  ATI-  160285  Unclassified 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

DEAM  SYSTEM  FOR  REDUCTION  OF  DOPPLER 
BROADENING  OF  A  MICROWAVE  ADSORPTION  LINE, 
by  II.  R.  Johnson  and  M.  W.  R  Strandberg.  Feb.  1, 
1952,  lp.  lncl.  diagrs  Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  OIHce 
of  Scientific  Research  under  DA  36-039- sc- 100  and  W36 
039- sc  32037  U23055;  ATI-  14  9237  Unclassified 

Also  published  In  Phys  Rev.,  v  85:  503-504,  Feb.  1, 
1952[ 

We  have  ohserved  the  absorption  of  a  plane  wave  In 
passing  through  a  heam  of  N^Hj  molecules.  The 


LubUfillsd  itt  Phys.  Rev. 
1952. 


v.  85:  1047-  1048,  Mar. 


The  experimental  value  of  the  hyperfine  splitting  .  W  h 
was  found  to  he  2.  032  t  0.  003  x  10^  me  sec.  The  theo 
retlcal  value  is  2.  044  x  10J  me  sec.  Corrections  to 
.'.W  are  discussed.  Ollier  causes  of  line  width  are 
small  compared  with  the  annihilation  width. 

MJT.  10:069 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

NETWORK  SYNTHESIS  BY  THE  USE  OF  POTENTIAL 
ANALOGS,  by  It.  E.  Scott.  Feb.  7,  1952  '  4  p.  lncl 
lllus.  diagrs  refs  (Sponsored  jointly  by  Signal  Corps 
Office  of  Naval  Research,  am!  Air  Force  Office  f 
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Sctentlftc  Research  under  [DA  36- 039- sc -100]) 

ATI- 192032  Unclassified 

Also  published  tn  Proc.  inst.  Radio  Engineers,  v.  40: 
970-973,  Aug.  1952. 

Two  analog  devices  are  descrtbed  which  are  useful  tn 
solving  the  approximation  problem  of  network  synthesis. 
Both  devices  utilize  a  sheet  of  conducting  Teledeltos 
paper  to  produce  a  two-dtmenstonal  potential  field  which 
simulates  a  required  network  function.  The  first  device 
stmulates  the  gain  and  phase  of  a  network,  and  ts  pri¬ 
marily  useful  lu  designing  networks  for  a  p,  escl  ibed 

steady- state  response.  The  second  de  vice  simulates 
the  real  part  of  the  function,  and  is  useful  in  designing 
not  works  for  a  prescribed  transient  rt  upenv 
tractor’s  abstract) 


MIT. 10:090 

Massachusetts  Inst,  of  Tech.  Research  Lab  of 
Electronics,  Cambridge. 

RESOLUTION  AND  SENSITIVITY  OF  MICROWAVE 
SPECTROGRAPHS  (Abstract),  by  H.  R.  Johnson. 

[  1952  1  [  1  ]  p.  (Sponsored  iotntly  by  Signal  Corps, 
Offtce  of  Naval  Research,  and  [  Air  Force  Offtce  of 
Scientific  Research]  under  [  DA  36-039-sc-lOO  ] ) 

Unclas  sifted 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Berkeley,  Calif.,  Dec.  27-29,  1951. 

Abstract  published  In  Phys.  Rev.  ,  v.  85:  764,  Feb.  15, 
1952. 

Obtaining  narrow  lines  tn  mtcrowave  spectroscopy  ts 
tmportant,  since  tt  determines  whether  or  not  fine 
structure  can  be  resolved  and  the  accuracy  with  which 
tt  can  be  measured.  Sensitivity  determines  whether  or 
not  weak  lines  can  be  observed  at  all.  A  Stark  modula¬ 
tion  spectrograph  has  been  used  In  the  laboratory  for 
over  a  year;  tn  K-band  It  yields  line  half-widths  at  half 
Intensity  of  50  kc/sec  and  has  a  limiting  sensitivity  of 
10'®  cm- 1  with  a  Stark  cell  1  - m  long  and  a  5-  sec  time 
constant.  The  factors  responsible  for  this  line  width 
will  be  discussed,  and  an  equation  from  which  the 
ultimate  sensitivity  of  our  Stark  spectrographs  can  be 
predicted  will  be  presented  This  discussion  will  In¬ 
clude  the  effect  of  detector  crystal  noise  and  Stark 
modulation  frequency.  It  will  be  shown  that  for  most 
purposes  a  Stark  modulation  frequency  of  about  6  kc  'sec 
Is  optimum,  and  that  the  generally  accepted  expression 
for  optimum  cell  length  Is  Incorrect  for  our  spectro¬ 
graphs.  The  optimum  length  Is  greater  by  a  calculable 
factor  that  is  typically  about  5  or  10.  (Contractor's 
abstract) 

MIT.  10:091 

Massachusetts  Inst,  of  Tech.  Research  l.ab.  of 
Electronics.  Cambridge. 

CODING  WITH  lJNEAR  SYSTEMS,  by  J.  P.  Costas. 


Feb.  20,  1952,  9p.  tncl.  refs.  (Technical  rept.  no. 
226)  (Sponsored  jotntly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [Air  Force]  Offtce  of  Scientific 
Research  under  DA  36-039- sc- 100)  U22444; 
ATI-152743  Unclassifted 

Message  transmission  over  a  notsy  channel  ts  con¬ 
sidered.  Two  linear  networks  were  designed:  one  to 
treat  the  message  before  transmission,  and  the  second 
to  ftlter  the  treated  message  plus  the  channel  notse  at 
the  recetver.  The  mean- square  error  between  the 
actual  transmission  circuit  output  and  the  desired  out¬ 
put  is  minimized  for  a  given  allowable  average  signal 
power  by  proper  network  design.  The  theory  is 
applied  to  the  case  of  a  long-delay  solution  with  no 
Cr  >ha  r  rr^all.in  between  the  mpt  qnyp  and  channel 
notse. 


MIT. 10:092 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambrtdge 

APPARATUS  FOR  ZEF.MA..  EFFECT  MEASURE¬ 
MENTS  ON  MICROWAVE  SPECTRA,  by  J.  R.  Eshbach 
and  M.W  R  Strandbi  rg.  Feb.  21,  1952  [  6  ]  p.  tncl. 
lllus.  refs.  [  Sponsored  jointly  by  Signal  Corps, 

Offtce  of  Naval  Research,  and  Air  Force  Offtce  of 
Scientific  Research  under  DA  36-039-sc-lOO]  AD  4050 

Unclassifted 

Also  published  In  Rev,  Sclent.  Instruments,  v.  23: 
623-628,  Nov.  1952. 

Apparatus  and  experimental  techniques  for  Zeeman- 
effset  measurements  on  microwave  spectra  are  de¬ 
scrtbed.  The  method  uses  a  wave-guide  type  absorp¬ 
tion  cell  and  provides  for  etther  n  -  or  a  -  type  observa¬ 
tions.  Molecular  rotational  and  nuclear  gyromagnetlc 
ratios  are  found  to  be  measurable  to  about  1%  accuracy. 
A  method  Is  presented  for  sign  determination  of  these 
gyromagnetlc  ratios  using  circularly  polarized  mtcro- 
waves.  The  mtcrowave  components  used  In  setting  up 
circularly  polarized  waves  are  described. 


MIT.  10:093 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

CROSSCORRELATION  FUNCTIONS  OF  AMPLITUDE- 
DISTORTED  GAUSSIAN  SIGNALS,  by  J.  J.  Bussgang. 
Mar.  26,  1952,  14p.  lncl.  dlagrs.  (Technical  rept. 
no.  216)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  '  Air  Force  1  Office  of  Scientific 
Research  under  DA  36-039-sc- 100)  AD  585 

Unclassified 

The  tecimtque  of  correlation  analysis  of  distorted 
gausslan  signals  is  outlined.  The  cross  correlation 
function  of  two  such  signals  taken  after  one  of  them 
has  undergone  a  nonlinear  amplitude  distortion  Is 
Identical  except  for  a  factor  of  pro|>ortlonallty  to  the 
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cross-correlation  function  taken  before  the  distortion. 
Possible  practical  applications  of  this  property  are 
Indicated.  A  number  of  correlation  functions  associated 
with  some  of  the  most  common  types  of  distortion  are 
computed. 


MIT.  10:094 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

AN  ALL-METAL  VACUUM  VALVE,  by  S.  C.  Brown 
and  J.  E.  Coyls.  Apr.  1,  1952  flip.  incl.  illus. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  f  Air  ForceJ  Office  of  Scientific  Research 
under  DA  36- 039- sc- 100)  AD  10026  Unclassified 

Also  published  In  Rev.  Sclent.  Instruments,  v.  23:  570- 
571,  Oct.  1952. 

Aipert  has  reported  a  successful  all-metal  valve  for 
vacuum  systems.  We  have  simplified  his  design  and 
constructed  a  successful  model  which  has  been  used  on 
vacuum  systems  pumping  to  10“9  mm  of  Hg.  The  main 
features  of  the  valve  are  shown. 


MIT.  10:095 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

LECTURES  ON  COMMUNICATION  THEORY,  by  D. 

Gabor.  Apr  3,  1952,  48p.  Incl.  illus.  (Technical  rept. 
no.  238)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  f  Air  Force'  Office  of  Scientific 
Research  under  DA  36- 039 -sc  100)  AD  17982 

Unclassified 

Lectures  are  presented  on  communication  theory  com 
plementary  to  the  statistical  theory  of  communication. 
About  one- third  of  the  lectures  are  devoted  to  the 
theory  of  signal  analysis  or  representation  which  pre¬ 
cedes  the  statistical  theory.  The  mathematical  theory 
is  followed  by  a  physical  theory  of  signals  In  which  the 
fundamental  limitations  of  signal  transmission  and 
recognition  are  discussed  in  the  light  of  classical  and 
of  quantum  physics.  The  viewpoints  of  communication 
theory  are  shown  to  represent  a  useful  approach  to 
modern  physics.  A  report  on  the  present  state  of 
speech  analysis  and  speech  compression  with  suggestions 
for  further  research  is  Included. 

MIT.  10:096 

Massachusetts  Inst,  of  Tech  Research  Lab.  of 
Electronics.  Cambridge. 

AN  EXPERIMENTAL  STUDY  OF  SPEECH  WAVE 
PROBABILITY  DISTRIBUTIONS,  by  W.  B  Davenport, 
Jr..  Apr.  8.  1952  10  Jp.  Inch  illus.  refs.  (Sjionsored 

jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  ForceJ  Office  of  Scientific  Research  under 
,1)A  36  039  sc- 100  J)  U23863:  ATI  171078  Unclassified 


Also  published  In  Jour.  Acoust.  Soc.  Amer. ,  v.  24: 
390-399,  July  1952. 

Measurements  were  made  of  the  first-probability  dis¬ 
tribution  and  of  various  conditional  probability  distri¬ 
butions  of  the  speech  wave  Instantaneous  amplitude. 
Results  obtained  for  several  speakers  indicate  that  the 
first-probability  distribution  varies  exponentially  with 
large  values  of  amplitude  and  that  increases  in  the 
conditional  probabilities  are  noted  for  delay  times  of 
the  order  of  magnitude  of  the  pitch  period.  Measure¬ 
ments  were  also  made  of  the  first-probability  distri¬ 
bution  of  the  duration  of  the  speech-wave  zero-crossing 
periods,  and  of  the  auto- correlation  function  of  clipped 
speech.  These  measurements  were  of  the  stationary, 
or  "long-time,"  speech- wave  probability  distributions. 
Most  of  the  results  are  for  speech  waves  recorded  In 
an  anechoic  chamber.  Some  results  are  included  for 
voices  recorded  in  a  live  studio.  (Contractor’s 
abstract) 


MIT.  10:097 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

NETWORK  SYNTHESIS  FOR  SPECIFIED  TRANSIENT 
RESPONSE,  by  W.  H.  Kautz.  Apr.  23,  1952,  177p. 
incl.  illus.  tables,  refs.  (Technical  rept.  no.  209) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  f  Air  Force!  Office  of  Scientific  Re¬ 
search  under  DA  36-039- sc- 100)  AD  13984 

Unclassified 

Three  methods  of  solution  are  presented  for  the 
synthesis  of  finite,  lumped- parameter  networks  for  the 
case  in  which  the  desired  behavior  Is  prescribed  In 
terms  of  transients.  In  the  time-domain  solution, 
the  desired  response  Is  approximated  by  means  of  a 
finite  sum  of  damped  exponentials  or  sinusoids.  The 
Laplace  transform  of  this  sum  yleldB  a  ratio  of  poly¬ 
nomials  In  the  frequency.  The  method  combines 
flexibility  and  generality  with  a  minimum  of  computa¬ 
tional  work.  Certain  time-frequency-domain  relation¬ 
ships  are  derived  which  result  In  an  approximate  fre¬ 
quency  domain  solution.  For  this  solution,  continued- 
fraction  expansions  are  utilized.  The  third  method  of 
solution  combines  both  time-  and  freqaency- domain 
approximations.  The  given  response  is  first  approxi¬ 
mated  in  terms  of  intermediary  functions,  called 
constituent  transients;  each  constituent  transient  is  then 
transformed  and  a  second  approximation  is  made  by 
frequency -do main  expansions.  The  flexibility  of  this 
solution  results  from  the  fact  that  the  approxl mation  is 
cirrled  out  in  two  stepB  and  that  the  Intermediary  func¬ 
tions  are  chosen  to  be  the  most  convenient  type  for  a 
given  problem.  Examples  are  presented  which  Illus 
trate  the  extent  of  applicability  of  each  method.  (ASTIA 
abstract) 
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MIT. 10:098 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

HIGH-FREQUENCY  ELECTRICAL  BREAKDOWN  OF 
GASES,  by  W.  F.  Allis  and  S.  C.  Brown.  Apr.  23, 

1952,  13p.  incl.  diagrs.  (Technical  rept.  no.  229) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  \  Air  Force]  Office  of  Scientific  Research 
under  DA  36-039- sc- 100)  U25001  Unclassified 

Also  published  in  Phvs.  Rev.,  v.  87  :  419-424,  Aug.  1, 
1952. 

Previous  theoretical  treatments  of  high-frequency  elec¬ 
trical  breakdown  in  gases,  based  on  the  Boltzman  trans¬ 
port  equation,  were  applied  to  specific  gases  and  met 
with  mathematical  difficulties  when  applied  to  higher 
pressures.  Agreement  between  theory  and  experiment 
with  hydrogen  gives  confidence  that  the  energy  distri¬ 
bution  function  is  correct,  and  the  distribution  function 
is  therefore  used  to  compute  other  quantities  of  physical 
interest.  (Contractor's  abstract) 


MIT.  10:099 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

METHODS  OF  MEASURING  THE  PROPERTIES  OF 
IONIZED  GASES  AT  HIGH  FREQUENCIES,  HI. 
MEASUREMENT  OF  DISCHARGE  ADMITTANCE  AND 
ELECTRON  DENSITY,  by  S.  C.  Brown  and  D.  J.  Rose. 
May  6,  1952,  9p.  incl.  diagrs  table  (Technical  rept. 
no.  230)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Force]  Office  of  Scientific 
Research  under  DA  36-039- sc- 100)  AD  3316 

Unclassified 

Also  puhllshed  in  Jour.  Appl.  Phys.  ,  v.  23:  1028-1032. 
Sept.  1952. 

Theoretical  bases  are  presented  for  the  experimental 
determination  of  the  complex  admittance  and  electron 
density  of  gas  discharges  by  microwave  techniques. 
Application  in  which  the  discharge  is  contained  in  either 
high-  or  low-Q  resonant  cavities  are  discussed. 


MIT.  10:100 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge 

CRYSTALLOGRAPHIC  VARIATIONS  OF  FIELD  EMl.s 
SION  FROM  SINGLE  TUNGSTEN  CRYSTALS,  by  M.  K. 
Wilkinson.  May  7,  1952,  18p.  incl.  lllus.  diagrs. 
tables,  refs.  (Technical  rept.  no.  228)  (Sponsored 
jointly  by  Signal  Corps.  Office  of  Nav.'l  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36- 
039- sc  100)  AD  3315  Unclassified 


emission  electron  currents  quantitatively  as  a  function 
of  the  crystal  crystallographic  directions  found  in  a 
single  crystal  emission  point.  A  projection  tube  was 
used  so  that  the  state  of  contamination  of  the  cathode 
would  always  be  known  from  the  pattern  which  was  ob¬ 
tained  on  the  phosphor.  The  study  was  made  by  photo¬ 
metering  the  light  output  along  the  various  crystallog¬ 
raphic  directions.  Slopes  of  the  field-emission  charac¬ 
teristics  for  the  different  crystallographic  directions 
showed  relative  magnitudes  of  the  work  functions.  The 
photometric  data  indicated  that  the  dark  spots  on  a 
fiild-e.ulsbluii  pattern  ui  clean  lungdteii  uTt  caused  by 
the  difference  in  the  work  functions  of  the  crystallog¬ 
raphic  directions.  Moreover,  with  a  reasonable  a 
sumption  of  the  electric  field  distribution  around  Re¬ 
surface  of  the  point  cathode,  the  data  are  in  agreement 
with  the  theoretical  equation.  To  insure  the  required 
constancy  of  the  electron  emission  for  measurement, 
it  was  necessary  to  maintain  a  supervacuum.  The 
vacuum  attained  was  better  than  10"  ^  mm. 
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Massac hu st tie  Inst,  of  Tech.  Research  lab  of 
Electronics,  Cambridge. 

PROPAGATION  OF  AN  ELECTROMAGNETIC  WAVE 
ALONG  A  HEUX  SURROUNDED  BY  A  RESISTANCE 
SHFATH,  by  A.  Tonning.  May  13,  1952,  lip.  incl. 
illus.  (Technical  rept.  no.  232)  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force]  Office  of  Scientific  Research  under  DA  36-039- 
sc- 100)  AD  12907  Unclassified 

The  problem  is  considered  of  wave  propagation  along 
a  helix  when  losses  are  present;  the  problem  arises  in 
connection  with  Hie  design  of  broadband  traveling-wave 
tubes  Due  to  imperfect  matching:  a  part  of  the  wave 
will  be  reflected  at  the  output  end  of  the  tube.  To  re¬ 
duce  the  amplitude  of  the  reflected  wave  and  avoid  os- 
cillaUons,  it  is  convenient  to  surround  the  helix  by  a 
sheath  of  glossy  material.  The  effect  of  this  resistance 
sheath  on  the  phase  velocity  of  the  wave  and  the  result¬ 
ing  attenuation  is  calculated.  Only  the  case  when  no 
electron  beam  iB  present  is  treated..  The  introduction 
of  losses  in  this  way  reduces  the  phase  velocity,  and 
the  amount  of  this  reduction  approaches  zero  for  very 
high  and  very  lew  frequencies.  (Contractor’s  abstract) 


MIT.  10:102 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge, 

SIGNAL- TO-  NOISE  RATIOS  IN  BANDPASS  LIMITERS, 
by  W.  B.  Davenport,  Jr.  May  29.  1952,  18p.  incl. 
diagrs.  (Technical  rept.  no.  234)  (Sjwnsored  jointly 
by  Signal  Corps.  Office  of  Naval  Research,  and  Air 
Force  '  Office  of  Scientific  Rese'-rch  under  DA  36-039- 
sc-100)  U24044;  ATI- 165501  Unclassified 

Also  published  in  Jour.  Appl.  Phys.,  v.  24:  720  727, 
June  1853. 


A  photometric  method  is  described  for  measuring  field 
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A  general  analysis  is  made  of  the  relations  between  out¬ 
put  signal  and  noise  powers  and  input  signal  and  noise 
powers  for  bandpass  limiters  having  odd  symmetry  to 
their  limiting  characteristics.  Specific  results  are 
given  for  the  case  where  the  limiter  has  an  n-th  root 
characteiistic,  and  they  include  the  ideal  symmetrical 
limiter  (or  clipper)  as  a  limiting  case.  This  analysis 
shows  that  for  the  output  signal-to-noise  power  ratio  is 
essentially  directly  proportional  to  the  input  signal-to- 
noise  power  ratio  for  all  values  of  the  latter.  The  result 
is  due  to  the  bypass  characteristics  rather  than  to  the 
symmetrical  limiting  action.  (Contractor's  abstract) 


MIT.  10:103 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 

FUctrjrics,  Cimbridg* 

THE  M.  I.  T.  LINEAR  ELECTRON  ACCELERATOR,  by 
P.  T.  Demos,  A.  F.  Kip,  and  J.  C.  Slater.  May  31, 
It52,  2Sp.  it, cl.  Ulus,  dlagrs,  ref*  (Technical  repl. 
no.  203)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Force]  Office  of  Scientific 
Research  under  DA  36-039- sc- 100;  W36-039-SC-32037; 
and  N5ori- 07806)  U20229;  ATI-123992  Unclassified 

The  M.I.  T.  linear  electron  accelerator  consists  of  a 
circular  wave  guide  fitted  with  uniformly  spaced  irises, 
and  sustains  a  standing-wave,  transverse  magnetic 
tt  mode  oscillation  at  a  resonant  frequency  of  2800 
mc/sec.  The  phase  velocity  is  equal  to  that  of  light. 
Electrons  are  injected  Into  the  accelerating  tube  at  an 
energy  of  2  mcv  by  a  Van  de  Graaff  generator.  Acceler¬ 
ation  up  to  an  energy  of  at  least  18  mev  has  been  obtained 
by  using  the  21-ft  length  of  the  accelerator.  Peak 
accelerated  currents  of  the  order  of  10  ma,  and  average 
current*  t  i‘e  evimt  J  1  i,  are  obtained,  The  accel¬ 
erator  is  fed  by  21  tunable  magnetrons  (Raytheon 
RK5586),  phased  in  synchronism.  The  principles  of 
design,  constructional  features,  and  operation  are  dis¬ 
cussed.  The  accelerator  is  being  used  for  nuclear  e  x- 
per: mentation.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
F.lectronlcs,  Cambridge. 

RF  PHASE  CONTROL  IN  PULSED  MAGNETRONS,  by 
E.  E.  David.  Jr.  1952  17  p.  incl.  lllus.  dlagrs. 

refs.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039-sc  100  and  W36-039-SC- 
32137  )  U2J8H5  Unclassified 

Also  published  in  Proc.  Inst.  Radio  Engineers,  v.  40: 
669  085,  June  1952. 

A  description  is  given  of  the  behavior  of  a  magnetron  os 
dilator  started  in  the  presence  of  an  externally  applied 
rf  exciting  signal  whose  frequency  is  not  greatly  differ¬ 
ent  from  the  unperturbed  steady-  state  frequency  of  the 
magnetron.  Two  points  of  view  are  presented:  first. 
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quasi- steady- state  starting  is  assumed,  and  a  differ¬ 
ential  equation  representing  the  system  within  this 
limitation  is  derived.  Solutions  obtained  specify  the 
phase  of  the  oscillator  as  a  function  of  time  subsequent 
to  starting.  Second,  the  inhomogeneous  Van  der  Pol 
equation  is  used  to  describe  the  system.  The  oscillator 
is  represented  as  a  parallel  RLC  circuit  shunted  by  a 
negative,  nonlinear  conductance.  Approximate 
analytical  and  differential  analyzer  solutions  of  this 
equation  are  used  to  investigate  the  frequency  and  phase 
transients  during  starting  and  distortion  of  the  build-up 
envelope  by  the  exciting  signal.  The  initial  conditions 
for  both  equations  are  established  in  terms  of  the 
exciting  signal-to-preoscillation  noise  ratio.  Results 
of  the  two  analyses  are  essentially  in  agreement;  de¬ 
tails  of  the  solutions  are  different  since  reactive  beam 
loading  has  beer  neglected  in  the  latter  case.  The 
phase  transit, nf  initlabid  during  starting  may  have  a 
duration  which  is  long  compared  to  the  build-up  time 
of  the  rf  voltage  on  the  magnetron  anode.  Preoscillation 
conditions  which  fix  the  initial  phase  play  an  important 
pan  I  '» ivnnnit  g  the  pbas*  f.r  .•  t .  nejjnr  Bti> 
subsequent  to  starting.  Other  influencing  factors 
include  the  oscillator  tuning  relative  to  the  injected 
frequency;  the  value  of  a  coefficient  directly  related  to 
the  injected  power  ana  the  natural  frequency  of  the 
oscillator  cavity,  and  inversely  to  the  power  output  and 
coupling  Q;  and  design  parameters  determining  the  rf 
rise  time.  (Contractor’s  summary) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

BROADENING  df  MICROWAVE  ABSORPTION  LINES 
IN  rcLUNLOV  .WTH  THE  CELL  WALLS  by  H.  B 
Johnson  and  M.  W.  P.  Strandberg.  June  1,  1952,  2p. 
inch  diagr.  table.  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  I  Air  Force]  Office  of 
Scientific  Research  under  DA  36-039-SC-100  and  W36- 
039-SC-32037)  U24566;  ATI- 171079  Unclassified 

Published  In  Phys.  Rev.,  V,  86:  811-812,  June  1,  1952. 

In  Gordy's  formulas,  A  (a  numerical  factor)  is  given  to 
equal  'A  «  /T5  .  Experimental  and  theoretical  reasoning 
is  revealed  which  indicate  that  this  value  for  A  is  too 
smail.  Revised  values  are  obtained  which  are  in  satis¬ 
factory  agreement  with  the  half  widths  at  half  intensity 
of  the  X-  and  K- bands  determined  for  OCS. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ON  BASIC  EXISTENCE  THEOREMS.  IU.  THEORETI¬ 
CAL  CONSIDERATIONS  ON  RATIONAL  FRACTION 
EXPANSIONS  FOR  NETWORK  FUNCTIONS,  by  M.  V. 
Cerrilio  and  E.  A.  Guillemin.  June  4,  1952.  46p. 
incl.  diagrs.  (Technical  rept.  no.  233)  (Sponsored 
jointly  by  Signal  Corps.  Office  of  Naval  Research,  and 
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[  Air  Force]  Office  of  Scientific  Research  under  DA  36- 
039-sc-lOO)  AD  3816  Unclassified 

Certain  aspects  concerning  the  rational  expansion  of 
transfer  and  positive- real  functions  are  discussed.  The 
results  are  a  partial  conclusion  extracted  from  a  study 
of  the  foundation  of  network  theory,  particularly  in 
connection  with  the  problem  of  network  synthesis.  A 
set  of  integral  representations  for  Laplace  transforms 
is  established.  These  integrals  express  the  necessary 
and  sufficient  condition  for  the  existence  of  transfer 
func  ions.  Fundamental  aspects  of  the  rational  expansion 
of  transfer  functions  are  discussed,  and  2  methods  of 
construction  are  presented.  The  integral  representations 
serve  as  the  mathematical  tools  for  the  construction  of 
such  rational  expansions.  The  general  discussion  is 
systematically  supported  by  an  integral  representation 
along  a  particular  contour. 


MIT.  10:107 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Camhridge. 

THE  SLOPE  OF  LOGARITHMIC  PLOTS  OF  THE 
FOWLER- NORDHEIM  EQUATION,  by  J.  M.  Houston. 
June  10,  1952  [  1  ]  p.  incl  table  (Sponsored  jointly  by 
Signal  Corps.  Office  of  Naval  Research,  and  [  Air 
Force  Office  of  Scientific  Research  under  [  DA  36-039- 
sc-1001)  aD  4049  Unclassified 

Also  mhli s..ed  In  Phys.  Rev.,  v.  88:  349,  Oct.  16, 
1952"' 

The  slope  of  logarithmic  plots  of  the  Fowler-Nonlhelm 
equation  for  electron  field  emission  Is  expressed  in 
terms  of  the  surface  work  function  and  a  tabulated 
function,  s(y).  This  new  function,  s(y),  is  derived 
from  Nordheim’s  v(y)  which  appears  in  the  exponent  ot 
the  Fowler- Nordheim  equation.  Values  of  v(y)  are  also 
tabulated  and  are  helieved  to  be  more  exact  than 
Nordheim’s  original  values.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  NUCLEAR  SPIN  AND  MAGNETIC  MOMENT  OF 
55Cs'34,  by  V.  Jaccarlno,  D.  Pederson,  and  II.  H 
Stroke  June  16,  1952  2  p.  incl.  diagr.  table. 

(Sponsored  joinlly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search.  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039-sc-lOO  )  U24517;  ATI-171080 

Unclassified 

Alsojiublished  in  Phys.  Rev.  ,  v,  87:  67G  077,  Aug,  15, 
1952. 

The  atomic  beam  magnetic  resonance  method  hag  been 
applied  to  the  measurement  of  the  hfs  Interaction  in  the 
ground  state  of  the  radioactive  nuclide  Cs*^  A  200 
mtlllcurle  sample  of  (Cs'34)2  COj  was  1  repared  by 


neutron  irradiation  in  the  Brookhaven  pile,  yielding 
a  ratio  of  Cs134  to  Cs1”  of  1  to  6000  in  the  sample. 
A  directional  oven  of  special  design  was  used  to  pro¬ 
duce  the  atomic  beam  of  cesium,  which  after  being 
ionized  at  the  hot  wire  detector  was  analyzed  with  a 
mass  spectrometer  having  an  enrichment  factor  of 
2000  per  mass  number  at  the  mass  134  position. 


MIT. 10:109 

Massachusetts  Insi.  of  Tech.  [  Research  Lab.  of 
Electronics'  Cambridge. 

ON  THE  ANOMALOUS  SPIN  GYROMAGNETIC  RATIO 
OF  THE  ELECTRON  (Abstract),  by  J.  G.  King  and 
V.  Jaccarino.  f  1952]  flip.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  f  Air 
Force]  Office  of  Scientific  Research  under  [  DA  36- 
039- sc- 1001)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  , 
Washington,  D.  C.  .  May  1-3,  1952. 

Published  in  Phvs  Rev.,  v.  87:  228,  July  1,  1952. 

The  anomalous  spin  gyromagnetic  ratio  of  the  electron 
has  been  obtained  from  observations  of  the  Zeeman 
effect  of  the  hyperfir.e  structure  Interaction  in  the  P,  ,, 

35  °  c 

and  P  .„  states  of  atomic  Cl  ,  using  the  Interaction 
l/* 

constants  previously  determined  by  the  authors.  From 
8  Independent  measurements  of  the  atomic  gj  values  in 
fields  up  to  500  gauss  a  mean  value  of  g  =  2(1.  00121 
*  0.  0001C)  was  computed.  This  value  of  gs  for  a 
closed  shell  minus  an  electron  agrees  with  both  theo¬ 
retical  and  experimental  values  obtained  for  a  closed 
shell  plus  an  electron.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  [  Research  Lab.  of 
Electronics  ]  Cambridge. 

PRECISION  MEASUREMENTS  OF  THE  hfs  OF  P.b85 
AND  Hb87  (Abstract),  hy  B.  Bederson  and  V. 

Jaccarino.  f  1952  ^  f  1  1  p.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force 
Office  of  Scientific  Research  under  f  DA  36-039-sc- 
109  )  Unclassified 

Presented  at  meeting  of  ihe  Amer.  Phys.  Soc.  , 
Washington,  D.  C. ,  May  1-3,  1952. 

Published  in  Phvs.  ltev.,  v.  87:  228-229,  July  1,  1952. 

Using  an  atomic  beam  method  we  have  obtained  high 
precision  measurements  of  the  Rb88  and  Rb87  hfs 
Interaction  energies  (h  v).  The  first  order  field  In 
depemlenl  transitions  (F  3,  mp  0  «-»  F  2.  nip 
0)  ami  (F  2,  nip  0  t-»  F  1,  nip  -  0)  for  Rb8^  and 
ltb8  ,  respectively,  were  observed  in  a  magnetic  field 
of  approximately  0.4  gauss  and  when  corrected  to  zero 
field  yield  the  followup  values:  J.v  (lib83)  3035.735  1 
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0.00?  mc/sec  and  Av(Rb87  =  6834.7005  *  0.0011 
me/  sec.  The  above  transitions  were  positively  identi¬ 
fied  by  observing  the  frequencies  and  widths  of  all 
allowed  |  AF  =  ±1  transitions.  Factors  influencing  the 
ultimate  accuracy  of  Av  determinations  (Doppler 
broadening,  resonance  widths,  stability  of  rf  sources, 
frequency  measurement  techniques,  etc. )  will  be  dis¬ 
cussed  and  a  comparison  made  of  the  above  data  with 
recent  high  field  measurements.  The  results  of  more 
accurate  measurements  will  be  given  at  this  time. 
(Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab,  of 
Electronics,  Cambridge. 

THE  RESISTANCE  MINIMUM  IN  MAGNESIUM  AT 
LOW  TEMPERATURES  (Abstract),  by  H.  E.  Rorschach, 
Jr.  and  M.  A.  Herlin.  [  19521  [l'p.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force  Office  of  Scientific  Research1  under 
[  DA  36-039- sc- 100 ] )  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C.  ,  May  1-3,  1952. 

Published  In  Phvs.  Rev.,  v.  87:  193,  July  1,  1952 

The  electrical  resistivities  of  three  very  pure  magnesl 
urn  samples  from  different  sources  have  been  measured 
from  1  to  40°K  by  an  Improved  mutual  inductance 
method.  All  samples  exhibit  a  minimum,  although  the 
effect  is  much  more  pronounced  in  one  which  is  believed 
to  contain  more  impurity  than  the  others.  Above  20°K, 
all  of  the  resistivity  curves  can  be  well  represented  by 
a  power  law  p  =  p  r  *  aTb  with  b  equal  to  approximately 
3.5.  However,  Matthiesen's  rule  does  not  hold,  since 
at  least  two  oi  the  curves  Intersect.  (Contractor’s 
absti  act) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  PHASE  PRINCIPLE  FOR  COMPLEX  FREQUENCY 
ANALYSIS  AND  ITS  lMPUCATlONS  IN  AUDITORY 
THEORY,  by  W.  H.  Huggins.  Aug.  12,  lu52  8]p. 
inch  llius  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  Air  Force  j  CRfice  of  Scientific 
Research  under  DA  30  03!’  sc- 100  )  AD  12368 

Uuclassl  lied 

Also  published  in  Jour.  Acoust.  Soc.  Amer.,  v  24: 

582  589,  Nov.  1952. 

A  filtering  scheme  that  utilizes  die  phase  frequency 
characteristic  of  a  filter  is  shown  to  have  certain 
advantages  for  analyzing  signals,  such  as  speech,  which 
are  produced  by  shock  or  noise  excitation  of  a  physical 
system  having  one  or  more  resonances.  The  phase 
principle  is  shown  to  be  particularly  well  bulled  to 


neural  mechanisms  of  inhibition  and  facilitation,  and 
evidence  is  presented  that  such  a  principle  may  be  used 
by  the  ear  to  achieve  its  analysis  of  the  sound  that  it 
receives.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ON  BASIC  EXISTENCE  THEOREMS  IN  NETWORK 
SYNTHESIS.  IV.  TRANSMISSION  OF  PULSES,  by 
M.  V.  Cerrlllo  and  E.  F.  Bolinder.  Aug.  15,  1952, 
168p.  lncl.  diagrs.  tables,  refs.  (Technical  rept.  no. 
246)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Force]  Office  of  Scientific 
Research  under  DA  36-039-sc-lOO)  AD  45533 

Unclassified 

This  report  Is  the  fourth  in  a  series  of  reports  on  basic 
existence  theorems  In  network  synthesis.  The  param 
eter  representation  of  the  time  and  frequency  domain 
functions  derived  In  earlier  reports  in  the  series  has 
been  used  for  an  investigation  of  the  delicate  problem 
of  transmission  of  narrow  pulses  through  finite  passive 
networks.  The  report  starts  by  stating  and  proving  the 
necessary  and  sufficient  condition  for  a  transfer  func¬ 
tion  to  be  rational.  A  simple  and  computationally 
appropriate  relationship  between  the  parameter  function 
U(0,  X)  and  the  time  function,  which  eliminates  the 
integration,  is  then  established  by  means  of  the  so- 
called  corner  theorems.  Due  to  discontinuous  time 
derivatives,  the  Stieltjes  integral  representation  has 
to  be  used.  The  U(0,  X)  function  is  then  approximated 
in  such  a  way  that  the  famous  phenomenon  of  ”  ringing” 
is  completely  controlled.  A  rational  transfer  function 
is  obtained  from  the  approximated  U  function  by  means 
of  an  interpolation  procedure.  Some  illustrative  ex¬ 
amples  are  given.  The  Important  question  of  minimum 
number  of  elements  is  treated  in  connection  with  the 
correlation  of  the  number  of  extremal  points  of  the  U 
function  and  the  numher  of  poles  of  a  rotational  trans¬ 
fer  function.  Finally,  rational  approximations  of 
transfer  functions  are  obtained  by  means  of  a  power¬ 
ful  nonlinear  process  of  summahiilty  which  contains 
the  PaiAi  summahllity  as  a  special  case.  (Contractor’s 
abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

POWER  GAIN  IN  FEEDBACK  AMPI JF1E11S.  by  S.  J 
Mason.  Aug.  25,  1952,  15p.  lncl.  Illus.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force]  Office  of  Scientific  Research  under 
DA  36  039  sc  100])  AD  16449  Unclassified 

An  analysis  is  presented  of  the  effect  of  the  terminating 
Impedance  upon  the  power  gain  anil  stability  of  a  feed 
back  amplifier.  The  optimum  passive  source  ami  load 
impedances  which  would  give  maximum  [»>wer  gain  at 
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every  real  frequency  were  obtained  for  a  2-terminal 
pair  filter  chosen  to  represent  an  arbitrary  amplifier. 
However,  these  values  were  chained  subject  to  the 
specified  stability  margin  |  T/(l-T)  |  =  m  <  M,  where 
T  represents  the  loop  gain  of  the  feed-back  diagram  and 
M  is  the  value  of  the  upper  bound  determined  by  practical 
oouaideraLOlis  suLl,  ao  beaigli  tulera.loco.  Tilt;  cliU-Te 
analysis  is  also  applicable  to  the  problem  in  which  ad¬ 
mittances  take  the  place  of  impedances.  In  addition, 
rnetlAtAeal,  alettTuti rt-el ot  deal ,  ai,d  oMitr  e'tasb-s  o! 
linear  active  systems  fall  within  the  scope  of  the  analy¬ 
sis. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  SPECTROSCOPY  OF  THE  SOLID  STATE:  COPPER 
AND  CHROMIUM,  by  E.  M.  Gyorgy  and  G.  G.  Harvey 
f  1952  1  f2]p.  lncl.  dlagrs.  (Sponsored  jointly  by  Sig¬ 
nal  Corps,  Olfice  of  Naval  Kesearch,  and  1  Air  Force  , 
Office  of  Scientific  Research  under  DA  36-039-sc- 100) 
U25026  Unclassified 

1‘ubii hi n a!  in  Plus.  Itw.,  v.  37.  861-S02,  Sept.  1,  ta52. 

The  M23  (valence  to  3P3/2  1/2)  emlssi°n  curves  of 
copper  and  chromium  were  obtained  by  using  a  vacuum 
recording  spectrograph.  To  summarize  the  experlmen 
tal  results: 

bandwidth  M2  emission  edge 

(ev) _ (ev) _ 

Copper  7.  1  *  0.  5  75.  9  i  0.  2 

Chromium  7.  2  *  1.  0  42.  1  t  0.  2 

M23  separation  Ratio  of  M3  to  M2 

(ev)  __  _  intensities  _ 

Copper  1. 2  *  0.  1  0.  5  t  0.  03 

Chromium  0. 45  t  0.  1  0.  52  i  0.  C4 
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area.  This  material  allows  the  determination  of  some 
of  the  receiver  parameters,  such  as  selectivity  and 
spurious  responses.  The  second  part  of  the  report 
pertains  to  the  receiver  itself.  Various  selectivity 
configurations  are  compared,  with  special  attention 
to  an  approximation  method  useful  in  filter  amplifier 

utA^n.  (jLiiti  dl  ...altllal  1  tltvuiil  l\j  tl)aial  iiltilbl 

performance  is  presented,  and  a  limiter  coefficient 
is  defined.  The  results  of  a  fairly  complete  testing  of 
HAc,  ATAt  also  included,  Augtliitt  will,  an  tvaiuallon 
of  the  design  and  operating  differences  between  this  and 
a  typical  narrow-band  receiver.  (Contractor’s 
abstract) 
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AN  INDUCTION  METHOD  OF  MEASURING  ELECTRI¬ 
CAL  RESISTIVITY,  by  H.  E.  Rorschach,  Jr.  and 
M.  A.  Herdn.  Oct.  Iz,  "19s2,  2Jp.  inci.  lllus.  table. 
(Technical  rept.  no.  125)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  f  Air  Force 
Office  of  Scientific  Research  under  DA  36-039-sc-lOO) 
AL>  SOfaM  Untlasalitil 

A  method  is  described  for  measuring  the  electrical 
resistivity  of  a  cylindrical  specimen  of  metal.  The 
specimen  is  mounted  at  the  center  of  a  pair  of  con¬ 
centric  coils  whose  complex  mutual  inductance  is 
measured.  The  field  equations  for  this  geometry  are 
solved  so  that  mutual  inductance  values  may  be  used  to 
yield  resistivity  values.  Calculations  are  made  for  die 
mutual  inductance  of  (1)  a  finite  core  In  .1  unite  :ylinder 
and  (2)  an  infinite  core  in  an  Infinite  cylinder.  The 
sensitivity  of  the  resistivity- measuring  system  is  also 
calculated,  "ibe  method  is  considered  useful  for  low- 
temperature  measurements  because  (1)  the  specimen 
requires  no  electrical  or  other  connections,  and  (2)  the 
sample  size  an  .'  shape  are  convenient  for  preparation 
and  lor  other  measurements. 
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A  RECEIVER  DESIGN  FOR  REJECTING  1NTERFER 
ENCE.  by  R.  A.  Taananen.  Sept.  22,  1952,  85p.  inch 
illus.  diagrs.  tables,  refs.  (Technical  rept.  no.  245) 
(Sponsored  jointly  by  Signal  Corps.  Office  of  Naval  He 
search,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039  sc- 100)  AD  28407  Unclassified 

This  report  concerns  the  application  of  a  wideband, 
interference  reducing  theory  to  FM  broadcast  receiver 
design.  In  the  first  part,  the  space  link  between  the 
transmitter  and  receiver  is  examined,  with  discussions 
of  FM  coverage  and  expected  interference  in  a  given 


NOfSE  FIGURE  OF  TRAVELING- WAVE  TUDES,  by 
C.  F.  Muehe.  Jr.  Oct.  l(i.  1952.  38p.  inch  illus. 
dlagrs.  tables,  refs.  (Technical  rept.  no.  240)  (Spon¬ 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Research, 
and  Air  Force  Office  of  Scientific  Hesearch  under 
DA  30-039  sc  100)  AD  23574  Unclassified 

Thi»  report  describes  experiments  primarily  designed 
to  measure  the  noise  in  electron  beams  and  traveling 
wave  tubes  at  3000  111c  sec.  Since  it  was  desirable  to 
know  the  dc  conditions  in  the  electron  beam,  the  radial 
positive  ion  fiow  and  the  beam  diameter  were  measured 
along  the  beam.  Measurement  of  tile  radial  positive  ion 
flow  shows  that  the  beam  was  fully  neutralized  by  posi 
live  ions  over  all  but  a  few  centimeters  of  length  near 
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the  anode.  An  analysts  was  made  of  the  electron 
trajectories,  and  from  measurements  of  beam  shape 
the  fact  of  full  Ion  neutralization  was  confirmed.  With 
full  ion  neutralization  there  is  considerable  spiraling  of 
the  electrons  and  hence  a  dc  velocity  spread  in  a  beam 
from  a  converging  beam  gun.  For  large  magnetic  fields 
this  velocity  spiead  Causes  ah  Increase  ill  the  hiltAli.a 
of  the  noise-current  curve  which  is  confirmed  by  ex¬ 
periment.  Next  a  double  velocity  jump  was  tried,  since 
this  is  supposed  to  reduce  the  noise  *n  the  beam.  It  was 
found  that  the  maxima  of  the  noise-current  curve  could 
be  reduced,  but  the  minima  were  increased,  and  no 
success  was  achieved  in  reducing  the  noise  figure  of  a 
traveling- wave  tube  with  this  device.  Finally,  the 
noise  current  in  an  electron  beam  and  the  noise  figure 
of  a  traveling- wave  tube  were  measured  under  the  same 
conditions;  first  with  a  converging  beam  electron  gun, 
then  with  a  parallel  beam  gun.  The  noise  figures  pre¬ 
dicted  from  the  noise-current  curves  agreed  quite  well 
when  a  correction  was  trade  for  the  ncnxerc  minima  ( 
the  noise-currect  curves.  Finally,  it  was  shown  ex¬ 
perimentally  that  a  beam  from  a  parallel  beam  gun  is 
quieter  than  the  same  beam  from  a  converging  beam 
gun.  (Contractor’s  abstract) 
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NOISE  ANALYSIS  OF  A  FINITE  ELECTRON  GUN  IN  AN 
INFINITE  MAGNETIC  FIELD,  by  H.  E.  Rowe.  Oct.  24, 
1952,  45p.  incl.  dlagrs.  tables,  refs.  (Technical  rept. 
no.  239)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Force1  Office  of  Scientific 
Research  under  [  DA  36  039- sc- 100  j )  AD  221425 

Unclassified 

A  theoretical  study  of  the  noise  behavior  of  a  finite 
electron  beam  in  an  infinite  magnetic  field  was  made  to 
determine  the  effects  of  the  finite  diameter  of  the  beam 
and  the  transverse  variations  in  the  velocity  and  current 
density  modulation  on  the  noise  behavior  of  an  electron 
beam  us.'  ay  the  nu  ll'  *J  presented  by  Fpr-’t-n  f,  r  ts* 
analysis  of  the  gun  region.  The  presence  of  the  higher 
axially -symmetric  modes  results  in  a  finite  standing- 
wave  ratio  of  noise  current  in  the  drift  space  as  meas¬ 
ured  by  a  cavity  moving  along  trie  beam,  as  iu*  <s  I .  db 
in  some  cases,  as  well  as  a  behavior  of  partition  noise 
which  is.  at  least  qualitatively,  in  agreement  with  that 
observed  experimentally.  (Contractor's  abstract) 
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AN  OUTLINE  OF  A  THEORY  OF  SEMANTIC  INFORM  A 
TION,  by  It.  Carnap  and  Y.  Bar  Hillel.  Oct.  27.  1952, 
48p.  incl  diagrs.  table.  (Technical  rept.  no.  247) 

(In  cooperation  with  Chicago  U.  .  Ill. )  (S|)onsored 
jointly  by  Signal  Corps.  Office  of  Naval  Research  and 
Air  Force  Office  of  Scientific  Research  under  DA  36 
03'J  sc  100)  AD  10117  Unclassified 


MIT.  10:119  -  MIT.  10:121 


The  theory  of  information  emphasizes  semantic  aspects 
which  are  deliberately  neglected  in  prevailing  com¬ 
munication  theory.  This  theoretical  restraint  results 
in  misapplications.  The  information  carried  by  a 
sentence  within  a  given  language  system  is  treated  as 
being  synonymous  with  the  sentence  content,  normalized 
iii  a  certain  way.  Tin.  ainoUA  ol  stKiantte  Irslonriatiun 
is  explicated  by  various  measures  of  this  content,  all 
based  on  logical  probability  functions  ranging  over  the 
contents.  Two  major  types  of  amount  of  information 
were  investigated;  one  is  additive  with  respect  to 
sentences  whose  contents  are  exclusive,  and  the  other 
is  additive  with  respect  to  sentences  which  are  induc¬ 
tively  independent.  The  latter  is  formally  analogous  to 
the  customary  information  measure  function.  The  con¬ 
cepts  of  information  and  information  measures  were 
believed  to  be  of  value  in  various  theories  including 
those  for  the  design  of  experiments  and  for  testing. 

An  extension  of  the  use  of  the  concepts  to  take  into 
qo-nun*  Hip  linpar  arrangements  of  the  individuals  is 
outlined. 
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Massachusetts  Inst,  of  Tech. 
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AN  ELECTRON- BEAM  TUBE  FOR  ANALOG  MULTI¬ 
PLICATION,  by  E.  J.  Angelo,  Jr.  Oct.  27,  1952, 

41p.  incl.  illus.  refs.  (Technical  rept.  no.  249) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re 
search,  and  ’  Air  Force]  Office  of  Scientific  Research 
under  DA  36- 039- sc -100)  AD  11807  Unclassified 

Also  published  In  Rev.  Sclent.  Instruments,  v.  25: 
280-284,  Mar.  1954. 

An  electron-beam  tube  developed  for  providing 
accurate,  high-speed,  analog  multiplication  was  sub¬ 
jected  to  static  and  dynamic  tests.  The  maximum 
errors  in  multiplication  under  static  conditions  were 
approximately  2%  of  the  maximum  product:  the  output 
vnlta£p  corresponding  to  the  maximum  product  was  3  v. 
Under  the  conditions  of  the  dynamic  tests,  the  tube 
performance  was  limited  by  stray  capacitance  shunting 
the  output  circuit;  accordingly,  with  a  sinusoidal  output 
voltage  hall  pc  wet  pcAr.t  w&t  at  74  fcc,  1'wttvet 
measurements  showed  that  flat  response  up  to  100  kc 
should  be  obtained  by  reducing  the  impedance  level  of 
the  output  circuit.  The  tube  multiplies  in  the  following 
manner.  A  circular  election  beam  of  relatively  large 
diameter  and  with  uniform  current  density  is  projected 
through  a  conventional  beam-deflection  system  upon  a 
metallic  target  consisting  of  4  quadrants  that  are  insu¬ 
lated  from  one  another.  From  the  4  currents  collected 
by  the  target  an  output  current  is  obtained  that  is  pro¬ 
portional  to  the  product  of  the  2  deflecting  voltages. 

The  accuracy  of  multiplication  depends  primarily  upon 
the  uniformity  of  the  current  distribution  tn  the  beam 
when  it  reaches  the  target;  linearity  of  deflection  ant- 
accuracy  of  target  construction  are  significant  but  not 
critical.  Consideration  is  also  given  to  the  problem 
presented  by  positive  Ions  created  front  residual  gas 
in  the  tube. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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PHYSICAL  LIMITATIONS  ON  ANTENNAS,  by  J.  Ruze. 
Oct.  30,  1952,  85p.  incl.  lllus.  (Technical  rept.  no. 

248)  (Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  ai.J  [  Air  Fort.  ,  vlfteeol  Sclent, lit  Research 
under  DA  36-039-sc-lOO)  AD  62351  Unclassified 


Investigation  of  the  physical  realizability  of  a  specified 
rsduttor,  polar  diag'an  Iren  vi  ante™  a  ap%rtur«  ol  a 
finite  size  Is  presented  In  three  related  parts:  (1)  Limi¬ 
tations  Imposed  by  Aperture  Distribution  Errors.  Devi¬ 
ations  from  the  theoretical  aperture  distribution  caused 
c  jrrt8pLt<dlvig deviations  from  11*  .‘“aired  pebr  dia¬ 
gram.  Systematic  and  random  errors  are  involved,  the 
latter  forms  a  statistical  problem.  A  theory  Is  formu¬ 
lated  for  their  treatment  for  both  the  discrete  and  the 
cvMlnttotts  apt  rim..  For  the  continuous  aperture  it  ts 
necessary  to  introduce  the  concept  of  a  correlation  Inter¬ 
val.  The  effect  of  aperture  errors  on  the  antenna  gain 
and  on  the  realizability  of  low  side  lobes  Is  examined. 
Experimental  work  on  a  broadside  array  and  on  a 
"randomly"  distorted  parabolic  mirror  provides  a 
verification  of  the  theory.  (2)  Limitations  Imposed  by 
the  Synthesis  Procedure.  In  the  antenna  synthesis 
problem  we  are  required  to  determine  an  aperture 
distribution  of  a  specified  finite  width  whose  radiation 
pattern  approximates  the  desired  one.  Existing  synthe 
sis  procedures  are  examined  with  particular  interest  in 
the  nature  of  the  optimization  condition.  Two  procedures 
are  suggested  for  ap-;  roxlmattnj  a  function  in  an 
approximating  a  function  In  an  approximate  Chebyshev 
sense.  (3)  Limitation  Imposed  by  the  Aperture  "Q". 

It  Is  shown  by  direct  Integration  of  the  aperture  Poynting 
vector  that  tiioae  Held  cuhipolibuta  w,tli  a^jatlal  v ., » I„t u , u 
of  a  period  smaller  than  a  wavelength  contribute 
essentially  reactive  power.  They  Increase  the  Q  of  the 
aperture  and  impose  a  limitation  on  the  practically 
obtainable  polar  diagrams.  (Contractor's  abstract) 
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Masracliusetts  Inst,  of  Tech.  Research  Lab.  of 
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CENTRIFUGAL  DISTORTION,  by  M.  W.  P.  Strandberg. 

1952  6  p  incl.  lllus.  tables,  refs.  (Sponsored 

jointly  by  Signal  Corps.  Office  of  Naval  Research,  and 
.  Air  Force  Office  of  Scientific  Research  under  DA  36- 
039  SC  100)  AD  4047  Unclassified 

Also publishedjn  Ann.  New  York  Acad.  Sciences,  v.  55: 
808  813,  Nov.  1952. 

A  brief  theoretical  discussion  is  presented  of  centrifugal 
distortion  in  molecules.  Calculations  are  outlined  which 
ar  -  based  on  both  semidassical  equations  and  perturba 
tloa  methods.  These  calculations  are  compared  with 
experimental  data  obtained  from  the  microwave  spectra 
of  NHjD.  NllDj,  and  l^CO. 


SECOND-SOUND  VELOCITY  BELOW  1°K  AS  A  FUNC¬ 
TION  OF  PRESSURE,  by  V.  Mayper,  Jr.  and  M.  A. 
Herlin.  [Nov.  24,  1952]  [2]p.  Incl.  diagr.  [Spon¬ 
sored  JfAlAVy  Uy  signr.l  -Carps,  L/Hite  ol  Hsvsd  Re 
search,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36-039-sc-lOG]  AD  12367  Unclassified 

V relented  M  ONE  GE  CryogwKe  Cctier«nc«, 
Schenectady,  N.  Y. ,  Oct.  6,  1952. 

Also  published  in  Phys.  Rev.,  v.  89:  523-524,  Jan.  15, 
IvM. 

Previous  findings  on  the  velocity  of  second  sound  in 
liquid  helium  n  along  the  vapor  pressure  line  seem  to 
rtKififtn  a  pt  sdlrted  approach  cl  c2  to  the  curtaA 
Cj/Vy-  which  is  based  on  the  proposal  that  the  liquid 
should  approach  an  ideal  phonon  gas  at  low  tempera¬ 
tures  Syir'Pr  Vat  men  err  men  te  ,Jiowir£  a 
dependence  for  Cv  below  ~0.  6°K,  also  indicates  that 
excitations  of  the  liquid  are  due  solely  to  phonons  at 
low  temperatures;  some  discrepancies  are  noted  be¬ 
tween  the  two  sets  of  measurements  with  3econd- sound 
velocities  departing  radically  from  the  phonon-gas 
model  above  ~0.  35°K  Instead  of  0.  6“K  of  the  specific 
heat  measurements.  Measurements  by  the  pulse 
me  thod  now  in  progress  are  reported  both  at  vapor 
pressure  and  at  higher  pressure.  Resu’tc  at  vapor 
pressure  are  in  rca&onally  pud  aprecamnl  «Ub  Uu 
previous  specific  heat  data,  at  least  above  0. 3°K;  the 
extrapolated  value  for  c2  Is  155  m/sec.  No  trace  of 
previously- reported  rise  in  velocity  at  lower  tempera¬ 
tures  was  louna  at  vapor  pressure  Dut  at  rugner  pres¬ 
sure  results  tend  to  indicate  the  low  temperature  rise 
In  velocity  to  be  a  real  phenomenon,  becoming  more 
apparent  at  higher  pressure.  Values  at  each  pressure 
for  c2  at  a  temperature  just  below  that  of  the  sharp 
drop  in  c2  are  about  10%  higher  than  Cj/vjf  for  that 
pressure.  Data  at  14.  2  atmospheres  shows  the  low 
temj>erature  rise  to  apparently  begin  before  the  sharp- 
rise  at  Intermediate  temperature  is  complete.  At  the 
very  lowest  temperatures,  velocities  have  risen  to 
near  c,.  A  possible  explanation  of  this  behavior  Is 
presented. 
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rdassachusetta  Inst,  of  Tech.  Research  Lab.  of 
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ELECTROMAGNETIC  WAVES  IN  PERIODIC  STRUC¬ 
TURES.  by  L.  Stark.  Dec.  9.  1952.  41p.  incl.  dlagrs. 
tables,  refs.  (Technical  rept.  no.  208)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force]  Office  of  Scientific  Research  under 
DA  36  039- sc- 100)  AD  25740  Unclassified 

The  two  problems  under  study  are  (1)  the  propagation 


460 


AIR  FORCE  SCIENTIFIC  RESEARCH 


constant  In  Iris- loaded  wave  guides  of  standard  cross 
section,  and  (2)  the  use  of  an  interleaved -fin  structure 
as  a  slow-wave  circuit  for  traveling  wave  amplifiers. 

In  the  first  case  an  attempt  is  made  at  unification  by 
presenting  a  result  which  is  common  to  all  standard 
types  of  wave- guide  cross  sections  and  which  is  general 
to  the  extent  that  the  loading  irises  can  be  taken  to  be 
infinitely  thin.  The  result  is  expressed  as  a  quotient  of 
infinite  sums  whose  terms  depend  upon  the  field  distri¬ 
bution  in  the  aperture.  The  result  can  be  solved  to  a 
quasi- stationary  approximation,  and  in  the  cast  of  a 
rectangular  guide,  the  series  can  be  virtually  summed 
so  that  the  result  is  useful  in  practice.  The  second 
problem  is  considered  for  the  case  of  either  open  or 
closed  lateral  boundaries,  and  the  structure  is  con¬ 
sidered  as  a  folded  rectangular  wave  guide  with  either 
open- circuited  or  short-circuited  side  walls.  The  dis¬ 
continuity  at  each  bend  of  the  folded  guide  is  accounted 
for  by  an  equivalent  network.  Although  most  of  the 
theory  neglects  beam  transmission  holes,  experiments 
indicate  that  the  propagation  constant  Is  negligibly  af¬ 
fected  by  even  relatively  large  holes.  The  degree  to 
which  the  circuit  couples  to  a  given  beam  is  calculated 
from  the  field  distribution  in  a  model. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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LOOKING  INTO  THE  NUCLEUS,  by  F.  Hitter.  Dec.  22, 
1052  4,p.  incl.  illus.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  26-039- sc- 100) 
AD  12919  Unclassified 

Also  published  in  .lour.  Opt.  Soc.  Amer. ,  v.  43:  233- 
236,'  Apr.  1953. 

This  paper  provides  a  brief  elementary  account  of  the 
insight  into  nuclear  structure  which  has  been  ohtained 
from  investigations  of  the  hyperfine  struc  ure  of  atnn-.'c 
energy  levels. 
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A  METHOD  OF  WIENER  IN  A  NONUNEAR  CIRCUIT, 
by  S.  Ikehara.  Dec.  10.  1952.  22p.  incl.  illus.  refs. 
(Technical  rept.  no.  217)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36-039  sc  100) 

AD  1600  Unclassified 

The  Wiener  method  (M.  I.  T.  Radiation  Lab.  rept.  no. 

129)  is  discussed  which  is  to  solve  for  the  voltage  across 
a  nonlinear  device  in  terms  of  ttie  entire  random  voltage 
and  then  to  get  statistical  averages,  on  the  assumption 
that  the  current- voltage  function  of  the  nonlinear  element 
and  the  system  transfer  function  are  given.  A  case  is 
treated  in  wli'cti  random  v  dtage  passes  through  a  filter 
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before  entering  the  circuit.  Explicit  formulas  depend¬ 
ing  only  on  the  assumptions  can  be  given  for  the 
moments  of  all  orders  of  the  voltage  across  part  of  the 
circuit,  and  similarly,  for  its  frequency  spectrum. 

The  method  of  computation  explicitly  requires  the  use 
of  the  Wiener  theory  of  Brownian  motion  (Acta  Math. , 
v.  55:  117,  1930  and  Amer.  Math.  Soc.  ,  Colloquium 
Publications  XIX,  Chap.  9,  1934). 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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NUCLEAR  MOMENTS,  by  B.  T.  Feld.  [  1953]  [22]p. 
incl.  diagrs.  tables,  refs.  [  Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research, and  Air  Force 
Office  of  Scientific  Research  under  DA  36-039-SC-100 1 
AD  10051  Unclassified 

Published  In  Ann.  Rev.  Nuclear  Science,  v.  2:  233- 
260,  1953. 

A  brief  review  is  presented  of  recent  developments  in 
the  techniques  of  determining  the  moments  (including 
the  mechanical  moment  or  spin)  of  nuclear  levels  and 
the  understanding  of  the  values  of  observed  nuclear 
moments  in  terms  of  possible  nuclear  models.  In¬ 
tended  to  cover  mainly  the  highlights  of  work  reported 
in  1951,  it  is  not  an  exhaustive  literature  survey.  A 
total  of  178  foreign  and  domestic  references  are  cited. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  FIVE  CHANNEL  ELECTRONIC  ANALOG  CORRELA 
TOR,  by  M.  J.  Levin  and  J.  F.  Reintjes.  [  1953] 

[  10  ip.  incl.  illus.  table.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  I  Air  Force  ] 
Office  of  Scientific  Research  under  DA  36-039- sc- 
100  )  AD  10280  Unclassified 

Also  puhlished  in  Proc.  National  Electronic  Confer¬ 
ence,  V.  8:  647-656.  Jan.  1953. 

Recent  applications  of  statistical  theory  to  communica¬ 
tion  problems  require  the  evaluation  of  the  correlation 
functions  oi  electrical  phenomena.  Most  exciting  cor- 
lelators  consume  considerable  time  in  computing  these 
functions,  since  they  are  capable  of  ohtaining  only  one 
point  of  the  curve  al  a  lime.  More  rapid  evaluation  of 
correlation  functions  would  extend  the  usefulness  of 
these  techniques.  This  paper  describes  an  electronic 
analog  correlator  which  computes  five  points  of  a  cor¬ 
relation  curve  simultaneously.  The  correlator  obtains 
these  points  from  the  actual  time  series  under  con¬ 
sideration  within  2  to  30  sec  and  displays  them  ,n  the 
form  of  spit  displacements  on  the  face  of  a  cathode-ray 
tube.  Input  signal  frequencies  from  200  cps  to  500  kcps 
are  handled  accurately.  Values  of  delay  between  adja 
cent  pilots  ranging  from  1  to  400  ..sec  are  available. 
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The  equipment  utiltzes  pulse-circuits  techniques  for  the 
computing  circuits.  The  correlator  is  especially  useful 
for  the  study  of  time  series  whose  characteristics  change 
with  time.  Results  of  brief  studies  of  some  of  these 
nonstationary  series  are  presented. 


MIT.  10:130 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

HEAD- END  DESIGN  FOR  FM  TUNERS.  A  DETAILED 
ANALYSIS  OF  THE  PROBLEMS  ASSOCIATED  WITH 
THE  DESIGN  OF  FM  TUNER  HEAD-ENDS,  WITH 
PRACTICAL  SOLUTIONS,  by  H.  H.  Cross.  1952 
[  7 1  p.  lncl.  lllus.  table,  refs.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  f  Air  Force1 
Office  of  Scientific  Research  under  DA  36-039- sc- 100) 

AD  52543  Unclassified 

Also  published  in  TV  and  Radio  Engineering,  v.  23: 

Feb. -Mar.  1953. 

The  design  of  signal-frequency  and  frequency-changing 
sections  of  narrow-band  VHF  superheterodyne  receivers 
for  the  FM  broadcast  band  is  analyzed.  It  is  shown  that 
since,  noise  factor  varies  Inversely  as  the  power  effi¬ 
ciency  of  the  input  network,  any  finite  -Q  Input  network 
must  compromise  between  noise  factor  and  selectivity. 
For  a  given  number  of  tuned  circuits,  the  best  arrange¬ 
ment  is  one  which  utilizes  one  tuned  circuit  for  the  in¬ 
put  network  and  the  rest  to  obtain  Interstage  selectivity. 
Mixer  operation  is  considered,  and  the  optimum  adjust¬ 
ment  is  found  to  be  relatively  low  oscillator  Injection 
combined  with  HF  gain  sufficient  to  make  the  amplifier 
input  noise  one  to  ten  times  the  power  of  the  noise 
gene  ated  In  the  mixer  tube.  Tuners  built  in  accordance 
with  these  prlncip.es  are  described  hrlefly.  Expert 
mental  data  show  that  their  performances  compare 
favorable  with  those  of  medium-frequency  receivers. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics  Cambridge. 

SYNTI1  EtflS  OF  TRANSFER  FUNCTIONS  WITH 
POLES  RESTRICTED  TO  THE  NEGATIVE  REAL  AXIS, 
by  1.  Weinberg.  1953  10  p  lncl  dlagrs.  (Spot! 

sored  jointly  by  Signal  Corps,  Office  of  Nava!  Research, 
and  '  Air  Force  Office  of  Scientific  Research  under 
DA  36  039  sc  100  )  Unclassified 

Published  in  Jour.  Appl.  Rhys  .  v  24:  207  216. 

Feb.  1953. 

A  procedure  for  the  synthesis  of  general  RC  transfer 
functions  by  n  eans  of  unbalanced  networks  is  described. 
The  transfer  function  need  not  be  minimum  phase  but 
may  have  zeros  anywhere  in  'he  complex  plane  except 
on  the  positive  real  axis.  Use  is  made  of  the  technique 
of  zero  siufting  as  in  the  Gulllerun  procedure;  but  the 


additional  use  of  a  network  theorem  divides  the  desired 
network  into  2  parts,  with  a  consecpent  reduction 
of  the  problem  to  2  simpler  problems.  Zero  shifting 
can  now  be  performed  in  2  directions  from  within 
the  total  network.  The  theorem  plus  a  method  of  using 
fewer  paralleled  ladders  yield  a  final  network  with 
fewer  ladders  and  fewer  elements  than  that  given  by  the 
Gulllemin  procedure.  In  the  illustrative  example 
given,  26  elements  are  used,  whereas  the  Guillemln 
procedure  would  use  66.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  BIBLIOGRAPHY  OF  INFORMATION  THEORY  - 
COMMUNICATION  THEORY  -  CYBERNETICS,  by 
F.  L.  Stumpers.  Feb.  2,  1953,  46p.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
T  Air  Force  Office  of  Scientific  Research  under  DA  36- 
039- sc- 100)  ATI-193720  Unclassified 

This  bibliography  of  approximately  1000  entries  on 
Information  theory  includes  works  covering  the  follow¬ 
ing  spheres:  (1)  general  theory:  (2)  transmission 
capacity,  signal  to-nolse  ratios,  and  a  comparison  of 
systems:  (3)  definition;  (4)  correlation,  prediction, 
filtering,  and  storage;  (5)  radar;  (G)  biophysical  applica¬ 
tions:  (7)  technological  applications;  (8)  miscellaneous 
applications;  (9)  mathematics;  and  (10)  pulse  modula¬ 
tion. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

FEEDBACK  THEORY.  I.  SOME  PROPERTIES  OF 
SIGNAL  FLOW  GRAPHS,  by  S.  J.  Mason.  Feb.  2, 
1953,  25p.  lncl.  lllus.  (Technical  rept.  no.  153) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039- sc- 100)  AD  11294  Unclassified 

Also  published  In  Proc.  Inst.  Radio  Engineers,  v.  41: 
1144  1156,  Sept.  1953. 

The  fundamentals  are  presented  of  flow- graph  topology 
which  exposes  the  structure  (Gestalt)  of  the  functional 
relationships  associated  with  a  signal  flow  graph.  The 
latter  is  interpreted  as  a  signal  transmission  system 
In  which  each  node  is  a  repeater  station.  The  station 
receives  signals  via  incoming  branches,  combines  the 
Information,  and  transmits  the  result  along  each  out 
going  branch.  The  manipulative  techniques  are  shown 
by  which  flow  graphs  may  lie  transformed  or  reduced, 
thereby  solving  or  programming  the  solution  of  the 
accompanying  ations.  Illustrative  examples  are 
given  Spei  .turn  t  >  linear  flow  graphs  yields  re 
suits  which  are  useful  for  the  discussion  of  the  general 
theory  of  feedback  in  linear  systems,  as  well  as  for 
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the  solution  of  practical  linear  analysis  problems. 
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Massachusetts  Inst,  of  Tech.  I  Research  Lab.  of 
ElectronicsJ  Cambridge. 

SYNTHESIS  OF  UNBALANCED  RLC  NETWORKS,  by 
L.  Weinberg.  1953]  r7]p.  Incl.  dlagrs.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
r  Air  Force  Office  of  Scientific  Research  under  r  DA  36- 
039- sc- 100  )  Unclassified 

EuMshedJll  Jour.  Appl.  Phys. .  v.  24:  300-306,  Mar. 
1953. 

A  method  Is  demonstrated  for  synthesizing  an  unbalanced 
RLC  network  with  lossy  colls,  1  e.  ,  each  Inductance  has 
an  associated  series  resistance.  The  network  realizes 
a  minimum  phase  transfer  function  whose  numerator  and 
denominator  are  of  degree  not  higher  than  the  third  and 
fourth,  respectively,  and  whose  poles  and  zeros  may 
He  anywhere  In  the  left  half  of  the  complex  frequency 
plane.  It  Is  shown  that  In  many  cases  higher  degree 
functions  may  be  reaUzed  as  one  network.  For  a  trans¬ 
fer  function  of  arbitrary  degree,  factoring  into  compon¬ 
ent  transfer  functions  is  carried  out.  each  components 
having  lhe  above  characteristics:  the  components  are 
Ihen  realized  separately  and  isolated  from  each  other 
by  vacuum  lubes  supplying  gain.  The  melhod  makes 
use  of  lhe  following  new  features:  (1)  A  breakdown  of 
a  Uurwllz  polynomial  Into  two  Hurwllz  polynomials  so 
that  a  division  by  one  of  them  yields  a  sum  of  unity  plus 
a  positive  real  RLC  function,  each  of  whose  partial- 
fraction,  terms  (complex  poles  laken  in  pairs,  or  course! 
is  positive  real.  (2)  An  application  of  a  network  theorem 
which  dl  ;!des  lhe  desired  network  Into  two  networks, 
thus  si pllfylng  lhe  synthesis  problem.  (3)  A  method 
of  zero  shifting  to  any  point  in  the  lefl  half -plane  with 
al  least  one  pair  of  complex  poles.  A  furlher  advantage 
of  the  pmredure  Is  that  the  network  may  be  designed  to 
possess  input  and  output  shunt  capacitances  f  >  that  tube 
capacitances  may  be  automatically  provided  for.  (Con¬ 
tractor’s  abstract) 


MIT  10:135 

Massachusetts  lost,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

11YPER FINE  STRUCTURE  AND  NUCLEAR  MOMENT 
RATIOS  OF  THE  STABLE  BROMINE  190TOPES,  by 
J.  G  King  and  V.  Jaccurino.  Mar.  26.  1953  7.p 

incl.  tables,  refs  (Sponsored  s'intly  by  Signal  Corps. 
Office  of  Naval  Research  and  Air  Force  Office  of 
Scientific  Research  under  I)A  36  039  sc  ICO) 

AD  44506  Unclassified 

Presented  at  meeting  of  the  Amer  Phys.  Sic  . 

Durban  and  Chapel  Bill.  N.  C.  Mar.  26  23.  1353 

Also  published  in  l’hvs.  Rev.,  v  34:  1010  1010. 

June  15  1153. 
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The  hyperfine  structure  of  the  2Pj/j  state  of  atomic 
Br79  and  Br81  was  Investigated  by  the  atomic-beam 
magnetic-resonance  method.  The  ratio  of  the  mag¬ 
netic  dipole  Interaction  constants  a81/a79  Is  1.  07794  i 
0.00001,  and  the  ratio  of  the  electric  quadrupole  Inter¬ 
action  constants  b79/b81  Is  1. 9707  *  0. 00003.  Apply¬ 
ing  the  results  of  recent  theoretical  calculations  by 
Sternhelmer,  Roster,  and  Feld,  the  following  values  of 
nuclear  quadrupole  moments  were  computed: 

Q79  =  0.  335  x  10  24cm2  Q81  =  0.  280  x  10‘24cm2. 
(Contractor's  abstract) 

MIT. 10:136 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

IF  AND  DETECTOR  DESIGN  FOR  FM.  PART  I. 
EXAMINATION  OF  TYPICAL  CONDITIONS  UNDER 
WHICH  RECEIVERS  MUST  OPERATE.  VARIOUS 
EFFECTS  OF  INTERFERENCE.  PART  n.  PER¬ 
FORMANCE  REQUIREMENTS  FOR  THE  IF  SECTION, 
AND  DESIGN  PROCEDURE  INVOLVED.  LIMIT ER 
CHARACTERISTICS.  PART  HI.  LIMITERS  CON¬ 
CLUDED.  THE  FREQUENCY  DETECTOR.  COM¬ 
PLETE  TUNER  CIRCUIT  DIAGRAM  AND  CONCLUD¬ 
ING  REMARKS,  byR.  A.  Paananen.  [1953]  [  23  ]  p. 
Incl.  illus.  refs.  (Parts  1,  2,  and  3  of  its  Rept.  on  IF 
and  Deleclor  Design  for  FM,  AD  52544;  Pt.  1, 

AD  5  2  544(a);  Pt  2,  AD  52544(b);  Pt.  3,  AD  5  2  544(c)) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  r  Air  Force  Office  of  Scientific  Re¬ 
search  under  DA  36-039- sc- 100)  AD  52544 

Unclassified 

Also  published  in  TV  and  Radio  Engineering,  Pt.  1, 
v.  23.  Apr. -May  1953:  Pt.  2,  v.  23,  June- July,  1953: 
Pt.  3,  v.  23.  Aug. -Sept.  1953. 

This  paper  concern*  the  application  of  a  wtde-band, 
Interference- reducing  theory  to  FM  broadcast  receiver 
design.  The  fir*!  part  concerns  the  space  link  between 
the  transmitter  and  receiver,  with  regard  to  wave 
propagallon,  coverage,  and  Interference.  This 
material  facilitates  specification  of  some  receiver 
characteristics,  such  as  selectivity  and  spurious 
responses.  The  second  part  pertains  to  receiver  de¬ 
sign,  beg  lining  with  a  chapter  on  IF  amplifiers. 
Various  selectivity  configurations  are  compared,  wlih 
special  attention  given  to  an  approximation  mtthod 
useful  in  filter  design.  Overloading,  phase  ■  shift  dls 
tortion.  anj  detailed  design  are  als<>  covered.  The 
section  on  limiters  contains  general  material  relevant 
to  crystal  limiter  performance,  defines  a  limiter  co¬ 
efficient.  aid  discussed  the  6DNG  tube  as  a  limiter.  A 
ratio  detector  circuit  is  evolved  111  the  next  section, 
ami  data  are  given  from  experiments  on  a  100  kc 
detector.  Wiring  data  for  the  receiver  and  the  results 
of  testu  on  the  complete  unit  are  then  given,  the  final 
sections  concern  possible  Improvements  as  well  aB  an 
evaluation  of  the  design  ami  operating  differences 
between  this  receiver  ami  a  typical  narrow  band  unit 
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Massachusetts  Inst,  oi  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

METHODS  OF  MEASURING  THE  PROPERTIES  OF 
IONIZED  GASES  AT  HIGH  FREQUENCIES.  IV.  A 
NULL  METHOD  OF  MEASURING  THE  DISCHARGE 
ADMIT  TANCE,  by  L.  Gould  and  S.  C.  Brown.  Apr.  8, 
1953  [4lp.  lncl.  diagrs.  (Technical  rept.  no.  256) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  [Air  Force ]  Office  of  Scientific  Research 
under  DA  36-039- sc- 100)  AD  52553  Unclassified 

Also  published  In  Jour.  Appl.  Phys.  ,  v.  24:  1053-1056, 
Aug.  1953. 

The  admittance  of  a  gas  discharge  may  be  obtained  from 
measuring  the  ratio  of  the  transmitted  power  through  a 
microwave  cavity  to  the  incident  power  as  a  function  of 
signal  frequency  near  the  cavity  resonance.  The  method 
Involves  balancing  the  transmitted  and  Incident  signals 
to  zero  at  the  cavity  resonance  after  they  have  passed 
through  two  separate  receiving  systems.  When  the 
signal  frequency  Is  changed,  an  attenuator  Is  used  to 
rebalance  the  two  signals.  The  change  In  frequency 
from  resonance  and  the  corresponding  change  In 
attenuation  gives  the  necessary  data  which  will  plot  as 
a  straight  line  whose  slope  yields  the  desired  Informa¬ 
tion.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ZEEMAN  EFFECT  IN  ROTATIONAL  SPECTRA  OF 
ASYMMETRIC  ROTOR  MOLECULES,  by  H.  F.  Burke 
and  M.  W.  P.  Strandberg.  !  1953  !Gp.  lncl.  diagrs. 
tables,  refs.  (Sponsored  jointly  by  Signal  Corps.  Office 
of  Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  '  DA  36-039- sc  100  1 )  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  , 
Cambridge,  Mass  .  Jan.  22  21.  1953. 

Published  In  Phvs  Rev.,  v.  SO:  303  308,  Apr.  15,  1953. 

The  theory  «>1  rotational  molecular  magnetic  moments 
Is  appt.ed  to  the  study  of  the  Zeeman  effect  in  microwave 
rotational  soectra  of  asymmetric- rotor  molecules. 
Measurements  on  absorption  lines  of  IljO,  JjO.  and 
IHX)  are  used  to  verify  the  theory,  and  the  gyromagneltc 
tensors  associated  with  these  molecules  are  deduced. 

A  discussion  of  electronic  perturbation  of  rotational 
energy  levels  Is  appended.  (Contractor's  abstract! 

NUT.  10.139 

Massachusetts  Inst,  of  Tech.  Research  t.ab.  of 
Electronics  Cambridge. 

.SOME  EXPERIMENT.-;  ON  THE  RECOGNITION  OE 
SPEECH,  WITH  ONE  AND  TWO  EARS,  by  E.  C 


Cherry.  May  5,  1953  [  5  ]  p.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force]  Office  of  Scientific  Research  under  DA  36-039- 
sc- 100)  AD  26317  Unclassified 

Also  published  In  Jour.  Acoust.  Soc.  Amer. ,  v.  25: 
975-979,  Sept.  1953. 

This  paper  describes  a  number  of  objective  experi¬ 
ments  on  recognition,  concerning  particularly  the  re¬ 
lation  between  the  messages  received  by  the  two  ears. 
Rather  than  use  steady  tones  or  clicks  (frequei  ;v  or 
time-point  signals)  continuous  speech  1>  used,  and  the 
results  Interpreted  in  the  main  sta'lstlcally.  Two 
types  of  test  are  reported:  (a)  the  behavior  of  a  listener 
when  presented  with  two  speech  signals  simultaneously 
(statistical  filtering  problem)  and  (b)  behavior  when 
different  speech  signals  are  presented  to  his  two  ears. 
(Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

MICROWAVE  SPECTRUM  OF  THE  WATER  MOLE¬ 
CULE,  by  D.  W.  Poscner.  May  14,  1953,  156p.  lncl. 
tables,  refs.  (Technical  rept.  no.  255)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force]  Office  of  Scientific  Research  under  DA  36 
039- sc  100)  AD  14660  Unclassified 

The  centrifugal  distortion  theory  applicable  to  the  HjO 
molecule  and  Its  Isotopic  modifications  was  rederived. 
Rotational  constants  and  distortion  parameters  were 
calculated  (or  the  H-O,  DjO,  and  I1DO  molecules  by 
a  utilization  i.f  the  theory  with  Infrared  data:  the  re 
suiting  theoretical  transition  frequencies  were  com- 
paied  with  those  observed  In  the  microwave  region. 
Theoretically  calculated  parameters  were  employed 
to  obtain  Q-  branch  frequencies  In  HDO;  a  relationship 
was  established  between  the  theoretical  and  observed 
values.  The  comparison  indicated  that  the  theoretical 
distortion  corrections  represented  true  conditions;  a 
simple  variation  of  ihe  effective  moments  provided 
reasonable  agreement  will)  experiment.  The  param 
tiers  accounted  for  the  known  |  .\J  !  -  1  transitions  in 
11DO.  The  validity  of  the  llillger  Slrajslberg- Kivelson- 
Witson  approximation  for  calculating  UieQ  branch  fee 
quencles  In  IHX)  Is  discussed,  Ilie  effective  reclpro 
cal  momenlp  of  inertia  for  IllX)  are:  a  7.  0396  . 
0.0005  X  10J  me  sec,  b  2.7300  »  0.0005  x  105 
me /sec.  and  c  1.9186  >  0.0005  x  10^  me /sec  with 
K  0.6841  »  0.  0002.  The  new  transitions  observed 
in  Ihe  microwave  spectra  of  DjO  and  I1IX)  are: 

DjO  220-w  3,j.  10,  919.  39  .  0.05  me  sec.  HDO 
845  844  .  24,  844.  77  »  0.  05  me  sec:  HDO  1056  -» 

1055,  8836.95  »  0.  1  me  sec;  aisi  ltlX>  U57-»  1<5C. 

22.  581.  t  i  0.  2  me  sec.  A  line  al  26,  880.  38  ■  38  > 
0.05  me  sec  was  identified  as  the  6^  — »  7j7  transl 
Hon  of  II1X>. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

CORRECTED  VALUES  OF  FOWLER -NORDH El M  FIELD 
EMISSION  FUNCTIONS  v(y)  AND  s(y),  by  R.  E. 

Durgess,  H.  Kroemer,  and  J.  M.  Houston  [  1953] 
r  1  !p.  lncl.  table.  (Sponsored  Jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  [  Air  Fore-'  Office  of 
Scientific  Research  I  under  [  DA  30-039  st-100]) 

Unclassified 

Published  In  I’hys.  Rev.,  v.  90:  515,  May  15,  1953. 

Corrected  values  are  given  for  the  function  v(y)  which 
appears  In  the  exponent  of  the  Fowler- Nordhelm  equation 
for  field  emission  from  a  metal.  Values  are  also  given 
for  the  function  s(y)  which  relates  to  the  slope  of  loga¬ 
rithmic  plots  of  the  Fowler- Nordhelm  equation.  (Con¬ 
tractor’s  abstract) 
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M  EMISSION  BANDS  OF  THE  TRANSITION  METALS  IN 
THE  SOLID  STATE,  by  E.  M.  Gyorgy.  May  25,  i953, 
34p.  lncl.  dlagrs.  tables,  refs.  (Technical  rept.  no. 

254)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  (  Air  Force]  Office  of  Scientific 
Research  under  DA  36-039  SC- 100)  AD  28470 

Unclassified 

M  emission  bands  of  Cr,  Mn.  Fe,  Nl,  and  Cu  were 
studied  with  a  modified  vacuum  spectrograph  which 
employed  the  grazing  Incidence  Howland  mounting  with 
a  movable  plio  tod  elector  capable  of  measuring  radiation 
Intensities  In  the  range  of  50  800  /„  The  spectra  dis 
cussed  were  produced  by  transitions  of  valence  electrons 
In  the  excited  3  l’j/j  8tateB  of  the  atom.  An  ex 
planation  of  several  of  the  observed  features  of  the  bands 
Is  permitted  by  assuming  (1)  the  observed  bands  repre 
sent  only  the  density  of  d  type  electrons:  or  (2)  an 
appreciable  part  of  the  experimental  bands  Is  due  to  the 
conduct  on  electrons.  The  emission  process  and  some 
aspects  of  background  radiation  are  discussed.  Experl 
mental  emission  curves,  emission  edges,  emission 
bandwidth*,  ami  electron  distribution  curves  are  Included 
fm  the  metals  studied. 
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COMMUNICATION  IN  THE  PRESENCE  04  ADDITIVE 
GAUSSIAN  NOISE,  by  E  A.  Muller.  May  27.  1953. 

1 7p  md  dlagrs.  refs  (Technical  rept.  no.  244) 
(Sponsored  jointly  by  Signal  Corps  CHflce  of  Naval  He 
soarili.  and  Air  force  Office  of  Scientific  Research 
umterDA  30  039.se  100)  AD  33853  Unclassified 
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This  report  presents  an  analysis  of  the  properties  of 
finite  segments  of  noise  taken  from  correlated 
gausslan  noise.  ITUs  analysis  is  applied  to  the  prob¬ 
lem  of  optimal  detection  of  signals  when  a  communica¬ 
tion  channel  adds  gausslan  noise  and  introduces  a 
linear  distortion.  Some  specific  examples  are  dis¬ 
cussed  briefly,  such  as  the  polnt-by-point  measurement 
of  a  quantity  as  a  function  of  some  parameter,  or  ap¬ 
plications  to  the  problem  of  communication  In  a  limited 
band,  disturbed  by  uncorrelated  noise.  (Contractor’s 
abstract,  modified) 
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A  COMPUTER  FOR  SOLVING  INTEGRAL  FORMULA¬ 
TIONS  OF  ENGINEERING  PROBLEMS  BY  METHODS 
OF  SUCCESSVE  APPROXIMATIONS,  by  J.  M.  Ham. 
May  28,  1953,  54p.  inch  lllus.  dlagrs.  tables,  refs. 
(Technical  rept.  no.  241)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force  ] 
Office  of  Scientific  Research  under  DA  36-039- sc- 100) 
AD  28573  Unclassified 

Variational  methods  of  successive  approximations  for 
solving  the  linear  operational  equation  Pa  ♦  jl  =.  0  are 
examined,  where  P  Is  an  n  x  n  matrix,  p  Is  a  known 
vector,  and  a  Is  an  unknown  vector.  The  equation  Is 
used  to  represent  linear  simultaneous  equations,  inte 
gral  equations,  and  boundary  value  problems  In  differ¬ 
ential  equations.  The  variational  principle  Informing 
the  methods  of  solution  is  that  of  associating  with  the 
basic  equation  a  scalar- valued  functional  W(u)  that 
attains  Its  exlrema  when  the  equation  Is  satisfied: 

W(j)  defines  a  surface  over  the  n- space  of  the  operator 

P.  In  this  space  the  solution  sequences  i  ,  iij . 

um  generated  by  relaxation  and  classical  lnteratlve 
methods  describe  particular  types  of  vector  trajectories 
that  terminate  under  the  extrema  of  W(n).  It  is  con¬ 
cluded  that  nmall  and  relatively  simple  special-purpose 
computers  designed  for  use  by  the  research  worker  can 
contribute  significantly  to  the  effective  application  of 
methods  of  successive  approximations.  The  design  and 
application  of  such  a  computer  Is  described.  The  In 
ternal  operations  are  In  part  digital  and  In  part  analog. 
The  major  mathematical  function  performed  by  the 
machine  Is  that  of  transforming  an  n  vector  by  in  n  x  n 
matrix.  A  40  vector  may  be  bo  transformed  In  -approx! 
mately  40  sec.  The  machine  carries  9  binary  digits. 
The  machine  Is  effective  for  evaluating  Integral  Iran* 
formations  such  as  Fourier,  correlation,  and  convolu 
lion  integrals. 
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APPARATUS  FOR  MICROWAVE  SPECTROSCOPY,  by 
M.  W  P.  Strandberg.  11.  It.  Johnson,  and  J.  It 
Eslibach.  June  12.  1953  17  p.  lncl.  lllus.  refs 
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f  Sponsored  jointly  by  Signal  Corps.  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039-sc-100j  AD  53357  Unclassified 

Also  published  In  Rev.  Sclent.  Instruments,  v.  25: 
776-791,  Aug.  1954. 

Design  considerations  are  presented  for  a  video  micro- 
wave  spectrograph  using  Slark  modulation  and  a  crystal 
or  bolometer  delector.  Cryslal  and  source  noise  is 
explicitly  included  in  lhe  treatment.  A  detailed  descrip¬ 
tion  of  some  of  the  equipment  In  use  In  lhe  laboratory  Is 
given.  Some  of  the  advantages  and  disadvantages  of 
other  systems  are  mentioned.  (Contractor’s  abstracl) 
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CORRELATION  FUNCTIONS  AND  SPECTRA  OF 
MUSIC  AND  SPEECH,  by  I.  Uygur.  June  15,  1953,  42p. 
incl.  lllus.  refs.  (Technical  rept.  no.  250)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
I  Air  Force  ’  Office  of  Scientific  Research  under  DA  36 
039-  sc  100)  AD  22267  Unclassified 

A  history  of  the  study  of  music  and  speech  In  the  field 
of  communication  is  given.  A  discussion  Is  given  of  the 
basic  Ideas  and  tools  In  the  statistical  theory  oi  com¬ 
munication  connected  to  music  and  speech.  The  elec¬ 
tronic  technique  for  performing  the  necessary  mathe¬ 
matical  operations  to  obtain  correlation  functions  which 
yield  to  spectra  are  described,  wiih  emphasis  on  the 
delay  problem.  The  experimental  results  of  a  study  of 
music  and  speech  with  these  methods  are  presented. 
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THE  USE  OF  FREQUENCY  MODULATION  FOR 
TELEVISION  TRANSMISSION,  by  R.  D.  Stuart.  L.  B. 
Arguimbau  and  others.  July  6.  1953,  25p.  incl.  illus 
(Technical  rept  no.  259)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36  039  e.  100) 

AD  18975  Unclassified 

Investigations  were  made  of  FM  television  trans¬ 
missions.  A  facsimile  system  having  an  1800  c  AM 
carrier  was  detected,  aial  the  video  wave  form  was  used 
t  >  frequency  modulate  a  14  kc  carrier.  A  signal  which 
was  acoustically  delayed  25  msec  and  a  direct  signal 
were  added  to  simulate  multipath  transmissions 
Diubleslde  band  o|>eratIon  was  used  over  a  bandwidth 
equivalent  to  5  me  for  a  140  me  Carrier.  Interfering 
signals  up  to  701;  of  the  desired  signal  were  investigated 
The  tests  were  made  with  a  3  element  Dutterworth 
filter  having  3  db  points  at  (he  equivalent  of  140  t  2.  5 
me.  The  test  signal  was  frequency  modulated  with  a 
trapeaoidat  wave  having  a  rise  time  equivalent  to  0  08 

466 


u sec.  The  Investigations  indicaled  lhat  under  multi¬ 
path-transmission  conditions,  the  stronger  signal  may 
caplure  In  an  FM  system  even  In  lhe  presence  of 
slrong  Interference.  The  characteristic  ghosl  of  spike 
inlerference  was  presenl,  and  11s  repetition  rate  de¬ 
pended  on  the  frequency,  with  the  bandwidth  lhe  same 
as  the  hlghesl  componenls  of  the  lransmllled  wave 
form,  the  spike  frequency  fell  In  a  region  of  the  spec- 
lrum  conlalning  plclure  information.  Effective  flllerlng 
in  the  lalter  case  appeared  dlfflcull;  pre-emphasis 
simplified  but  did  not  solve  lhe  problem.  The  use  of 
wider  bandwidths  for  effective  Inlerference  reduction 
was  considered  possible. 
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HYPER  FINE  STRUCTURE  OF  IODINE  (Abstracl),  by 
J.  G.  King,  H.  H.  Stroke,  and  V.  Jaccarlno.  [  1953’ 
f  1  ’p.  (Sponsored  joinlly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [Air  Force  Office  of  Scientific 
Researehl  under  l  DA  36-039- sc -100 ] )  Unclassified 

Presented  at  meeling  of  lhe  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  30-May  2,  1953. 

Published  In  Phvs.  Rev.,  v.  91:476,  July  15,  1953. 

The  atomic  beam  magnetic  resonance  method  was  used 
to  Investigate  the  2Pj  ,  2  atomic  ground  state  of  the 
slable  Isotope  of  Iodine.  From  observations  of  the 
Zeeman  frequencies  in  a  known  weak  magnetic  field, 
the  value  of  5/ 2 ft  for  the  nuclear  spin  I  was  verified. 
Further  work  is  In  progress  to  determine  the  nuclear 
magnetic  dipole  and  electric  quadrupole  Interaction  con¬ 
stants.  There  ha*  been  considerable  interest  In  the 
hyperfine  structure  of  iodine  for  some  time  because 
of  the  possible  existence  of  a  nuclear  magnetic  octupole 
Interaction.  (Contractor’s  abstract) 
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A  •MAGNETIC  SCANNING"  METHOD  FOR  1NVEST1 
GATING  HYPERFINE  STRUCTURE  AND  ISOTOPE 
SHIFT,  by  F.  flitter,  11.  II.  Plotkln  and  others. 

1953  I  p.  (Spinsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36  039  sc-  100  ) 

Unc  lassified 

Published  ill  Phys.  Rev.,  v.  91:421,  July  15,  1953 

A  new  technique  tor  observing  hyperfine  structure  ami 
Isotope  shift  in  absorption  lines  is  applied  to  a  study 
of  ttie  resonance  lines  of  vaporxted  natural  lig  isotopes 
as  welt  as  the  radioactive  lie1'*7.  The  2037A  radiation 
emitted  axially  troni  a  Ilg*”  lamp  in  a  magnetic  Held, 
and  passed  through  a  quarter  wave  plate  and  Nlcol 
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prism  to  ohtain  one  of  the  two  a  -components  of  'n* 
normal  Zeeman  triplet,  provides  a  variable  -(regency 
monochromatic  light  source  for  selective  excitation  of 
components  of  the  entire  hyperfine  structure  pattern  of 
the  resonance  line  of  natural  Hg;  fields  up  tc  10,  000 
gauss  vary  the  frequency,  while  resonance  radiation 
Intensity  is  observed  with  a  photomultiplier.  Computa¬ 
tion  of  frequency  from  the  magnetic  field  was  in  good 
agreement  with  previous  findings  but  anomalous  results 
were  found  for  Intensities.  Observation  of  small 
samples  of  Hg*^,  produced  from  deutron  bombarded 
gold  showed  in  addition  to  the  normaf  five  hyperfine 
components  of  the  natural  Hg  spectrum,  presumably  due 
to  contamin  .don,  several  new  components  whose  in¬ 
tensity  changed  with  time.  It  was  not  possible  to  identify 
these  line:?  in  our  preliminary  experiments,  hut  the 
results  seem  at  present  to  be  compatible  with  the  spin 
assignments  of  the  shell  model,  and  of  experiments  on 
emission,  namefy  f 3/ 2  for  the  isomeric  state  and 
1/2  for  the  ground  state.  Further  experiments  attempt 
ing  to  identify  the  various  newly  discovered  lines  are 
also  in  progress. 
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MEASUREMENT  OF  THERMAL  U1FFUSIV1TY  OF 
MAGNESIUM  AT  LOW  TEMPERATURES  HY  VARl ABLE 
STATE  TECHNIQUES  (Abstract),  by  S.  Waldron  and  M. 
A  Herlln.  Apr.  30.  f  953  f  p.  (Sponsored  jointly  hy 
Signal  Corps.  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  DA  35-039 
sc  fOO  )  Unclassified 

Presented  at  meeting  of  the  Aeier.  I'hys.  Soc.  . 
Washington.  D.  C.  ,  Apr.  30  May  2.  f953. 

Published  In  Phys.  Rev.,  v.  Jf:  447,  July  f  5.  1953. 

The  measurement  of  thermal  properties  of  metafs  at 
low  temperatures  by  a  pulsed  and  a  sinusoidal  heating 
of  a  rod  of  the  metal  lias  been  investigated.  The  pulse 
measurements  are  shown  to  be  seriously  limited  by  the 
thermal  resistance  of  the  heater  to  sample  interface. 
Tlie  sinusoidal  measurements,  however,  are  able  to 
yield  the  thermal  dlfilislvity  (ratio  of  thermal  conduc 
ti VI ly  to  specific  heat)  and  thus  form  a  convenient 
method  of  obtaining  this  quantity.  The  melius*  lias  been 
applied  to  magnesium,  whose  specific  heal  Is  known. 
Two  s.nr.ph  s  have  been  investigate*!,  one  of  high  purity, 
ami  one  containing  sufficient  manganese  impurity  to 
slui*  a  pronounced  electrical  resistance  minimum. 

The  thermal  conductivity  derived  from  these  results 
s'mws  the  normal  linear  variation  with  temperature  at 
low  temperatures  for  the  pure  sample,  but  a  nonlinear 
variation  in  the  direction  expected  from  the  electrical 
c  inductivity  anon  aiy  for  the  impure  sample,  lloth 
sail  pies  show  the  characteristic  maximum  at  higher 
te  nperatures  (Contractor's  abstract) 
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NUCLEAR  RESONANCE  LINE  STRUCTURE  IN  HD 
AND  MOLECULAR  SHIELDING  IN  HD,  H,,  ANDDj 
(Abstract),  by  T.  F.  Wimett.  f  10531  [  1 7 p.  (Spon 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Research, 
and  f  dir  Fcrce  Office  of  Scientific  Research  under 
T  DA  36-039- sc  100 1 )  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C.,  Apr.  30- May  2,  1953. 

Published  in  Phvs.  Rev.,  v.  91:  475,  July  15.  f 953. 

Line  splitting  in  both  the  proton  and  deuteron  magnetic 
resonances  in  HD  was  predicted  by  Ramsey  and 
Purcell  and  has  been  observed  by  means  of  the  radio- 
frequency  pulse  technique  and  also  by  a  line  broadening 
measurement.  We  will  report  a  measurement  of  this 
splitting  by  the  direct  recording  of  the  lines  obtained  in 
a  nuclear  resonance  absorption  experiment  of  very  high 
resolution.  As  measured  at  15  kllogauss,  the  splitting 
observed  was  •  42.  7  *  0.  7  cycles.  Dy  comparing  the 

ratio  of  proton  and  deuteron  resonance  frequencies  in 
HD  with  that  observed  in  a  mixture  of  H,  and  D2  gases, 
the  following  difference  between  the  molecular  shielding 
factors  for  H2  and  D2  was  obtained:  0  D2  —  ’  H2 
(0.  65  »  0.  59)  X  to- 1  The  difference  In  the  shielding 
fields  In  D2  and  RD  was  obtained  hy  measuring  the 
shift  between  the  deuteron  resonance  in  D2  from  that  In 
HD  using  a  single  sample  containing  both  gases.  The 
following  result  was  found:  -D-  -  -HD  -  (0.48  1  0.32) 
x  f0-^.  (Contractor’s  abstract) 
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STARK  EFFECT  fN  HIGH  TEMPERATURE  MICRO- 
WAVE  SPECTROSCOPY  (Abstract),  hy  P.  A.  ’  Tate 
and  M  W  (’.  Struiulberg.  f953  f  p.  (Sponsored 
Jointly  hy  Signal  Corps,  Office  of  Naval  Research, and 
Air  Force  Office  of  Scientific  Research  '  under 
DA  30  039  sc  too  )  Unclassified 

Presented  at  meeting  of  the  Amer  Phys  Soc.  , 
Washington.  D  C.  .  Apr.  30  May  2.  f 95 3 . 

Published  l)i  Phys  Rev.,  v.  9t  404,  July  f5.  1953. 

A  simple  lugh  temperature  microwave  spectrograph  was 
built.  Four  rotational  transitions  in  K^Cl^h  and  two 
In  f\39ci3*  were  observe*!.  Those  in  K^Ul^b  agree 
with  Hie  same  transitions  oLserved  hy  Stitch,  lining, 
and  Townes  Rotational  constants  agree  wltlun  expert 
mental  erior  with  lliose  found  by  molecular  I  team 
metis h!s.  Die  Siark  patterns  for  Hie  transitions  J 
2  3.  v  0  in  H3'JClyj  .i.'ki  J  l  2.  v  l)  in 

Nj33C13j  were  stifcluM.  From  these  the  electric  Jipole 
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moments  of  K39C133  and  Na23Cl33  were  determined. 
(Contractor's  abstract) 
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THERMOMECHANICAL  EFFECT  IN  LIQUID  HELIUM 
II  TO  0. 9°K  (Abstract),  by  D.  H.  Rogers  and  M.  A. 
Herlin.  (  19531  (lip.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research  and  [  Air  Force  Office 
of  Scientific  Research]  under  (  DA  36-039-sc-100] ) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  , 
Washington,  D.  C. ,  Apr.  30-May  2,  1953. 

Published  in  Phys.  Rev. ,  v.  91:  489,  July  15,  1953. 

The  thermomechanical  pressure  In  liquid  helium  II 
has  been  measured  as  a  function  of  temperature  differ¬ 
ence  ar.d  ambient  temperature  to  slightly  below  C.  9°K 
ambient.  The  full  thermomechanical  pressure  as  given 
by  the  London  equation  Is  observed.  At  the  lower  tem¬ 
perature  limit  '.he  phonon  contribution  to  the  entropy  Is 
over  half  of  the  total  enlropy,  Indicating  that  the  phonons 
contribute  to  the  thermomechanical  pressure  reversibly 
as  has  been  observed  for  the  higher  temperature  excita¬ 
tions.  A  nonlinear  dependence  of  thermomechanical 
pressure  on  temperature  difference  has  been  found  to  be 
completely  explained  by  the  change  of  enlropy  wllh  lem- 
perature,  substantiating  the  assumption  of  reversibllily. 
It  has  been  found  possible  lo  sustain  a  fairly  large 
temperature  difference  across  lhe  filler  element  even 
at  the  low  temperature  end  of  the  observed  range  without 
introducing  Irreversible  effects  (Conlractor’s 
abstract) 
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ULTRASONIC  MEASUREMENTS  IN  LIQUID  11EUUM 
(Abslracl).  by  C.  E.  Chase.  (1953]  I  p.  (Sponsni  d 
jointly  by  Signal  Corps.  Office  .  f  Naval  Rct.earch,  and 
Air  Force  Office  of  Scientific  Research]  under  (  DA  36 
039  sc  100  )  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  , 
Washington,  D.  C.  .  Apr.  30  May  2,  1953. 

Published  in  Phvs  ltev.,  v.  91:439  July  15,  1953. 

Measurements  of  the  velocity  and  absorption  of  ordinary 
sound  in  liquid  helium  were  made  in  the  temperature 
i  ange  from  0  85“K  to  the  normal  boiling  point,  using  a 
pulsed  ultrasonic  technique  at  frequencies  of  2,  6,  ami 
12  me  sec.  The  velocity  measurements  indicate  the 
absence  of  detectable  dispersion  over  this  frequency 
range.  The  attenuation  measurements  disclose  a  very 
rapid  rise  in  the  attentuatlon  below  1.0°K.  Above  1.  2“K 


o 

quantity  a/r  Is  Independent  of  frequency;  a  marked 
departure  from  this  behavior  at  lower  temperatures 
Indicates  the  presence  of  relaxation  effects.  These  re¬ 
sults  are  in  qualitative  agreement  with  the  theoretical 
predictions  of  Khalatnikov,  whose  calculations  are 
based  on  the  assumption  of  finite  relaxation  times  for 
the  processes  leading  to  a  change  In  the  number  of 
elementary  excitations  present  In  the  liquid.  (Con¬ 
tractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

NETWORK  SYNTHESIS  BY  IMPULSE  RESPONSE  FOR 
SPECIFIED  INPUT  AND  OUTPUT  IN  THE  TIME  DO¬ 
MAIN,  by  F.  Ba  HU.  July  31,  1953,  65p.  incl.  diagrs. 
refs.  (Technical  rept.  no.  261)  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force]  Office  of  Scientific  Research  under  DA  36-039- 
sc- 100)  AD  51989  Unclassified 

A  soluUon  to  the  general  problem  of  synthesis  in  the 
time  domain  is  presented:  given  an  arbitrary  Ume 
function  as  the  specified  Input  to  an  electrical  network 
and  another  such  time  function  as  the  desired  output, 
a  design  procedure  Is  offered  for  a  network  f  r 
obtaining  lhe  required  relationship.  These  arbitrary 
time  functions  may  be  prescribed  either  graphically, 
or  as  analyUc  functions,  or  merely  as  sequences  of 
valueB  at  stated  Intervals  of  Ume.  The  specified  input- 
output  pair  Is  reduced  to  a  single  funcUon  which  Is 
known  as  the  Impulse  response  of  lhe  network  by  a 
simple,  straightforward,  syntheUc  division  procedure. 
The  physical  reallzablUty  of  the  network  Is  tested  by 
two,  easy -to -apply,  crllerla  In  the  time  domain  that 
are  the  analogs  of  the  Hurwllz  test  used  on  funcUons  of 
s.  Then  three  original  methods  are  presenled  for  cal¬ 
culating  the  network  system  funcUon  directly  from  lhe 
Impulse  response  In  the  time  domain.  Ail  three 
methods  offer  lhe  advantages  of  being  simple  and 
computationally  rapid.  Moreover,  it  is  possible  to  gel 
rational  funcUon  approximations  to  transcendental  net¬ 
work  system  functions  by  an  algebraic  method  which 
yields  greal  economy  of  nelwork  elemenls  with  good 
tolerances  In  lhe  Ume  domain. 

MIT.  10:155 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

POWER  GAIN  IN  FEEDBACK  AV.PlJFIEltS.  by  S  J. 
Mason.  Aug.  25,  1953,  l3p.  incl.  iltus.  (Technical 
rept.  no.  257)  (Sponsored  jointly  by  Signal  Corps. 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36  039  sc- 100)  AD  31774 

Unclassified 

Also  published  in  1.  R.  E.  Trans,  of  Professional  Group 
on  Circuit  Theory,  v.  CT  1 .  20  25,  June  1954. 

A  linear  transistor  model  (or  other  linear 
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two  terminal  pair  device)  is  imbedded  in  a  lossless 
passive  network  N  and  the  properties  of  the  complete 
system,  as  measured  at  two  specified  terminal  pairs, 
are  described  by  the  open-circuit  impedances  Zjj, 

Z12'  z21’  Z22  1118  Quantity 

Z21  '  z12 

U  -*  4<RHR22  *  R12!,2l) 

where  Rjk  is  the  real  part  of  Zjk,  is  defined  as  the  uni¬ 
lateral  gain  of  the  transistor.  Quantity  U  is  independent 
of  the  choice  of  N  and  is  (consequently)  invariant  under 
permutations  of  the  three  transistor  terminals  and  also 
under  replacement  of  the  open-circuit  impedances  by 
short  circuit  admittances.  If  U  exceeds  unity  at  a 
specified  frequency,  then  N  can  always  be  chosen  to 
make  Rjj  and  R22  positive  and  Z12  zero  at  that  fre 
quency.  Quantity  U  is  identifiable  as  the  available 
power  gain  of  the  resulting  unilateral  structure.  An 
arbitrary  coupling  network  may  be  decomposed  into  a 
portion  that  accomplished  uni  lateralization  and  a  re¬ 
maining  complementary  portion  that  provides  feedback 
around  the  unilateralized  structure.  Such  decomposition 
brings  some  of  the  methods  of  elementary  feedhack 
theory  to  bear  upon  nonunllateral  circuit  problems  and 
offers  a  viewpoint  from  which  signal  flow  and  power  flow 
can  be  simply  related.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

INFORMATION  FLOW  IN  TASK  ORIENTED  GROUPS, 
hy  K.  D.  Luce,  J.  Macy,  Jr.  and  others.  Aug.  31, 

1053,  95p.  lncl.  aiagrs.  tables.  (Technical  rept.  no. 
264)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  (  Air  Force  J  Office  of  Scientific 
Research  under  DA  36-039- sc  100)  AD49440 

Unclassified 

Chapter  1:  A  nonaction  quantized  group  experiment 
in  which  Ihe  subjects  were  conditioned  in  one  communl 
cation  network  and  tested  in  another  is  described.  The 
difficulties  of  ihis  general  information  flow  problem 
are  pointed  oui.  Chapter  11:  The  group  results  for  time, 
number  of  messages,  content  of  messages,  and  errors 
are  presented.  It  is  shown  that  interesting  carry  over 
effects  occur;  that  the  dominant  effect  is  thai  of  the 
present  communication  network.  Chapter  ID.  Individual 
decisions  are  characterized  in  terms  of  conditional 
probabilities  for  certain  ambiguous  and  unambiguous 
conditions,  but  the  determinants  of  behavior  in  the 
amhiguous  situations  are  not  weli  understood.  Chapter 
IV:  It  is  shown  that  individual  decision  times  and  proba 
hi  lilies  of  decision  are  not  directly  Interdependent,  that 
lx. th  depend  on  the  information  state.  The  exponential 
distribution  is  again  found  adequate  for  individual  de 
cl  sums  aixi  ills  shown  that  ttie  decision  rate  is  nearly 
content  for  seriai  deal  Jons.  Chapter  V:  Subjects’ 
knowledge  of  the  network  and  their  attitudes  toward 
experiences  in  the  groups  are  examined  and  previous 
network  experience  are  given  Chapter  VI:  Conclusions 
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from  this  and  previous  studies  are  drawn,  and 
generalizations  are  made  concerning  future  develop¬ 
ments  and  applications.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

PERSONALITY  FACTORS  AND  THEIR  INFLUENCE 
ON  GROUP  BEHAVIOR:  A  QUESTIONNAIRE  STUDY, 
by  G.  O.  Rogge.  Aug.  31,  1953,  35p.  incl.  tables, 
refs.  (Technical  rept.  no.  265)  (Sponsored  jointly 
Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force]  Office  of  Scientific  Research  under  DA  36-039- 
sc-100)  AD  49536  Unclassified 

The  purpose  of  this  report  is  twofold:  (a)  to  describe 
the  construction  and  analysis  of  a  questionnaire  Instru¬ 
ment  designed  to  measure  some  aspects  of  the  Individu¬ 
al's  personality  organization  which,  It  was  hypothe¬ 
sized,  would  Influence  his  behavior  In,  and  reactions 
to,  task-oriented  groups;  and  (b)  to  report  significant 
relations  found  between  the  personal  characteristics 
measured  by  the  questionnaire  and  several  features  of 
behavior  exhibited  in  an  experimental  group.  (Con¬ 
tractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

COMPUTATIONAL  TECHNIQUES  WHICH  SIMPLIFY 
THE  CORRELATION  BETWEEN  STEADY  STATE  AND 
TRANSIENT  RESPONSE  OF  FILTERS  AND  OTHER 
NETWORKS,  by  E.  A.  Gulllemin.  [  Sept.  2,  1953  ] 
f20]p.  tncl.  tllus.  (Technical  rept.  no.  268) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  ’  Air  Force  J  Office  of  Scientific  Research 
under  DA  36- 039- sc- 100)  AD  55312  Unclassified 

Also  published  in  Proc.  National  Electronic  Conference, 
v.  9:  513-532,  Fob.  1954. 

In  some  wave  filter  applications  It  Is  significant  to 
determine  the  transient  response  for  the  contemplated 
excitation  as  well  as  to  control  the  pertinent  sinusoidal 
steady- state  transmission  and  rejection  properties. 

In  others  li  may  be  necessary  to  consider  simultane 
ously  the  tolerance  specifications  on  the  transient  re 
sponse  as  well  as  on  the  steady- state  frequency  re 
sponse  of  the  filler  in  its  design,  rhe  difficulty  tn 
volved  in  handling  such  specifications  lies  primarily  in 
finding  a  reasonably  simple  way  (computationally  as 
weli  as  logically)  of  correlating  tolerances  or  errors 
In  the  time  domain  with  their  counterparts  in  the  fre 
quency  domain  Formally,  tills  correlation  is  expres 
slble  through  use  of  the  l.aplace  transform;  but  from 
the  standpoint  of  computational  ease  and  Interpretive 
clarity  this  mathematical  relationship  leaves  much  to 
lx*  desired.  The  meltxxi  proposed  in  this  paper  effects 
the  desired  correlation  without  integration,  and  in  many 
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cases  the  pertinent  results  can  be  written  down  by 
Inspection.  While  not  an  exact  method,  It  Is  a  very 
much  better  approximation  than  some  other  approximate 
procedures  that  have  previously  been  proposed.  The 
same  techniques  also  make  possible  easy  computation 
of  the  minimum  phase  associated  with  a  specified  magni¬ 
tude  vs  frequency  variation.  From  this  can  be  obtained 
a  relatively  simple  and  direct  way  of  computing  transient 
response  from  a  specified  gain  or  loss  characteristic 
that  Is  as  accurate  as  need  be  and  one  in  which  the 
appropriate  asymptotic  character  of  the  filter  character¬ 
istic  Is  properly  taken  into  account.  (Contractor's 
abstract,  modified) 
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Massachusetts  liiat.  . .1  Tech.  Research  1 . „  ,,f 
Electronics,  Cambridge. 

STATISTICAL  THEORY  APPLIED  TO  COMMUNICATION 
THROUGH  MULTI  1  ATM  DISTURBANCES,  by  It.  r,,ce. 
Sept  5,  1953,  70p.  inch  dlagrs.  refs.  (Technical  rept 
no  266;  Lincoln  Lab.  tech.  rept.  no.  34)  (In  coopera¬ 
tion  with  M.l.T.  Lincoln  Lab.  under  AF  19(122)458) 
(Sponsored  jointly  by  t  mal  Corps,  Office  of  Naval  lie 
search,  and  [  Air  Force]  Office  of  Scientific  Research 
under  DA  36  039  sc  100)  AD  28497  Unclassified 

Tills  work  Is  concerned  with  the  synthesis  and  evaluation 
of  Integrated  communication  systems  construe  led 
specifically  to  perform  in  the  presence  of  channel  dis 
turbances  of  the  form  encountered  in  muilipalh  propaga¬ 
tion.  In  the  communication  system  considered,  lnforma 
Hon  is  conveyed  from  source  to  user  liy  encoding  It  Into 
electrical  symbols  at  the  transmitter  and  decoding  It  at 
the  receiver.  Statistical  theory,  including  Information 
theory.  Is  used  throughout  the  paper.  Grosn  aspects  of 
multiple  mode  propagation  In  ionospheric  scattering  are 
discussed,  and  previous  efforts  io  improve  systems  af¬ 
fected  by  these  disturbances  are  reviewed.  System 
capacities  are  computed  for  the  transmission  of  band- 
Itnilled  white  Gaussian  signals  through  fixed  multiple 
mode  disturbances,  and  the  optimum  spectral  dis'rlbutlon 
of  transmitter  power  Is  found,  fn  general,  presence  of 
additional  paths  does  not  upset  the  message  handling 
capabilities  of  the  channel  If  suitable  wide  band  signals 
are  used.  Quasi  stationary  path  fluctuations  are  con 
sldered.  and  a  technique  for  measurement  of  the  multi 
path  characteristic  by  the  receiver  Is  suggested.  Ca 
pacllies  are  found  for  slow  path  delay  fluctuations. 

Single  m<xte  scatter  propagation  is  considered  as  - 
complex  multiplicative  Gaussian  process  The  proba 
bill'y  computing  receiver  Is  found  ar llytlcally,  amt  a 
physical  reallration  Is  developed  for  small  signal  to 
noise  ratios.  luiwer  bounds  to  system  capacity  are 
found  for  a  b, nary  transmission  through  scatter.  Inci 
dental  results  are  system  capacities  for  a  related  multi 
licallve  channel,  and  the  capacity  for  a  binary  trans 
mission  through  white  Gaussian  noise.  (Contractor's 
abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  TRANSITION  FROM  FREE  TO  AM  BIPOLAR  DIF¬ 
FUSION,  by  W.  P.  Allis  and  D.  J.  Rose.  Sept.  9, 

1953,  lOp.  inch  dlagrs.  tables.  (Technical  rept.  no 

271)  (In  cooperation  with  Bell  Telephone  Labs. ,  Inc. ) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  r  Air  Force]  Office  of  Sclent  fic  Re 
search  under  DA  36  039  sc  100;  continued  by  DA  36 
039  sc-42607)  AD  39056  Unclassified 

Also  published  in  Phys.  Rev.,  v,  93:84  93,  Jan.  1, 

1954. 

This  p i per  deals  with  tie  spatial  dlitrlbulions  of  tie 
charged  particles,  space-charge  fields,  and  voltages 
in  certain  types  of  gas  discharge  plasmas  and  with  the 
rate  of  ionization  necessary  to  maintain  the  plasma  In 
i  steady  state  in  gas  discharge  plasmas  with  very 
low  charge  densities,  the  charged  particles  diffuse 
freely  In  directions  perpendicular  to  the  applied  elec 
trie  field  because  the  space  charge  field  is  negligible. 
At  high  charge  densities,  the  space- charge  field  satu 
rates  and  gives  rise  to  a  combination  of  diffusive  and 
mobility  flow  termed  amblpolar.  The  transition  be 
tween  these  limits  Is  examined  theoretically  for  the 
case  of  plasmas  maintained  through  lonlxation  by  elec 
tron  Impact.  The  ionization  frequency  per  electron, 
one  of  the  principle  parameters  of  the  transition,  can 
be  re- expressed  In  terms  of  an  effective  diffusion  co¬ 
efficient;  It  falls  from  a  high  value  at  the  free  diffusion 
limit  to  a  low  value  at  the  amblpolar  limit  as  the  elec¬ 
tron  density  increases  over  many  orders  of  magnitude. 
The  transition  is  accompanied  by  changes  In  the  charge 
distributions  and  by  the  development  of  a  positive  ton 
sheath.  The  current  equations  determining  the  process 
are  examined,  and  approximate  solutions  are  obtained. 
Second  approximations  are  obtained  for  the  case  where 
the  ratio  of  electron  to  Ion  energies  is  much  greater 
than  unity.  Machine  solutions  are  presented  both  for 
the  above  case  and  for  an  Isothermal  plasma  In  which 
this  ratio  equals  unity.  An  application  to  the  afterglow 
Is  shown.  (Contractor's  abstract) 
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A  METHOD  OF  MEASURING  FREQUENCY  DET ECTOR 
RESPONSE,  by  G  M.  Rodgers.  Oct.  20.  1953,  6p. 
incl.  illus.  (Technical  rept.  no.  241)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36 
039  sc  42607;  continuation  of  DA  36  039  sc  100) 

A1)  23570  Unclassified 

A  method  is  presented  for  measuring  the  distortion  in 
a  frequency  detector  by  using  the  frequency  derivative 
of  the  detector's  response  curve  A  study  Indicates 
that  the  proposed  method,  by  reducing  the  effects  of 
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distortion  arising  In  the  oscillator  and  frequency  modu 
lator  from  first  to  second  order,  has  less  intrinsic 
error  than  the  wave  analyzer  method.  A  laboratory 
application  of  the  method  is  suggested. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

CONVERSION  OF  A  BRUNE  CYCLE  WITH  AN  IDEAL 
TRANSFORMER  INTO  A  CYCLE  WITHOUT  AN  IDEAL 
TRANSFORMER,  by  F.  M.  Reza.  Nov.  3,  1953  [5]p. 
incl.  diagrs.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  N  .val  Research,  and  [  Air  Force]  Office  of  Scientific 
Research  under  (DA  36-039- sc-42607 ] )  AD  44509 

Unc  lassified 

Also  published  In  Jour.  Math,  and  Phys.  ,  v.  33: 

194-198,  July  1954. 

Bott  and  Duffin'*  result  has  been  arrived  at  by  the 
continuation  of  the  Brune  synthesis  procedure.  This 
provides  an  alternative  proof  to  that  of  Bott  and  Duffln 
for  the  existence  of  a  network  configuration  without  an 
ideal  transformer  for  any  positive  real  function.  This 
method  of  approach  suggests  a  more  unified  synthesis 
procedure:  first  follow  the  Brune  synthesis  procedure. 

If  a  Brune  cycle  with  an  ideal  transformer  is  confronted, 
convert  that  cycle  into  a  cycle  without  a  transformer. 
Numerical  values  of  the  elements  of  the  latter  cycle 
are  found  in  terms  of  elements  of  the  corresponding 
Brune  cycle. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  EXCITATION  OF  PLASMA  OSCILLATIONS,  by 
D.  H.  l/ioney  and  S.  C,  Brown.  Nov.  24.  1953  i  p. 
incl.  lllus.  refs.  (Technical  rept.  no.  273)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research 
and  Air  Forte  Office  of  Scientific  Research  under 
DA  36  039  sc  42607  )  AD  52551  Unclassified 

Presented  at  meeting  of  the  Anier.  Phys.  Sue  , 
Washington,  D.  C.  .  Oct.  22  24,  1953 

Also  published  in  1  tiys.  ltev,,  v.  93:  J65  969.  Mar  i. 
1954. 

A  bean:  of  high  energy  electrons.  Injected  Into  the 
plasma  of  a  dc  discharge  from  an  auxiliary  electron 
gun,  excited  oscillatim  s  In  the  plasma  at  the  plasma 
electron  oscillation  frequency  given  by  the  Tanks 
1  angmuir  equation  A  movable  probe  showed  the 
existence  of  a  standing  wave  patterns  of  the  osclllwt  iry 
energy  In  the  region  of  the  plasma  in  aivl  around  the 
electron  beam  N  xies  of  the  patterns  coincided  with 
the  electrodes  which  limited  the  region  of  the  plasma 
traversed  by  the  beam.  The  standing  wave  patterns 
were  Independent  of  the  frequency  of  the  oscillation 
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At  any  particular  frequency,  the  standing  wave  was 
determined  by  the  thickness  of  the  Ion  sheaths  on  the 
bounding  electrodes.  The  mechanism  of  the  energy 
transfer  from  the  electron  beam  to  the  oscillation  of 
the  plasma  electrons  was  established  as  a  velocity- 
modulation  process  by  the  detailed  behavior  of  the 
frequency  of  oscillation  and  the  transitions  In  the 
standing- wave  patterns  as  the  sheath  thickness  was 
varied.  Experimental  attempts  to  produce  plasma 
oscillations  as  predicted  by  Bohm  and  Gross  proved  to 
be  fruitless.  (Contractor’s  abstract) 


MIT. 11:004 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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DYNAMIC  REVERSIBILITY  AND  BOLTZMANN 
EQUATION  (Abstract),  by  L.  Tisza.  [  1954  ]  [Up. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  [  Air  Force1  Office  of  Scientific  Re¬ 
search  under  DA  36-039-SC-42607)  Unclassified 

The  limits  of  validity  of  Boltzmann’s  integral  equation 
Is  investigated  from  the  point  of  view  of  the  principle 
of  dynamic  reversibility.  The  traditional  theory  turns 
out  to  be  only  a  first  approximation  that  provides 
correct  results  for  the  kinetic  coefficients  such  as 
viscosity,  heat,  and  electrical  conductivity,  but  fails 
to  contain  the  space  time  fluctuations  of  the  densities 
and  currents.  The  relation  between  dynamic  reversi 
billty  and  reciprocity  is  discussed.  (Contractor's 
abstract) 
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THE  NUCLEAR  MAGNETIC  MOMENT  OF  S35  BY 
MICROWAVE  Sl’ECTROSCOl’Y,  by  B.  F.  Burke.  M. 

W.  1'.  Strandberg  and  others  1954  ]2’p.  Incl. 

dlagr.  tables  (Sponsored  jointly  by  Signal  Corps. 

Office  of  Naval  Research,  and  Air  Force]  Office  * 
Scientific  Research  under  DA  36  039  sc  42007) 

Unclassified 

Published  in  I'hvs.  ltev..  v.  93:  193  194,  Jan.  1,  1954. 

The  nuclear  magnetic  moment  of  S33  has  been  measured 
by  ihe  Zeeman  effect  In  the  microwave  spectrum  of 
OCS  yielding  a  value  of  I  00  ■  0.  04  mil,  A  value  of 
the  electric  quadruple  coupling  constant  In  OCS  Is 
found  to  be  21.  90  ■  0.04  me  sec  (Contractor's 
abstract) 
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T11E  SYNTHESIS  OK  SKQl  K.NTIAL  SWITCHING 
OlltCU ITS  by  D.  A.  Huffman.  Jan  10.  1954  .  60  p. 
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Incl.  dlagrs.  tables,  refs.  (Technical  rept.  no.  274) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  [  Air  Force  1  Office  of  Scientific  Research 
under  DA  38-039- sc- [42607])  AD  33857 

Unclassified 

Also  published  in  Jour.  Franklin  Inst. ,  v.  257:  161-190; 
275-303,  Mar.  Apr.  1954. 

An  orderly  procedure  is  developed  by  which  the  require¬ 
ments  of  a  sequential  switching  circuit  (one  with 
memory)  can  be  reduced  to  the  requirements  of  several 
combinational  switching  circuits  (those  without 
memory).  Important  in  this  procedure  are:  (1)  the  flow 
table:  a  tabular  means  by  which  the  requirements  of  a 
sequential  switching  circuit  may  be  stated  precisely  and 
by  which  redundancy  In  these  requirements  may  be 
recognized  and  eliminated;  and  (2)  the  transition  index: 
a  new  variable  which  indicates  the  stability  (or  lack  of 
stability)  of  a  switching  device.  Hie  role  of  those 
switching  devices  which  are  not  directly  controlled  by 
the  input  of  a  sequential  switching  circuit  is  Investigated 
thoroughly.  The  resulting  philosophy,  which  is  exploited 
in  synthesis  procedures  for  circuits  U3lng  either  relay 
or  vacuum-tube  switching  devices,  is  valid  for  circuits 
using  other  devices  as  well.  (Contractor’s  abstract) 


MIT.  11:007 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

A  TIME  GATED  AMPLITUDE  QUANTIZER  FOR 
NEURAL  SIGNALS.  AN  APPLICATION  TO  ELECTRIC 
SIGNALS  FROM  THE  AUDITORY  NERVOUS  SYSTEM, 
by  K.  Putter.  Jan.  t3.  1954,  41p.  incl.  illus.  dlagrs. 
table,  refs.  (Technical  rept.  no.  275)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force]  Office  of  Scientific  Research  under  DA  36 
039  sc  42607)  AD  37045  Unclassified 

Equipment  is  described  which  was  designed  specifically 
to  aid  in  the  first  stages  of  the  analysis  of  data  obtained 
in  electrophyslologlcal  experiments  with  acoustic 
stimuli  The  time  gated  amplitude  quantiser  (TGAQ) 
automatically  quantizes  the  amplitudes  of  preselected 
portions  of  the  signals  and  makes  possible  a  partial 
analysis  during  the  course  of  the  experiment.  Quantiza 
tton  is  achieved  by  an  electromechanical  method.  The 
TGAQ  is  sufficiently  flexlbte  to  select  and  quantize 
signals  present  at  cortical  and  peripheral  locations  of 
the  auditory  nervous  system.  The  TGAQ  may  be 
modified  to  accept  responses  to  stimuli  other  than  single 
clicks.  The  TGAQ  model  was  used  in  a  number  of 
experiments  dealing  with  peripheral  responses.  A 
comparison  of  visual  quantization  and  TGAQ  quantization 
is  given. 

MIT.  1 1:008 

Massachusetts  Inst,  of  Tech.  Research  l.ab.  of 
Electronics  Cambridge. 

MICROWAVE  MEASUREMENT  CF  THE  VEtAKTITY 


DEPENDENCE  OF  THE  COLLISION  CROSS  SECTION 
OF  SLOW  ELECTRONS  IN  HELIUM  (Abstract),  by 
L.  Gould,  r  19541  Tllp.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force] 
Office  of  Scientific  Research  under  DA  36- 039- sc - 
42607)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Oct.  22-24,  1953. 

Published  in  Phvs.  Rev.,  v.  93:  648,  Feb.  1,  1954. 

A  microwave  method  previously  reported  for  determin¬ 
ing  the  collision  probability  for  momentum  transfer  of 
slow  electrons  has  been  modified  so  that  a  variation  In 
average  electron  energy  from  0.012  to  3  electron  volts 
may  be  obtained.  Measurements  of  the  ratio  of  the 
real  to  the  Imaginary  part  of  the  complex  conductivity, 
using  a  null  method,  are  made  in  the  afterglow  of  a 
pulsed  discharge.  The  average  electron  energy  Is 
varied  b>  applying  a  microwave  electric  field  in  the 
afterglow,  and,  under  appropriate  assumptions,  the 
average  energy  is  determined  theoretically  from  this 
field.  Measurements  from  0. 012  to  0.  052  electron 
volt  are  also  obtained  by  varying  the  gas  temperature 
from  95eK  to  400°K.  The  value  of  the  collision  proba¬ 
bility  in  helium  is  18.3*2%  from  0  to  0. 75  electron 
volt  and  Increases  slowly  to  a  peak  value  of  19. 2  i  2% 
at  2.  2  electron  volts.  (Contractor's  abstract) 


MIT. 11:009 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

SPECTROSCOPY  OF  THE  SOLID  STATE:  SOME  OF 
THE  TRANSITION  ELEMENTS,  by  E.  M.  Gyorgy  and 
G.  G.  Harvey.  [1954]  [5]p.  Incl.  dlagrs.  tables, 
refs.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Force]  Office  of  Sctentiflc 
Research  under  DA  36-039-sc-42607)  Unclassified 

Published  in  Phvs.  Rev.,  v.  93:  365  369.  Feb.  1. 
1954. 

The  i/2  emission  curves  of  nickel,  manganese, 

and  iron  have  been  obtained  by  using  a  vacuum  record¬ 
ing  spectrograph.  A  plausible  Interpretation  of  a 
number  of  features  of  the  experimental  bands  Is  dis¬ 
cussed.  (Contractor's  abstract) 

MIT.  11:010 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

STARK  EFFECT  tN  THE  MICROWAVE  SPECTRA  OF 
KC1  AND  NaCl,  by  P.  A.  Tate  and  M.  W.  P.  Strand 
berg.  Feb.  8,  t954  :  4  j  p.  incl,  diagr.  tabie,  refs. 
(Sponsored  jointly  by  Signal  Corps.  Office  of  Naval 
Research,  and  '  Air  Force  Office  of  Scientific  Re 
search,  under  '  DA  36  039  sc- 4 2607  )  AD41508 

Unclassified 
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Also  published  In  Jour.  Chem.  Phys. ,  v.  22:  1380- 
1383,  Aug.  1954. 

Some  further  lines  In  the  microwave  spectrum  of  KC1 
have  been  observed  at  frequencies  predicted  by  the 
rotational  constants  given  by  recent  molecular  beam 
work.  Measurements  have  been  made  on  the  Stark 
patterns  of  the  J  =  2  3,  v  =  0  line  of  Na^Cl25.  The 

dipole  moments  of  these  molecules  have  been  determined 
to  be  1C.  1  ±  0.  2  Debye  units  for  KC1  and  8.  5  i  0.2 
Debye  units  for  NaCl.  The  KC1  value  is  in  fair  agree¬ 
ment  with  the  results  of  molecular  beam  investigations. 
(Contractor's  abstract) 


MIT.  11:011 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

PHASE  STABILIZATION  OF  MICROWAVE  OSCILLA¬ 
TORS,  by  M.  Peter  and  M.  W.  P.  Strandberg.  Feb.  25, 
1954,  rev.  May  6,  1955,  5p.  incl.  lllus.  refs.  (Spon¬ 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Research, 
and  [  Air  Force]  Office  of  Scientific  Research  under 
[  DA  36-039-80-42607])  AD  102871  Unclassified 

Also  published  in  Proc.  Inst.  Radio  Engineers,  v.  43: 

8G9  873,  July  1955. 

A  circuit  has  been  developed  with  which  microwave 
oscillators  may  be  phase-locked  lo  weak  but  stable 
reference  signals.  The  circuit  was  operated  with  S- 
band  oscillators  (707B  klystron;  2C37  triode  oscillator) 
and  a  2K50  K  band  klystron.  11  is  possible  to  lock  a 
microwave  oscillator  directly  or  through  a  cascade  of 
such  circuits  to  a  quartz- stabilized  oscillator.  The 
statistical  theory  of  random  noise  is  used  lo  obtain  an 
analysis  of  the  stabilizing  effect  of  the  circuit,  and  ihe 
power  spectrum  of  the  stabilized  microwave  source  is 
calculated.  The  scheme  can  also  be  applied  in  divider 
operation.  Modifications  are  discussed.  A  modified 
circuit  that  uses  carrier  suppressed  modulation  of  ihe 
reference  signal  has  also  been  realized.  In  another 
circuit,  the  oscillator  frequency  is  converted  by  means 
of  a  stable  reference,  and  compared  with  a  second  refer¬ 
ence  that  can  be  of  tow  frequency  and  tunable.  These 
latter  circuits  allow  elimination  of  the  excess  noise 
introduced  by  crystal  diodes.  In  ihe  original  straight 
dc  circuit  this  noise  cannol  te  eliminated,  but  calculation 
shows  that  its  influence  on  the  output  power  spectrum 
is  very  small.  (Contractor’s  summary) 


MIT.  11:012 

Missachusetls  Inst,  of  Tech  Research  Lab.  of 
Electronics,  Cambridge. 

SYNTHESIS  WITHOUT  IDEAL  TRANSFORMERS,  by 
F.  M.  lteza  Mar.  3.  1954  1  Ip.  Incl.  diagr.  (Spon 

sored  jointly  by  Signal  Corps.  Office  of  Naval  Research, 
and  '  Mr  Force]  (tfflce  of  Scientific  Research  under 
DA  30  039  sc  42607  J )  AD  44501  Unclassified 


MIT.  11:011-  MIT.  11:014 


Also  published  in  Jour.  Appl.  Phys.,  v.  25:  807-808, 
June  1954. 

Regarding  a  synthesis  procedure  suggested  by  Boti 
and  Duffin  that  avoids  mutual  couplings  in  the  realiza¬ 
tion  of  the  driving-point  impedance  functions,  tt  was 
found  that:  (a)  a  direct  continuation  of  the  Brune  syn¬ 
thesis  procedure  leads  to  a  result  Identical  with  that 
obtained  by  Bott  and  Dufftn;  (b)  each  element  of  the 
Bott  and  Duffin  structure  (referred  to  here  as  a  "con¬ 
version  cycle"  )  can  be  solely  descrtbed  in  terms  of  the 
elements  of  the  corresponding  Brune  cycle  and  a  con¬ 
stant  k,  which  also  appears  in  the  same  Brune  cycle. 
The  conversion  cycle  contains  two  remainder  functions 
that  are  explicit  functions  of  the  elements  of  the  same 
Brune  cycle;  and  (c)  11  is  also  possible  to  find  an  equiv¬ 
alent  structure  for  the  Brune  cycle  in  ihe  form  of  an 
unbalanced  bridge.  This  is  an  improved  conversion 
cycle  as  it  presents  one  element  less  per  cycle  than 
the  original  Bott  and  Duffin  structure.  This  bridge 
conversion  cycle  provides  a  method  of  avoiding  mutual 
couplings  without  undergoing  much  additional  computa¬ 
tion.  Once  Ihe  Brune  synihesls  is  accomplished,  the 
bridge  conversion  cycle  follows  dtrect'y. 


MIT.  11:013 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

EQUIVALENT  CIRCUIT  FOR  A  PASSIVE  NONRECIP¬ 
ROCAL  NETWORK,  by  H.  A.  Haus.  Mar.  25,  1954 
[  3  1  p.  incl.  lllus.  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  f  Air  Force  ]  Office  of 
Scientific  Research  under  [  DA  36-039-bc-426071 
AD  80342  Unclassified 

Also  published  In  Jour.  Appl.  PhyB. ,  v.  25:  1500-1502, 
Dec.  1954. 

An  equivalent  circuit  1b  proposed  for  a  Unear,  passive, 
nonreciprocal,  four- terminal  network.  It  Introduces 
an  ideal  amplifier  and  phase  shifter.  It  is  shown  that 
ihe  proposed  equivalent  circuit  has  certain  advantages 
over  equivalent  network  representation  that  use 
gyrators.  In  particular,  standard  measuring  techniques 
used  on  reciprocal  networks  lead  directly  lo  the  deter¬ 
mination  of  six  elements  of  the  equivalent  circuit.  One 
additional  measurement  gives  the  remaining  lwo 
parameters. 


MIT.  11:014 

Massachusetts  Insi.  of  Tech.  !  Research  Lab.  of 
Electronics]  Cambridge. 

INFORMATION  CONSERVATION  AND  SEQUENCE 
TRANSDUCERS,  by  D.  A  Huffman.  1954!  I  17  ] p. 
incl.  lllus.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  [  Air  Force]  Offlceof  Scientific 
Research  under  '  DA  36  039- sc  42607  ] )  AD  76836 

Unclassified 
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Also  published  In  Proc.  Symposium  on  Information 
Networks,  Polytechnic  Inst,  of  Brooklyn,  N.  Y.  , 

Apr.  12-14,  1954,  p.  291-307. 

The  applicability  Is  demonstrated  of  modern  statistical 
theory  of  Information  to  those  systems  which  process 
data  which  have  been  coded  Into  some  discontinuous 
form.  Such  systems  include,  among  others,  communica¬ 
tion  channels  with  pulse  modulated  signals,  digital  com¬ 
puters  and  switching  control  circuits.  Particular 
attention  is  given  to  those  systems  which  have  a 
"memory,”  i.e.,  systems  which  may  be  conditioned  so 
that  their  present  behavior  Is  modified  by  their  past 
hi  story. 


MIT.  11:015 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

INFORMATION  THEORY  AND  GENERALIZED  NET 
WORKS,  by  H.  M.  Fano.  1954  '  7’p.  incl.  diagr. 

(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36-039- sc  42607)  AD  76833  Unclassified 

Published  in  Prnc.  Symposium  on  Information  Networks, 
Polytecb.de  Inst,  of  Brooklyn,  N.  Y.  ,  Apr.  12-  14,  1954, 
p.  3  9. 

The  relationship  is  pointed  out  between  two  apparently 
unrelated  fields  —  information  theory  and  network  theory. 
The  fundamental  theorems  developed  in  the  field  of  In 
formation  theory  are  briefly  discussed  and  interpreted 
with  emphasis  on  points  In  common  with  network  theory. 


MIT.  11:016 

Massachuselts  Inst,  of  Tech.  Research  Lab  of 
Electronics.  Cambridge. 

UN  WIENER  FILTERS  AND  PREDICTIONS,  hy  Y.  W. 

Lee  1954  II  p.  (Sponsored  jointly  by  Signal 
Corps.  Office  of  Naval  Research,  a:ai  Air  Force  office 
of  Scientific  Research  under  DA  36-039  sc  42607  i ) 

AD  76H34  Unclassified 

Also  published  in  I’roe.  Symposium  on  Information 
Networks  Polytechnic  Inst,  of  Brooklyn,  N.  Y. 

Apr.  12  14.  1954.  p.  1‘9  29. 

The  Wleiiei  theory  of  filtering  and  prediction  is  based 
u;»»n  the  minimum  mean  square  error  criterion  this 
paper  presents  t tie-  theory  under  the  minimum  integral 
sjuare  crosscorrelation  error  criterion.  An  interest:?!;* 
jKiint  In  ttie  new  criterion  !s  that  It  invoices  the  same 
.eitocorrelat.ou  and  crosscorrelation  functions  as  in  the 
original  Wiener  theory,  and  ivi  liigher  order  correlations 
Another  mallei  Ulster  consider*!  on  is  the  generals rat  on 
d  the  filter  aisl  predictor  formulas  for  the  Inclusion 
•f  certain  problems  winch  are  more  complicated  than 
s'mple  filtering  aisl  pred  ctmn 


MIT.  11:017 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

OPTICAL,  SYSTEMS  AS  COMMUNICATIONS  CHAN¬ 
NELS,  by  P.  Ellas.  [1954’  [8]p.  Incl.  Ulus.  refs. 
(Sponsored  jointly  by  Signal  Corps.  Office  of  Naval  Re¬ 
search,  and  [  Air  Force1  Office  of  Scientific  Research 
under  [  DA  36-039- sc-42007  1 )  AD  76835  Unclassified 

Also  published  In  Proc.  Symposium  on  Information 
Networks,  Polytechnic  Inst,  of  Brooklyn,  N.  Y. , 

Apr.  12-14,  1954,  p.  321-328. 

A  discussion  is  presented  of  the  application  to  optical 
systems  of  some  ideas  which  are  current  In  network 
theory  and  In  the  statistical  theory  of  communication. 
These  ideas  have  to  do  with  both  the  channels  for  com¬ 
munication  which  are  provided  by  optical  Instruments, 
and  with  the  two-or  more-dtmenslonal  messages  which 
may  be  transmitted  over  these  channels. 


MIT. 11:018 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics]  Cambridge. 

FINE  STRUCTURE  OF  POSITRONIUM  (Abstract),  by 
R.  Weinstein,  M.  Deutsch,  and  S.  C.  Brown. 

1954  1  p.  (Sponsored  jointly  by  Signal  Corps, 

Office  of  Naval  Research,  and  r  Air  Force  Office  of 
Scientific  Research  under  '  DA  36-039-SC-42607  ) 

Unclassl  fled 

Presented  at  meeting  o?  the  Amur.  Phys  Soc.  , 
Colunihia  U. ,  New  York.  Jan.  38  -  30,  1954. 

Published  in  Phys.  Rev.,  V.  94:  758.  May  I.  1954. 

*1 

Experiments  on  the  Zeeman  splitting  of  the  I  S  state  of 
posltronlum  ( I  'hy  s  Rev.  ,  v.  85:  1047,  IJ52)  have  been 
extended,  usinfc  higher  RF  power,  and  improved  control 
of  the  magnetic  field.  The  reduction  of  the  three  quan¬ 
tum  annihilation  at  resonance  ranged  from  5  to  20  per¬ 
cent  and  ay.reed  with  the  theoretically  expected  quench¬ 
ing  within  the  experimental  uncertainty.  The  width  of 
the  resonance  at  half  maximum,  .H  Ii  ~  4  x  10  ^ 
agrees  with  the  annihilation  width  broadened  by  a  do j>- 
pier  effect  due  to  a  kinetic  energy  of  the  order  of  1  ev. 
The  jx»hition  of  (he  resonance  was  found  to  ot:  l tide 
pendent  >f  the  nature  and  pressure  of  yus  in  the  ra\ity. 
He.  A.  Kr.  and  rF0(  i^  were  used  at  pressures  U* 
tween  t  3  *.nd  4  3  atmospheres.  1  hr  sluylet  triple! 
splitting  oi  (he  ground  state,  calculated  i*  »rd«-r  .: 
from  the  /.re mu:;  splitting  is  .W  2.  (-3350  »  !  *m  . 

compared  *»th  a  theoretical  value  (I’hyv  Rev.  ;U*. 
257  la52  »f  7  '337t>mc.  (  intract  »r’ n  abstract) 
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MIT.  11:019 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ENERGY  DISTRIBUTION  FUNCTION  OF  ELECTRONS 
IN  PURE  HELIUM,  by  F.  H.  Reder  and  S.  C.  Brown. 
May  14,  1954  f  5 Ip.  lncl.  Ulus.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force’  Office  of  Scientific  Research  under  [  DA  36-039- 
sc  -  42607  ] )  AD  44503  Unclassified 

Also  published  In  Phys.  Rev.,  v.  95:885-889,  Aug.  15, 
1954. 

A  solution  for  the  Boltzmann  transport  equation  Is  pre¬ 
sented,  which  allows  prediction  of  high-frequency  gas 
discharge  breakdown  fields  In  gases  with  constant  colli¬ 
sion  frequency  of  the  electron.  Theoretical  values  are 
in  good  agreement  with  the  experimental  data.  This  is 
used  to  justify  the  use  of  the  distribution  function  for 
determining  the  average  electron  energy  and  the  various 
power  losses  of  an  electron  In  a  discharge  as  a  function 
of  E/p.  (Contractor’s  abstract) 


MIT. 11:020 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  HYPERFINE  STRUCTURE  OF  THE  3P3/2  STATE 
OF  Na23,  by  P.  L.  Sagalyn.  '  1954  1  Ta’p.  lncl. 
diagrs.  tables,  refs.  (Sponsored  jointly  by  Signal 
Corps.  Office  of  Naval  Research,  and  [  Air  Force  1 
Office  of  Scientific  Research  under  [  DA  36-039-sc- 
42607  )  Unclassified 

Published  in  Phys.  Rev.,  v.  94:  885  892,  May  15.  1954. 

Two  of  *he  separations  in  the  hyperfine  structure  of  the 
3P3  j  R,a,e  °*  Na23  were  measured.  The  results  are 
G1  i  2  nc  sec  and  36.6  t  2  me /sec.  These  results 
were  assigned  to  the  (F  3  H  F  =  1)  and  (F  =  2  4-» 

F  1)  separations.  A  value  of  Q  =  *0. 1  *  0.  06  a 
10  2*  cm2  was  calculated  for  the  nuclear  electric 
quadrupole  moment.  (Contractor's  abstract) 

MIT.  11:021 

Massachusetts  Inst,  cf  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

THERMOELECTRIC  EFFECTS  IN  SILVER  HALIDES, 
tiy  W.  Grattldge.  May  16.  1954.  15p.  tnct.  diagrs. 
table,  refs  (Technical  rept.  lo.  772)  (Sponsored 
jointly  by  Signal  Corps.  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36 
039  SI  42607)  AD  51988  Unclassified 


Measurements  of  the  electrical  conductivity  and  the 
thermoelectric  power  as  a  function  of  temperature  in 
the  range  30“C  to  SOO'i'  were  made  for  sliver  chloride 


MIT.  11:019  -  MIT.  11:023 


and  silver  bromide  single  crystals.  Variations  of  these 
properties  from  past  history  were  examined  for  an¬ 
nealed  and  quenched  states.  An  appendix  gives  the 
details  of  a  scale  expander  for  a  recording  potentiome¬ 
ter  used  In  this  study. 


MJT.  11:022 

Matsachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ULTRASONIC  MEASUREMENTS  IN  MAGNETICALLY 
COOLED  LIQUID  HELIUM,  by  C.  E.  Chase  and  M.  A. 
Herlln.  j  May  19,  19541  f2’p.  lncl.  lllus.  (Spon¬ 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  r  Air  Force1  Office  of  Scientific  Research 
under  [DA  36-039-sc-42607l)  AD44504  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C.  .  Apr.  28-30,  1955. 

Also  published  in  Phys.  Rev.,  v.  95:  565-566,  July  15, 
1954. 

Measurements  were  made  of  the  velocity  and  attenua¬ 
tion  of  ordinary  (first)  sound  in  liquid  helium  between 
0.  1°K  and  1°K,  at  12.  1  mc/sec.  These  temperatures 
were  produced  by  adiabatic  demagnetization  of  ferric 
ammonium  alum  from  a  starting  temperature  near 
0.  9°K,  produced  by  a  large  oil  diffusion  pump.  Since 
helium  was  admitted  by  an  arrangement  of  concentric 
thin- walled  stainless- steel  cones  (originated  by  Dr. 

J.  Ashmead,  Mond  Laboratory),  the  demagnetization 
chamber  could  be  isolated  or  placed  In  direct  com¬ 
munication  with  the  bath.  Warmup  times  approximating 
one  hour  were  obtained.  The  velocity  remains  essen¬ 
tially  constant  below  1»K  at  240  t  5  m/sec.  Although 
the  Inherent  difficulty  of  a  fixed  path  length  makes  it 
less  accurate  than  the  earlier  239  a  2  m/sec  found 
above  0.  85°K,  the  value  shows  that  no  gross  changes 
occur.  The  attenuation  passes  through  twc.  clearly 
resolved  maxima  slightly  below  1°K,  falls  smoothly 
toward  zero  as  absolute  zero  Is  approached.  This 
agrees  qualitatively  with  Khalatnikov’s  theory  which 
explains  the  anomalously  high  absorption  of  lieUi’1 
in  terms  of  two  relaxation  times  resulting  from  .ias- 
tic  interactions  of  phonons  with  phonons  and  of  phonons 
with  rotons.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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DOPPLER  LINE  WIDTH  REDUCTION,  by  M.  W.  P. 
Strandberg  and  H.  Drelcer.  1954  [  2  .  p.  lncl.  lllus. 

(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re 
search,  and  Air  Force]  Office  of  Scientific  Research 
under  DA  30-039- sc-42007;)  Unclassified 

Published  in  Phvs.  ltev.  ,  v.  94:  1393-1394,  June  1, 
1954. 
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Use  of  a  combination  of  microwave  spectroscopic  and 
molecular  beam  techniques  produces  about  a  six- fold 
reduction  in  the  Doppler  width  of  a  molecular  absorption 
line  by  utilizing  the  effect  of  matter  on  the  electromag¬ 
netic  radiation.  The  high  resolution  of  molecular  beam 
experiments  afforded  by  the  Interaction  of  the  radiation 
field  and  the  transverse  molecular  beam  Is  thus  made 
available  for  microwave  spectroscopic  use.  An  explora¬ 
tory  study  of  the  ammonia  Inversion  absorption  transi¬ 
tion  for  the  rational  state  J  =  3  Is  reported  wherein 
K  =  3  was  observed  with  the  microwave  radiation  propa¬ 
gated  transverse  to  the  beam  of  ammonia  molecules. 
Conventional  means  were  used  to  detect  and  display  the 
radiation.  Because  of  the  resulting  narrow  line-  width 
the  microwave  was  swept  in  saw-tooth  fashion  only  over 
a  region  80  kc/sec  wide,  centered  at  about  23870  me/ 
sec.  Figures  are  tncluded  showing  the  absorption  signal 
of  the  ammonia  tnversion  lines  (J  =  3,  K  =  3)  as  ob¬ 
served  transverse  to  the  ammonia  molecular  beam. 
Further  development  and  use  of  the  procedure  Is  dis¬ 
cussed. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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A  NEW  BASIC  THEOREM  OF  INFORMATION  THEORY, 
by  A.  Feinstein.  June  1,  1954.  28p.  (Technical  rept. 
no.  282)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Force  I  Office  of  Scientific 
Research  under  DA  36-039-sc-  [  42607  !)  AD  49439 

Unclassified 

A  new  theorem  for  noisy  channels,  similar  to  Shannon's 
tn  tts  general  statement  but  giving  sharper  results,  is 
formulated  and  proven.  It  Is  shown  that  the  equivocation 
of  the  channel  defined  by  the  present  theorem  vanishes 
with  increasing  code  length.  A  continuous  channel  is 
defined  in  a  manner  that  permits  the  application  of  these 
results.  Detailed  proof  of  the  equivalence  of  this  defini¬ 
tion  and  Shannon' s  is  given  in  an  appendix.  (Con 
tractor's  abstract) 
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BASIC  DATA  OF  ELECTRICAL  DISCHARGES,  by  S.  C 
Brown  and  W.  I’.  Allis.  June  2.  1954,  77p.  mcl.  illus. 
tables,  refs.  (Technical  rept.  no.  283)  (Sponsored 
jointly  by  Signal  Corps.  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under 
l)A  36  039  sc  42607  )  AD  49438  Unclassified 

Basic  data  of  electrical  discharges  is  presented  under 
the  following  eight  major  headings:  (1)  Potential 
Energies:  (11)  Collision  Probabilities:  (HI)  Surface 
Phenomena;  (IV)  Motions  of  Electrons  and  Ions;  (V) 
Production  and  Decay  of  Ionization:  (VI)  Breakdown: 
(\11)  Electron  Energy  tmss:  and  (Viii)  Discharge 
Characteristics. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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CRITERIA  FOR  DOCILE  BEHAVIOR  OF  FEEDBACK 
AMPLIFIERS,  by  S.  J.  Mason.  June  10,  1954  ,  8p. 
incl.  diagrs.  (Technical  rept.  no.  258)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force!  Office  of  Scientific  Research  under  DA  36- 
039- sc-42607)  AD  57122  Unclassified 

A  docile  amplifier  Is  one  that  remains  stable  when 
connected  to  an  arbitrary  passive  network  of  a  specified 
type.  Docility  criteria  are  developed  for  end-loading, 
for  ideal-transformer  feedback,  and  for  an  arbitrary 
passive  feedback  network.  (Contractor's  abstract) 
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HYPERHNE  STRUCTURE  OF  l127.  NUCLEAR  MAG 
NETIC  OCTUPOLE  MOMENT,  by  V.  Jaccarino,  J.  G. 
King  and  others.  [19541  [l]p.  (Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  and  r  Air 
Force  1  Office  of  Scientific  Research  under  [  DA  36- 
039-sc  42697])  AD  44505  Unclassified 

Also  published  In  PhyB.  Rev.  ,  v.  94:  1798-1799, 

June  15,  1954. 

2 

The  hyperflne  structure  of  the  atomic  Pj/2  Srounci 
state  of  the  stable  isotope  of  iodine  has  been  studied  by 
the  atomic- beam  magnetic -resonance  method.  Mathe¬ 
matical  analysis  shows  the  measured  Intervals  as  not 
fitted  by  dipole  and  quadrupole- like  interactions  alone. 
A  mathematical  expression  for  energy  levels  is  given 
which  Includes  magnetic  dipole,  electric  quadrupole, 
and  magnetic  octupole  termB.  Matrix  elements  of  the 
dipole  and  quadrupole  moment  operators,  nondtagpnal 
with  respect  to  J  for  a  given  F,  are  calculated  by  use 
of  second-order  perturbation  theory.  With  the  effects 
of  these  perturbations  by  the  neighboring  2P.  ,,  fine- 
structure  level  included,  the  measured  zero-field  In¬ 
tervals  are  found  to  be: 

UncucretlKi 

F  4  4-4  F=  3.  4226.  172  i  0  015  me  sec: 

F  3  <->  F  2.  1965.  884  t  0.  010  me  sec; 

F  2  v-4  F  1:  737.492  t  0.008  me  sec: 

Carrecled 

F-  4  c— 4  F  3:  4220.  161  t  0.  015  me  sec, 

F  3  *— *  F  2:  1985.895  t  0.010  me  sec. 

F  2(-)F  1:  737.492  t  0.008  me  sec. 

Experimental  values  for  each  of  the  lliree  intervals 
were  obtained  by  observing  transitions  for  which 
F  i  I.  m  the  region  of  zero  external  magnetic  field. 
The  corrected  intervals  give  the  following  values  for 
the  interaction  constants: 


4~6  • 
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a  =  827.  265  t  0.  003  mc/sec, 
b-  1146.  356  t  0.  010  mc/sec, 

c  =  0.00245  t  0.00037  mc/sec  (att  errors  rms).  From 
tlUs  vatue  of  c  the  nuctear  magnetic  octupote  moment  Is 
calculated:  (l/2  (5Z3— 3zr2)  dlvM)j(  t  =  +0.  3un  x  10'24 
cm2.  This  result  Is  not  Inconsistent  either  In  magnitude 
or  sign  with  the  expected  octupote  moment  of  Iodine. 

MIT.  11:028 

Massachusetts  Ins!,  of  Tech.  \  Research  Lab.  of 
Electronics]  Cambridge. 

SIMPLIFIED  LCAO  METHOD  FOR  THE  PERIODIC 
POTENTIAL  PROBLEM,  by  J.  C.  Slater  and  G.  F. 
Foster  r  1954  ,  [32lp.  incl.  dlagrs.  tables,  refs. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  [  Air  Force]  Office  of  Scientific  Research 
under  [  DA  36  039-SC-42607] )  Unclassified 

Published  in  Phys.  Rev.,  v.  94:  1498-1529,  June  15, 
1954. 

The  LCAO,  or  Bloch,  or  tight  binding,  approximation 
for  solids  is  discussed  as  an  Interpolation  method,  to  be 
used  In  connection  with  more  accurate  calculations  made 
by  the  cellular  or  orthogonalized  plane-wave  methods. 

It  Is  proposed  that  the  various  Integrals  be  obtained  as 
disposable  constants,  so  that  the  tight  binding  method 
will  agree  with  accurate  calculations  at  symmetry  points 
in  the  Brillouln  zone  for  which  these  calculations  have 
been  made,  and  that  the  LCAO  method  then  he  used  for 
making  calculations  throughout  the  Brillouln  zone.  A 
general  discussion  of  the  method  Is  given,  Including 
tables  of  matrix  components  of  energy  for  simple  cubic, 
face  centered  and  body-centered  cubic,  and  diamond 
structures.  Applications  are  given  to  the  results  of 
Fletcher  and  Wohlfarth  on  Ni,  and  Itowarth  on  Cu,  as 
illustrations  of  the  fee  case.  In  discussing  the  bcc  case, 
the  splitting  of  tile  energy  bands  in  chromium  by  an 
antiferromagnetic  alternating  potential  Is  worked  out,  as 
well  as  a  distribution  of  energy  states  for  the  case  of  no 
antiferromagnetism.  For  diamond,  comparisons  are 
made  with  the  calculation  of  Herman,  using  the  ortho  go  ■ 
nallzed  plane  wave  method.  Ttie  case  of  such  crystals 
as  lnS7>  is  discussed,  amt  it  is  shown  that  their  proper 
ties  fit  in  with  the  energy  bund  picture.  (Contractor's 
abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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CENTRIFUGAL  DISTORTION  IN  ASYMMETRIC  TOP 
MOLECULES.  111.  lt2u  1>20.  AM)  111X1,  by  D.  W. 
P.isener  and  M.  W.  P.  Strandberg.  Mar  l,  1954 
11  I  md.  lables,  refs.  (Sponsored  jointly  by  Signal 
Corps.  Office  of  Naval  Research,  and  Air  Force  ' 
Office  of  Scientific  Research  under  DA  36  039  sc 
426(7  )  4D44SP7  Unclassified 


AIbq  published  In  Phys.  Rev.,  v.  95:  374-384,  July  15, 
1954. 

Structural  and  potential  constants  obtained  from  tnfrared 
data  are  used  with  the  theory  of  vibration- rotation 
Interaction  to  obtain  rotationat  and  distortion  parame¬ 
ters  for  the  motecules  H20,  D20,  and  HDO;  transition 
frequencies  calculated  using  these  parameters  are 
compared  with  those  observed  In  the  microwave  region, 
and,  in  the  case  of  HDO  Q-branch  lines,  a  simple 
relation  between  the  two  sets  Is  obtained.  The  validity 
of  approximation  theortes  as  applied  to  HDO  Q-branch 
transitions  is  discussed.  Methods  of  analyzing  the 
observed  spectrum  of  HDO  are  described,  and  so-catted 
"observed”  parameters  for  this  motecule  are  obtained; 
the  rotational  constants  are  found  to  be  a  =  7.0396  t 
0.  0005  x  105  mc/sec,  b  =  2.  7360  t  0.  0005  x  105  me/ 
sec,  c  =  1.  9186  t  0.  0005  x  10“  mc/sec,  k  =  0.  6841  * 

0.  0002.  (For  Parts  I  and  H  see  item  nos.  MIT.  lu-,028 
and  MIT.  10:029. ) 
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CONDUCTION  ELECTRON  SPIN  RESONANCE 
ABSORPTION  IN  SODIUM  (Abstract),  by  I.  H.  Solt,  Jr. 
and  M.  W.  P.  Strandberg.  [1954]  flip.  (Sponsored 
jointly  by  Signat  Corps,  Office  of  Navat  Research,  and 
[  Air  Force  j  Office  of  Scientific  Research  under 
[  DA  36  039 -sc  42607])  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C.  ,  Apr.  29  30,  and  May  I,  1954. 

Published  In  Phys.  Rev. ,  v.  95:  607,  July  15,  1954. 

In  order  to  understand  more  ctearly  the  uegree  of  spln- 
orhlt  coupling  experienced  by  the  conduction  electrons 
In  metals,  an  accurate  measurement  has  been  made  of 
the  g  value  of  the  spin  resonance  absorption  In  sodium. 
Colloidal  suspensions  of  sodium  partlctes  (less  than  4 
microns  In  slie),  utlrasonlcally  dispersed  In  paraffin 
wax.  were  Investigated  al  9000  mc/sec.  The  measured 
g  values  are  g  -  2.0012  t  0.0002  al  300°K  and  78°K, 
and  g  •-  2.  0014  i  0.  0C02  ai  4“K  These  values  disagree 
oulside  the  range  of  experimental  error  with  the  value 
of  2.  0019  calculated  by  Yafet  (Phys.  Itev.,  v.  85:478, 
1952).  Line  shaped  and  line  wid’h  measurements  were 
also  made.  Tt.e  observed  line  shape  was  asymmetric 
and  could  be  explained  as  the  sum  of  the  reat  and 
Imaginary  parts  of  the  susceptibility  where  the  Imagi¬ 
nary  part  had  a  Iairentz  shape.  The  line  width  al  the 
half  |«»er  (joints  of  the  Imaginary  pari  of  the  susceptl 
bill ty  was  11.5  gauss  al  room  temperature  and  de 
creased  linearly  with  temperature.  This  corresponds 
to  a  relaxation  time  of  about  5x10^  sec  at  rooir. 
temperature  (Contractor  s  abstract) 
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EFFECTS  OF  THE  DEVIATION  OF  02  FROM  HUND  (b) 
(Abstract),  by  M.  W.  P.  Strandberg  and  M.  Tlnkham. 

[  1954 1  r  1  ]p.  (Sponsored  jointly  by  Signal  Corps, 

Office  of  Naval  Research,  and  T  Air  Force]  Office  of 
Scientific  Research  under  [ DA  36-039- sc -42607 J) 

Unclassified 

Presented  al  meeting  of  the  Amer.  Phys.  Soc. , 
Washington.  D.  C.  ,  Apr.  29-30,  and  May  1,  1954. 

Published  In  Phvs.  Rev.,  v.  95:  623,  July  15,  1954. 

The  rotational  Hamiltonian  of  the  oxygen  molecule, 
including  the  spin-spin  Interaction,  is  not  exactly 
diagonal  In  the  Hund  (b)  representation  (J2,  Jz,  K2,  S2) 
where  J  =  K  +  S.  Hence  K  Is  not  a  good  quantum  number, 
and  three  points  should  be  made.  First,  the  Intensities 
of  the  oxygen  spin  triplet  spectrum  at  5  mm  are  not 
exact  as  given  by  Van  Vleck.  He  has  used  the  matrix 
elements  of  Sz  in  the  Hund  (b)  representation  rather  than 
in  the  representation  which  diagonalizes  the  Hamiltonian. 
Thus  Inference  of  the  breadths  of  the  oxygen  lines  from 
the  observed  pressure  and  intensity,  using  the  Van  Vleck 
formulas,  is  only  approximate.  Exact  calculation  shows 
that  such  a  procedure  will  overestimate  the  actual  line 
width  for  low  K  transitions.  Second,  lines  "  forbidden” 
under  the  previous  analysis  now  become  allowed.  For 
example,  the  three  lowest  frequency  lines  corresponding 
to  changes  In  K  --  1  — »  3  are  predicted  to  be  al  368,  522 
me/ sec,  424,787  mc/sec,  and  487,  274  me/ sec,  wllh 
Intensities  respectively  of  0.  04  x  lO  ^cm'1,  and  1(T6 
cm'l,  assuming  the  same  Av  as  the  5  mm  lines.  Third, 
the  weak  field  Zeeman  splittings  will  not  exactly  follow 
the  simple  vector  model  predictions  for  Hund  (b). 
(Contractor's  abstract) 
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THE  INFLUENCE  OF  COVALENCE  ON  ION  ORDERING 
AND  DISTORTION  IN  SPINELS,  1  (Abstract),  by  A.  L. 
Loeb  and  J.  D.  Goodenough.  r  1954  1  p.  (Sponsored 

jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36- 
039-  sc  42607  )  Unclassified 

Presented  at  meeting  of  the  Amer  Phys.  Soc.  , 
Washington,  D.  C.  ,  Apr.  29  30,  and  May  1.  1954, 

Published  in  Phys.  Rev.,  v.  95:616,  July  15,  1954. 

In  previous  attempts  to  explain  the  cattc-  .istrlbution  In 
spinel  lattices  on  the  basis  of  elastic  and  electrostatic 
energies,  covalence  was  resorted  to  In  order  to  account 
for  the  preference  of  certain  cations  for  tetrahedral 
sites.  A  later  treatment  based  on  the  perturbation  of 
d  shells  by  a  iry-jtalltne  field  due  to  surrounding  Ions. 


Is  limited  by  the  assumption  of  Ionic  lattice  elements. 

A  mechanism  based  on  covalent  bonding  due  to  over¬ 
lap  of  hybrid  orbitals  Is  proposed  here  to  predict  the 
cation  distribution  and  related  properties  of  spinels. 
Cations  In  tetrahedral  sites  usually  bond  through  tetra¬ 
hedral  sp2- orbitals;  In  octahedral  sites  cations  are 
bound  lonically,  or  covalently  through  either  octahedral 
d2sp3  or  planar  dsp2  bonds.  In  the  last  case  the  cation 
is  bound  covalently  to  four  oxygen  ions  at  the  corners 
of  a  square,  and  lonically  to  two  oxygen  Ions  on  an  axis 
normal  to  the  square,  so  that  tetragonal  distortion  of 
the  lattice  results.  Covalence  decreases  the  electro¬ 
static  and  modifies  the  elastic  energies.  A  covalence 
exchange  mechanism  is  proposed  for  the  indirect  inter¬ 
action  between  Incomplete  i  shells,  (Contractor’s 
abstract) 
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LIGHT  DECAY  FROM  ELECTROLUMINESCENT 
PHOSPHORS  (Abstract),  by  S.  H.  Autler  and  W.  F. 

Roat.  [  19541  Tllp.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force] 

Office  of  Scientific  Research  under  [  DA  36-039-sc- 
426071)  Unclassified 

Presented  al  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  29-30,  and  May  1,  1954. 

Publl shed  In  Phys.  Rev. ,  v.  95:  599,  July  15,  1954. 

A  series  of  studies  has  been  made  on  powdered  electro¬ 
luminescent  phosphors.  The  phosphors  which  were  of 
the  ZnS:Cu:Pb  blue- green  type  were  excited  by  sharp 
pulse  of  current  of  the  order  of  a  microsecond  in 
duration.  The  pulse  of  light  which  followed  each  current 
pulse  was  detected  by  a  photomultiplier  after  passing 
through  a  monochromator.  The  decay  of  the  light  In¬ 
tensity  was  recorded  for  several  thousand  microseconds 
and  was  thus  observed  during  a  period  when  the  plate 
was  not  being  excited.  The  deray  Tate  depended  on  the 
wavelength  of  the  light,  but  In  all  cases  the  light  fell  off 
much  slower  than  either  a  linear  or  blmolecular  process 
would  predict.  A  second  current  pulse  applied  In  the 
same  direction  before  the  light  has  ceased  completely 
results  In  a  momentary  decrease  In  output.  This  sug¬ 
gests  that,  before  emission  occurs,  electrons  musl 
diffuse  back  to  the  emission  centers  from  which  they 
have  been  pulled  by  the  original  electric  field.  Irra¬ 
diating  the  phosphor  wllh  Infrared  has  marked  effects 
upon  Its  light  output  and  this  will  be  discussed.  (Con¬ 
tractor's  abstract) 
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MICROWAVE  SPECTRUM  OF  OCS  (Abstract),  by  M. 
Peter  and  M.  W  P.  Strandberg.  '  1954  1  1  p.  (Spon 

sored  jointly  by  Signal  Corps,  Office  of  Naval  Research, 
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and  r  Air  Force1  Office  of  Scientific  Research  under 
f  DA  36-039- SC-426071)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C.  ,  Apr.  29-30,  and  May  1,  1954. 

Published  In  Phyn.  Rev.,  v.  95:  622,  July  15,  1954. 

The  J  =  1  — *  J  =  2  transition  of  OCS  has  been  studied 
with  a  microwave  spectroscope  designed  for  high  sensi¬ 
tivity  and  high  resolution.  The  line  Vg  =  1  has  been 
found  at  0.85  i  0.1  mc/sec  above  the  .  j  =  2  line.  This 
Is  the  frequency  predicted  with  the  ag  value  determined 
from  Infrared  spectra  by  Thompson,  and  agrees  with 
his  value  within  his  limits  of  error.  Several  quadrupole 
components  of  OCSjg  In  the  states  Vjt  1;  v,  =  1; 

1  =  *1;  and  v,  =  2  have  also  been  measured  and  ana¬ 
lyzed.  (Contractor’s  abstract) 

MIT.  11:035 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics  Cambridge. 

PARAMAGNETIC  RESONANCE  ABSORPTION  IN 
AMMONIUM  CHROME  ALUM  (Abstract),  by  C.  F. 

Davis,  Jr.  and  M.  W.  P.  Strandberg.  T  1954  1  fl]p. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  [Air  Force]  Office  of  Scientific  Research 
under  !  DA  36-039-SC-42607  j)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  29  30,  and  May  1,  1954. 

Published  In  Phys.  Rev.,  v.  95:607,  July  15,  1954. 

A  study  has  been  made  of  the  paramagnetic  resonance 
absorption  in  diluted  single  crystals  of  ammonium 
chrome  alum  at  room  temperature.  Work  was  done  at 
X,  S.  and  K  band  and  at  various  orientations  of  the 
crystal.  These  data  have  been  checked  with  the  theo 
retical  predictions  of  line  intensity  and  position  (based 
on  the  assumption  that  the  chromium  Ion  is  In  an  electric 
field  of  trigonal  symmetry).  Paramagnetic  resonance 
spectra  of  single  ammonium  chrome  alum  crystals  at 
77” K  have  been  studied  In  an  attempt  to  explain  (tie 
anomalous  two  splittings  of  the  ground  state.  (Con 
tractor’s  abstract) 


MIT.  11:030 

Massachusetts  Inst,  of  Tech.  Research  l.ab.  of 
tilei  Ironies  Cambridge. 

THE  PHENOMENA  OF  PLASMA  RESONANCE 
(Abstract),  by  K.  S.  W.  Champion  and  S  C.  Drown 
1 J54  1  p.  'S|x>osored  jointly  by  Signal  Corps. 

Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36  035- sc -42607  ' ) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phvs  Soc., 


Washington,  D.  C. ,  Apr.  29-30,  and  May  1,  1954. 

Published  In  Phvs.  Rev.,  v.  95:  634,  July  15,  1954. 

Plasma  resonance  is  associated  with  the  transmission 
of  externally  applied  high-frequency  electromagnetic 
waves  through  a  plasma.  Two  types  of  resonance  will 
be  discussed.  The  first  impedance  resonance,  occurs 
when  the  E  field  at  a  point  has  a  relative  maximum. 

The  second,  dielectric  resonance,  occurs  when  the 
dielectric  constant  Is  zero  at  the  point  considered. 
Impedance  resonance  occurs  when  ne2/m  c^cu2  =  1  and 
dielectric  resonance  when  ne4/  mc0(vc2  +  u>2)  =  1, 
where  n  represents  the  electron  density  and  vc  the 
electron  collision  frequency.  At  low  pressures,  when 
vc2  <<  <u2,  the  two  types  of  resonance  coincide,  but 
they  differ  at  high  pressures.  Impedance  resonance 
corresponds  to  greatest  Ionization  and  excitation  rates. 
Above  dielectric  resonance  the  transmitted  electro¬ 
magnetic  waves  are  strongly  attenuated  and  there  is  a 
reflected  wave.  A  special  tunable  100  mc/sec  reso¬ 
nance  cavity  was  designed  so  that  discharges  above 
plasma  resonance  could  be  produced  In  relatively  large 
volumes.  Discharges  were  obtained  which,  under  the 
appropriate  conditions,  exhibited  the  properties  of 
impedance  and  dielectric  resonance.  (Contractor’s 
abstract) 

MIT. 11:037 

Massachusetts  Inst,  of  Tech.  [  Research  Lab.  of 
Electronics)  Cambridge. 

SELECTION  RULES  IN  THE  MICROWAVE  MAGNETIC 
RESONANCE  SPECTRUM  OF  OXYGEN  (Abstract),  by 
M.  Tlnkham  and  M.  W.  P.  Strandberg.  [  1954  '  [1  p. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  Air  Force!  Office  of  Scientific  Research 
under  DA  36-039- sc-42607  1 )  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C. .  Apr.  29-30,  and  May  1,  1954. 

Published  In  Phys.  Rev.,  v,  95:  622-623,  July  15,  1954 
1954. 

The  X  band  paramagnetic  resonance  spectrum  of 
molecular  oxygen  consists  of  about  120  lines  of  observ¬ 
able  intensity  for  magnetic  fields  below  12  kllogauss. 
Forty  of  these  lines  have  been  identified  by  rather 
tedious  calculations.  To  aid  In  identifying  the  others, 
a  circularly  i.olarlzed  radiation  field  in  the  cavity  con 
talnlng  the  sample  gas  has  been  used.  This  field  Is 
provided  by  exciting  the  two  degenerate  orthogonal 
TEjj  j  modes  in  a  cylindrical  cavity  90”  out  of  phase. 
This  field  configuration  gives  pure  circularly  polarized 
radiation  only  along  the  axis.  Averaging  11^  over  the 
cavity,  52‘(  is  circular  In  one  sense.  4'j[  is  circular  in 
the  other  sense,  and  44  {  is  axial.  Comparison  of  the 
two  ohserved  spectra  with  the  two  senses  of  rotation 
unambiguously  separates  ..M  ■  1 . 0  transitions.  The 

results  are  that  approximately  95  lines  have  .  M  >1. 
the  rest  have  M  -  -  1.  The  absence  of  .  M  0  lines 
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Is  consistent  with  detailed  calculations  which  show  that 
their  intensities  should  be  down  by  a  (actor  of  at  least 
100.  Another  resutt  of  the  Identification  Is  that  about 
two -thirds  of  the  lines  observed  have  the  "forbidden" 
AJ=  *2,  They  are  allowed  here  because  J  is  not  a 
good  quantum  number  In  the  presence  of  the  magnetic 
perturbation.  (Contractor's  abstract) 


MIT.  11:038 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

SYNAPTIC  TRANSMISSION,  by  W.  S.  McCulloch, 

P.  D.  Wall  and  others.  Progress  rept.  for  1953- 1954. 
Aug.  4,  1954,  33p.  lllus.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  (  Air  Force] 
Office  of  Scientific  Research  under  [  DA  38-039-sc- 
426071)  AD  40853  Unclassified 

Studies  were  undertaken  to  determine  if  the  known 
properties  of  peripheral  nerve  are  sufficient  to  account 
for  some  phases  of  synaptic  transmission  under  the 
geometrical  conditions  known  to  exist.  A  cat  was 
anesthetized  with  Dial-Urethane  (0.6  cc/kg  IP)  a  tra¬ 
cheal  cannula  was  Installed,  and  artificial  respiration 
was  established.  The  spinal  cord  was  transected  at 
the  first  cervical  vertebra.  Heating  lamps  which  were 
controlled  by  a  subscapular  thermistor  maintained  the 
body  temperature  at  38°  *  0. 1°C.  The  lumbar  enlarge¬ 
ment  was  exposed  and  covered  with  mineral  oil  which 
was  aerated  with  95%  O  and  5%  COj  The  fifth  and  sixth 
dorsal  roots  on  one  side  were  seveiid  about  8  Cm  from 
the  cord  and  placed  on  bipolar  electrodes  for  test  and 
conditioning  stimulation,  respectively.  Supramaximal 
shocks  of  0.  1-msec  duration  were  delivered  every  2  sec 
through  isolating  transformers.  Records  of  potentials 
throughout  the  transverse  plane  In  the  Ipsilateral  half 
of  the  spinal  cord  a  few  mm  rostral  to  the  fifth  lumbar 
were  obtained  through  microelectrodes  (10- u  Pt  wire) 
which  were  coated  with  a  thin  layer  of  glass  and 
sharpened.  About  1500  recordings  were  obtained.  The 
existence  of  a  conditioned  block  In  primary  afferent 
fibers  within  the  cord  was  shown  by  (1)  source- sink 
maps  within  the  cord  and  (2)  direct  records  of  conducted 
volleys  In  the  thoracic  dorsal  columns.  A  new  method 
which  was  devised  for  tracing  the  anatomical  course  of 
axons  up  to  their  terminals  Involved  local  antidromic 
stimulation  of  the  collaterals.  This  antidromic  stimula¬ 
tion  was  used  to  measure  the  threshold  change  of  col 
laterals  caused  by  activity  in  the  collaterals  or  neigh 
boring  fibers. 


MIT.  11:039 

Massachusetts  Insl  of  Tech.  Research  Lab.  of 
Electronics  Cambridge. 

MICROWAVE  DETERMINATION  OF  TltE  PROBABILITY 
OF  COLLISION  OF  ELECTRON’S  IN  HELIUM,  by  L. 
Gould  and  S.  C.  Brown  1954  i7,'p,  incl.  diagrs. 

(5^onsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Re¬ 


search  under  1  DA  36 -039- sc -4 2607])  AD  44502 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  95:  897-903,  Aug.  15, 
1954. 

A  previously  reported  microwave  method  for  deter¬ 
mining  the  collision  probability  for  momentum  transfer 
of  slow  electrons  has  been  modified  so  that  a  variation 
In  average  electron  energy  from  0.012  ev  to  3  ev  may 
be  obtained.  Measurements  of  the  ratio  of  the  real 
part  to  the  imaginary  part  of  the  electron  conductivity 
are  performed  in  the  afterglow  of  a  pulsed  helium  dis¬ 
charge  In  a  microwave  resonant  cavity.  The  average 
electron  energy  Is  varied  by  applying  a  microwave 
electric  field  in  the  afterglow  and,  under  appropriate 
assumptions,  the  average  electron  energy  is  deter¬ 
mined  theoretically  from  this  field.  Measurements 
are  also  obtained  by  varying  the  gas  temperature  from 
77°K  to  700<>K.  The  value  of  the  collision  probability 
for  momentum  transfer  In  helium  Is  18.  3*2%  cm2/ 
cm3  per  mm  Hg  from  0  to  0.  75  electron  volts  and  in¬ 
creases  slowly  to  a  peak  value  of  19.  2  *  2%  at  2. 2  ev. 


MIT.  11:040 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

WHY  AND  HOW  DO  WE  STUDY  THE  SOUNDS  OF 
SPEECH?  by  M.  Halle.  [1954]  fU]p.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force  1  Office  of  Scientific  Research  under 
[  DA  36-039-sc-42607l)  AD  52555  Unclassified 

Also  published  In  Georgetown  U.  Monograph  Series  on 
Languages  and  Linguistics,  No.  7:73-83,  Sept.  1954. 

The  purpose  of  this  paper  Is  to  show,  contrary  to  the 
viewpoln*  of  many  linguists  and  phoneticians,  that  a 
sharp  distinction  between  phonetics  and  phonemics 
cannot  usefully  be  maintained;  that  phonetics  actually 
makes  use  of  considerations  which  are  strictly 
phonemic;  that  physical  criteria  are  an  Integral  part  of 
phonemics;  and  that  a  description  of  language  on  any 
level,  from  phonetics  to  stylistics,  cannot  be  properly 
evaluated  without  considering  Its  consequences  on  all 
other  levels. 


MIT.  11:041 

Massachusetts  Inst,  of  Tech.  [  Research  Lab.  of 
Electronics]  Cambridge. 

WAVE  FUNCTIONS  FOR  IMPURITY  LEVELS,  by 
G.  F,  Koster  and  J.  C.  Slater.  [  19541  [  10  jp.  incl. 
diagrs.  ’  Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36  039- sc  42607  ]  Unclassified 

Published  in  Phvs.  Rev.,  V.  95:  1167  1176,  Sept.  1, 
1954. 
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The  calculation  of  Impurity  levets  In  crystals  ts  set  up 
tn  terms  of  a  linear  combination  of  Wannler  functions. 
The  coefficients  of  this  linear  combination  are  shown  to 
satisfy  a  set  of  difference  equations.  These  difference 
equations  are  sotved  for  two  simple  linear  chain  im¬ 
purity  problems.  The  difficulties  encountered  tn  sotvlng 
the  difference  equations  are  explored  on  the  basis  of 
these  examples  and  a  general  method  of  solving  differ¬ 
ence  equations  arising  from  Impurity  calculations  is 
presented.  This  method  seems  to  have  advantages  over 
previous  methods  of  solving  the  Impurity  problem  In 
crystals.  (Contractor's  abstract) 


MIT.  11:042 

Massachusetts  tnst.  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

NOtSE  tN  ONE- DIMENSIONAL  ELECTRON  BEAMS, 
by  H.  A.  Haus.  Sept.  9,  1954  [12]p.  ir.cl.  dlagrs. 
refs.  (Sponsored  jointly  by  Signat  Corps,  Office  of 
Navat  Research,  and  [  Air  Force  1  Office  of  Scientific 
Research  under  DA  36- 039- sc- [ 42607 J  AD  96415 

Unclassified 

Also  pubtlshed  tn  Jour.  Appl.  Phys.  ,  v.  26:  560- 57t, 
May  1955. 

A  generalised  theory  of  noise  In  one-dlmenslonat 
electron  beams  Is  developed  with  the  aid  of  the  theory  of 
four  terminal  networks.  No  specific  assumptions  are 
made  as  to  the  Input  noise  velocity  and  current  modula¬ 
tions  and  their  correlation  at  the  potential  minimum. 

The  ensuing  theory  Is  simpler  and  more  general  than 
the  corresponding  theories  used  In  the  past.  Trans¬ 
formations  are  discussed  of  the  standing  wave  of  the 
mean  square  noise  current  In  drift  regions  by  means  of 
"  lossless  beam  transducers. "  It  Is  shown  that  such 
transformations  can  be  reduced  to  the  formalism  of 
conventional  Impedance  transformations.  Expressions 
are  derived  for  the  minimum  obtainable  notse  figures  of 
a  velocity  jump  amptlfler,  a  klystron,  and  a  traveling 
wave  tube,  tt  Is  proved  that  these  expressions  present 
an  ultimate  limit  for  the  noise  figures  of  the  respective 
tubes  with  regard  to  transformations  by  beam  trans¬ 
ducers  with  and  without  loss.  (Contractor's  abstract) 


MIT.  11:043 

Massachusetts  Inst,  of  Tech.  \  Research  Lab.  of 
Electronics]  Cambridge. 

THEORY  OF  SCATTERING  tN  SOLIDS,  by  G.  F. 

Koster.  [  t954  1  [8'p.  tnct.  diagr.  (Sponsored  jolntty 
by  Signal  Corps,  Office  of  Naval  Research,  and  (  Air 
Force  1  Office  of  Scientific  Research  under  [  DA  36-039- 
sc  42607])  Unclassified 

PublUhedla  Phys.  Rev.,  v.  95:  1436- 1443,  Sept.  15, 
t954. 

The  scattering  of  an  electron  by  an  Imperfection  In  a 
lattice  la  set  up  In  terms  of  a  linear  combination  of  the 
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Wannler  functions  associated  with  the  lattice.  The 
difference  equations  which  the  coefficients  of  the 
Wannier  functions  satisfy  are  discussed  tn  the  light  of 
simpte  examples.  A  Green's  function  formutatlon  of 
the  difference  equations  Is  then  introduced  which  teads 
to  the  proper  asymptotic  behavior  of  the  scattered 
wave.  This  appproach  avotds  many  of  the  unwarranted 
assumptions  usuatty  made  tn  the  discussion  of  scatter¬ 
ing  in  solids. 


MIT.  11:044 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Etectronlcs,  Cambridge. 

TRANSATLANTIC  FREQUENCY- MODULATION 
EXPERIMENTS,  by  L.  B.  Arguimbau,  J.  Granlund  and 
others.  Sept.  20,  1954  ,  49p.  inct.  Ulus.  (Technical 
rept.  no.  278)  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Navat  Research,  and  [  Air  Force]  Offtce  of 
Sctentiftc  Research  under  DA  36-039-  sc-42607) 

AD  54506  Unctassifted 

This  report  describes  a  series  of  three  transatlantic 
frequency -modulation  experiments  that  were  conducted 
In  1950,  1951,  and  1953.  The  purpose  of  the  first  test 
was  to  Investigate  the  possibility  of  establishing  a  radio 
link  of  local  broadcast  quality  over  an  Ionospheric  path 
by  using  a  special  frequency-  modulation  receiver 
particularly  designed  to  combat  two-signal  and  two-path 
Interference.  The  desired  audio-quality  was  not 
achieved  In  this  test.  An  attempt  was  made  In  the 
second  test  to  Improve  the  quality  of  the  received  pro¬ 
gram  by  using  a  type  of  nonlinear  filter;  In  the  third, 
by  using  a  highly  directive  antenna;  but  even  with  the 
aid  of  these  devices,  broadcast  quality  was  not 
achieved.  The  failure  of  the  frequency- modulation 
system  Is  explained  In  terms  of  the  complexity  of  the 
Ionospheric  path.  This  complexity  is  Illustrated  In  a 
series  of  pictures  of  patterns  received  during  putsed- 
carrler  transmissions.  A  system  called  frequency- 
shift  modulation,  which  should  be  capable  of  providing 
high-quality  transmission  through  a  dispersive  medium, 
such  as  the  Ionosphere,  is  described  in  the  appendix. 
(Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Etectronlcs,  Cambridge. 

ERROR  FREE  CODING,  by  P.  Etlas.  Sept.  22,  1954, 
t2p.  Incl.  diagr.  (Technical  rept.  no.  285)  (Sponsored 
jolntty  by  Signal  Corps,  Office  of  Navat  Research,  and 
[  Air  Force  i  Office  of  Scientific  Research  under  DA  36- 
039  sc-42607)  AD  61872  Unctassifted 

Presented  at  Symposium  on  Information  Theory,  Maas. 
Inst,  of  Tech. ,  Cambridge,  Sept.  t5- 17,  1954. 

Also  published  In  1.  R.  E.  Trans,  of  Professional  Group 
on  Information  Theory,  PGIT-4:  29-37,  Sept.  t954. 
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Some  simple  constructive  procedures  are  given  for 
coding  sequences  of  symbols  to  be  transmitted  over 
noisy  channels.  A  message  encoded  by  such  a  process 
transmits  a  positive  amount  of  Information  over  the 
channel,  with  an  error  probability  which  the  receiver 
may  set  to  be  as  small  as  It  pleases,  without  consulting 
the  transmitter.  The  amount  of  Information  transmitted 
is  less  than  the  channel  capacity,  so  the  procedures  are 
not  ideal,  but  they  are  quite  efficient  for  small  error 
probabilities.  It  Is  shown  that  there  exist  codes  of  the 
same  error- free  character  which  transmit  Information 
at  rates  arbitrarily  near  the  channel  capacity.  (Con¬ 
tractor’s  abstract) 


MIT.  11:046 

Massachusetts  Inst,  of  Tech  Research  Lab.  of 
Electronics.  Cambridge. 

PRINTED  MICROWAVE  SYSTEMS,  by  M.  Schetzen. 

Sept.  30,  1954  ,  39p.  lncl.  dlagrs.  tables,  refs.  (Tech¬ 
nical  rept.  no.  289)  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  f  Air  Force  1  Office  of 
Scientific  Research  under  DA  36-039-SC-42607) 

AD  66376  Unclassified 

The  results  of  a  theoretical  and  experimental  Investiga¬ 
tion  of  the  free  modes  that  propagate  on  the  strip  trans¬ 
mission  line  are  reported.  A  Fourier  Integral  solution 
Is  obtained  for  the  free  modes.  Since  the  Integral”  must 
be  solved  by  numerical  methods,  approximate  equations 
for  the  phase  velocity,  attenuation,  and  the  character¬ 
istic  Impedance  are  developed  for  the  "two-conductor" 
H-E  mode.  It  is  shown  that  a  static  assumption  for  the 
H-E  mode  is  good  only  as  a  first  approximation.  In  the 
course  of  the  discussion,  it  Is  proved  that  the  only  free 
modes  that  may  exist  on  any  n-conductor  system  of 
arbitrary  but  constant  cross  section  In  homogenous  and 
simply  connected  space  are  TEM  modes.  Previously 
known  methods  for  the  determination  of  the  guide  wave¬ 
length  and  attenuation  required  that  the  standing  waves 
of  the  strip  transmission  line  be  known.  It  was  found 
that  these  could  not  be  measured  directly.  Since 
precedent  measuring  methods  were  found  to  be  Inade¬ 
quate,  a  new  simple  method  for  measuring  the  attenua¬ 
tion  of  any  transmission  line  through  a  junction  Is  pre¬ 
sented.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech  Research  I.ab.  of 
Electronics.  Camhrldge. 

THEORY  OF  THE  INTERACTION  OF  HINDERED 
INTERNAL  ROTATION  WITH  OVER- ALL  ROTATIONS. 
I.  SYMMETRIC  ROTORS:  METHYL  SILANE,  by  D. 
Kivelson.  Oct.  1954  7  p.  ind.  dlagr  tables,  refs, 

(Sponsored  jointly  by  Signal  Corps.  Office  of  Naval  Re 
search,  and  Atr  Force  Office  of  Scientific  Research 
under  DA  3G  039-sc  42607  )  Unclassified 

Published  in  Jour.  Chem.  I'hys  .  v.  22:  1733-  1739 
Oct.  1954 


An  approximate  theory  of  the  interactions  of  hindered 
Internal  rotation  with  over-all  rotations  of  symmetric 
rotors  Is  given.  This  treatment  considers  the  Inter¬ 
dependence  of  hindered  Internal  rotation  and  vibrations 
and  their  effect  upon  the  rotational  energy  levels.  The 
resulting  expression  for  the  frequencies  of  AK  =  0, 

AJ  =  1  transitions  Is: 

v  =  2 J f  Bv+  Fv(m|  l-cos30  |  +  Gy(m[  TTzZ|m)  + 

LyK(m|  TTZI  m)] ,  where  By,  Fy,  Gy,  and  l.y  are 

constants  Independent  of  the  rotational  quantum  num¬ 
bers,  m  represents  the  basis  that  diagonalizes  the 
Hamiltonian  corresponding  to  pure  Internal  rotation, 

TT2  Is  the  Internal  angular  momentum  operator,  and 

(5  Is  the  angle  of  Internal  rotation.  Procedures  for 
evaluating  (m|  l-cos30|m)  and  (m|  'Tf2im)  In  terms 
of  a  parameter  a  are  given.  This  theory  has  been 
applied  to  the  J  *  0-»  1  transitions  of  methyl  silane. 

The  parameters  By,  Fu,  Gy,  and  a  were  obtained 

empirically  and  were  then  used  to  calculate  frequencies. 
The  agreement  between  observed  and  calculated  values 
was  quite  good.  Furthermore,  the  anomalous  ordering 
of  the  lines  observed  by  Llde  and  Coles  Is  explained  by 
these  calculations.  Assuming  a  cosine  potential,  the 
barrier  height  V0  is  proportional  to  the  parameter  a. 
The  value  of  VQ  was  set  at  558  cm'1  +  17  cm*1.  The 
constant  By,  which  Is  the  rotational  constant  In  the 
ground  torsional  state  for  the  limiting  case  of  VQ  =  0, 
is  10985.  79  mc/sec  and  9636.  50  mc/sec  for  CH3SIH3 
and  CH3SID3,  respectively.  (For  Parts  H,  in,  IV  see 
Item  nos.  MIT.  12:066,  067,  and  097. ) 

MIT. 11:048 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

HELICAL  COUPLING  SYSTEM,  by  A.  J.  Llchtenberg. 
Oct.  6,  1954.  27p.  lncl.  dlagrs.  table,  refs.  (Techni¬ 
cal  rept.  no.  290)  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  :,.ui  I  Air  Force!  Office  of 
Scientific  Research  under  DA  36-039-SC-42607) 

AD  63865  Unclassified 

A  theory  of  power  coupling  between  concentric,  contra- 
wound  sheath  helices  has  been  presented  by  Kompfner 
and  further  amplified  by  Wade.  In  Section  I  of  this 
report  a  modification  of  this  theory  Is  presented  In  the 
light  of  experimental  results.  In  order  to  give  a  more 
accurate  picture  of  the  conditions  for  complete  power 
transfer  from  one  helix  to  the  other.  From  the 
assumption  of  a  sheath  helix  In  free  space,  a  beat 
wavelength  Is  determined.  Correction  factors  are 
applied  to  this  result  to  account  for  the  fact  that  an 
actual  wire  helix  Is  used,  and  to  account  for  the  pres 
ence  of  an  environment  other  than  free  space.  The 
validity  of  these  correction  factors  is  examined  by 
comparison  'with  experimental  results.  In  Section  11 
the  problem  of  matching  a  helix  to  a  coaxial  line  is  in¬ 
vestigated.  A  procedure  Is  developed  by  which  the 
impedance  of  a  helix  within  a  shield  may  be  matched  to 
a  coaxial  line.  With  these  data  and  the  material  de 
veloped  in  Section  1,  a  complete  coupling,  capable  of 
use  on  a  traveling  wave  tube  or  backward-wave 
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oscillator,  Is  designed  and  tested.  (Contractor’s 
abstract) 


MIT.  11:049 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

NUCLEAR  MAGNETIC  OCTUPOLE  MOMENTS  OF  THE 
STABLE  GALLIUM  ISOTOPES,  by  R.  T.  Daly,  Jr.  and 
J.  H.  Holloway,  f  1 954  1  f  2  1  p.  incl.  lllus.  table. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  r  Air  Force1  Office  of  Scientific  Research 
under  DA  36-039  sc-42607)  Unclassified 

Published  In  Phys.  Rev. ,  v.  96:  539-540,  Oct.  15,  1954. 

The  measured  and  corrected  hyperflne  structure  Inter¬ 
vals  of  the  metastable  2Pj  /2  states  of  Ga®9  and  Ga7* 
are  reported  for  F  :  0  * — *  F  =  1,  F  =  1  -. — *  F  =  2, 
and  F  =  2  < — »  F  =  3.  The  magnetic  dipole  (a),  elec¬ 
tric  quadrupole  (b),  and  magnetic  octupole  (c)  inter¬ 
action  constants  are  calculated  from  the  corrected  inter¬ 
vals:  (for  Ga®9)  a  =  190.  794280  *  0.  000150  mc/sec, 
b  =  62.  522470  a  0.  000300  mc/sec,  c  =  84  a  6  cycles/ 
sec;  for  (Ga71)  a  =  242.  433950  a  0.  000200  mc/sec, 
b  =  39.  399040  a  0.  00400  mc/sec,  c  =  115  a  7  cps.  The 
nuclear  octupole  moments  for  Ga69  and  Ga71  are 
0.  107  a  0.  02  x  10-24  and  0.  146  a  0.  02  x  10" 24  nuclear 
magneton  cm2. 


MIT.  11:050 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

EXCITATION  OF  CIRCULAR  POLARIZATION  IN 
MICROWAVE  CAVITIES,  by  M.  Ttnkham  and  M.  W.  P. 
Strandberg.  Oct.  28.  1954,  rev.  Jan.  21,  1955  [5^. 
incl.  illus.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  T  DA  36-039  sc  42607  ' )  AD  76341 

Unc  lasslfled 

Also  published  In  Proc.  Inst.  Radio  Engineers,  v.  43: 
734-738,  June  1955. 

The  usefulness  of  exciting  a  single  circulatory- 
polarized  mode  In  a  microwave  cavity  Is  Indicated.  A 
matrix  method  Is  presented  then  for  the  analysis  of  the 
operation  of  various  components,  such  as  transition 
pieces  and  differential  phase  shifters  on  waves  propa 
gating  In  waveguides  with  two  degnerate  orthogonal 
modes.  This  method  Is  applied  to  describe  three 
distinct  systems  for  generating  the  desired  circular 
polarization  In  a  cavity  that  is  coupled  directly  to  the 
side  wall  of  a  waveguide.  The  final  system,  which  In 
volves  a  minimum  of  critical  adjustments,  is  described 
in  more  detail  and  Its  performance  is  Indicated.  It  is 
shown  that  purely  circular  radiation  can  be  set  up  along 
the  axis  of  the  cavity.  However,  the  largest  preponder 
ance  of  one  rotating  mode  over  the  other  which  can  be 
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set  up,  If  one  averages  over  the  entire  cavity  volume, 
is  11.  5  to  1.  This  value  is  obtained  with  the  TEjj 
modes.  (Contractor’s  summary) 


MIT.  11:051 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

LIMITATIONS  ON  THE  NOISE  FIGURE  OF  MICRO- 
WAVE  AMPLIFIERS  OF  THE  BEAM  TYPE  (Abstract), 
by  H.  A.  Haus.  f  Nov.  1954  )  [lip.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force]  Office  of  Scientific  Research  under 
DA  36-039-SC-42607)  Unclassified 

Presented  at  joint  meeting  of  I.  R.  E.  Professional 
Group  on  Electron  Devices  and  Working  Group  on 
Microwave  Tubes,  Symposium  on  Fluctuation 
Phenomena  in  Microwave  Sources,  New  York,  Nov. 
18-19,  1954. 

Published  in  I.  R.  E.  Trans,  of  Professional  Group 
on  Electron  Devices,  v.  ED-1:  238  257,  Dec.  1954 

An  analysis  based  on  one-dimensional,  single- velocity 
assumptions  leads  to  the  result  that  all  microwave 
amplifiers  of  the  beam  type  (such  as  traveling- wave 
tubes,  velocity  jump  amplifiers,  klystrons,  and  the 
like)  have  a  minimum  obtainable  noise  figure  of  the 
form 

Fmin  =  1  +  M  K<So-  %>  (»> 

where  SQ  and  irQ  are  parameters  of  the  beam  noise  e 
expressed  in  terms  of  the  noise  fluctuations  at  a 
cross  section  slightly  beyond  the  potential  minimum  in 
the  electron  gun,  T  is  the  temperature  of  the  circuit, 
and  K  Is  a  constant  of  the  particular  structure  em¬ 
ployed.  Expression  (1)  holds  for  any  optimized  nolse- 
reduclng  scheme.  It  Includes,  for  instance,  a  prehelix 
that  is  excited  by  the  noise  in  the  beam  and  feeds  Into 
the  main  helix  of  a  traveling- wave  tube  In  an  attempt 
to  cancel  part  of  the  noise  in  the  beam.  The  dependence 
of  the  constant  K  upon  the  particular  structures  used 
will  be  discussed.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

NOISE  MEASUREMENTS  ON  LONG  ELECTRON 
BEAMS  (Abstracl),  by  L.  D.  Smullin.  Nov.  1954 
1  p.  Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  AF  19(122)458  and  DA  36  939  sc 
42607  Unclassified 

Presented  at  joint  meeting  of  I.  R.  E.  Professional 
Group  on  Electron  Devices  and  Wonting  Group  on 
Microwave  Tubes.  Symposium  on  Fluctuation 
Phenomena  in  Microwave  Sources,  New  York,  Nov. 
18-19,  1954. 
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Published  In  1.  R.  E.  Trans,  of  Professional  Group  on 
Electron  Devices,  v.  ED-1:  168-183,  Dec.  1954  (Title 
varies). 

Measurements  of  microwave  noise  have  been  made  on 
electron  beams  formed  by  several  different  guns.  They 
Include  parallel  beam  guns  with  cathode  emersed  In  the 
magnetic  field  and  converging  flow  guns  with  cathode 
outside  the  magnetic  field.  In  general,  two  regions  of 
behavior  have  been  noted:  one  In  which  the  noise  cur¬ 
rent  density  varies  sinusoidally  with  distance;  one  in 
which  the  noise  current  Increases  rapidly  with  distance. 
The  latter  behavior  has  been  called  the  growing  noise 
wave.  The  way  in  which  these  two  different  noise 
regimes  respond  to  various  parameters  will  be  de¬ 
scribed.  (Contractor’s  abstract) 


MIT.  11:053 

Massachusetts  Inst,  of  Tech.  [  Research  Lab.  of 
Electronics]  Cambridge. 

SIMPLIFIED  IMPURITY  CALCULATION,  by  G.  F. 
Koster  and  J.  C.  Slater,  f  1954  1  f  10  ]  p.  lncl.  diagrs. 
tables,  refs.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  [  Air  Force  1  Office  of  Scientific 
Research  under  [  DA  36-039-SC-42807  ] )  Unclassified 

Published  In  Phys.  Rev.,  v.  96:  1208-1223,  Dec.  1, 


The  methods  of  previous  papers  by  the  authors  are 
applied  to  a  simplified  Impurity  calculation.  This  is  the 
case  of  a  localized  perturbation  In  a  simple  cubic  lattice. 
The  effect  Is  considered  of  the  perturbation  on  a  single 
band  which  Is  describabie  in  terms  of  a  Wannier  function 
which  only  has  nearest  neighbor  Interactions.  The  re 
suits  of  this  calculation  are  compared  with  some  ap 
proximate  treatments  of  impurity  calculations.  (Con 
tractor's  abstract) 


and  radioactive  mercury  produced  by  bombarding  gold 
with  15-mev  deuterons  were  investigated  in  this  way 
and  also  (by  means  of  an  echelle  spectrograph)  in  the 
emission  spectrum  of  an  electrodeless  discharge. 
Several  observed  lines  have  not  been  conclusively 
Identified.  The  magnetic  moment  of  Hg197  Is  4  percent 
greater  than  that  of  Hg199.  The  isotope  shift  of 
isotopes  with  even  mass  number  decreases  with  de 
creasing  mass  number.  This  effect  may  be  due  In 
part  to  the  increasing  quadrupole  moment  with  neutron 
deficiency  In  these  isotopes.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech. 
Electronics,  Cambridge. 
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AN  APPROXIMATION  METHOD  WITH  RATIONAL 
FUNCTIONS,  by  N.  DeClaris.  Dec.  30,  1954  ,  27p. 
lncl.  diagrs.  refs.  (Technical  rept.  no.  287)  (Spon¬ 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  [  Air  Force]  Office  of  Scientific  Research 
under  DA  36- 039- sc-42607)  aD  83864  Unclassified 

A  general  method  is  developed  for  finding  functions  of 
a  single  complex  variable  s,  which  approximates  an 
assigned  network  characteristic,  within  the  special 
class  of  functions  realizable  as  networks  of  linear 
lumped  parameter  elements.  The  method  Is  based 
upon  an  interpolation  technique  with  a  series  of  general 
rational  functions  on  the  unit  circle  of  the  z-piane.  A 
number  of  transformations  that  map  the  interval  of 
interest  of  the  s-plane  Into  the  unit  circle  of  the  z- 
piane  are  discussed.  A  great  advantage  of  this  method 
is  that  It  allows  one  to  preassign  the  pole  location  of 
the  desired  rational  function  anywhere  In  the  left- half 
of  the  s-plane.  Following  a  formal  mathematical  treat¬ 
ment,  procedures  are  outlined  for  three  cases  of  ap¬ 
proximation  In  both  the  frequency  and  the  time  domain. 
A  number  of  examples  illustrate  the  wide  range  of 
applicability. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

OPTICAL  STUDIES  OF  RADIOACTIVE  MERCURY,  by 
F.  Dltter,  S.  P.  Davis  and  others.  (  1954  7  9  p.  lncl. 

Ulus,  diagrs.  tables,  refs.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  Air  Force 
Office  of  Scientific  Research,  and  Atomic  Energy  Com 
ml Bslon  under  DA  36  039-sc  42607  )  Unclassified 

Published  In  l’hys.  ltev..  v  96:  1531  1539,  Dec.  15, 
1954. 

A  technique  has  heen  developed  for  studying  the  hyper- 
fine  structure  of  the  resonance  radiation  of  mercury. 

A  single  /.eeman  component  of  the  2536A  line  of  Hg79® 

Is  used  as  a  variable- frequency  monochromatic  light 
source,  and  the  field  strength  applied  to  the  arc  lamp  to 
produce  resonance  absorption  in  a  resonance  lamp  as  a 
measure  of  the  resonance  frequency  Natural  mercury. 
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Massachusetts  Inst,  of  Tech. 
Electronics,  Cambridge. 
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ANALOGUE  STUDY  OF  ELECTRON  TRAJECTORIES, 
by  II.  F.  Logan,  G  R.  Welti,  and  G.  C.  Sponsler. 

[  1954  '  14  ,p.  lncl.  itius.  refs.  (Sponsored  jointly 

by  Signal  Corps.  Office  of  Naval  Research  and  '  Air 
Force]  Office  of  Scientific  Research  under  DA  36-039 
sc-42607)  AD  89136  Unclassified 

Also  published  In  Jour.  Assoc.  Computing  Machinery, 
v.  2:  28-41,  Jan.  1955. 

The  Dynamic  Analysis  and  Control  Lab.  (D.  A.  C.  L. ) 
at  M.  I.  T.  demonstrated  another  usefulness  of  Simula 
tlon  techniques  by  applying  the  D.  A.  C.  L.  Generalized 
Computer  to  a  problem  in  electron  optics.  Standard 
D.  A.  C.  L.  analogue  computing  components  were 
employed,  together  with  an  electrolytic  tank  to 
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generate  electron  trajectories  directly  at  speeds  of  the 
order  of  1  In.  'sec.  With  minor  setup  changes,  the  same 
equipment  was  used  to  map  the  electrostatic  field  in  the 
tank. 


MIT.  11:057 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

STUDIES  ON  THE  NATURE  OF  REFLEX  INHIBITION 
PRODUCED  BY  THE  INTERACTION  OF  VOLLEYS 
RUNNING  IN  NEIGHBORING  DORSAL  ROOTS,  by  B. 
Rowland,  J.  Y.  Lettvln  and  others,  f  Jan.  1954]  [1,'p. 
(Sponsored  jointly  by  Signal  Corps.  Office  of  Naval  Re¬ 
search,  and  f  Air  Force'  Office  of  Scientific  Research 
under  DA  36-039-  sc-42607;  and  In  part  by  the  Bell 
Telephone  Labs. ,  Inc.  and  the  Teagle  Foundation) 

Unclassified 

Published  In  .lour.  Neuropliyslol.,  v.  18:  1-17,  Jan.  1955. 

Dorsal  roots  Lg  and  Lg  were  stimulated  In  such  a  way 
that  a  volley  In  one  Inhibited  the  motor  response  to  a 
volley  In  the  other.  With  multiple  microelectrode 
placements,  the  potential  changes  were  measured  and 
the  current  distribution  calculated  In  a  cross  section  of 
the  cord  traversed  by  these  dorsal  root  fibers.  This 
enabled  the  Intramedullary  course  of  afferent  Impulses 
to  be  followed.  It  was  shown  that,  after  stimulus  of  Lg, 
test  volleys  In  L5  failed  to  Invade  collaterals  of  the 
primary  axons.  It  Is  concluded  that  one  type  of  Inhibition 
Involves  blocking  afferent  nerve  Impulses  before  they 
have  reached  the  region  of  cells.  (Contractor’s 
ahstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

TWO  BITS  WORTH  OF  INFORMATION  THEORY 
(Ahstract),  by  R.  M.  Fano.  Jan.  1955  1  p. 

(Sjmnsored  jointly  by  Signal  Corps,  Office  of  Naval  He 
search,  and  AJr  Force  Office  of  Scientific  Research 
under  DA  36  039  sc  42607)  Unclassified 

Presented  to  the  A1ES  Technical  Group  on  Communicu 
tlmi  (Boston  Section),  Boston,  Mass.,  Jan.  4,  1955 

The  process  of  communication  plays  a  predominant  role 
in  most  human  activities  Information  theory  has  pro 
vnded  a  new  and  powetful  way  of  analyzing  conimuntca 
tlon  problems  such  as  those  that  arise  in  the  study  of 
languages,  hearing  and  vision,  as  well  as  those  arising 
in  the  design  of  electrical  communication  systems. 

After  a  brief  presentation  of  the  basic  concepts  of  in 
formation  theory,  a  number  of  illustrative  examples 
selected  from  recent  research  In  various  fields  will  tie 
discussed.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

HIGH-FREQUENCY  GAS  DISCHARGE  PLASMA  IN 
HYDROGEN,  by  D.  J.  Rose  and  S.  C  Brown.  [  Jan. 
13,  1955]  [ 7 ]p.  lncl.  diagrs.  refs.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force]  Office  of  Scientific  Research  under 
[DA  36-039- sc-426071)  AD  106988  Unclassified 

Also  published  in  Phys.  Rev.,  v.  98:  310-316,  Apr.  15, 
1955. 

The  high-frequency  electric  field  required  to  maintain 
a  hydrogen  plasma  has  been  measured  as  a  function  of 
pressure  and  plasma  electron  density.  A  theory  of  the 
plasma  based  on  a  solution  of  the  Boltzmann  transport 
equation  has  been  developed  to  predict  this  field;  It 
agrees  satisfactorily  with  experiment.  Yhe  theory  has 
no  adjustable  parameters,  and  uses  only  the  proba¬ 
bilities  of  collision,  excitation,  and  ionization  of  the 
gas  by  electrons,  and  the  Ionic  mobility.  (Contractor’s 
abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

VELOCITY  ANALYSIS  OF  THERMIONIC  EMISSION 
FROM  SINGLE  CRYSTAL  TUNGSTEN,  by  A.  R. 

Hutson.  Jan.  13,  1955  f  13  ’ p.  lncl.  illus.  tables, 
refs.  (Technical  rept.  no.  260)  (Spcnsored  jointly  by 
Signal  Corps.  Office  of  Naval  Research,  and  [  Air 
Force  Office  of  Scientific  Research  under  DA  36-039- 
sc  42607)  AD  68083  Unclassified 

Also  jmhllshed  In  Phys.  Rev.,  v.  98:  889  901,  May  15, 
1955. 

A  180°  magnetic  velocity  analyzer  tube  has  been  used 
to  observe  the  energy  distributions  of  the  thermionic 
emission  from  various  crystallographic  directions  of 
a  single-crystal  tungsten  filament.  The  distributions 
were  the  same  In  all  of  the  directions  and  were  not 
Maxwellian.  An  energy  dependent  reflection  coefficient 
for  the  tungsten  surface,  previously  proposed  by 
Nottingham,  is  capable  of  explaining  the  shape  of  the 
distributions  quite  well.  Tne  tube  permitted  measure¬ 
ments  of  the  differences  between  the  true  work 
functions  of  the  various  directions.  The  changes  of 
true  work  functions  with  temperature  between  1700‘'K 
and  2000‘K  wert  also  measured  for  all  directions 
except  the  (110).  The  non  -  Maxwellian  character  of  the 
energy  distributions  and  the  temperature  variations  of 
the  work  functions  can  largely  explain  the  discrepancy 
between  the  emission  constant,  A  120,  of 
Richardson's  equation  and  the  Richardson  plot  emission 
constants  obtained  for  the  various  directions  of  a 
tungsten  crystal  by  Nichols  and  by  Fnuth.  (Con¬ 
tractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THEORY  OF  HYPERFINE  STRUCTURE  I,  by  C. 
Schwartz.  [  1955  1  [16lp.  tncl.  diagrs.  table,  refs. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search.  and  [  Air  Force1  Office  of  Scientific  Research 
under  [  DA  36  039-SC-426071 )  Unclassified 

Published  In  Phvs.  Rev.,  v.  97:  380-395,  Jan.  15,  1955. 

Considering  the  classical  electric  and  magnetic  Inter¬ 
actions  between  atomic  electrons  and  the  nucleus,  a 
representation  Is  arrived  at  of  the  hyperfine  Interactions 
in  terms  of  a  multipole  expansion  of  the  field  potentials. 
Treating  these  noncentral  interactions  in  first  order 
perturbation  theory,  the  form  can  be  given  of  the  general 
interval  structure  and  analyzed  for  the  multipole  inter 
action  constants  using  Racah  coefficients.  Pertinent 
matrix  elements  for  a  single  valence  electron  are  calcu¬ 
lated  relatlvisticaily.  Some  second  order  terms  of  the 
dipole  and  quadrupole  Interactions  arc  calculated  as  they 
affect  the  interpretation  of  the  first  order  octupole  inter¬ 
action.  dso,  the  effect  of  some  electronic  configuration 
lnterac.  ons  Is  quantitatively  considered.  Finally  the 
value  of  nuclear  magnetic  octupole  moments  expected 
according  to  different  models  are  calculated  and  com¬ 
pared  with  the  experimental  data  thus  far  collected. 
Generally  the  measured  octupole  moments  are  In  as  good 
agreement  with  the  values  predicted  by  the  slngte- 
partlcle  shell  model  as  are  the  corresponding  dipole 
moments.  (Contractor's  abstract) 
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impulse  response  of  the  system."  Saturation  and 
other  constraints  can  be  taken  Into  account  during  the 
determination  of  D(s).  The  procedure  Is  Iterative  and 
is  carried  out  graphically  In  terms  of  the  time  func¬ 
tions  Involved;  It  Is  simple,  effective,  and  down-to- 
earth.  The  basis  of  this  method  Is  analyzed  In  terms 
of  servo  and  network  theory.  Several  methods  are 
presented  for  calculating  the  closed-loop  response  of 
the  compensated  system.  A  specific  example  is  de¬ 
signed  according  to  the  procedure  and  its  transient 
response  calculated.  The  results  agree  well  with 
similar  ones  obtained  by  computer  simulation.  An 
actual  experimental  servo  system  was  designed  on  this 
basis.  The  realization  of  a  practical  D(s)  for  servo 
systems  is  discussed;  several  methods  of  doing  this 
are  presented.  The  performance  of  the  experimental 
system  further  verifies  the  validity  of  this  approach. 
(Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

THEORY  OF  THE  FINE  STRUCTURE  OF  THE 
MOLECULAR  OXYGEN  GROUND  STATE  AND  THE 
MEASUREMENT  OF  ITS  PARAMAGNETIC  SPECTRUM, 
by  M.  Tlnkhani  and  M.  W.  P.  Strandberg.  Feb.  1,  1955 
[30ip.  inci.  diagrs.  tables,  refs.  (Technical  rept. 
no.  281)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force]  Office  of  Scientific 
Research  under  DA  3G-039-SC-42607:  continued  by 
DA  3G-039 -sc -G4G37)  AD  G38G3  Unclassified 

Also  published  In  Phys.  Rev.,  v.  97:  937-966,  Feb.  15, 
1955. 


Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

TIME-  DOMAIN  COMPENSATION  FOR  CLOSED  LOOP 
SYSTEMS  DY  A  DELAY  1JNE  METHOD,  hy  Y.-C.  l!o. 
Jm.  17.  1955.  33p.  tncl.  liius.  diagrs.  tables,  refs. 
(Technical  rent.  no.  288)  (S|xmsnred  jointly  by  Signal 
Corps.  Office  of  Naval  Research,  and  Air  Force 
Office  of  Sclentltic  Research  under  DA  30-039  sc 
4 2007)  AD  85767  Unclassified 


This  report  presents  a  new  approach  to  the  synthesis 
and  analysis  of  Closed  -loop  systems  in  the  time  domain 
In  general,  ii  investigates  the  effect  of  th“  discrete 
filter 
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in  compensating  for  feedback  systems,  and  its  resultant 
transient  response.  First  the  generality,  simplicity, 
aid  flexibility  of  the  discrete  filter  are  demonstrated. 

The  properties  of  D(s)  when  cascaded  with  other  elements 
are  then  studied  in  both  the  time  and  the  frequency 
domain.  The  procedure  for  designing  Iks)  to  compensate 
a  given  system  is  carried  out  entirely  in  the  time  do- 
ni.in.  it  is  based  on  the  "  reshaping  of  the  open  loop 


Part  1.  Theory  of  the  Fine  Structure  of  the  Molecular 
Oxygen  Ground  Stale;  A  rather  complete  solution  for 
tiie  fine  structure  problem  In  the  oxygen  molecule  Is 
given  in  the  framework  of  the  Born  Oppenhelmer  ap¬ 
proximation.  The  reduction  of  the  effect  of  the  elec¬ 
tronic  slate  on  the  fine  structure  to  ar.  effective 
Hamiltonian,  involving  only  the  resultant  electronic 
spin  in  addition  to  rotational  and  vibrational  quantum 
numbers,  is  demonstrated.  In  this  Hamiltonian  the 
parameters  1  and  u  measure  the  effective  coupling  of 
the  spin  to  the  figure  axis  and  the  rotational  angular 
momentum,  respectively.  The  contributions  to  these 
parameters  which  are  diagonal  In  electronic  quantum 
numbers,  namely  1  and  .*.  are  evaluated  by  using  an 
expression  for  the  electronic  wave  function  as  a 
superposition  of  configurations.  The  second-order 
contributions  of  spin  orbit  coupling  and  rotation  induced 
electronic  angular  momentum  to  1  and  a,  and  the  elec¬ 
tronic  contribution  to  the  effective  moment  of  Inertia 
are  related  to  each  other.  Tills  Interrelation  enaDles 
them  ail  to  be  essentially  evaluated  experimentally. 

Part  11.  Interaction  of  Molecular  Oxygen  with  a  Mag¬ 
netic  Field:  The  dominant  Interaction  of  Oj  with  a 
magnetic  field  is  through  the  electronic  spin  magnetic 
moment,  lioweve".  a  precise  comparison  with  ex 
pertinent  of  the  r<  Its  of  calculating  the  microwave 
paramagnetic  specti  .  assuming  only  this  Interaction, 
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shows  a  systematic  discrepancy.  This  discrepancy  Is 
removed  by  Introducing  two  corrections.  The  larger  Is 
a  correction  for  the  second-order  electronic  orbital 
moment  coupled  In  by  the  spin-orbit  energy.  The 
smaller  Is  a  correction  tor  the  rotation- induced  mag¬ 
netic  moment  of  the  molecule.  Stnce  the  dependence  of 
this  contribution  on  quartan,  numbers  is  quite  unique, 
this  coefficient  can  also  be  determined  by  fitting  the 
magnetic  spectrum.  A  new  result  Is  the  rotational 
magnetic  moment  of  0.  25  *  0.  05  nuclear  magnetrons 
per  quantum  of  rotation.  Knowledge  of  this  moment 
allows  the  electronic  contribution  to  the  effective 
moroent  t*l  Inertia  to  be  determined  Tbeorrilc  al  In¬ 
tensities  of  a  number  of  the  microwave  transitions  are 
calculated  and  successfully  compared  with  experiment 
over  a  range  of  100  to  1  in  magnitude.  (Contractor’s 
abstract,  modified) 


MIT.  12:001 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

DOCILE  BEHAVIOR  OF  FEEDBACK  AMPLIFIERS, 
by  s.  J.  Mason.  Feb.  It),  la55  l.p,  lhtl.  Ulus, 
tables.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  [  Air  Forced  Office  of  Scientific 
Research  under  DA  36-039- sc  04637;  continuation  of 
I)A  36  039  sc-426071  AD  103572  Unclassified 

Also  published  In  Proc.  Inst.  Radio  Engineers,  v.  44: 
781-787,  June  1956. 

A  docile  amplifier  Is  one  that  remains  stable  when  con 
nected  to  any  passive  network  of  a  specified  class.  A 
simplified  geometrical  approach  Is  used  to  derive  that 
docility  criteria  for  passive- end- loading.  Ideal  trans¬ 
former  feedback,  bilateral  passive  feedback,  and 
arbitrary  passive  feedback. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

CAVITIES  AND  WAVEGUIDES  WITH  INHOMOGENEOUS 
AND  ANISOTROPIC  MEDIA,  by  A.  D.  Berk.  Feb  11, 
1955.  58p,  Inch  dlagrs.  (Technical  rept.  no.  284) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re 
search,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039  sc -64637)  AD  107541  Unclassified 

With  the  advent  of  ferrites  at  microwave  frequencies, 
the  treatment  of  electromagnetic  boundary- value 
problems  Involving  anisotropic  substances  has  become 
more  than  an  academic  exercise  Since  exact  methods 
of  analysis  often  encounter  formidable  mathematical 
difficulties,  it  Is  necessary  to  resort  to  approximate 
calculations.  Two  such  methods  are  developed.  The 
first  one  ts  based  on  a  mode  expansion  analysis,  the 
second  on  variational  calculations.  The  former  is 
applied  to  the  determination  of  resonant  frequencies 
ami  Impedance  matrices  of  cavities  and  to  the  deter 


mination  of  propagation  constants  of  waveguides.  The 
variational  method  is  utilized  in  obtaining  approximate 
expressions  for  resonant  frequencies  of  cavities  and 
for  cut-off  frequencies  and  propagation  constants  of 
waveguides.  Several  examples  with  emphasis  on  micro- 
wave  components  containing  ferrttes  are  worked  out. 

The  reballs  indicate  that  It  lb  often  pobslble  to  obtain 
approximate,  yet  sufficiently  accurate,  solutions  of 
problems  of  which  the  exact  solutions  are  extremely 
difficult.  The  Interesting  problems  of  the  completeness 
of  a  set  of  cavity  modes  Is  briefly  treated  In  Appendix 
I.  Several  points  of  view  are  reviewed  and  reconciled 
wtUh  some  nuwilf'fatl  i  f*  0441- that  Slsior's  treat¬ 
ment  of  "empty"  cavlttes  Is,  for  all  practical  pur¬ 
poses,  complete.  (Contractor's  abstract) 
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Maet  ic burette  tv  ;t.  ,!  Tech  lia-searr'  Lib  of 
Electronics,  Cambridge. 

MICROWAVE  STUDY  OF  POSITIVE  ION  COLLECTION 
BY  PROBES,  by  G.  J.  Schulz  and  S.  C.  Brown.  Feb. 
14,  1955  r8]p.  tncl.  illus.  refs.  (Sponsored  jointly 
by  Signal  Coipa,  Office  ol  Naval  Itfcseai t'u,  and  ,  Alt 
Force1  Office  of  Scientific  Research  under  DA  36-039- 
sc-64637)  AD  102872  Unclassified 

Also  published  In  Phys.  Rev.,  v.  98:  1642-1649, 

June  15,  1955. 

The  theory  of  the  positive  ion  saturation  region  of 
probes  at  low  pressure  is  modified  to  take  into  account 
the  directed  current  at  the  sheath  edge.  This  drift 
current  explains  the  discrepancy  between  the  theoreti¬ 
cal  and  experimental  ratio  of  the  electron  saturation 
probe  current  to  the  positive  Ion  saturation  probe  cur¬ 
rent.  The  theory  is  checked  using  microwave  methods 
to  obtain  an  Independent  measurement  of  the  Ion  den¬ 
sity.  Probe  and  microwave  measurements  are  corn- 
eared  In  the  pressure  region  of  0.  05  -  6  mm  Hg  in 
hydrogen,  argon,  and  helium.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  l.ab.  of 
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ANTIFERROMAGNETISM,  by  G  W.  ITatt,  Jr. 

1955  7,’p.  inch  dlagrs.  tables.  (Sponsored  jointly 

by  Signal  Corps,  Office  of  Naval  Research,  and  Air 
Force  j  Office  of  Scientific  Research  under  DA  30-039 
sc- 64637.)  Unclassified 

Published  in  Phvs.  Rev.,  v.  97:920-933.  Feb.  t5. 
1955. 

The  nature  of  the  spin  coupling  In  MnO  is  discussed, 
the  details  of  the  discussion  being  based  on  a  very 
simplified  three- center  system.  The  coupling  between 
magnetic  ions  whose  charge  densities  interact  with  an 
Intervening  nonmagnetic  Ion  but  not  dtrectly  with  each 
other  is  described  as  the  result  of  the  polarization  of 
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the  nonmagnetic  ion.  The  configuration  Interaction  rep 
resentatlon  of  this  polarization  Is  treated  by  non- 
orthogonal  orbitals,  orthogonal  orbitals,  and  by 
Kramers'  method.  These  three  approaches  are  applied 
to  a  numerical  example.  It  Is  concluded  that  a  reliable 
description  of  the  simple  three-center  problem  Is  more 
complicated  than  generally  believed  due  to  the  Impor¬ 
tance  of  highly  excited  states  of  the  system  which  have 
been  neglected  in  previous  treatments  of  the  problem. 
(Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

INTERACTION  OF  MOLECULAR  OXYGEN  WITH  A 
MAGNETIC  FIELD,  by  M.  Tlnkhan.  and  M.  W.  P. 
Strandberg.  f  19551  r  16^.  incl.  dlagrs.  tables,  refs. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re 
nearch  and  'Air  Force  1  Office  of  Scientific  Research 
under  [  DA  36-039- sc-64637 1 )  Unclassified 

Published  In  Phys.  Rev.,  v.  97:951-936,  Feb.  15,  1955. 

The  dominant  Interaction  of  C>2  with  a  magnetic  field  Is 
through  the  electronic  spin  magnetic  moment.  However, 
a  precise  comparison  with  experiment  of  the  results  of 
calculating  the  micro- wave  paramagnetic  spectrum, 
assuming  only  this  Interaction,  shows  a  systematic  dis¬ 
crepancy.  This  discrepancy  Is  removed  by  Introducing 
two  corrections.  The  larger  ( — 0.  1  percent,  or  7  gauss) 
Is  a  correction  for  the  second-order  electronic  orbital 
moment  coupled  In  by  the  spir  orbit  energy.  Its  mag¬ 
nitude  U  proportional  to  the  second  order  term  u"  In 
the  spin-  rotation  coupling  Constant.  The  smaller 
(■ —  1  gauss)  Is  a  correction  for  the  rotation-induced 
magnetic  moment  of  the  molecule.  Since  the  dependence 
of  this  contribution  on  quantum  numbers  is  quite  unique, 
tills  coefficient  can  also  be  determined  by  fitting  the 
magnetic  spectrum.  A  total  of  120  X  band  and  78  S  band 
lines  were  observed.  The  complete  correction:;  have 
been  made  on  26  lines  with  a  mean  residual  error  of 
roughly  0.  5  nic  'sec.  This  excellent  agreement  confirms 
the  anomalous  electronic  moment  to  60  parts  per 
million  (ppm)  and  also  confirms  the  validity  of  the 
Zeeman  effect  theory.  A  new  result  'he  rotational 
magnetic  moment  of  0.  25  t  0.  05  nuclear  magnetons 
per  quantum  of  rotation.  Knowledge  of  tills  moment 
allows  the  electronic  contribution  to  the  effective  mo 
ment  of  inertia  to  lie  determined.  Making  this  correction 
of  65  ppm.  and  using  the  latest  fitting  of  the  universal 
atomic  constants,  the  equilibrium  Internuclear  distance 
is  recomputed  to  be  Rp  t.  2078  1  0.00002  A.  It  Is 
deduced  that  the  magnitude  of  the  second-orde- 
spin  orbit  contribution  to  the  coupling  of  the  spin  to  the 
figure  axis.  Is  865  1  50  me  sec.  or  less  than  one  per 
cent  of  the  total  coupling  constant  '•  Theoretical  in 
tensities  of  a  number  of  the  microwave  transitions  are 
calculated  aial  successfully  compared  with  experiment 
over  a  range  of  100  to  t  in  magnitude.  It  turns  out  that 
M  0  transitions  are  over  a  hundred  limes  weaker 
than  the  ."  M  >1  transitions  anti  thus  are  too  weak  to 
observe  Also  J  breaks  down  as  a  quantum  number  In 


the  presence  of  a  magnetic  field.  This  allows  AJ  =  *2 
transitions  to  comprise  roughly  half  of  all  lines  ob¬ 
served.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

AN  ATOMIC  FREQUENCY  STANDARD  (Abstract),  by 
J.  R.  Zacharlas,  J  G.  Yates,  and  R.  D.  Haun,  Jr. 
[Mar.  19551  [2jp.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  1  Air  Force  1 
Office  of  Scientific  Research  under  DA  36-039-sc- 
64637)  Unclassified 

Presented  at  the  I.  R.  E.  National  Convention,  New 
York,  Mar.  21-24,  1955. 

The  hyperflne-  structure  resonance  line  of  atomic 
cesium  at  approximately  9192.  632  mc/sec  has  been 
used  to  stabilize  the  frequency  of  a  microwave  signal 
generator.  This  resonance  frequency,  deacribable  as 
the  Larmor  precession  frequency  of  the  valence  electron 
of  atomic  cesium  In  the  magnetic  field  of  the  atomic 
nucleus,  Is  observed  by  the  atomic  beam  magnetic 
resonance  method  as  a  resonance  curve  with  a  half¬ 
width  of  approximately  200  cps.  The  choice  of  an 
atomic  beam  of  cesium  for  this  purpose  was  suggested 
by  Professor  1.  1.  Rabl  sometime  before  1940,  but  the 
techniques  necessary  to  make  It  into  a  practical  device 
have  become  available  only  In  the  last  few  years  in 
connection  with  researches  on  rare  Isotopes  of  the 
alkali  atoms.  These  techniques  will  be  described.  The 
atomic  beam  Is  contained  In  a  stainless  steel  tube,  6 
feet  long  and  10  Inches  In  diameter.  The  atoms  emerge 
at  a  temperature  of  about  80°C  as  a  directed  beam  from 
100  long  canals  forming  the  exit  to  a  reservoir  which 
holds  the  metallic  cesium:  they  then  pass  through  an 
Inhomogeneous  field  of  about  10.000  gauss  cm  to  pro¬ 
duce  a  sideways  deflection  of  their  motion;  they  then 
pass  through  two  cavities  resonant  at  9192  me  /sec  and 
66  cm  apart;  then  through  another  Inhomogeneous  mag¬ 
netic  Held  similar  to  the  first,  and  finally  to  a  hot  wire 
detector  to  measure  the  number  of  those  atoms  which 
have  absorbed  or  emitted  radiation  in  the  resonant 
cavities.  After  striking  the  hot  wire  they  are  re 
evaporated  as  positive  ions  which  are  accelerated  to  the 
first  plate  of  a  cascade  electron  multiplier.  The  Impact 
of  each  ion  results  In  a  burst  of  about  10^  electrons  at 
the  final  stage  of  the  electron  multiplier,  thus  permit¬ 
ting  counting  of  individual  atoms  or  determining  the 
average  atom  current.  The  resonant  cavities  are  fed 
in  phase  by  a  passive  frequency  tripler  which  receives 
its  power  from  an  oscillator  at  3064  mc/sec.  The 
power  in  the  cavities  is  sufficient  to  effect  absorption 
or  stimulated  emission  by  the  atoms  of  the  beam. 

Either  process  so  changes  their  motion  to  enable  them 
to  strike  the  detector  and  be  counted  The  uutput  of 
the  detector  is  used  111  a  variety  of  ways,  one  of  which 
is  to  provide  a  voltage  to  lock  the  frequency  of  the 
oscillator  to  the  resonance  frequency  of  the  atom,  l're 
U miliary  results  show  that  the  short  time  stability  thus 
obtained  (for  times  less  than  1  sec)  Is  betti  ~  than  t  part 
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in  10®  and  that  the  average  stability  for  long  times  will 
be  considerably  better  than  this.  The  beam  tube  has 
run  satisfactorily  for  periods  as  long  as  50  days,  indi¬ 
cating  that  a  sealed-off  tube  with  a  life  of  several  years 
shouid  be  quite  possible.  Commercial  production  of  a 
sealed- off  version  of  this  device  has  been  started. 
(Contractor's  abstract) 
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CODING  FOR  NOISY  CHANNELS  (Abstract),  by  P. 

Elias.  [Mar.  1955 1  [I'p.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Navai  Research,  and  [  Air 
Force]  Office  of  Scientific  Research  under  DA  36-039- 
sc-64  6  3  7)  Unclassified 

Presented  at  the  I.  R.  E.  National  Convention,  New 
York,  Mar.  21-24,  1955. 

Published  in  1.  R.  E.  Convention  Record,  Pt.  IV:  37-46, 
1955. 

A  remarkable  result  of  Shannon's  Mathematical  Theory 
of  Communication  is  the  fact  that  Information  can  be 
transmitted  at  a  definite  rate  over  a  noisy  channel,  with 
as  low  an  error  probability  as  is  desired,  by  properly 
matching  the  message  to  the  noisy  channel.  The  match 
ing  process  is  called  "coding.  ”  The  problem  of  design 
lnp  codes  for  particular  noisy  channels  Is  central  for 
many  applications  of  the  theory.  This  paper  reviews  the 
progress  which  has  been  made  in  coding,  especially  for 
the  noisy  binary  channel.  Some  new  results  will  be  pre¬ 
sented  on  the  dependence  of  error  probability  and 
efficiency  on  coding  delay  and  equipment  complexity. 
(Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab  of 
Electronic s.  Cambridge 

A  METHOD  OF  RATIONAL  FUNCTION  APPROX1MA 
TION  FOR  NETWORK  SYNTHESIS,  by  N.  DeClaris. 
[Mar.  i955  1  j p.  (Sponsored  jointly  by  Signal  Corps, 

Office  of  Navai  Research,  aisi  Ar  Force  Office  of 
Scientific  Research  under  DA  36  039  sc  64637) 

Uncial  sifted 

Presented  at  Ute  i.  it.  E.  National  Convention.  New 
York.  Mar  21  24  i955 

Published  ill  L  R.  E.  Convention  Record,  Pt.  11:  51-58. 
1955. 

A  general  method  is  developed  for  finding  functions  of 
a  single  complex  variable  s.  which  approximate.)  .-It 
isctgned  network  characteristic  wlth.fi  tin  specta' 
class  of  functions  realizable  as  networks  of  linear 
lumped  parameter  circuits  The  method  is  based  upon 
an  mler|K)lali  >n  technique  w  th  a  series  of  general 


rational  functions  on  the  unit  circle  of  the  z- plane.  A 
number  of  transformations  that  map  the  Interval  of 
Interest  of  the  s-plane  Into  the  unit  circle  of  the  z-plane 
are  discussed.  A  great  advantage  of  the  method  pre¬ 
sented  In  this  paper  is  that  it  allows  preassigning,  if 
so  desired,  the  pole  location  of  the  desired  rational 
function  anywhere  In  the  left  half  of  the  s-plane.  In 
addition  to  this  freedom,  it  also  makes  it  possible  to 
approximate  on  some  contour  of  the  complex  plane  the 
function  Itself  rather  than  its  modulus.  Indeed,  in  some 
applications  of  electric  circuits,  one  Is  Interested  in 
both  the  magnitude  and  phase  characteristics  of  a  net¬ 
work  in  a  specified  frequency  interval.  Following  a 
formal  mathematical  treatment,  procedures  are  outlined 
for  three  cases  of  approximation  in  both  the  frequency 
and  the  time  do  aln.  (Contractor's  abstract) 


MIT.  12:009 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

PREDICTIVE  CODING.  PARTS  I  AND  II,  by  P.  EUas. 

[  1955]  f  18  j p.  tncl.  lllus.  refs.  (Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force  Office  of  Scientific  Research  under  [  DA  36- 
039-sc- 64637])  AD  76343  Unclassified 

Algo  published  In  I.  R.  E.  Trans,  on  Iniormatlon 
Theory,  v.  IT  I:  16  33,  Mar.  1955. 

Predictive  coding  Is  a  procedure  for  transmitting 
messages  which  are  sequences  ot  magnitudes.  In  this 
coding  method,  the  transmitter  and  the  receiver  store 
past  message  terms,  and  from  them  estimate  the  value 
of  the  next  message  term.  The  transmitter  transmits, 
not  the  message  term,  but  the  difference  between  it  and 
iis  predicted  ••  !ue.  At  the  receiver  this  error  is 
added  to  the  receiver  prediction  to  reproduce  the 
message  term.  This  procedure  is  defined  and  mes¬ 
sages,  prediction,  entropy,  and  ideal  coding  are 
discussed  to  provide  a  basis  for  Part  n,  which  will  give 
the  mathematical  criterion  for  the  best  predictor  for 
use  In  the  predictive  coding  of  particular  messages, 
will  give  examples  of  such  messages,  and  will  show 
that  the  error  term  which  is  transmitted  in  predictive 
coding  may  always  be  coded  efficiently.  In  part  1  pie 
dictive  coding  was  defined  and  messages,  prediction, 
entropy,  and  Ideal  coding  were  discussed.  In  the 
present  paper  the  criterion  to  be  used  for  predictors 
lor  the  purpose  of  predictive  coding  is  defined:  that 
predictor  is  optimum  in  the  information  theory  (IT) 
sense  which  minimizes  the  entropy  ot  the  average 
error  term  distribution.  Ordered  averages  of  distri 
butions  are  defined  and  It  is  shown  that  if  a  predictor 
gives  an  ordered  average  error  term  distribution  it 
will  be  a  best  IT  predictor.  Special  classes  ot  mes 
sages  are  considered  (or  which  a  best  IT  predictor  can 
easily  be  found,  and  some  examples  are  given.  The 
error  terms  which  are  transmitted  in  predictive  coding 
are  treated  as  if  they  were  statistically  independent. 

If  this  is  indeed  the  ^ase.  nr  a  good  approximation, 
then  II  is  s'.iii  necessary  to  show  that  sequences  of 
message  terms  which  are  statistically  independent  may 
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always  be  coded  efficiently,  without  impractically  large 
memory  requirements,  In  order  to  show  that  predictive 
coding  may  be  practical  and  efficient  in  such  cases. 

This  is  done  In  the  final  section  of  this  paper.  (Con¬ 
tractor’s  abstract) 


MIT.  12:010 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  USE  OF  POTENTIAL  ANALOGS  IN  NETWORK 
SYNTHESIS,  by  R.  E.  Scott.  [Mar.  19551  [lip. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  r  Air  Force]  Office  of  Scientific  Research 
under  DA  36-039-SC-64337)  Unclassified 

Presented  at  the  1.  R.  E.  National  Convention,  New 
York,  Mar.  21-24,  1955. 

Published  in  1.  R.  E.  Convention  Record,  Pt.  11:  2-8, 

1955. 

A  summary  is  given  of  the  use  of  potential  analogs  for 
synthesis  in  the  time  domain,  the  frequency  domain, 
and  the  real  part  domain.  Most  of  the  analogs  discussed 
are  based  on  current  flow  in  a  resistive  sheet.  In 
addition,  a  new  device  la  described  which  combines  the 
three  typos  and  yields  essentially  instantaneous  curves 
of  the  gain  function,  the  phase  function,  the  real  part, 
the  imaginary  part,  and  the  transient  response.  This 
device  can  be  used  for  network  synthesis  by  any  of  the 
three  mot-  ids  and  for  checking  the  relations  between 
them.  Throughout  the  discussion  particular  attention 
is  devited  to  the  use  of  symmetry  and  conformal  mapping 
to  n  'he  site  of  physical  devices  and  decrease 
the  errors  (Contractor’s  abstract) 


MIT.  12:011 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

Ml CItC WAVE  DETERMINATION  OF  THE  AVERAGE 
MASSES  OF  ELECTRON'S  AND  HOLES  IN  GERMANIUM 
by  J.  M.  Goldey  and  S.  C.  llrown.  Mar.  3.  1955  3  p. 

ind.  tables,  refs  (Sponsored  jointly  by  Signal  Corps. 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  3ti  039  sc  54037) 

AD  102873  Unclassified 

Also  published  In  Phys.  Rev  .  v  98:  1701  1703 
June  15.  1955 

Free  current  carriers  in  a  medium  make  a  contributions 
to  its  dielectric  coefficient.  The  present  experiment 
utilizes  this  effect  to  determine  the  effective  masses  of 
electrons  ami  tioies  in  germanium  by  measuring  the 
microwave  dielectric  coefficient  at  several  temperatures 
The  dielectric  coefficient  was  determined  hy  measuring 
the  complex  transmission  coefficient  at  24.  15  ki Iomega 
cycles  through  a  thin  slab  of  germanium.  The  effective 
mass  for  electrons  was  (0.  09  ■  o.  05)mo:  for  holes  it  was 


(0.  30  *  0.05)mo.  (Contractor's  abstract) 


MIT.  12:012 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

LINE  BREADTHS  IN  THE  MICROWAVE  MAGNETIC 
RESONANCE  SPECTRUM  OF  OXYGEN,  by  M.  Tinkham 
and  M.  W.  P.  Strandberg.  Mar.  4,  1955  [  3  ] p.  incl. 
tables,  refs.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  [  Air  Force]  Office  of  Scien¬ 
tific  Research  under  r DA  36-039- sc- 64637 ] ) 

AD  102874  Unclassified 

Also  published  In  Phys.  Rev.,  v.  99:  537-539, 

July  15,  1955. 

The  line-breadth  parameters  of  a  number  of  lines  of 
the  X-band  magnetic  resonance  spectrum  of  02  have 
been  measured  an  Interpreted  with  the  aid  of  a  previous¬ 
ly  reported  theory  of  the  spectrum.  The  results  are 
that  the  M-dependence  of  the  line  width  is  negligible, 
and  there  Is  only  a  slight  decrease  In  width  with  In¬ 
creasing  K  A  typical  width  (half- width  at  half- 
intensity)  at  300°K  Is  2.  2  (mc/sec)/  mm  Hg.  At  pres¬ 
sures  up  to  8  mm  Hg,  the  line  centers  have  been  found 
to  shift  less  than  2  percent  of  the  line  width.  The 
average  temperature  dependence  of  the  normalized  line 
breadth  parameter  (Av/P)  Is  found  to  be  T  °-T5.  This 
may  be  compared  with  the  theoretical  T*°-  627  and  the 
T-0.  85  (0Und  by  previous  workers.  It  was  found  that 
0«  -  N2  collisions  were  no  less  effective  than  On—  02 
collisions  in  producing  broadening.  (Contractors 
abstract) 


MIT.  12:013 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

AN  EXISTENCE  THEOREM  FOR  DRIVING  POINT 
IMPEDANCE  FUNCTIONS,  by  N.  DeClaris.  Mar.  8, 
1955  C  p.  Incl.  dlagrs.  (Sponsored  jointly  by  Signal 
Corps.  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36- 039- sc  - 
04637  )  AD  100284  Unclassified 

Also  published  in  Jour.  Math,  and  Phys..  v  35:  83  88. 
Apr.  1956. 

Of  concern  are  networks  of  RC  type  except  for  one 
inductance  It  is  shown  that  the  driving  point  impedance 
will  have  at  most  one  j  air  of  complex  conjugate  zeros 
ami  one  j>air  of  complex  conjugate  piles  If  the  real 
jnites  and  zeros  are  arranged  in  order  of  magnitude, 
then  no  more  than  three  zeros  or  three  jwiies  can  occur 
in  succession.  (Math.  Rev.  abstract) 
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Massachusetts  Inst  of  Tech  Research  Lab.  ol 
Electronics,  Cambridge. 

A  STUDY  OF  THE  MEMORY  REQUIREMENTS  OF 
SEQUENTIAL  SWITCHING  CIRCUITS,  by  D.  A. 

Huffman.  Mar.  14,  1955,  28p.  incl.  diagrs.  (Technical 
rept.  no  293)  (Sponsored  jointly  by  Signal  Corps,  Oflice 
of  Naval  Research,  and  [  Air  Forced  Office  of  Sclentillc 
Research  under  DA  36-039-sc- 64637)  AD  8576ft 

Unclasstlied 

The  number  of  elementary  binary  memory  devices 
necessary  for  the  realization  ol  an  arbitrary  asynchro¬ 
nous  sequential  switching  circuit  is  considered.  The 
least  upper  bound  is  discovered  to  be  approximately 
equal  to  twice  the  greatest  lower  bound.  The  minimum 
conceivable  interstate  transition  time  lor  a  sequential 
circuit  is  the  reaction  time  ol  a  single  memory  element. 
A  solution  which  achieves  tills  minimum  time  Is  derived 
and  its  relationship  to  the  Hamming  single-error  cor¬ 
recting  code  is  shown.  The  fundamental  limitations  of 
error  correction  schemes  which  compensate  for  mal¬ 
functioning  of  memory  elements  are  discussed.  These 
schemes  are  leaslble  in  synchronous  circuits  but  have 
slightly  Impaired  practicability  in  asynchronous  circuits. 
(Contractor's  abstract) 


MIT. 12:015 

Massachusetts  Inst,  ol  Tech.  Research  Lab.  ol 
Electronics,  Cambridge. 

ULTRASONIC  PROPAGATION  IN  MAGNETIC  A], l.Y 
COOLED  HELIUM,  by  C.  E.  Chase  and  M.  A.  Herlin. 

■  1954  I  6)p.  (Sponsored  jointly  by  Signal  Corps, 
Office  ol  Naval  Research,  and  Air  Force  Olfice  of 
Scientific  Research  under  DA  3G-039-SC-G4637) 

Unclassllied 

Also  published  in  Phys.  Rev.,  v  97:  1447  1452, 

Mar.  15,  1955. 

Measurements  have  been  made  ol  the  veloci'.y  and 
attenuation  ol  ordinary  sound  in  liquid  helium  a",  a 
lrequency  of  12.  1  mc/sec.  over  the  temper  dure  range 
lrom  1°K  down  to  0.  1°K  Hie  velocity  Is  essentially 
Independent  ol  temperature  and  has  the  value  240  t  5 
m/sec.  The  attenuation  passes  through  two  closely 
spaced  maxima  ,ieae  0.  9’K  and  then  falls  smoothly  to 
zero  as  the  absolute  zero  is  approached.  These  results 
agree  qualitatively  with  the  theoretical  predictions  of 
Klulutn'kov.  (Contractor's  abstract) 


MIT.  12:010 

Massachusetts  Inst,  ol  Tech.  Research  l.ab.  of 
Electronics.  Cambridge. 

TI1E  OPTICAL  PROPERTIES  OF  ATOMIC  VAPORS 
NEAR  RESONANCE,  by  F.  lMttei .  Mar  to,  t'955 
20p  Incl  diagrs  tables.  (Technical  rept.  no.  292) 
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(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  r  Air  Force]  Office  of  Scientific  Research 
under  DA  36-039- sc-64637)  AD  66375  Unclassified 

This  report  summarizes  and  amplifies  well-known 
results  in  order  to  facilitate  the  design  of  magnetic 
scanning  experiments  and  to  lay  the  ground  for  a  further 
analysis  of  double-resonance  phenomena  produced  by 
simultaneous  rf  and  optical  resonance.  The  reflection, 
relraction,  and  attenuation  of  light  incident  on  the  plane 
face  of  a  cell  containing  an  atomic  vapor  are  calculated 
lor  lrequencies  in  the  vicinity  of  an  absorpt.on  fre¬ 
quency.  The  significance  ol  the  results  obtained  is 
discussed  and  a  few  numerical  examples  are  con¬ 
sidered.  It  is  lound  that  observation  of  the  attenuation 
of  a  transmitted  beam  oflers  certain  advantages  over 
observation  ol  scattered  light  in  scanning  experiments. 
(Contractor's  abstract) 


MIT.  12:017 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

AN  EXAMINATION  OF  INFORMATION  THEORY,  by 
Y.  Bar-llillel.  r  1955 1  '20]p.  incl.  rels.  (Sponsored 
jointly  by  Signal  Corps,  Oflice  of  Naval  Research,  and 
'  Air  Force  ]  Office  of  Scieidillc  Research  under  DA  3b- 
039  sc-64637)  AD  106989  Unclassllied 

Also  published  in  Philos.  Sci.  ,  v.  22:  86-105,  Apr. 
1955. 

The  so-called  "theory  ol  information"  is  outlined.  It 
is  Implied  that  no  direct  Impact  on  semantics  is  to  be 
expected  from  this  new  science.  On  the  other  hand, 
however,  the  calculus  employed  in  it  may  turn  out  to  be 
a  powerlul  tool  in  a  number  ol  lieids  Including  (indue 
tlve)  semantics.  A  number  ol  new  insights  into  the 
process  ol  communication  achieved  recently  are  cited. 
Their  importance  for  semiotics  is  demonstrated. 
Clarillcation  ol  a  number  ol  basic  misconceptions  re 
garding  information  theory  is  undertaken  to  a  limited 
extent. 


MIT.  12:618 

Massachusetts  Inst,  ol  Tech.  Research  Lab.  ol 
Electronics.  Cambridge 

MICROWAVE  GAS  DISCHARGE  BREAKDOWN,  by 
S.  C.  llrown.  1955  12  p.  incl.  lllus.  (Sponsored 

jointly  by  Signal  Corps.  Office  ol  Naval  Research,  and 
Air  Force  tulle?  of  Sclentillc  Research  under  DA  36 
(139  sc  64037)  AD  95983  Unclassified 

Presented  at  International  Symposium  on  Electrical 
Discharge  in  Gases,  Dellt  (Netherlands).  Apr.  1955. 

Also  published  in  Appl.  Sclent.  Res.,  v.  5:  97  108. 

1 955. 

A  brief  survey  of  microwave  gas  discharge  breakdown 
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Is  given.  The  conditions  for  breakdown  In  electron 
attaching  and  non-attaching  gases  is  discussed.  Results 
for  air  show  both  electron  attachment  and  diffusion  are 
operating.  Hydrogen  Is  taken  as  an  example  of  a  gas  in 
which  electron  attachment  is  absent.  For  this  case, 
data  in  low  pressure  region,  in  the  diffusion  controlled 
region,  and  in  the  mobility  controlled  region  are  dis¬ 
cussed  and  the  results  of  the  many  studies  In  these 
regions  are  shown  to  be  consistent  with  each  other. 


MIT.  12:019 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Etectronics,  Cambridge. 

SIGNAL  FLOW  GRAPHSMANSHIP  (Abstract),  by  S.  J. 
Mason.  [Apr.  1955  J  [l]p.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Nava'.  Research,  and  [  Air 
Force]  Office  of  Scientific  Research  under  DA  36-039- 
sc-64637)  Unclassified 

Presented  at  meeting  of  the  1.  R.  E.  Professional  Group 
on  Circuit  Theory,  Symposium  on  Signal  Flow  Graphs, 
Philadelphia,  Pa. ,  Apr.  14,  1955. 

In  the  analysis  of  electronic  circuits  the  circuit  equations 
are  often  conveniently  representable  as  a  signal-flow- 
graph.  This  graph  represents  an  abstraction  of  the 
electrical  circuit  model,  just  as  the  circuit  model  Is 
Itself  an  abstraction  of  the  physical  device.  In  the  con¬ 
struction  and  manipulation  of  a  flow  graph,  horrible  or 
beautiful  things  can  happen.  Signal-flow- graphsmanshlp 
Is  the  art  of  maxi  mixing  the  beauty- to- horror  ratio. 
(Contractor's  abstract) 


MIT.  12:020 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

THE  MINIMUM  NOISE  FIGURE  OF  MICROWAVE  DEAM 
AMPLIFIERS,  by  II.  A.  tlaus  and  F.  N.  II.  Robinson. 
Apr.  1.  1955  rev.  May  27.  1955  It  p.  loci.  Ulus, 
refs.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36  039- sc  64637  )  AD  75635 

Unclassified 

Also  published  In  °roc .  Inst  Radio  Engineers,  v  43: 
981  99 1 ,  Aug.  1955. 

A  matrix  description  of  microwave  amplifiers  such  as 
klystrons  traveling  wave  tubes  and  backward  wave 
anipiif  ers.  in  which  an  electron  beam  interacts  with 
longttudulai  1(F  fields,  is  developed.  Certain  relations 
between  the  matrix  elements  are  derived  as  a  conse 
luence  of  the  conservation  ol  energy  and  these  relations 
set  a  i  dwbr  limit  to  the  noise  figure  attainable  wdh 
amplifiers  of  this  class  It  is  shown  that  the  mlnlmui 
noise  figure  of  any  amplifier  of  this  type  with  lossless 
RF  structares  is  identical  with  that  already  found  by 
several  authors  for  the  traveling- wave  tube  and  is 
entirely  determined  by  the  noise  parameters  of  the 


beam.  These  in  turn  depend  only  on  conditions  tn  the 
immediate  neighborhood  of  the  cathode.  Special  cases 
Involving  lossy  structures  are  investigated  and  tn  each 
case  the  presence  of  loss  Is  shown  applied  to  calculate 
the  minimum  noise  figure  of  a  double-stream  amplifier, 
(Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  [  Research  Lab.  of 
Electronics]  Cambridge. 

SOME  ASPECTS  OF  PLASMA  RESONANCE  (Abstract), 
by  K.  S.  W.  Champion  and  S.  C.  Brown.  [  1955] 
r  1 1  p.  (Spor, 'jored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  r  Air  Force]  Office  of  Sctentiftc 
Research  under  [  DA  36  039- sc -64637)  Unclassified 

Presented  at  Seventh  Annual  Gaseous  Electronics 
Conference,  New  Yolk,  Oct.  t4-16,  1954. 

Published  In  Phys.  Rev.  ,  v.  98:  559,  Apr.  15,  1955. 

The  Impedance  (p)  to  high-frequency  electromagnetic 
waves  of  any  region  of  a  plasma,  divided  by  the  wave¬ 
length,  (p/\)  is  plotted  as  a  function  NX.*  (where  n  is 
the  electron  density)  and  pX.  (where  p  is  the  pressure). 
The  resulting  surface  is  of  particular  interest  in  the 
vicinity  of  plasma  resonance  and  Is  Important  for  two 
reasons.  One  is  that  It  gives  a  plot  of  the  Impedance 
any  plasma  presents  to  the  transmission  of  micro- 
waves.  It  not  only  confirms  the  measurements  of 
Goldstein  and  Makinson  of  the  microwave  impedance  of 
dc  plasma,  but  also  Indicates  immediately  the  range 
over  which  plasma  resonance  properties  can  be  used 
as  a  "microwave  probe"  to  measure  electron  densities. 
Experimentally  this  technique  of  density  measurement 
has  been  used  with  high-frequency  discharges  for  the 
first  time.  The  second  reason  for  the  Importance  of 
the  impedance  plot  Is  that  it  enables  the  properties  of 
microwave  discharges  to  be  predicted,  in  particular, 
more  extensive  calculations  have  been  made  which  en¬ 
able  the  appearance  of  any  microwave  discharge  to  be 
predicted  quantitatively,  provided  Its  diameter  exceeds 
four  times  its  height.  (Contractor's  abstract) 
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A  "STRODOSCOI’IC"  APPROACH  TO  THE  ANALYSIS 
OF  PERIODIC  AND  MODULATED  WAVES,  by  E.  J 
Dagtxlady.  May  1955  1  p  (Sponsored  jointly  by 

Signal  Corps,  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  DA  36-039 
sc  64637)  Unclassified 

A  useful  approach  lo  the  Fourier  analysis  of  modulated 
amt  periodic  waves  Is  derived  from  well  eslabUstied 
elementary  considerations.  The  basic  mechanism  of 
the  conventional  analysis  Is  (lrsl  examined  and  found 
to  lead  naturally  to  a  picture  based  >n  the  (act  that  a 
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rotating  phasor  which  represents  a  pure  sine  function 
may  be  brought  to  rest,  relative  to  two  orthogonal  ref¬ 
erence  axes,  by  rotating  the  latter  at  the  angular  fre¬ 
quency  of  the  former.  Then,  by  determining  the  pro¬ 
jections  of  the  phasor  upon  the  axes,  it  Is  possible  to 
describe  the  phasor  uniquely.  Thus,  to  investigate  the 
presence  of  a  component  of  any  specified  frequency  in 
the  structure  of  a  given  sinusoid  modulated  in  an 
arbitrary  fashion  by  a  general  t/pe  of  periodic  function, 
it  is  merely  necessary  to  lmagli.e  the  orthogonal  refer¬ 
ence  axes  to  be  rotating  in  the  positive  direction  at  the 
specified  angular  frequency.  This  will  reduce  the  in 
stantaneous  frequencies  of  all  the  spectral  components, 
and  hence  of  their  resultant  phasor,  relative  to  the 
frequency  of  the  rotating  reference  axes  by  an  amount 
equal  to  the  frequency  cf  the  latter.  If  a  spectral  com¬ 
ponent  with  the  specified  angular  frequency  is  present, 
it  will  therefore  be  made  stationary  relative  to  the 
refe.ence  axes.  Tht.j,  long  time  averages  of  the  in 
stanteous  projections  of  the  resultant  phasor  represent¬ 
ing  the  modulated  wave,  upon  the  rotating  reference 
axes,  will  yield  the  corresponding  components  of  the 
desired  spectral  component,  and  therefore  uniquely 
determine  it.  Illustrative  examples  are  given:  the 
theory  is  then  shown  to  be  formally  equivalent  to  the 
standard  technique  of  Fourier  analysis  and  to  be  just 
a  novel  way  to  view  the  mechanism  of  this  analysis. 
Finally,  the  graphical  application  in  its  most  general 
form  is  described  and  found  to  circumvent  possible 
Inconveniences  with  the  conventional  approach.  (Con 
tractor's  abstract) 
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THE  TEACHING  OF  MATHEMATICS  TO  THE  BUND, 
by  C.  M.  Witcher.  .1955  8lp.  inch  lllus.  dlagrs. 
tables.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  '  Air  Force  Office  of  Scientific 
Research  under  DA  36  039  sc  64637)  AD  76342 

Unclassified 

rubliahfidin  Math.  Teacher,  v.  48:  314  321.  May  1955 

Although  the  use  of  Braille  is  satisfactory  for  beginning 
courses  in  mathematics,  in  the  study  of  fractions  and 
algebra  and  higher  mathematics  it  is  unsatisfactory. 
Smie  recent  developments  in  the  field  of  mathematics 
for  the  hlind  make  use  of  an  adapted  abacus  or  soraban 
for  numerical  calculation  and  a  practical  form  of  circu 
lar  slide  rule  which  is  suitable  for  fairly  rapid  touch 
reading.  The  latter  permits  the  computation  of  powers 
and  roots  with  the  help  of  simple  mental  multiplication 
or  division  In  addition  desk  calculators  and  comptome 
ters  have  been  adapted  for  touch  reading.  A  new  niethod 
wub  developed  In  t948  with  the  use  of  certain  plastics 
and  the  use  of  cellulose  acetate  and  a  moisture  proof 
cellophane  for  a  drawing  media  to  provide  for  the  pro 
duction  of  diagrams  and  graphs  etc.  A  very  significant 
developmt  .  in  the  field  has  been  the  Nemeth  system  of 
Braille  mathematical  notation  It  is  simple  and  is 
quite  useful  in  algebra  and  trigonometry.  Ily  the  use  of 
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"level  indicator"  symbols  It  enables  the  blind  to  deal 
with  exponents  and  subscripts.  The  system  Is  also 
quite  useful  in  vector  analysis  and  theory  of  functions. 
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NOISE  IN  ELECTRON  BEAMS,  by  C.  Fried.  May  2, 
1955,  44p.  incl.  illus.  diagrs.  table,  refs.  (Technical 
rept.  no.  294)  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  f  Air  Force]  Office  of 
Scientific  Research  under  DA  36-039- sc-64637) 

AD  103532  Unclassified 

This  report  contains  an  experimental  investigation  of 
beam  and  noise  behavior  in  various  types  of  electron 
streams.  A  continuous,  reliable,  and  semi-automatic 
measuring  technique  and  apparatus  is  described. 
Steady-flow  and  pulsed  operating  conditions  are  applied 
to  convergent  and  confined  flow  guns.  An  extensive 
Investigation  of  beam  contour,  noise  standing-wave 
pattern,  growing  noise  wave,  and  beam  instability  is 
given.  The  effect  of  magnetic  field,  ion  neutralization, 
and  interception  current  Is  measured  over  considerable 
operating  ranges.  Certain  aspects  of  cathode  tempera¬ 
ture,  type,  activity,  and  quality  of  cathode  are  in¬ 
cluded.  A  low- noise  three  region  gun  Is  measured 
under  steady-flow  conditions.  The  transformation  of 
the  noise  standing- wave  pattern  by  the  accelerating 
anodes  is  demonstrated.  The  constancy  of  the  average 
of  the  rrrs  noise  current  standing  wave  is  verified 
experimentally.  (Contractor’s  abstract) 
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CARRIER  EFFECTIVE  MASSES  IN  GERMANIUM 
(Abstract),  by  J.  M.  Goldey  and  S.  C.  Brown.  [  1955 
[l]p.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  ]  Air  Force  ]  Office  of  Scientific 
Research  unde,  DA  36  039  sc  64637  j)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

New  York.  Jan.  27  29.  1955. 

Published  in  Phys.  Rev.,  v.  98:  1192,  May  15,  1955. 

Current  carriers  In  a  medium  make  a  contribution  to 
its  dielectric  coefficient.  An  experiment,  similar  to 
those  of  Benedict  and  Shocsley.  which  utilizes  this 
effect  has  been  performed  to  determine  the  effective 
masses  of  electrons  and  holes  In  germanium  by 
measuring  its  microwave  dielectric  coefficient  at 
several  temperatures.  The  dielectric  coefficient  was 
determined  by  measuring  the  complex  transmission 
coefficient  for  24.  15  kilomegacyde  radiation  through 
a  thin  slab  of  germanium.  The  values  obtained  for  the 
effective  masses  were  M*  (0.  09  ,  0.  05)  Mq  for  elec 
Irons  and  M*  (0.  30  ,  0.05)  M„  for  lioles.  These 
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results  are  in  agreement  vith  those  obtained  by  cyclo¬ 
tron  resonance  and  magm  tic  susceptibility  measure¬ 
ments,  but  disagree  with  those  of  Benedict  and 
Shockley. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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THE  ELECTRON  LOSS  PROCESS  IN  THE  HYDROGEN 
AFTERGLOW,  by  K.-B.  Persson  and  S.  C.  Brown. 

May  19,  1955  [5]p.  inch  Ulus.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  \  Air 
Force  Office  of  Scientific  Research  under  \  DA  36-039- 
sc- 64637  J )  AD  88739  Unclassified 

Also  published  in  Phys.  Rev.  ,  v.  100;  729-733,  Oct.  15, 
1955. 

Electron  loss  processes  in  the  afterglow  of  very  pure 
hydrogen  have  been  studied  by  the  microwave  technique. 
The  conclusion  is  drawn  that  within  the  error  of  the 
experiment,  no  electron-ion  recombination  is  observed, 
and  that  hlfh  mode  diff"sr.,n  is  very  cvidrnt  By  proper 
ly  accounting  for  the  high  diffusion  modes,  the  results 
are  given  as  Dap  -  700  t  50  cm2  mm  Hg  sec-1  with  the 
electron-ion  recombination  less  than  3  x  10'®  cm'2 
sec'  1.  Electron  loss  processes  in  the  hydrogen  after¬ 
glow  have  been  studied  by  the  uuciuwuvt  method  by  a 
number  of  workers.  Although  the  results  are  related, 
no  agreement  has  been  achieved  up  to  the  present  time 
as  to  tUr  actual  Voss  processes  in  hydrogen,  1'.  view  of 
the  result  of  the  work  presented  here,  it  Is  possible  to 
understand  the  disagreement  hetween  the  previous  in¬ 
vestigations  of  the  hydrogen  loss  processes.  The  main 
rumH  is  that,  H  suHltlt  idly  pure  liydrtrgeti  ts  um,l,  the 
loss  process  for  the  electrons  In  the  ranges  covered 
previously,  as  well  as  now,  is  explained  by  an  amblpoiar 
diffusion  mechanism.  If  the  electron- ion  recombination 
Is  present,  this  loss  process  Is  so  small  that  it  cannot 
be  measured  with  methods  available  at  present.  (Con 
tractor’s  abstract) 
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L/  F  NOISE  AND  RELATED  SURFACE  EFFECTS  IN 
GERMANIUM,  by  A.  L.  McWhorter.  May  20,  1955. 
112p.  Incl.  Ulus  (Technical  rept.  no.  295:  Lincoln 
Lab.  rept.  no.  80)  (In  cooperation  with  Mass.  Inst,  of 
Tech,  lancoln  Lab.  .  by  Signal  Corps,  Office  of  Naval 
Research,  ami  Air  Force  Office  of  Scientific  Re 
search  under  DA  36  033  sc  64C37)  AD  04023 

Unclassified 

liy  modulating  the  surface  conductivity  of  germanium 
with  external  electric  fields  ("field  effect"  experiment) 
at  sub  audio  frequencies,  it  has  been  found  that  tiie 
capture  time  of  these  traps  varies  from  s)*>!  t>  spot 
along  the  surface,  with  a  distribution  function  for  • 


which  is  approximately  proportional  to  1/  t  up  to 
times  greater  than  100  sec.  The  filling  and  emptying 
of  the  traps  can  alter  the  conductivity  by  producing 
(1)  changes  in  the  majority  carrier  concentration  near 
the  surface,  as  required  to  maintain  charge  neutrality, 
and  (2)  an  injection- extraction  of  hole- electron  pairs, 
due  to  a  complex  interaction  between  the  surface  re¬ 
combination  centers  and  the  traps.  The  two  processes 
have  been  analyzed  and  found  to  give  a  1/f  noise  of  the 
correct  order  of  magnitude.  There  are  two  distinct 
types  of  excess  reverse  currents  observed  in  p-n  junc¬ 
tions;  a  water- induced  leakage  current,  which  flows 
externally  to  the  germanium,  and  a  ’’channel"  current, 
which  occurs  whenever  a  strongly  n-  or  p-type  surface 
increases  the  effective  rectifying  area  of  the  junction. 
Measurements  of  1/f  noise  in  reverse-biased  p-n  junc¬ 
tions  have  shown  that  the  noise  associated  with  the 
leakage  current  varies  roughly  at  V2G,  where  V  is  the 
applied  voltage  and  G  is  the  conductance  of  the  leakage 
path,  while  the  noise  associated  with  the  channel  seems 
to  vary  as  L2!/1'2,  where  Ic  is  the  channel  current. 
(Contractor's  abstract,  modified) 
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BOUHLK  TV  THE  ENTHt  PT  UF  TEl  EVUSON 
SIGNALS,  by  J.  Capon.  May  25,  1955,  53p.  incl. 
illus.  dlagrs.  tables,  refs.  (Technical  rept.  no.  296) 
(Stnmmrnl  jointly  hy  SI  gnu)  Garys,  »j(fif»  of  Naval  Re¬ 
search,  and  f  Air  Force’  Office  of  Scientific  Research 
under  DA  36-039-SC-64637)  AD  99356  Unclassified 

SuttftUce  4  yVttvww,  were  v.amwed,  UvttaAMvg  W* 
second  order  probabilities  of  successive  cells,  and  the 
autocorrelation  function.  These  quantities,  obtained 
by  independent  methods,  are  used  to  compute  an  upper 
bound  to  the  entropy  per  sample.  The  results  are 
compared  and  used  to  estimate  the  amount  by  which  the 
channel  capacity  required  for  television  transmission 
might  be  reduced  through  exploitation  of  the  statistics 
measured.  (Contractor’s  ahstract) 
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ON  DINARY  CHANNELS  AND  THEIR  CASCADES,  by 
R.  A.  Silverman.  May  25  1955,  9p.  incl.  diagrs. 
table.  (Technical  rept  no.  297)  (S|»>nsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  and  Air 
Force  .'  Office  of  Scientific  Research  under  DA  36  039 
sc  04637)  AD  94195  Unclassified 

Also  published  in  i.  It.  E.  Trans.  on  information 
Theory  v.  IT  1:  13  27.  Dec.  1955. 

A  detailed  analysis  of  the  general  binary  channel  is 
given,  with  special  reference  to  capacity  (both 
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separately  and  in  cascade),  Input  and  output  symbol 
distributions,  and  probability  of  error.  The  Infinite 
number  of  binary  channels  with  the  same  capacity  lie 
on  doubly- branched  equicapacity  lines.  Of  the  channels 
on  the  lower  branch  of  a  given  equicapacity  line,  the 
symmetric  channel  has  the  smallest  probability  of  error 
and  the  largest  capacity  in  cascade,  unless  the  capacity 
is  small,  In  which  case  the  asymmetric  channel  (with 
one  noiseless  symbol)  has  the  smallest  probability  of 
error  and  the  largest  capacity  in  cascade.  By  simply 
reversing  the  designat  on  of  the  output  (or  input)  sym¬ 
bols,  we  can  decrease  the  probability  of  error  of  any 
channel  on  the  upper  branch  of  the  equicapacity  line  can 
be  decreased  and  the  capacity  in  cascade  of  any  asym¬ 
metric  channel  on  the  upper  branch  can  be  increased. 

In  a  binary  channel  neither  symbol  should  be  transmitted 
with  a  probability  lying  outside  the  interval 
[1/e,  l-(l/e).l  If  capacity  is  to  be  achieved.  The 
maximally  asymmetric  input  symbol  distributions  are 
approached  by  certain  low- capacity  channels.  For  these 
channels,  redundancy  coding  permits  an  appreciable 
fraction  of  capacity  in  cascade  If  sufficient  delay  can  be 
tolerated.  (Contractor's  abstract) 
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C(  INSTANT- RESISTANCE  AfiC  ATTENUATOR  FOR 
TRANSISTOR  AMPLIFIERS,  by  C.  R.  Hurtig. 

June  1955  r  G  p.  incl  illus  tables.  (Sponsored 
jointly  by  Signal  Corps.  Office  of  Naval  Research,  and 

Air  Force,  office  of  Scientific  Research  under 
<  DA  30  039  SC-G4637  1)  AD  75634  Unclassified 

Also  published  in  1.  R.  E.  Trans,  of  Professional  Group 
on  Circuit  Theory,  v.  CT-2:  191  190,  June  1955. 

Tins  paper  descrihes  a  unique  circuit  the  gain  of  which 
may  be  varied  as  a  function  of  a  control  current,  but  the 
input  resistance  of  which  is  fairly  constant  over  a  large 
range  of  the  controlled  gain.  A  constant  resistance  age 
attenuator  Is  described  with  these  characteristics: 

(1)  the  circuit  employs  one  junction  diode  and,  at  most 
3  resistors  and  2  capacitors  per  resistor  ap.c  stage, 
and  is  suitable  for  use  with  either  triode  or  tetrode 
transistors,  (2)  at  signal  voltage  levels  under  1  mv.  a 
gain  variation  per  transistor  age  stage  of  5(1  db  at  100(1 
cps  and  greater  than  20  db  at  10  me  may  be  produced  by 
an  external  control  voltage.  The  gain  variation  is 
accompanied  by  only  slight  variations  in  the  effective 
input  impedance  of  the  stage.  (3)  the  control  power  is 
dependent  U|xm  the  required  constancy  of  input  resistance 
over  tlie  age  range,  but  in  most  cases  milliwatts  of 
control  power  are  sufficient,  and  (4)  a  square  low  device 
for  a  positive  [Hilarity  Input  voltage  is  described  which 
has  an  accuracy  of  t  10q  over  a  dynamic  range  exceed 
iug40db.  Polarity  and  frequency  response  limitations 
of  this  liasic  device  are  removed  by  a  new  circuit  design 
for  a  balanced  modulator  the  output  of  which  is  a  linear 
fund  >m  of  txitti  the  moduiut  ng  and  control  signals. 
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NOTES  ON  THE  FLOW  OF  SCHEDULED  AIR 
TRAFFIC,  by  R.  B,  Adler  and  S.  J.  Frlcker,  [  1955) 
[  lOlp.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  f  Air  Force]  Office  of  Scientific 
Research  under  DA  36-039-SC-64637)  Unclassified 

Published  in  I.  R.  E.  Trans,  of  Professional  Group  on 
Aeronautical  and  Navigational  Electronics,  v,  ANE-2: 
22-31,  June  1955. 

Some  of  the  effects  upon  air  traffic  of  scheduling  the 
aircraft  and  of  controlling  them  en  route  are  presented 
quantitatively  In  this  report  in  the  form  of  theoretical 
studies  of  four  problems:  (a)  relations  between  the 
random  en  route  deviations  of  aircraft  from  their 
schedules,  and  the  resulting  stack  and  total  delays: 

(b)  effectiveness  of  a  single  en  route  control  point 
when  1)  It  reschedules  the  aircraft  in  an  attempt  to 
reduce  terminal  congestion;  2)  it  attempts  to  bring 
each  plane  back  onto  Its  original  schedule;  (c)  conges¬ 
tion  caused  by  relaxing  the  schedule;  and  (d)  effect  of 
a  sudden  shutdown  of  the  terminal.  The  limiting  cases 
of  random  arrival  and  continuous  control  are  discussed 
briefly,  and  some  aspects  of  multipoint  discrete  en 
route  control  are  treated.  Numerical  analysis,  using 
IBM  punched- card  machines.  Is  enq/lnynj  ertfnglvrly 
In  problems  (a)-(c).  Problem  (d)  has  been  simplified 
enough  so  that  purely  analytic  methods  could  be 
applied.  It  is  presented  merely  for  comparison  pur¬ 
poses.  (C.jtiirac tor's  abstract) 
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SYNTHESIS  AND  REALISATION  OF  CRYSTAL 
FILTERS,  by  D.  1.  Kosowsky.  June  1.  1955,  60p. 
incl.  diagrs.  tables,  refs.  (Technical  rept.  no.  298) 
(S|K)nsorod  jointly  by  Signal  Corps.  Office  of  Naval  lte 
search,  and  Air  Force1  Office  of  Scientific  Research 
under  .  DA  30  039  sc -04637  )  AD  94194  Unclassified 

A  new  technique  has  been  developed  for  the  synthesis 
and  realization  of  bandpass  filters  employing  quartz 
resonators.  By  the  use  of  approximation  metli'His. 
crystal  filter  design  Is  simplified  to  the  |x)int  at  which 
synthesis  may  be  accomplished  with  only  a  slide  rule 
and  a  number  ol  plotted  curves.  The  problem  of  ob¬ 
taining  piezoelectric  resonators  ad  justed  to  extremely 
ctose  tolerance  was  solved  hy  the  development  of  a  new 
crystal  measuring  procedure.  Several  crystal  filters 
were  constructed,  and  an  excellent  correspondence 
was  found  between  calculated  ami  measured  character 
istics.  (Contractor’s  abstract) 
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INVESTIGATIONS  OF  IONOSPHERIC  FOWARD- 
SCATTER  PROPAGATION  AT  FREQUENCIES  EXCEED¬ 
ING  MUF,  by  W.  G.  Abel,  J.  T.  DeBettencourt  and 
others  June  3,  1955,  181p.  lncl.  lllus.  tables,  refs. 
(Technical  rept.  no.  262;  Lincoln  Lab.  rept.  no.  81) 

(In  cooperation  with  Mass.  Inst,  of  Tech.  Lincoln  Lab.  , 
AF  19(122)458)  (Sponsored  jointly  by  Signal  Corps, 

Office  of  Naval  Research,  and  [  Air  Force]  Office  of 
Scientific  Research  under  [  DA  36-039  sc-64637]) 

AD  76494  Unclassified 

Results  are  presented  of  studies  of  Ionospheric  forward- 
scatter  propagation  at  frequencies  exceeding  normal 
MUF  In  the  high  HF  and  low  VHF  ranges  for  the  purpose 
of  Investigating  potential  point-to-point  communications. 
Data  were  analyzed  from  about  13, 000  hr  of  operation 
on  frequencies  of  about  50  me  on  circuits  of  about 
1000  ml.  Nominal  30-kw  transmitters  and  large 
rhombic  transmitting  antennas  were  employed.  The 
median  received  signal  levels  were  about  100  db  below 
free- space  values.  Fading  during  short  periods  In  the 
absence  of  meteoric  or  sporadic-  E  enhancements  was 
Rayleigh  distributed;  the  fading  was  essentially 
Gaussian  for  periods  of  about  1  hr.  In  general,  the 
normalized  median  levels  were  lower  and  the  diurnal 
variations  were  less  marked  than  those  previously  re¬ 
ported  for  a  773- ml  path.  The  median  levels  were 
higher  In  winter  and  summer  and  lower  In  spring  and 
fall.  Lower  levels  were  Indicated  with  decreasing  gun- 
spot  activity.  The  vertically  polarized  component  of 
the  received  signal  was  about  6  db  (median)  lower  than 
the  horizontally  polarized  component  when  using  the 
2000-ft  horizontal  rhombic  transmitting  antenna. 

Studies  were  made  of  off-path  signal  levels  and  measure¬ 
ments  of  cosmic  noise.  Preliminary  analysis  of  pulse- 
transmlsslon  data  for  a  387- ml  path  Indicated  daytime 
Ionospheric- scatter  heights  of  80  to  90  km.  The  level 
and  characteristics  of  27.  8-  me  signals  are  discussed. 
Additional  measurements  at  22.  9  me  are  described  for 
a  1059  ml  path.  Observations  at  21.6  me  are  reported 
for  signals  received  over  a  997- mi  path. 


MIT.  12:034 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

HYPERFINE  STRUCTURE  ANOMALY  IN  ATOMIC  P- 
STATES.  by  C.  Schwartz.  June  10,  1955  2  p. 

(Sponsored  jointly  by  Signal  Corps.  Office  of  Naval  Re¬ 
search,  and  [  Air  Force  Office  of  Scientific  Research 
under  UA  36-039  sc  -64637  J )  AD  1052U8 

Unclassified 

Also  published  In  Phys  Rev.,  v.  99:  1035-1036, 

Aug  I,  1955. 

It  Is  shown  that,  as  a  result  of  electronic-configuraton 
mixing,  there  can  be  In  principle  a  hyperfine  structure 


anomaly  A  In  any  atomic  state.  This  effect  is  calcula 
ted  for  Ga.  Further,  before  a  measured  value  of  A 
can  be  used  to  study  the  nuclear  magnetic  structure 
through  the  Bohr -Wei  sskopf  theory  (C.  A.,  v.  44, 
1799c),  the  contribution  to  A  of  other  mechanisms 
must  be  substracted.  The  net  B.-W.  effect  In  Ga  is 
smaller  than  expected.  Its  precise  value  remains 
uncertain.  (C.  A,,  1955:154731) 


MIT.  12:035 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

RELATIVE  INFLUENCE  OF  MAJORITY  AND 
MINORITY  CARRIERS  ON  EXCESS  NOISE  IN  SEMI¬ 
CONDUCTOR  FILAMENTS,  by  L.  Bess.  [  June  24, 
1955]  r 5 ] p .  incl.  diagrs.  (In  cooperation  with  Mass. 
Inst,  of  Tech.  Lincoln  Lab. )  (Sponsored  by  Signal 
Corps,  Office  of  Naval  Research,  and  [Air  Force  1 
Office  of  Scientific  Research  under  DA  36- 039- sc- 
64637)  AD  88789  Unclassified 

Also  published  In  Jour.  Appl.  Phys.,  v.  26:  1377- 
1381,  Nov.  1955. 

An  experiment  has  been  devised  whereby  excess  noise 
Is  measured  along  various  different  directions  In  a 
germanium  filament  after  the  directions  of  current 
flow  for  the  majority  and  minority  carriers  had  been 
altered  by  a  magnetic  field.  From  this  experiment  it 
is  possible  to  determine  that  whereas  shot  noise  Is 
caused  by  both  majority  and  minority  carrier  fluctua¬ 
tion,  1/f  noise  Is  essentially  produced  only  by  majority 
carrier  fluctuation.  (Contractor's  abstract) 


MIT.  12:036 

Massachusetts  fnst.  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

MEASUREMENT  OF  SECOND-ORDER  PROBABILITY 
DISTRIBUTIONS  OF  PICTURES  BY  DIGITAL  MEANS, 
by  J.  C.  Stoddard.  July  13.  1955,  21p.  incl.  illus. 
diagrs.  tables.  (Technical  rept.  no.  302)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research, 
and  r  Air  Force  Office  of  Scientific  Research  under 
DA  36  039  sc  64637)  AD  111879  Unclassified 

The  transmission  of  a  picture  was  approached  from 
the  point  of  view  of  statistics  and  Information  theory. 

A  picture  was  approximated  by  the  processes  of 
sampling  and  quantizing  the  video  waveform  that  repre¬ 
sents  the  intensity  of  the  picture  as  it  is  scanned. 
Transmission  of  each  sample  of  the  picture  is  reduced 
to  the  problem  of  sending  a  number  that  Indicates  which 
of  the  32  possible  intensity  levels  occurred  In  that 
sample.  Equipment  that  measures  the  second-order 
probability  distribution  of  a  video  waveform  from  a 
facsimile  transmitter  hy  digital  means  was  designed 
and  built.  System  tests  were  made  to  permit  evaluation 
of  the  potential  accuracy  of  measurement.  Although 
perfectly  repeatable  results  from  a  known  waveform 
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could  not  be  obtained,  measurement  of  the  complete 
joint  probability  distribution  of  one  picture  was  made 
by  running  the  data  until  consistent  results  could  be 
obtained  for  each  set  of  levels.  A  value  of  entropy 
representing  an  upper  bound  to  the  tnformatlon  content 
of  the  picture  was  computed  from  the  measured  second- 
order  probability  distribution  of  Intensity  In  adjacent 
samples.  (Contractor’s  abstract) 


MIT.  12:037 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

AN  ANALOG  CORRELATOR  SYST  EM  FOR  BRAIN 
POTENTIALS,  by  J.  S.  Barlow  and  R.  M.  Brown. 

July  14,  1955,  41p.  incl.  illus.  refs.  (Technical  rept. 
no.  300)  (In  cooperation  with  Massachusetts  General 
Hospital,  Boston)  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  l  Air  Force  ]  Office  of 
Scientific  Research  under  DA  36  039-sc-64637  ]) 

AD  82439  Unclassified 

A  description  is  presented  of  an  analog  correlator 
system  for  brain  potentials.  Brain  potentials  are  first 
amplified  by  standard  electr<  encephalographlc  equip¬ 
ment  and  then  recorded  or  a  multichannel  FM  magnetic 
tape  recorder.  Autocorrelation  and  crosscorrelation 
functions  of  the  tape-recorded  signals  are  automatically 
computed  as  the  tapes  are  played  back  repeatedly  by  an 
electronic  analog  multiplier  and  Integrator;  a  magnetic 
drum  introduces  the  desired  interchannel  delays.  Pro¬ 
vision  is  also  made  for  computation  of  correlation  func¬ 
tions  for  signal  sources  other  than  magnetic  tape  (oscil¬ 
lators,  noise  generators,  etc).  The  electrophyslologlcal 
signals  are  taken  from  the  amplifiers  at  a  level  of 
amplification  sufficient  lo  yield  the  desired  Input  level  to 
the  tape  recorders,  for  which  1  v  rms  of  a  sine  wave 
produces  100%  modulation  of  the  FM  carrier.  Examples 
are  presented  of  correlation  functions  for  brain 
potentials  and  for  known  signals. 


MIT.  12:038 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

ELECTRONIC  CONTRIBUTION  TO  EFFECTIVE 
NUCLEAR  MASSES  IN  MOLECULES  (Ahstract),  by 
M.  W.  P.  Strandberg.  Apr.  1955  1  ]p.  (Sponsored 

jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force]  Office  of  Scientific  Research  under  l  DA  36 
039  sc  64637  j)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc,  , 
Washington.  D.  C.  .  Apr.  28-30.  1955. 

Published  in  Phys.  Rev. ,  v.  99:  667,  July  15,  1955. 

The  problem  of  the  Interaction  of  molecular  rotational 
and  electronic  states  has  been  extensively  Investigated 
in  the  past.  Quite  briefly  stated,  it  has  been  demon 
strated  that  the  molecular  electrons  contribute  to  (tie 
molecular  moment  of  inertia  tensor  an  amount  which  is 


MIT.  12:037  -  VuT.  12:040 

directly  and  simply  related  to  the  molecular  magnetic 
moment  tensor.  Examples  of  this  correction  have 
been  made  with  the  experimental  results  on  several 
molecules,  and  the  measured  corrections  to  the  princi¬ 
pal  moments  of  inertia  arising  from  the  molecular 
electrons  have  been  discussed.  A  recent  paper  report¬ 
ing  the  deuterium- tritium  mass  ratio  evaluated  from 
microwave  measurements  attempted  a  discussion  cf 
this  correction  without  apparently  realizing  that  it  ts 
a  matter  which  may  be  reduced  to  measurement.  The 
electronic  correction  to  spectroscopic  mass  ratio 
measurements  will  be  discussed  in  terms  of  past 
work.  (Contractor's  abstraci) 
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Massachusetts  Inst,  of  Tech.  [  Research  Lab.  of 
Electronics]  Cambridge. 

EXCITED  TORSIONAL  STATES  IN  ASYMMETRIC 
HINDERED  ROTORS  (Abstract),  by  P.  R.  Swan  [Jr.  ] 
and  M.  W.  P.  Strandberg.  [  1955]  [l]p.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force]  Office  of  Scientific  Research  under 
[DA  36  039- sc -64637  ))  Unclassified 

Presented  at  meeting  of  the  Amef.  Phys.  Soc.  , 
Washington,  D.  C.  ,  Apr.  28  30,  1955. 

Published  in  Phvs.  Rev.,  v.  99:  667,  July  15,  1955. 

Investigation  has  been  undertaken  of  the  J  -  0— >  1 
transition  of  methyl  alcohol.  Because  of  Internal 
torsion  in  this  type  of  molecule  the  transition  is  split 
Into  a  series  of  doublets,  each  doublet  corresponding 
to  a  particular  internal  torsion  state.  A  preliminary 
model  used  was  that  of  a  rigid  symmetric  top  attached 
at  an  arbitrary  angle  to  a  rigid  asymmetric  frame  and 
allowed  to  roiate  about  its  symmetry  axis  under  the 
Influence  of  a  threefold  cosine  potential  barrier.  The 
resulting  Hamiltonian  was  found  to  be  Incapable  of 
predicting  the  torsional  splitting  when  applied  to  the 
methyl -alcohol  molecule.  A  semlemplrlcal  combination 
of  Klvelson's  formula  for  the  corresponding  transition 
in  a  symmetric  hindered  rotor  with  matrix  elements 
from  this  methyl- alcohol  Hamiltonian  was  found  to  give 
a  close  fit  to  the  observed  spectrum.  An  additional 
feature  of  the  methyl- alcohol  spectrum  is  the  large 
fourth-order  Stark  effect  of  one  of  the  lines  of  the 
J  0  — »  1  series.  The  Hamiltonian  necessary  to 
describe  these  rotation- torsion  interaction  effects  is 
discussed.  (Contractor's  abstract) 


MIT.  12:040 

Massachusetts  Inst,  of  Tech.  Research  l.ab.  of 
Electronics.  Cambridge. 

INTERNAL  MOTION  IN  METHYL  AMINE  (Ahstract). 
hy  D.  Klvolson  and  D.  It.  I.lde,  Jr.  Apr.  1955  ] 

,  1  ,p.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  ,  Air  Force  Office  of  Scientific 
Research  under  DA  36  039  sc  64637)  Unclassified 
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Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  28-30,  1955. 

Published  In  Phys.  Rev.,  v,  99:  667,  July  15,  1955. 

The  microwave  spectrum  of  methyl  amine  exhibits 
hindered  Internal  rotation  of  the  NH2  group  with  respect 
to  the  CH3  group,  as  well  as  Inversion  doubling  arising 
from  the  fact  that  there  are  two  equally  likely  orlenta 
ttons  of  one  NH  bond  with  respect  to  the  other.  An 
approximate  theory  has  been  worked  out  for  these  two 
Internal  motions  and  their  mutual  Interaction.  By  a 
suitable  choice  of  variable  the  kinetic  energies  can  be 
completely  separated;  the  potential  energy  can  be  re 
duced  to  a  term  accounting  for  Inversion,  a  term 
accounting  for  hindered  Internal  rotation,  and  an  inter¬ 
action  term.  If  the  latter  Is  neglected  the  two  internal 
motions  can  be  treated  Independently  except  for  their 
Interrelated  dependence  upon  the  periodic  boundary 
conditions.  The  Interaction  term  can  be  treated  by  a 
Van  Vleck  transformation.  This  theory  is  applied  to 
methyl  amine.  (Cent'  '.tor’s  abstract) 


MIT.  12:041 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

MOLECULAR  BEAM  MICROWAVE  ABSORPTION 
SPECTROSCOPE  (Abstract),  by  M.  Peter  and  M.  W. 

P.  Strandberg.  Apr.  1955  [lip.  (Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  and  [  Air 
Force  ]  Office  of  Scientific  Research  under  (  DA  36 
039  sc  646371)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  , 
Washington,  D.  C. ,  Apr.  28-30,  1955. 

tubllSllfidJn  Fhys.  Rev. ,  v.  9!"  007,  July  15,  1955. 

A  microwave  absorption  spectroscope  has  been  de 
veloped,  whose  absorption  line  half  power —  half-width 
Is  determined  by  the  r  "erage  time  that  the  molecules 
under  observation  a.e  exposed  to  the  microwave  field. 
This  is  an  Improvement  over  the  similar  previous 
device  by  Strandberg  and  Dretcer,  in  which  the  Stark 
modulation  frequency  limited  the  resolution.  In  both 
devices  the  Doppler  broadening  which  limits  the  reso 
lutlon  of  the  usual  microwave  spectroscopes.  Is  elimin 
ated  An  Improvement  by  a  factor  of  twelve  Is  now 
obtained  over  such  usual  systems,  and  a  half  power — 
half -width  of  3  kc  has  been  ohserved  To  use  such 
resolution  it  has  been  necessary  to  develop  a  stablliza 
Hon  circuit  which  maintains  the  phase  of  a  K  band 
klystron  to  within  a  few  degrees  of  the  phase  of  some 
harmonic  of  a  very  stable  quartz  oscillator.  The  reso 
lation  of  the  present  system  is  therefore  limited  only  by 
geometry  and  may  thereby  be  improved  by  use  of  longer 
average  observation  times,  i.e. ,  use  of  longer  molecu 
lar  beams  (Contractor’s  abstract) 


MIT.  12:042 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THERMODYNAMIC  PROPERTIES  OF  CHROME  ALUM 
(Abstract),  by  L.  D.  Jennings  and  M.  A.  Herlin.  Apr. 
1955  [ljp.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  [  Air  Force]  Office  of  Scien¬ 
tific  Research  under  L  DA  36-039-  sc-64637  ] ) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  28-30,  1955. 

Published  In  Phys.  Rev.,  v.  99:  668,  July  15,  1955. 

A  new  method  was  applied  to  the  measurement  of  the 
thermodynamic  properties  of  potassium  chromium  alum 
in  the  region  of  temperatures  reached  by  adiabatic 
magnetisation  curves  which  approach  an  asymptotic 
value  at  large  fields  characteristic  of  the  analogous 
Ideal  paramagnetic  gas  at  the  same  entropy.  The 
entropy  of  the  actual  salt  is  then  given  as  that  o'  the 
Ideal  salt  which  has  the  same  large  field  magnetization. 
The  temperature  of  the  salt  is  given  by  a  method, 
previously  described,  which  makes  use  of  the  deviation 
of  the  behavior  of  the  actual  salt  from  that  of  the  ideal. 
Each  adlabat  is  Identified  by  T,  the  magnetic  tempera¬ 
ture  at  that  entropy.  Good  agreement  was  found  with 
other  workers  for  T(T),  but  less  satisfactory  agree¬ 
ment  for  S(T)  In  the  region  T  -  0. 1  to  T  =  0.  2.  Tills 
discrepancy  is  attributed  to  a  failure  of  the  usual 
computation  of  entropy  near  1°K,  in  the  need  to  extra¬ 
polate  the  results  at  high  magnetic  fields,  or  to  an 
actual  difference  among  samples.  (Contractor’s 
abstract) 


MIT.  12:043 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  CONDUCTION  MECHANISM  IN  OXIDE  COATED 
CATHODES,  by  E.  B.  Hensley.  July  20,  1955,  5p. 
tncl.  dlagrs.  fable,  refs.  (Technical  rept.  no.  267) 
(Sjxmsored  jointly  by  Signal  Corps,  Office  of  Naval  He 
search,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039  sc  -  64637  ! )  AD  100283 

Unclassified 

Also  published  in  Jour.  Appl.  Phys.,  v.  27:  280-290, 
Mar.  1956. 

Measurements  have  been  made  on  a  system  composed 
of  two  parallel  planar  catliodes  so  arranged  that  their 
surfaces  may  be  pressed  together  or  separated  by  a 
small  gap.  Low  Held  conductivity  measurements  show 
that  above  approximately  700”h,  the  conductance  of  the 
system  does  not  depend  on  physical  contact  between  the 
cathode  surfaces;  a  result  that  is  interpreted  as  con 
fl rniatlon  of  the  theory  that  the  high  temperature  con 
ducflvlty  of  oxide  catliodes  is  a  property  of  the  electron 
gas  In  the  cathode  pores  The  ratio  of  the  conductivity 


498 


AIR  FORCE  SCIENTIFIC  RESFARCH 


to  (he  thermionic  emission  was  measured  under  con¬ 
ditions  designed  to  preserve  the  state  of  activation  of 
the  cathode  surface.  The  results  of  these  measurements 
agreed  with  the  theoretically  predicted  value  and  demon¬ 
strate  that  the  higher  values  of  this  ratio  previously 
reported  were  attributable  to  the  fact  that  the  surface 
of  an  oxide  cathode  Is  normally  in  a  lower  state  of 
activation  than  the  interior  of  the  cathode.  (Contractor’s 
abstract) 


MIT.  12:044 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge 

FEED1JACK  THEORY.  [II],  FURTHER  PROPERTIES 
OF  SIGNAL  FLOW  GRAPHS,  by  S.  J.  Mason.  July  20, 
1955  l  7  ]  p.  (Technical  rept.  no.  303)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
[  Air  Force]  Office  of  Scientific  Research  under  DA  3d- 
039  sc  64037)  AD  108350  Unclassified 

Also  published  In  Proc.  Inst.  Radio  Engineers,  v.  44: 
920  £26,  July  1956. 

Some  elementary  properties  of  linear  signal  flow  graphs 
are  cited.  The  means  to  formulate  flow  graph  gain  is 
outlined.  Illustrative  examples  of  gain  evaluation  by 
inspection  of  paths  and  loop  sets  are  presented.  Also 
described  are  illustrative  applications  of  flow  graph 
techniques  to  practical  analysis  prohlems.  Finally, 
proof  of  the  general  gain  expression  Is  offered.  (For 
Part  I,  g££  item  no.  MIT.  10:133) 
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Massachusetts  Inst,  of  Tech.  Research  Lah.  of 
Electronics.  Cambridge. 

HIGH  FREQUENCY  GAS  DISCHARGE  DREAKDOWN. 
by  S.  C.  Drown.  July  25,  1955,  G3p.  incl.  lllus.  refs. 
(Technical  rept.  no.  301)  (Sixmsored  jointly  by  Signal 
Corps.  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36  039 -sc 
64637  )  AD  (15873  Unclassified 

In  ttus  report  an  attempt  is  made  to  summarise  our 
knowledge  of  high  frequency  gas  discharge  breakdown. 
The  types  of  processes  discussed  include  dilluslon 
controlled,  mobility  controlled,  and  electron  resonance 
breakdown,  as  well  as  breakdown  phenomena  in  the 
presence  ol  magnetic  and  dc  electric  field  superimposed 
on  ttie  higti  frequency  electric  Held.  (Contractor's 
abstract) 

MIT.  12-046 

Massachusetts  Inst  of  ‘Tech.  Research  I.ab.  ol 
Electronics.  Cambridge. 

A  NEW  APPROACH  TO  THE  PHODi.KM  OF  CASCADE 
SYNTHESIS,  by  E.  A.  Guiltemin.  July  25.  1955  9  p 

IncJ  diagrs.  (S)>onsored  jointly  by  Signal  Corps.  Ollier 
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of  Naval  Research,  and  [  Air  Force]  Office  of  Scien¬ 
tific  Research  under  [  DA  36-039- sc- 64637  ] ) 

AD  93533  Unclassified 

Also  published  in  l.R.  E.  Trans,  of  Professional 
Group  on  Circuit  Theory,  v.  CT-2:  347-355.  Dec. 

1955. 

Several  familiar  procedures  in  the  synthesis  of  driving- 
point  and  transfer  impedances  yield  a  network  In  the 
form  of  a  cascade  of  two-terminal- pair  networks,  each 
of  which  is  responsible  for  a  set  of  zeros  of  the  even 
part  of  the  prescribed  Impedance.  In  each  of  these 
procedures,  the  computation  of  the  typical  component 
network  begins  with  the  determination  of  the  equivalent 
T-clrcuit;  and  then  a  remainder  function  (from  which 
other  component  networks  are  to  be  found)  is  deter 
mined  by  substracting  the  T’s  branch  Impedances  (or 
admittances)  from  previously  determined  functions. 

In  general,  an  equivalent  circuit  of  some  other  con¬ 
figuration  must  be  determined  from  the  T-clrcuit,  to 
achieve  physical  realizability.  These  computational 
procedures  are  laborious,  and  the  substructions  may 
seriously  reduce  accuracy.  In  this  paper,  a  more 
direct  approach  is  suggested.  It  leads  to  the  same 
ultimate  networks  in  a  more  logical  way,  and  obviates 
much  computational  tedium.  The  general  approach  is 
developed  primarily  in  terms  of  RC  transfer  Imped¬ 
ances,  but  applications  to  LC  networks  are  also  in¬ 
cluded. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

ON  THE  SCATTERING  OF  RADIO  WAVES  DY 
TURDULENT  FLUCTUATIONS  OF  THE  ATMOS 
PHERE,  by  F.  Villars  and  V.  F.  Weisskopf.  July  25, 
1955  ]8jp.  incl.  lllus.  tables,  refs.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force]  Office  of  Scientific  Research  under 
;  DA  36-039-SC-64637  ’ )  AD  94  4  58  Unclassified 

Also  published  in  l’roc.  Inst.  Radio  Engineers,  v.  43: 
1232  1239,  Oct.  1955. 

Tills  paper  presents  a  theoretical  analysis  of  the 
mechanism  that  enables  transmission  of  vld- signals 
over  distances  of  ttie  order  ol  10^  km.  It  Is  found  that 
turbulent  mixing,  operating  at  the  lower  edge  of  the  E 
layer  (  h  HO  90  km)  produces  fluctuations  in  electron 
density  of  suflicienl  intensity  to  account  for  the  ob¬ 
served  signals.  The  basic  assumptions  are  ttie 
existence  of  a  sufficiently  strong  gradient  electron  den 
sity  (dN  dll  cm  •*  km)  and  a  reasonable  level  of 
turbulent  activity. 
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SPECTRAL  PROPER  TIES  OF  FRICATIVE 
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CONSONANTS,  by  G.  W.  Hughes  and  M.  Halle.  Aug.  5, 
1955  [  5  ]  p.  lncl.  lUus.  table.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36-039-sc- 
04637)  AD  100283  Unclassified 

Algo  pabUahed  li  Icur.  Accust.  Sue  An-er  ,  v  it- 
303-310,  Mar.  1956. 

Energy  density  spectra  of  gated  segments  of  fricative 
consonants  were  measured.  The  spectral  data  were 
used  as  a  basis  for  developing  objective  Identification 
criteria  which  yielded  fair  results  when  tested.  As  a 
further  check  gated  segments  of  fricatives  were  pre 
sented  for  Identification  to  a  group  ol  listeners  and  their 
responses  evaluated  In  terms  of  the  objective  Identifica¬ 
tion  criteria.  (Contractor's  summary) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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ANALYSIS  OF  SIGNALS  AND  NOISE  IN  LONGITUDINAL 
ELECTRON  BEAMS,  by  H.  A.  Haus.  Aug.  18,  1955, 
G4p.  lncl.  diagrs.  refs.  (Technical  rept.  no.  306) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039- sc- 64637)  AD  123164  Unclassified 

lhe  theory  of  signal  propagation  in  longitudinal  one 
dimensional  electron  beams  Is  reviewed.  The  kinetic 
power  theorem  is  proven  and  used  for  the  characterlza 
tion  of  longitudinal  beam  microwave  amplifiers  in 
terms  of  matrices  of  lossless  networks.  The  properties 
of  noise  In  electron  beams  are  studied.  The  two  noise 
parameters.  Invariants  with  regard  to  lossless  beam 
transformations,  are  derived  from  a  simple  theorem 
of  matrix  algebra.  Equivalent  noise  impedances  are 
defined.  As  a  result,  noise  transformations  In  an  elec 
Iron  beam  can  be  handled  by  conventional  Impedance 
transformation  methods.  The  noise  theory  is  then 
applied  to  derive  the  expression  for  the  minimum  noise 
figure  of  longitudinal  beam  tubes.  Applications  to 
practical  cases  are  discussed. 
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Massachusetts  Inst,  of  Tech  Research  l.ah.  of 
Electronics.  Cambridge. 

ACTION  POTENTIALS  FROM  THE  FROG  COLLICULUS 
(Abstract),  by  A  M.  Andrew.  1955  1  p.  (Spoil 

sored  jointly  by  Signal  Corps.  Office  of  Naval  Research, 
and  Air  Force  Office  of  Scientific  Research  under 
DA  36  039  sc  04  0  37;  and  in  part  by  the  Illuminating 
Engineering  Research  Fund  (U  S. ))  Unclassified 

Presented  al  meeting  of  the  Physiol.  Soc. .  Dundee 
I Sc  (-Hand),  Sept.  23  24.  1955. 

Micro  electrodes  in  the  colliculi  (optic  lobes)  of  pithed 
frogs  were  used  to  record  unit  action  potentials  from 


cells,  In  response  to  stimulation  of  the  contralateral 
eye  with  light.  The  layer  of  the  colliculus  from  which 
responses  were  obtained  appears  to  he  0.  5  mm,  or, 
less  below  the  su.  lace.  From  a  particular  recording 
site,  responses  were  evoked  by  Ught  In  a  particular 
part  of  the  visual  field.  The  optimal  position  for  a 
small  light  source  could.  I*  dcterirlued  with  accuracy 
ranging  from  i  5  to  ±  15°.  Usually  both  on-responses 
and  off- responses  were  obtained  from  a  recording  site. 
Almost  always  the  off-response  was  larger  and  had  a 
lower  threshold  and  shorter  latency  than  the  cn- 
response.  Typical  latencies  were  30  msec  and  58 
msec,  respectively.  No  maintained  response  to  steady 
illumination  has  been  seen.  Frequently  an  off- response 
consisted  oi  an  Initial  Umrst  ol  activity  followed  by  a 
train  of  impulses  that  sometimes  lasted  as  long  as  7 
sec.  Responses  to  a  moving  spot  of  light  have  been 
studied,  using  as  stimulus  the  spot  of  a  2- Inch  cathode- 
ray  tube  nvevti  g  at  a  selected  speed  Iren  jr*  «latb*iary 
position  on  the  screen  to  another.  The  cathode-ray 
tube  could  be  placed  In  any  position  In  the  visual  field 
and  always  faced  the  frog  at  a  distance  of  10  In.  Some 
recording  sites  showed  marked  differences  between  the 
responses  to  movements  at  the  same  speed  and  along 
the  same  path  but  In  opposite  directions.  The  response 
to  movement  cannot  be  accounted  for  as  a  summation 
of  or.-  and  off  responses  at  points  passed  by  the  Bpot. 

A  marked  difference  In  the  response  to  movement, 
depending  on  direction  of  travel,  has  been  seen  when 
the  on-  and  off-responses  were  essentially  the  same  at 
all  points  along  the  path  of  the  spot.  (Contractor’s 
abstract) 
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CODING  FOR  NOISY  CHANNELS  (Abstract),  by  P. 
Elias.  !  1955  ]  [  15  )p.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  DA36  039-SC-64637) 

Unc  lassifted 

Presented  at  the  Third  London  Symposium  on  Informa¬ 
tion  Theory,  tendon  (England).  Sept.  12-16,  1955. 

Published  in  Proc.  Third  Symposium  on  Information 
Theory,  Royal  Institution,  London  (England)  (Sept.  12- 
16,  1955),  London,  Dutterworth’s  Scientific  Publica¬ 
tions,  1956.  p.  61-76 

This  paper  considers  in  detail  the  simplest  kinds  of 
noisy  channels  -  binary  channels  with  symmetric  and 
independent  errors.  For  these  channels  a  strong 
version  of  lhe  channel  capacity  theorem  is  proved, 
giving  precise  relations  between  channel  capacity,  rale 
of  information  transmission,  decoding  delay  D.  and 
error  probability  al  the  receiver.  It  Is  shown  that 
Shannon's  random  message  coding  Is  essentially  optl 
mum  for  transmission  rates  reasonably  near  channel 
capacity.  For  low  rales,  however,  it  Is  possible  to 
decrease  error  probability  with  increasing  decoding 
delay  more  rapidly  by  design  than  by  chance.  Any 
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coding  procedure  requlrer  codebook  memories,  or 
computers,  or  both,  at  transmitter  and  receiver.  Ran¬ 
dom  message  codes  require  codebooks  which  grow 
exponentially  in  size  with  the  decoding  delay  D.  It  is 
shown  that  rardom  check  symbol  codes  of  various  kinds 
can  be  constructed  which  perform  just  as  well  in  terms 
of  information  rate  and  error  probability,  but  which  re¬ 
quire  a  '.odebook  increasing  in  size  only  linearly  with  D. 
This  has  not  only  practical  but  theoretical  interest, 
since  such  a  code  is  error-free.  That  is,  the  receiver 
can  increase  D  and  reduce  error  probability  as  much  as 
it  likes  without  consulting  the  transmitter.  (Con¬ 
tractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

STUDIES  OF  POPULATION  RESPONSES  IN  THE 
PERIPHERAL  AUDITORY  NERVOUS  SYSTEM 
(Abstract),  by  L.  S.  Frishkopf  and  W.  A  Rosenblith. 
t  1955  ]  [  1  ]  p.  (Sponsored  jointly  by  Signal  Corps, 

Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36  039- sc- 64637) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Physiol.  Soc. , 

Tufts  College,  Medford,  Mass.,  Sept.  6-9,  1955. 

Electrical  responses  to  auditory  clicks  were  recorded 
at  relatively  microphonic-free  locations  near  the  round 
windows  of  anaesthetized  cats.  The  average  amplitude 
of  Nj,  the  first  neural  component  of  this  response,  was 
determined  in  nine  animals  as  a  function  of  stimulus 
Intensity  over  a  range  of  80  to  100  db.  Amplitude  vari¬ 
ability  was  determined  as  a  function  of  stimulus  Intensity 
for  three  animals  over  a  similar  range  of  stimulus  In 
tensity,  in  three  other  animals  clicks  were  presented 
in  a  background  of  low  intensity  noise,  and  masked  and 
unmasked  amplitude  growth  functions  determined. 

These  studies  were  analyzed  in  relation  to  a  threshold 
model  for  peripheral  auditory  units,  a  model  in  which 
threshold  has  a  probability  character.  The  results 
strongly  suggest  the  existence  of  a  fairly  homogeneous 
population  of  sensitive  units,  responsive  over  a  range 
of  30  to  40  db  and  consisting  of  150  to  400  elements. 
(Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge 

EXAMPLE  OF  A  STATISTICAL  INVESTIGATION  OF 
THE  TEXT  OF  " EUGENE  ONEGIN"  ILLUSTRATING 
THE  DEPENDENCE  BETWEEN  SAMPLES  IN  CHAIN, 
by  A.  A.  Markov,  tr.  by  M  Halle.  Sept  5,  1955, 

12p  Inch  tallies.  (S|ionsored  tointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Ar  Force  Office  of 
Scientific  Research  under  DA  3b  039  sc  64G37  ) 

AD  110075  Unclassified 


Also  published  in  Bull.  Acad,  lmperiale  Sciences,  St. 
Petersbourg,  1&53,  p.  153-162. 

The  investigation  applies  to  a  sequence  of  20,000 
Russian  letters,  not  counting  the  "hard"  and  "soft" 
signs  (b  and,/),  in  Pushkins  poem  "Eugene  Onegin,  ” 
which  sequence  includes  the  entire  first  chapter  and 
16  stanzas  of  the  second.  This  sequence  provides  us 
with  20, 000  connected  samples,  each  of  which  is  either 
a  vowel  or  consonant  letter. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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A  NEW  METHOD  FOR  MEASURING  THE  ABSOLUTE 
VISCOSITY  OF  LIQUID  HELIUM  11,  by  H.  H.  Kolm 
and  M.  A  Herlin.  Oct.  10,  1955  [  7  ] p.  incl.  illus. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  [  DA36-039-SC-64637])  AD  103571 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  So,.., 
Washington,  D.  C.,  Apr.  28-30,  1955. 

Also  published  in  Phys.  Rev. ,  v.  102:  607-613,  May  1, 
1956. 

A  new  type  of  static  viscometer  for  use  in  liquid 
helium  11  was  developed;  its  inner  cylinder  is  sus¬ 
pended  within  a  rigidly  fixed,  coaxial  outer  cylinder  by 
a  servomechanically  controlled  magnetic  bearing  of 
the  type  used  by  Deams  and  others  in  vacuum  ultra- 
centrifuges.  The  inner  cylinder  is  accelerated  elec- 
tromagueticaiiy;  the  absolute  viscosity  of  the  medium 
is  determined  from  the  deceleration  observed  when  it 
is  permitted  to  coast  freely.  Dearing  friction  is  negli 
glble,  and  there  is  no  inherent  lower  limit  to  the  speed 
of  this  measurement.  Reproducible  viscosity  values 
were  obtained  in  gaseous  helium,  but  1  TS  damping 
from  thermomechajilcal  flow  induced  by  eddy  cur-ent 
heating  in  the  rotor  was  observed  In  liquid  helium  11. 
Tills  effect  was  reduced  considerably  by  elaborate 
precuations  for  isolating  the  apparatus  from  ground 
vibrations.  At  higher  speeds,  the  anomalous  behavior 
was  observed,  which  eliminates  the  attempted  "mutual 
friction"  explanation.  The  ahsolute  viscosity  increased 
dlscontinuously  to  a  higher  value  as  t lie  speed  in¬ 
creased.  The  observation  is  reproducible  qualitative 
ly,  but  because  of  vihratlmis,  not  quantitatively. 
(Contractor's  abstract) 
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ANALYSIS  OF  NOISE  IN  ELECTRON  BEAMS,  by 
F.  N.  it.  Robinson  and  it.  A.  ttaus.  Oct.  15,  1955 
12  p.  inci.  Illus.  (in  cooperation  with  Bell  Tele 
pltoue  1  ,al>s.  .  Inc.,  Murray  Rill,  N.  J.  )  (Sponsored 
jointly  by  Signal  Corps.  Office  of  Nuai  Research,  and 
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Air  Force  Office  of  Scientific  Research  under  [  DA  36- 
039- sc-64637 1 )  AD  33751  Unclassified 

Also  published  in  Jour.  Elecironics,  v.  4:  373-384, 
Jan.  1956. 

A  general  discussion  of  noise  in  linear  systems,  where 
many  modes  carrying  both  positive  and  negative  power 
can  propagate,  is  given.  Matrix  notation  is  used  and  it 
is  found  that  an  arbitrary  noise  process  can  be  repre 
sented  by  a  process  with  Independent  excitation  of  each 
mode  together  with  a  lossless  transducer.  An  expres 
Sion  for  the  noise  figure  depends  only  on  tile  least  noise 
content  of  a  negative  power  mode  in  the  fundamental 
representation  of  the  noise  process. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

TOWARD  SOME  CIRCUITRY  OF  ETHICAL  ROBOTS  OR 
AN  OBSERVATIONAL  SCIENCE  OF  T1IE  GENESIS  OF 
SOCIAL  EVALUATION  IN  THE  MIND  LIKE  BEHAVIOR 
OF  ARTIFACTS,  by  W.  S.  McCulloch.  O-.t.  15,  1955 
.  10]p.  refs.  (Sponsored  lointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  [  DA  36-039  sc  64637  ],  and  Bell 
Telephone  Lab. ,  luc.)  AD  100285  Unclassified 

Also  published  in  Acla  Bioiheorelica,  v.  11:  147  156, 
1956. 

Modern  knowledge  of  servo  systems  and  computing 
machines  makes  it  possible  to  specify  a  circuit  that 
can  and  will  induce  the  rules  ami  winning  moves  in  a 
game  like  chess  when  they  are  given  only  ostensibly, 
that  is.  by  playing  against  opponents  who  quit  when 
illegal  or  losing  moves  are  made.  Such  circuits  enjoy 
a  value  social  in  the  sense  that  it  is  shared  by  the 
players.  (Contractor  s  abstract) 


MIT.  12:057 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

EFFECTS  OF  STRYCHNINE  WITH  Sl’ECIAl,  REFER 
EN'CE  TO  SPINAL  AFFERENT  FIBERS,  by  1*.  D.  Wall, 
W.  S.  McCulloch  and  others.  1955  12  p.  incl. 

Ulus,  diagr.  refs.  (Sponsored  lointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36  039  sc  64637) 

AD  38790  Unclassified 

Also  published  in  Epilepsia,  Series  3.  v.  4  29  40, 

Nov.  1355. 

Some  of  the  literature  on  the  basic  effects  of  strychnine 
is  reviewed.  Exj»erlinents  carried  oul  on  cals  stiow  that 
strychnine  does  not  affec!  the  excitability  of  the  motor 
tiorn  cells  of  the  spinal  cord  as  tested  l>y  microelectrode 
stimulation  wlt.'Uu  the  cord  ii  is  shown  Hut  ihe  thresh 


old  of  the  fibers  in  ihe  terminal  arborization  of  final 
afferent  fibers  is  raised,  The  shape  of  the  early 
components  of  the  dorsal  root  potentials  is  changed. 
Findings  could  be  explained  by  an  increase  in  the 
height  of  the  individual  action  potentials  In  the  terminal 
arbors  under  the  Influence  of  strychnine.  Strychnine 
spikes  traveling  anlldromlcally  away  from  strychnlnlzed 
nuclei  of  Goll  and  Burdach  were  shown  to  emerge  from 
lumbar  dorsal  roots.  The  significance  of  these  findings 
is  discussed.  A  critique  of  strychnine  neuronography 
In  the  light  of  recent  findings  is  presented.  (Con¬ 
tractor’s  summary) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

APPLICATION  OF  SPACE  CHARGE  THEORY  TO  THE 
DETERMINATION  OF  ELECTRON  EMITTER  PROPER¬ 
TIES  (Abstract),  by  W.  B.  Nottingham.  Aug.  1955 
l  Up.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  [  DA  36-039  sc-64637  1) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Mexico  U.  ,  Mexico  City,  Aug.  29-31,  1955. 

Published  in  Phys.  Rev.  ,  v.  100:  964,  Nov.  1,  1955. 

Basic  space -charge  theory  depends  on  the  simultaneous 
solution  of  three  equations.  These  equations  are: 

(1)  Poisson’s,  (2)  Boltzmann's  density  relation,  and 
(3)  the  equation  of  current  continuity.  The  solution  of 
these  equations  applicable  to  parallel -plane  electrodes 
leads  to  methods  that  also  serve  for  coaxial  cylinders. 
Tubes  have  been  constructed  with  oxide  cathodes  and  a 
ratio  of  radii  collector  to  emitter  of  2.5.  The  emitter 
specifications  to  be  evaluated  and  reported  on  Include 
the  ”a’’  constant  In  amp/m2  and  the  work-factor  $ 

In  electron  volts.  These  constants  are  useful  In  the 
simplified  current  density  expression:  a  exp  (■  <£>/VT). 
The  temperature  expressed  as  V^.  is  T/  11600.  Also, 
the  Richardson  constants  Aj{  and  Ojj  and  the  tempera 
ture  coafficient  of  the  true  work  Junction  are  deter¬ 
mined.  The  analysis  yields  a  value  for  the  true  work 
function  of  ihe  collector.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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PRECISION  OF  MICROWAVE  SPECTKOC.lt APRS 
(Abstract),  by  M.  W.  P.  Strandberg  aiu.’.  M.  Peter. 

.  1955  .  .Ip.  (S)«:more-.S  jointly  by  Signal  Corps. 
Office  of  Naval  Research,  ami  Air  Force  Office  of 
Scientific  Research  under  DA  36  029  sc  64637  .  ) 

Unclassified 
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Presented  at  meeting  ot  the  Amer.  Phys.  Soc. , 

Mexico  U. ,  Mexico  City,  Aug.  19-31,  1956. 

Published  In  Phys.  Rev.,  v.  100:  963,  Nov.  1,  1955. 

Microwave  molecular  beam  spectroscopes  using  either 
absorption  or  emission  of  radiation,  or  particle  counting 
techniques,  operate  within  the  same  realm  of  techniques. 
The  ultimate  frequency  precision  of  each  of  these  forms 
of  beam  spectroscopy  Is  thus  simply  expressible  in 
terms  of  common  parameters.  Then  based  on  only  the 
most  general  considerations  the  particle  counting  sys 
tern  has  the  highest  probability  of  defining  a  point  on 
the  atomic  or  molecular  resonance  curve  by  the  square 
root  of  ratio  of  the  photon  energy  to  the  thermal  noise 
energy  kT.  Practical  considerations  can  shift  this  ratio 
many  orders  of  magnitude  either  way.  The  microwave 
absorption  spectroscope  Is  unique  in  being  able  to 
operate  without  state  selection  and  without  beam  flow. 

In  this  form  of  operation  the  resolution  is  less  because 
of  Doppler  broadening.  However,  the  over  all  precision 
of  an  absorption  spectrograph  can  be  greatly  inc reused 
over  beam  operation  since  the  amount  of  active  material, 
and  hence  power  handling  capability,  can  be  greatly 
Increased  without  the  need  of  absurd  flow  handling 
capacity.  (Contractor's  abstract) 


MIT.  12:060 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

NETWORK  SYNTHESIS  FOR  A  PRESCRIBED  IMPULSE 
RESPONSE,  by  R.  A.  Pucel.  Nov.  2,  1955,  35p.  lncl. 
diagrs.  (Technical  rept.  no.  305)  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  i  DA  36  039 -sc 
04G37  )  AD  122939  Unclassified 

Two  semi  graphical  methods  are  presented  for  the 
synthesis  of  a  linear,  finite,  lumped  element  network 
In  which  the  desired  res|x>nse  is  prescribed  In  the  time 
domain.  The  methods  are  based  on  the  approximation 
of  the  real  or  the  Imaginary  part  of  the  associated 
system  function.  In  the  first  method,  the  desired  real 
or  imaginary  part  function  is  approximated  in  the 
complex-frequency  plane  by  a  sequence  of  impulse- 
along  a  contour  parallel  to  and  to  the  left  of  the  lin.tgln 
ary  axis.  In  the  second  method,  this  function  is  ap 
proximated  along  the  imaginary  axis  by  a  rotational 
fraction  wliose  zeros  and  whose  behavior  at  infinity 
are  initially  prescribed.  Simple  methods  are  proposed 
for  the  evaluation  of  the  error  committed  in  the  time 
domain.  Examples  Illustrating  (he  two  metluxls  are 
given.  (Contractor's  abstract) 

MIT  12:061 

Massachusetts  Inst,  of  Tech.  Research  l.ab  of 
Electronics.  Cambridge. 

PHASE  ST  AM  LI /.AT  ION  OF  MICROWAVE  OSC1L1.A 
lUHS.  by  M.  W  1'.  Strand  berg.  Nov.  30,  1955,  Ip. 
lncl  illus.  (iqiousorod  jointly  by  Signal  Corps.  Office 


of  Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039- sc-64637)  AD  109228 

Unclassified 

Also  published  In  Proc.  Inst.  Radio  Engineers,  v.  44: 
696,  May  1956. 

A  circuit  has  been  developed  with  which  microwave 
oscillators  may  be  phase-locked  to  weak  but  stable 
reference  signals.  The  circuit  was  operated  with  S- 
band  oscillators  (707B  klystron;  2C37  triode  oscillator) 
and  a  2K50  K-band  klystron.  It  is  possible  to  lock  a 
microwave  oscillator  directly  or  through  a  cascade  of 
such  circuit  i  to  a  quartz- stabilized  oscillator.  The 
statistical  theory  of  random  noise  is  used  to  obtain  an 
analysis  of  the  stabilizing  effect  of  the  circuit,  and  the 
power  spectrum  of  the  stabilized  microwave  source 
is  calculated.  The  scheme  can  also  be  applied  In 
divider  operation.  Modifications  are  discussed.  A 
modified  circuit  that  uses  carrier- suppressed  modula¬ 
tion  of  the  reference  signal  has  also  been  realized. 

In  another  circuit,  the  oscillator  frequency  Is  con¬ 
verted  by  means  of  a  stable  reference,  and  compared 
with  a  second  reference  that  can  be  of  low  frequency 
and  tunable.  These  latter  circuits  allow  elimination 
of  the  excess  noise  introduced  by  crystal  diodes.  In 
the  original  straight  dc  circuit  this  noise  cannot  be 
eliminated,  but  calculation  shows  that  Its  influence  on 
the  output  power  spectrum  Is  very  small.  (Con¬ 
tractor's  summary) 


MIT.  12:062 

Massachusetts  Inst,  of  Te<Ti.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  CONCEPT  OF  THE  ONE  IN  VOLTAGE  TRANS 
FER  SYNTHESIS,  by  P.  M.  Lewis,  U.  1  1955]  L  4  ] p. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search.  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  0?9  sc  64637)  Unclassified 

Lulllislied.iil  1.  R.  E.  Trans,  of  Professional  Group  on 
Circuit  Theory,  v.  CT  2:  316-319,  Dec.  1955  (Net 
work  Realization  Issue). 

The  concept  of  the  one  is  introduced  and  found  to  give 
a  physical  interpretation  to  the  constant  multiplier  in 
voltage  transfer  synthesis.  It  places  In  evidence  the 
constraints  placed  on  the  performance  of  physical 
systems  by  the  configuration  used  in  the  synthesis. 
Several  theorems  are  derived  concerning  the  ultimate 
limits  of  performance  obtainable  when  a  given  coil 
figuration  is  used  to  realize  a  given  voltage  transfer 
function.  (Contractor's  abstract) 


NUT.  12:053 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  PHONEMES  OF  S111L1IA  (Abstract),  by  J.  R. 
Applegate.  1955.  .  1  !p.  (Sponsored  Jointly  by 
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MIT.  12:064  MIT.  12:066 


Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36-039-sc- 
64637)  Unclassified 

Presented  at  meeting  of  the  Linguistic  Soc.  of  Amer. , 
Chicago,  111.,  Dec.  29,  1955. 

This  paper  presents  a  description  of  the  phonology  cf 
Shllha,  one  of  the  major  Berber  dialects  spoken  In 
southwestern  Morocco.  This  description  is  basou  on 
the  analysis  of  the  speech  of  several  native  speakers  of 
the  language.  It  is,  primarily,  a  discussion  of  the 
phonemic  structure  of  the  language.  Spectrographic 
data  are  used  to  illustrate  certain  features  of  the 
phonemic  system  which  have  been  presented  in  dlffereul 
forms  in  other  studies  of  the  language  and  lo  support 
conclusions  reached  concerning  these  features.  (Con- 
tractor’s  abstract) 


MIT.  12:064 

Massachusetts  lnsl.  of  Tech.  Research  Lab.  cf 
Electronics,  Cambridge. 

THE  REPRESENTATION  OF  SOME  PERIODIC 
STIMULI  IN  THE  B1  FREQUENCY  PLANE  (Abstract), 
by  M.  H.  Goldstein,  Jr.  [  Dec.  1955]  [  1  ]p.  (Spon 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Research, 
and  Air  Fi  re*  Office  of  Scientific  Research  under  DA  lfl 
039- sc  64637)  Unclassified 

Presented  at  meeting  of  the  Acoust.  Soc.  Amer. , 

Brown  U.  .  Providence,  It.  1.,  Dec.  15  17,  1955. 

Published  in  Jour.  Acoust.  Soc.  Amer.,  v.  28:  153, 

Dec.  1956. 

Recently  attention  has  been  focused  on  psychophysical 
experiments  with  nonsinusoldal  sllnnili  of  a  periodic 
nature.  These  studies  were  concerned  with  the 
"residue,"  the  "missing  fundamental"  and  more 
generally  with  amplitude  modulated  signal*,  bursts  of 
noise,  and  repealed  clicks.  The  results  were  often  In 
conlradlctlon  with  Ohm's  acoustic  law  according  to 
which  a  complex  stimulus  is  analyzed  during  the  listen 
lug  process  into  lls  sinusoidal  (Fourier)  components. 

It  appeared  therefore  desirable  to  develop  a  mathematl 
cal  transformation  that  would  bring  to  light  certain  as 
pects  of  these  stimuli  that  are  of  importance  in  deter 
mining  psychophysical  judgments.  A  bifrequency  trans 
form  will  be  presented  which  is  a  function  of  two  vari 
ables,  both  of  which  have  the  dimension  of  frequency. 
One  variable  relates  closely  to  Fourier  frequency,  the 
other  to  the  time  varying  envelope  of  the  signal.  The 
shape  of  the  bifrequency  plot  of  a  number  of  auditory 
stimuli  will  be  illustrated,  and  Uie  method  of  analyzing 
psychophysical  experiments  employing  these  stimuli 
will  be  described.  In  several  instances  the  Infrequency 
method  makes  plausible  psychophysical  judgments  that 
are  not  jiredicted  from  Ohm's  law.  (Contraclor’s 
abstract) 


MIT.  12:065 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  TERMINAL  ARBORIZATION  OF  THE  CATS 
PYRAMIDAL  TRACT  DETERMINED  BY  A  NEW 
TECHNIQUE,  by  P.  D.  Wall  and  W.  S.  McCulloch 
and  others.  [  19551  [  8  ] p.  lncl.  lllus.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  [  DA  36- 
039- sc- 64637])  AD  93753  Unclassified 

Also  published  In  Yale  Jour.  Biol,  and  Med. ,  v.  28: 
457-4G4,  Dec.  1955-Feb.  1956. 

A  new  technique  is  described  which  uses  antidromic 
Impulses  generated  In  terminal  arborizations  by 
stlmulallng  microelectrodes.  Hie  position  of  the 
stimulating  mlcroelecirode  Is  determined  for  those 
points  of  stimulus  which  evoked  a  response  recorded 
in  a  tract  projecting  Into  the  stimulated  area.  The 
resolution  of  the  technique  Is  shown  to  be  greatly 
superior  to  previous  physiological  methods  which 
altempted  to  localize  the  ending  of  projection  fibers. 
The  technique  Is  used  to  show  the  endings  of  the  group 
I  afferent  fibers  from  the  gastrocnemius  muscle  In  the 
grey  matter  of  the  cord.  The  ending  of  the  pyramidal 
tract  In  the  cat  Is  shown  to  be  limited  to  a  small  region 
tp  »he  ventral  part  of  l lie  dorsal  torn  Frslimlnary 
results  on  the  monkey  are  also  discussed.  (Con¬ 
tractor's  summary) 


MIT.  12:066 

Massachusetts  Inst,  of  lech.  Research  Lab.  of 
Electronics,  Cambridge. 

THEORY  OF  INTERNAL  OVER  ALL  ROTATIONAL 
INTERACTIONS.  II.  HAMILTONIAN  FOR  THE  NON 
RIGID  INTERNAL  ROTOR,  by  D.  Kivelson.  Dec. 

1955  [  6  ]p.  lncl.  diagrs.  table,  refs.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  [  DA  30- 
039  sc  64037  ])  AD  B5770  Unclassified 

Also  published  in  Jour.  Chem.  Phys.  ,  v.  23:  2230- 
2235,  Bee.'  1955. 

An  approximate  Hamiltonian  for  a  nonrlgid  Internal 
rotor  is  derived.  The  potential  energy  was  ex|>anded 
In  a  Taylor's  series  In  the  displacement  coordinates 
and  in  a  Fourier  series  in  the  angle  of  internal  rotation 
The  Hamiltonian  was  trui. stormed  by  a  contact 
transformation,  and  a  second  order  Hamiltonian  in 
which  vibrations  and  rotations  were  separated  was 
obtained.  Hie  Hamiltonian  consists  of  terms  which 
constitute  the  usual  rigid  internal  rotational  problem, 
of  centrifugal  distortion  ierms  involving  both  over  all 
and  Internal  angular  momentum,  and  of  terms  that 
arise  because  of  the  repulsive  nature  of  the  barrier. 
These  repulsive  terms  enter  as  a  single  term. 
2JF(m'l  cos3  m),  in  the  expression  for  the 
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rotational  transitions  of  symmetric  rotors,  where  J  is 
the  total  angular  momentum  quantum  number  and  m  Is 
the  pseudo-quantum  number  for  Internal  rotation.  The 
repulsive  constant,  Fv,  is  given  by  the  relation 

Fv  =  -  B„(0  +  Byy(0  ^(1), 

where  B^1)  3yy(0  Is  the  derivative  of  the  rigid  rotor 
rotational  constant  with  respect  to  the  t.th  symmetry 
coordinate,  and  a^1)  is  one-half  the  displacement  of 
ihe  equilibrium  position  of  the  1th  internal  coordinate 
in  going  from  n  =  0  to  0  =  ir/3.  The  dependence  of  ttie 
oarrier  neight  upon  tne  vibrational  motion  was  also 
studied.  (For  Part  I  see  item  no.  MIT.  11:047)  (Con 
tractor's  abstract) 

MIT.  12:037 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Eleclronics,  Cambridge. 

THEORY  OF  INTERNAL  OVER- ALL  ROTATIONAL 
INTERACTIONS.  IH.  NONRIGID  ASYMMETRIC 
ROTORS,  by  D.  Klvelson.  Dec.  1955  i8  ’p.  incl.  refs. 
(Spoi. sored  jointly  by  Signal  Corps,  Utfice  ot  Naval  Re 
search,  and  Air  Force  Office  of  Scientific  Research 
under  !  DA  36  039- sc- 04637  )  AD  85882 

Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  23:2236 
2243,  Dec.  1955. 

The  theory  of  the  interactions  of  hindered  internal 
rotation  with  over  all  rotations  is  extended  io  include 
non  rigid  asymmetric  rotors.  The  Interdependence  of 
hindered  internal  rotation  and  vibrations  and  their 
effect  upon  the  vibrational  energy  levels  is  considered 
An  approximate  over- all  Internal  rotational  wave  func 
tlon  is  discussed.  Since  the  general  energy  relation 
involves  loo  many  parameters  to  compute  or  to  fit 
empirically,  certain  special  cases  are  discussed. 
(Contractor's  abstract,  modified) 


MIT. 12:068 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Eleclronics,  Cambridge. 

A  TRAVEL  AID  FOR  THE  HUND  (Abstract),  by  C.  M. 
Witcher.  Dec.  1955  1  p.  (Sponsored  jointly  by 

Signal  Corps.  Office  of  Naval  Research,  and  Air  Fnrce 
Office  of  Scientific  Research  under  DA  36  039  sc 
64637)  Unclassified 

Presented  at  meeting  of  the  A.  A  A.  S  .  Atlanta.  Ga.  . 
Dec  26,  1955. 

Ihe  meaning  of  the  term  "adequate  travel  aid  for  the 
blind"  based  on  consideration  of  its  required  perform 
a.ice  characteristics  lias  been  previously  discussed  by 
several  workers.  A  set  of  such  requirements  has  been 
tentatively  accepted  in  tills  laboratory  to  serve  as  ttie 
basis  for  the  design  and  construction  of  an  actual  model. 


MIT.  12:067  -  MIT.  12:069 


These  are  summarized  in  the  present  paper.  A  de¬ 
scription  of  the  system  design  aspects  of  the  model 
now  under  construction  is  given,  with  an  analysis  of 
how  this  system  design  attempts  to  meet  the  tentatively 
accepted  requirements.  In  this  analysis,  the  travel 
aid  is  conceived  as  a  communication  system,  talcing  in 
information  from  the  environment  through  which  the 
blind  user  moves,  and  transmitting  it  to  his  brain 
through  some  sensory  channel  which  can  sub  ‘ttute  for 
the  visual  one.  From  this  point  of  view,  the  problem 
presents  two  aspects:  A,  to  determine  the  minimum 
necessary  information  which  must  be  extracted  from 
the  environment,  and  b,  lo  devlee  meant  tut  tl<e  inbtA 
efficient  use  ot  the  chosen  sensory  channel  for  trans¬ 
mitting  this  information  to  the  user's  brain.  The 
optical  system  employed  in  the  precent  model  is  con¬ 
sidered  In  some  detail  The  pr*'rlqle  Of  etrq  -down 
detection  Is  briefly  reviewed,  after  which  an  analysis 
of  detector  sensitivity  requirements  is  given.  A 
general  relation  is  obtained  expressing  the  received 
signal  power  in  terms  of  the  constants  of  the  system 
vsi  i  factor  f  expressing  t!i*  ilflus*  reflectivity  -of 
the  surface  being  viewed  by  the  system.  A  Fourier 
analysis  of  the  received  signal  is  given,  leading  to  an 
expression  for  the  power  spectrum.  This  permits 
some  conclusions  to  Le  drawn  will,  regard  to  optimum 
amplifier  design.  (Contractor's  abstract) 


MIT. 12:069 

Massachusetts  Inst,  ot  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ACOUSTIC  PROPERTIES  OF  STOP  CONSONANTS,  by 
M.  Halle,  G.  W.  Hughes,  and  J.-P.  A.  Radley. 

1956'  10  p.  Incl.  Ulus,  dlagrs.  refs.  (Sponsored 

jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36- 
039 -sc -64637,  and  National  Science  Foundation) 

AD  129243  Unclassified 

Also  published  in  Jour.  Acoust.  Soc.  Amtr. ,  v.  29: 

107  116.  Jan.  1957. 

Results  of  a  study  of  (lie  two  major  cues  for  stop 
consonants  are  presented:  Ihe  burst  of  the  stop  release 
and  the  transition  ot  the  formants  tn  the  adjacent 
vowel.  Detailed  energy  density  spectra  ot  Ihe  bursts 
were  prepared.  The  transitions  were  studied  by  means 
of  sonagrams.  Possible  c  riteria  for  identification 
were  developed  and  letted  In  order  to  assess  the 
efficacy  of  the  two  types  of  cue,  preceptual  tests  were 
conducted  with  Isolated  segments  that  contained  either 
su  p  hursts  or  vowel  transitions  alone.  Common 
acoustical  properties  of  bursts  and  formant  transitions 
are  noted;  dlllerences  as  well  as  similarities  are  dis¬ 
cussed  in  the  light  of  different  varieties  of  pilch  judg¬ 
ments.  (Contractor’s  abstract) 
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Massachusetts  lust,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  FOURIER  METHOD  FOR  TIME  DOMAIN  SYNTHESIS, 
by  M.  Strleby.  [  1956]  [  1 3 1  p.  incl.  diagrs.  (Spon¬ 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Research, 
and  Air  Force  Office  of  Scientific  Research  under 
|  DA  36  039  SC-046371)  Unclassified 

Presented  at  Symposium  on  Modern  Network  Synthesis, 
Polytechnic  Inst,  of  Brooklyn,  N.  Y.,  Apr.  13-15,  1955. 

Published  In  Proc.  Symposium  on  Modern  Network 
Synthesis,  v.  5:  197  209,  1956. 

The  chief  aspect  of  time  domain  synthesis  which  is  con¬ 
sidered  here  Is  that  of  approximating  an  impulse  re 
sponse  The  specific  objective  is  to  find  a  function 
which  approximates  an  arbitrary,  transformable  time 
function  and  of  which  the  Laplace  transform  is  a  realiza¬ 
ble  function  of  frequency.  One  period  of  a  Fourier 
series  is  used  to  approxmlate  the  desired  time  function. 
The  series  shows  how  many  |>oles  are  needed  in  the 
network  system  function  and  gives  one  an  idea  of  the 
error  function  to  be  expected.  It  can  be  adjusted  to 
achieve  a  reasonable  compromise  hetween  error  and 
network  complexity.  From  this  a  realizable  system 
function  is  straightforwardly  computed. 


MIT.  12:071 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

GRAPHICAL  METHODS  TOR  TRANSFORMING  IMPED 
ANCES  THROUGH  LOSSLESS  NETWORKS  BY  THE 
CAYLEY  KLEIN  DIAGRAM,  by  E.  F.  Bolinder.  1956 
13  p.  incl.  illus.  (S|>ousored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36  039 -sc  64637  ) 

AD  122940  UnclasslLed 

Also  publiglied  Ri  Acta  l’olyteclmlca  No.  202.  Electrical 
Engineering  Series,  v.  7:  1  13.  1956. 

A  method  of  Van  Slooten  for  transforming  reactances 
through  lossless  networks  by  means  of  the  Cayley 
Klein  diagram  (also  called  "hyi-erbolic  plane,  "  "Cayley 
diagram"  or  "projective  chart")  is  extended  to  lie 
valid  for  transformations  of  arbitrary  impedances,  its 
connection  with  the  isometric  circle  method  is  studied 
and  It  is  shown  that  in  the  latter  metiiod  one  of  ttie 
centers  of  perspectlvlty  of  Hie  former  method  is  situated 
at  the  [joint  corresjjond ng  to  infinity  in  Euclidean  spare. 
(Contractor’s  abstract 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  GYRISTOR  A  TOPOLOGICAL  APPROACH  TO 
ACTIVE  CIRCUIT  ANALYSIS  (Abstract),  by  S.  J. 
Mason.  [  1956  i  [lip.  (Technical  rept.  no.  "6) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Na.al 
Research,  and  Air  Force  Office  of  SclenUflc  Research 
under  [  DA  36- 039- sc  - 646371)  Unclassified 

Kirchhoff  and  Maxwell  gave  us  topological  inspection 
rules  for  evaluating  the  transmission  of  a  linear  bi¬ 
lateral  branch  network.  A  linear  bilateral  branch 
network  Is  a  connection  of  resistors  In  each  of  which 
the  current  is  proportional  to  the  difference  of  Its  two 
terminal  potentials.  The  gyristor  is  a  branch  like 
element  whose  current  is  proportional  to  the  sum  of 
its  two  terminal  potentials.  With  (complex)  resistors 
and  gyristorsone  can  model  any  lumped  linear  circuit, 
In  general  nonbilateral.  The  point  is  that  ihe 
Kirchhoff- Maxwell  rules  carry  over  to  such  models 
without  change  of  form,  the  only  addition  being  a  rela 
lively  simple  algebraic  sign  rule  for  gynstors  In  the 
transmission  expression.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  '  Research  Lab.  of 
Electronics'  Cambridge. 

NEW  METHODS  OF  DRIVING  POINT  AND  TRANSFER 
IMPEDANCE  SYNTHESIS,  by  E.  A.  Gulllemln. 

I  1956  ■  26  p.  (Sponsored  jointly  by  Signal  Corps, 

Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  30-039  sc  64637  ) 

Unclassified 

Presented  at  syni|joslum  on  Modern  Network  Synthesis. 
Polytechnic  Inst,  of  Brooklyn,  N.  Y.  .  Apr.  13-15, 
1955. 

tibUshed lu  Proc.  Symposium  on  Modern  Network 
Synthesis,  v.  5:  119  144,  1956. 

Driving  [joint  and  transfer  problems  have  certain 
common  character! sties,  so  that  a  study  of  one  of 
these  is  in  one  way  or  another  helpful  In  the  solution 
to  the  other  problem.  Regarding  the  driving  point 
problem  a  number  of  realization  schemes  are  men 
ttoned.  Stress  ib  put  on  proteduies  which  avoid 
mutual  inductive  Coupling,  are  straightforward,  and 
are  not  very  tedious  algebraically  and  numeric  ally, 
in  suggesllng  various  metliods  simplicity  Is  stressed 
more  than  applicability. 
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Massachusetts  Inst  of  Tech.  Research  Lab.  of 
Electronic s,  Cambridge. 


OPTIMUM  DESIGN  OF  FINAL  VALUE  CONTROL 
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SYSTEMS,  by  R.  C.  Booton,  Jr.  [  19561  9 1  p.  incl. 

diagrs.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  [  DA  36  039- sc  646371) 

Unclassified 

Presented  at  Symposium  on  Nonlinear  Circuit  Analysis, 
Polytechnic  Inst,  of  Brooklyn,  N.  Y. ,  Apr.  25  27,  1956. 

Published  in  Proc.  Symposium  on  Nonlinear  Circuit 
Analysis,  v.  6:  233-241,  1956. 

This  papnr  deals  with  the  statistical  optimization  of 
nonlinear  time  variable  systems.  Treated  are  final- 
value  control  systems  in  which  the  response  is  con 
strained  in  such  a  manner  that  earlier  response  values 
affect  the  final  response. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

PIECEWISE  LINEAR  NETWORK  ANALYSIS  AND 
SYNTHESIS,  byT.  E.  Stern.  [  1956  1  [31  Ip-  incl. 
diagrs.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  ->nd  Air  Force  Office  of  Scientific 
Research  under  f  DA  36  039  sc  64637  1 ) 

Unclassified 

Presented  at  Symposium  on  Nonlinear  Circuit  Analysis, 
Polytechnic  Inst,  of  Brooklyn,  N.  Y. ,  Apr.  25-27, 

1956. 

Published  jji  Proc.  Symposium  on  Nonlinear  Circuit 
Analysis,  v  C:  315  345,  1956. 

This  paper  presents  a  general  systematic  approach  to 
tile  problems  of  piecewise  linear  resistive  network 
analysis  and  synthesis.  This  unified  approach  consider 
ally  hroadens  the  scope  of  current  piecewise  linear 
synthesis,  particularly  as  applied  to  diode  network 
synthesis. 
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Massachusetts  Inst,  of  Tech,  liesearcti  Lab  of 
Electronics,  Cambridge. 

SENStHlY  AID  DEFINES  LIGHTS  AN1)  MARKS,  by  C. 
it.  lLirtlg.  .  1950  2  p  incl  lllus.  (Sponsored 

jointly  by  Signal  Corps.  Office  of  Naval  Research,  and 
A,r  Force  Office  of  Scientific  liesearcti  under  DA  36 
039  sc  64dj7  )  AD  122336  Unclassified 

•Also  published  in  Electronics,  v.  30;  162  163,  Feb.  1. 
1957. 

Tilts  immature  deuce  using  cadmium  sulfide  pltoloceli. 
d  ode  anti  lw-o  transistors  to  actuate  a  magnetic  earptsme 
gives  audible  indication  of  j  rmling,  meter  readings  or 
location  of  maximum  ambient  light.  The  unit,  including 
accessory  lamp  bulb,  is  lowered  by  a  I.  5  volt  battery. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

STUDY  OF  THE  EXPONENTIAL  LINE  BY  THE 
ISOMETRIC  CIRCLE  METHOD  AND  HYPERBOLIC 
GEOMETRY,  by  E.  F.  Bollnder.  [  1956]  [  21  ]p.  Incl. 
lllus.  refs.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36  039  sc- 64637)  AD  129242 

Unclassified 

Also  published  in  Acta  Polytechnlca,  No.  214,  Elec¬ 
trical  Engineering  Series,  v.  7:  1-21,  1957. 

The  isometric  circle  method  is  used  to  study  impedance 
transformations  through  lossless  exponentially  tapered 
transmission  lines.  By  a  simple  inversion  in  the  iso¬ 
metric  circle  of  the  direct  transformation,  followed  by 
a  reflection  in  the  symmetry  line  of  the  two  isometric 
circles,  the  ratio  of  the  input  impedance  and  the 
characteristic  Impedance  at  the  input  of  the  exponential 
line  can  be  obtained  from  the  ratio  of  the  output  imped 
ance  and  the  characteristic  impedance  at  the  output. 

The  three  different  cases:  transmission  in  the  pass- 
band  (elliptic  case),  cutoff  (parabolic  case),  and  below 
cutoff  (hyperbolic  case)  are  studied  in  the  complex 
Impedance  plane,  the  complex  reflection  coefficient 
plane  (Smith  chart)  and  on  the  Riemann  unit  sphere. 

The  use  of  non- Euclidean  hyperbolic  geometry  is 
briefly  outlined.  Finally,  the  exlension  of  the 
method  to  impedance  transformations  through  lossy 
exponential  lines  Is  indicated. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

TRANSMISSION  AND  REFLECTION  OF  WAVES  BY 
NONUNIFORM  ONE  DIMENSIONAL  MEDIA,  by  S.  J. 
Mason.  (  1956  '  ( 1  ]p  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  DA  36  039  sc  64637) 

Unclassified 

The  propagation  of  a  wave  in  a  one  dimensional  medium 
is  governed  by  the  equation 


where  r.  is  the  wave  Impedance  and  s  Is  the  complex 
frequency.  In  Hits  equation  we  assume  Ihat  the  wave 
velocity  has  been  normalized  to  unity  by  a  properly 
chosen  deformation  of  Hie  distance  scale  l.ei  z  be  a 
known  function  of  x  Hi  the  interval  from  0  to  x,  and  a 
constant  in  each  of  the  two  regions  lying  outside  (his 
interval.  Now  define 

r(x)  1  ^  log 
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(s,x)  -  1 


Jour.  Acoust.  Soc.  Amer.,  v.  28:  150, 


Jan.  1956. 


fk(-s,x')  r(x’)  exp  (-2sx')  dx' 


In  terms  of  these  defined  quantities  the  reflection 
coefficient  R(s)  of  the  nonuniform  region  Is 


R(s)  = 


?:  f2ktl(s,xi) 
>•  f2k<8’  xl> 


where  the  summations  are  taken  over  integer  values  of 
k  from  zero  to  infinity.  The  reflection  coefficient  gives 
the  complex  amplitude  of  the  reflected  wave  when  a  unit 
amplitude  wave  traveling  In  the  positive  x  direction  Is 
Incident  upon  the  nonuniform  region  lying  between  0  and 
Xj.  (Contractor's  abstract) 


It  is  a  characteristic  feature  of  the  low- temperature 
modification  of  liquid  helium  that  temperature  differ¬ 
ences  propagate  In  the  form  of  waves  Instead  of  pro¬ 
ducing  a  dissipative  heat  conduction.  In  these  thermal 
waves  or  "second  sound,  "  temperature  variations 
play  a  role  similar  to  pressure  variations  In  first  or 
ordinary  sound.  Although  our  understanding  of  the 
molecular  mechanism  behind  these  phenomena  Is  still 
far  from  satisfactory,  the  experimental  and  theoretical 
study  of  the  two  sound  waves  has  contributed  signifi¬ 
cantly  to  the  clarification  of  the  situation.  (Con¬ 
tractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ON  ICOUSTICAL  CUES  FOR  STOP  CONSONANTS 
(Abs-ract),  by  M.  Halle,  G.  W.  Hughes,  and  J.-P.  A. 
Radley.  Dec.  1955  1  [lip.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36 -C39- sc-64637) 

Unclassified 

Presented  at  meeting  of  the  Acoust.  iiuc.  of  Amer. , 
Drown  U. ,  Providence,  R.  1.,  Dec.  15-17,  1955. 

Published  In  Jour.  Acoust.  Soc.  Amer.,  v.  28:  161, 

Jan.  1956. 

A  study  has  been  conducted  of  the  two  major  cues  for 
stop  consonants:  the  burst  of  the  stop  release  and  the 
transition  of  the  formants  in  the  adjacent  vowels.  De¬ 
tailed  frequency  versus  Intensity  spectra  of  the  bursts 
were  prepared,  while  the  transitions  were  studied  by 
means  of  Sonagraph  records.  Possible  criteria  for 
Identification  were  developed  and  tested.  In  order  to 
assess  the  efficacy  of  the  two  major  types  of  cue, 
perceptual  tests  were  conducted  with  Isolated  segments 
containing  either  stop  bursts  or  vowel  transitions  alone 
(Contractor's  abstract) 
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Massachusetts  Inst  of  Tech.  Research  Halt.  of 
Electronics,  Cambridge. 

THEORETICAL  ASPECTS  OF  SOUND  PROPAGATION 
IN  UQU1D  HELIUM  (Abstract),  by  1-  Tisza  Dec 
1U55  t  .p.  (Sponsored  jointly  by  tignal  Corps,  Office 
of  Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36  *'3U  sc  64637)  Unclassified 

Presented  al  meeting  of  the  Acoust  Soc  of  Amer  . 
Drown  l  .  lrovnience,  R  1  .  Dec  15  t7  IJ55 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

TIME-DOMAIN  SYNTHESIS  BY  MEANS  OF 
TRIGONOMETRIC  POLYNOMIAL  APPROXIMATIONS, 
by  M.  Strleby.  Jan.  5,  1956,  35p.  lncl.  diagrs.  refs. 
(Technical  rept.  no.  308)  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36- 639- sc- 
64637)  AD  107  542  Unclassified 

The  area  of  time  domain  synthesis  Considered  here  Is 
the  process  of  finding  the  system  function  of  a  lumped- 
element,  linear,  passive,  bilateral  network  whose  Im¬ 
pulse  response  approximates  a  prescribed  function  of 
time.  Time- domain  synthesis  can  be  regarded  as  es¬ 
sentially  equivalent  to  the  design  of  a  rotational  delay- 
l.ne  approximant.  Suppose  e  to  be  such  an  approx- 
lmant.  11  (s)  Is  the  Laplace  transform  of  a  suitably 
chosen  sehiiperlodlc  (periodic  for  t  greater  than  zero, 
and  zero  for  t  less  than  zero)  trigonometric  polynoml- 
nal  approximation  of  period  T  to  the  desired  network 
impulse  response  that  is  also  of  duration  T.  Then  the 
function  II  (s)(l  e  ST’)  is  the  desired  rational  sys 
tent  function.  The  first  method  of  synthesis  bases  the 
choice  of  a  rational  delay  line  approximant  upon  the 
particular  impulse  resjonse  that  is  being  synthesized. 
Care  must  be  taken  in  the  selection  to  insure  realiza¬ 
bility  of  tne  resultant  network  and  proper  convergence 
of  the  impulse  resjionse.  However,  the  metliod  Is 
straightforward  and  gtveB  good  results:  a  fairly  accu 
rate  error  prediction  can  easily  be  made,  so  that  no 
trial  and  error  procedure  is  needed  Several  examples 
show  that  a  dose  approximation  to  the  desired  impulse 
resjonse  is  attainable  with  relative  economy  of  network 
elements.  The  second  of  the  many  jossihle  procedures 
bused  on  the  same  underlying  phtloso  u  v  uses  a 
rational  delay  tine  approx: man t  which  is  independent 
of  the  function  that  lb  being:  synthesized.  One  example 
seems  to  show  that  this  approach  at:.  »  produces  satis 
factory  results.  (Contractor’s  abstract) 
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TUBE  LABORATORY  MANUAL,  by  F.  Rosenburg,  ed. 
2nd  ed  Jan.  15,  1956,  132p.  lncl.  tables,  refs. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  Air  Force  Office  of  Scientific  Research 
under  [DA  36- 039- sc  646371)  AD  95493 

Unclassified 

This  manual  was  prepared  as  a  guide  for  workers  in  the 
Tube  Laboratory  at  M.I.  T.  with  the  view  of  making  the 
book  as  useful  as  possible  to  those  whose  work  in  the 
laboratory  Involves  vacuum  devices.  It  includes:  (I; 
chemical  procedures;  (2)  electroplating;  (3)  heat  treating 
and  brazing;  and  (4)  Tube  Laboratory  procedures.  There 
are  also  30  tables  containing  physical  and  chemical 
properties  and  other  data  regarding  materials  used  in 
the  laboratory.  An  Index  of  materials  is  appended. 
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Massachusetts  Inst,  of  Tech  Research  Lab.  of 
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PROPOSED  COINCIDENCE  SCHEME  FOR  THE 
ELIMINATION  OF  THE  DOPPLER  EFFECT,  by  P.  L. 
Sagalyn.  Jan.  31,  1956  2  !p.  lncl.  diagrs.  (Spon 

sored  jointly  by  Signal  Corps.  Office  of  Naval  Research, 
and  Air  Force  Office  of  Scientific  Research  under 
1  DA  36  039  sc -64637  )  AD  103574  Unclassified 

Also  published  in  Phys.  Rev.,  v.  102:  293-294,  Apr.  1. 
1956. 

The  coincidence  technique  of  Bradley  (Phys.  Rev. , 
v.  102:  293,  Apr.  1,  1956)  is  adapted  to  the  measure 
ment  of  tlie  wave  lengths  of  emission  spectra.  The 
method  can  be  used  to  improve  spectroscopic  deter 
mlnatlons  of  such  parameters  as  hyperfine  structure 
constants  and  Isotope  shifts.  It  also  jirovides  another 
method  for  the  detection  of  radio  frequency  resonance 
in  the  intermediate  state. 
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Massachusetts  Inst  of  Tech.  Research  Lab.  of 
Electronics  Cambridge. 

A  UNIFIED  THEORY  OF  INFORMATION,  by  K.  II. 
Powers.  Keh.  1.  1 9. Ml.  105j>  lncl  diagrs.  refs 
(Technical  rent  no  311)  (S|>onsoreJ  jointly  by  Signal 
Corps,  Office  of  Naval  Rescan  h,  and  Air  Force  Offire 
of  Scientific  Research  under  DA  36  039  sc  64637 
AD  99356  Ci  classified 

Ue  probabilistic  theory  of  information  is  extended  to 
processes  involving  the  most  general  j  reliability  dlstr, 
ballons  A  change  of  probability  measure  on  an  abstract 
space  serves  as  ttie  appropriate  mathematical  model 
for  the  fundamental  information  process.  A  unified 
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definition  for  the  amount  of  concomitant  information, 
which  takes  the  form  of  a  functional  of  the  a  priori 
and  a  posteriori  measures,  Is  introduced.  IMs  defini¬ 
tion  is  sufficiently  general  to  be  applied  to  a  theory 
that  includes  both  the  discrete  and  continuous  theories 
as  special  cases.  The  definition  is  applied  in  a  study 
of  the  information  associated  with  the  realization  of  a 
stochastic  process.  For  the  evaluation  of  mutual  in¬ 
formation  rates  between  statlonarlly  correlated  multi¬ 
variate  gausslan  time  series,  the  techniques  of  linear 
prediction  are  employed.  A  brief  investigation  is  made 
of  the  problems  of  communications  in  the  presence  of 
noise  and  through  linear  networks.  (Contractor's 
abstrac  t) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

FOURIER  TRANSFORMS  AND  TAPERED  TRANS¬ 
MISSION  LINES,  by  E.  F.  BoUnder.  Feb.  8,  1956, 
lp.  incl.  refs.  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36- 039- sc- 64637) 

AD  108763  Unclassified 

Also  published  in  Proc.  Inst.  Radio  Engineers,  v.  44: 
557,  Apr.  1956. 

The  non  linear  differential  (Riccatl)  equation  for  a 
tapered  line  is  transformed  into  a  first-order  equation 
(for  the  reflection  coefficient)  which  can  be  linearized. 
The  solution  is  given  as  a  Fourier  lniegral  of  a  function 
of  the  characteristic  impedance. 
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GETTING  RID  OF  T11E  DOPPLER  EFFECT  (Abstract), 
by  F  Bitter.  Feb.  1956  I  p.  (Sjxinsored  jointly 
by  Signal  Corjis,  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  DA  36  039 
sc  64637)  Unclassified 

Presumed  at  Spectroscopy  Symposium.  Argonne 
National  1. ab.  .  l.emont.  111.,  Fell,  la  16.  1956. 

A  general  survey  was  made  of  the  significance  of  Die 
Doppler  effect  m  obscuring  the  inlcrj  relation  of  liyjier 
fine  structure  data  A  few  of  ttie  more  promising 
areas  for  further  work  on  1IFS  were  reviewed  Various 
experimental  approaches  to  tire  problem  were  described 
and  compared,  and  preliminary  work  with  jel  lamps 
was  disc,  ssed  (Contractor's  abstract; 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  HIGH  RESOLUTION  ABSORPTION  SPECTROSCOPE 
FOR  THE  STUDY  OF  RESONANCE  LINES  OF  RADIO¬ 
ISOTOPES  (Abstract),  by  J.  E.  R.  Young.  [  Feb. 

19561  [lip.  (Sponsored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039-8C-64637)  Unclassified 

Presented  at  Spectroscopy  Symposium,  Argonne 
National  Lab. ,  Lemont,  Ill.,  Feb.  15-16,  1956. 

A  unique  but  simple  high  resolution  absorption  spectro¬ 
scope  has  been  built  for  the  6tudy  of  the  hyperfine  struc¬ 
ture  of  the  2537X  mercury  lines.  The  Zeeman  effect  on 

1 98 

a  cooled  Hg  arc  gives  a  variable  wavelength  source. 
The  two  circularly  polarized  components  are  divided 
into  separate  beams,  traversing  the  same  optical  6ys 
tern,  but  detected  separately;  thus  the  source  line  scans 
the  absorption  spectrum  in  two  directions  simultaneous¬ 
ly  as  the  Zeeman  field  is  varied.  The  light  Intensity 
from  the  source  is  monitored  both  before  entering,  and 
after  leaving,  the  quartz  absorption  cell,  by  1P23 
photomultipliers.  The  resultant  photocurrents  are 
accurately  compared  on  a  dc  bridge  which  gives  a  value 
directly  proportional  to  the  transmission  through  the 
cell.  The  six  abundant  stable  isotopes  are  readily 
investigated,  and  owing  to  the  sensitivity  of  the  appara 
tus,  which  will  detect  approximately  10*2  atoms  of 
mercury  vapor,  It  Is  possible  to  Investigate  radio 
Isotopes  of  mercury.  Techniques  are  under  develop 
ment  to  prepare  very  pure  samples  of  radio  mercury 
in  vapor  form  In  order  to  investigate  their  hyperfine 
structure  with  this  instrument.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

MAGNETIC  SCANNING  OF  THE  MERCURY  3SX  STATE 
(Abstract),  hy  11.  11.  Plotkiu.  Feb.  1950  1  |>. 

(SjKmsored  jointly  by  Signal  Corps,  Office  of  Naval  lie- 
search.  and  Air  Force  Office  of  Scientific  Research 
under  DA  30  039  sc  04037)  Unclassified 

Presented  at  Spectroscopy  Symi'osium.  Argonne 
National  l.ab.  ,  Demon!,  111.,  Feb.  15  l(j,  1950. 

Dy  means  of  an  extension  of  the  method  of  magnetic 
scanning  the  state  of  mercury  was  studied  in 
samples  of  natural  mercury,  mercury  enriched  in  the 
isotope  1!^  ,  and  radioactive  mercury  produced  Dy 

tiie  Ijomburdment  of  gold  by  deuterons.  Die  atoms 
vc ere  excited  into  the  iiietas table  Jl'(,  level  through  the 
absorption  of  2537 A  radiation  and  subsequent  collision 
with  N'v  molecules.  A  variable  wavelength  source 

*•  1  :.Q 

of  4147A  radiation  from  a  pare  l!g1JB  lamp  in  .1  mag 
net  1C  field  was  then  used  to  excite  selectively  tile  hyper 
[me  structure  components  of  the  4047A  line.  Ihe  i:i 
te.isily  of  the  re  emitted  5461  A  radiation  was  observed 


with  a  photomultiplier.  The  lines  of  the  even  Isotopes 
were  not  resolved;  all  of  the  magnetic  hyperfine  struc¬ 
ture  components  of  Hgl"  and  Hg29*  were  separated 
and  measured.  The  frequencies  were  found  to  be  In 
good  agreement  with  reported  values.  A  tentative 
assignment  of  the  new  components  which  appeared  In 
the  radioactive  sample  results  in  a  nuclear  magnetic 
moment  for  Hg197  of  P  jg?  =  1. 055p  igg  and  an  Isotope 
shift  toward  abnormally  small  effective  nuclear  radius. 
Other  lines,  presumably  from  an  Isomeric  state  of 
Hg197,  have  not  been  Identified  (Contractor’s 
abstract) 

MIT. 12:089 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

CENTRAL  EFFECTS  OF  STRYCHNINE  ON  SPINAL 
AFFERENT  FIBERS,  by  J.  Y.  Lettvin,  W.  S. 
McCulloch  and  others.  [  19551  [2lp.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36- 
039- sc-64637;  also  in  part  by  the  Teagle  Foundation, 
National  Science  Foundation,  and  Bell-Telephone 
Labs.,  Inc.)  Unclassified 

Presented  at  584th  meeting  of  the  Boston  Soc.  of 
Psychiatry  and  Neurology,  May  IB,  1955. 

Puollshed  in  Arch.  Neurology  and  Psychiatry,  v.  75: 
323-324,  Mar.  If56. 

A  stimulating  microelectrode  was  placed  In  the  ventral 
horn  of  a  lumbar  spinal  segment  In  anesthetized 
curarized  cats.  Recordings  were  taken  of  the  anti¬ 
dromic  volley  running  in  the  group  one  fibers  In  the 
dorsal  root  and  of  the  orthodromic  volley  running  In 
the  segment’s  ventral  root.  After  Intravenous 
strychnine  no  change  was  found  In  the  threshold  of  the 
motor  horn  cells.  The  terminal  arborizations  of  the 
afferent  fihers  showed  an  increase  In  threshold.  It 
was  shown  that  strychnine  affects  all  components  of 
the  electrotonic  dorsal  root  |>oteiillals.  The  earliest 
coni|x>nents  believed  to  be  due  only  to  the  passage  of 
Impulses  in  Ihe  primary  afferent  fihers  were  affected. 
In  these  respects,  strychnine  Imitates  [>ost- tetanic 
potentiation  of  reflexes  which  tsdue  to  hyperpolai  iza- 
tion  of  the  stimulated  fihers.  No  evidence  could  be 
found  of  a  decrease  of  threshold  of  the  motor- horn 
cells  after  strychnine.  Hie  nuclei  of  Goll  and  Burdach 
were  locally  strychuinized  and  recordings  were  taken 
from  the  dorsal  columns  and  lumbar  dorsal  roots.  It 
was  found  that  synchronized  antidromic  volleys  gener 
ated  in  Ihe  strychuinized  areas  ran  down  the  dorsal 
columns  and  out  of  the  dorsal  roots.  Five  examples 
are  known  of  strychnine  failing  to  lire  off  central 
nerve  cells,  one  example  of  transynaptic  conduction 
of  strychnine  "spikes”  has  been  shown  in  die  svnmu 
tiietic  nervous  system  and  also  antidromic  spike  prop 
ugation  in  the  dorsal  columns.  (Contractor’ s 
abstract,  modified) 
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MiT.  12:090 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

EXCITABILITY  CHANGES  IN  ANATOMICAL  COMPO¬ 
NENTS  OF  THE  MONOSYNAPTIC  ARC,  FOLLOWING 
T  STANIC  STIMULATION  (Abstract),  by  A.  R.  Johnson, 
P.  I).  Wall  and  others.  (  1956]  [lip.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Ai.-  Force  Office  of  Scientific  Research  under  DA  36- 
031  -sc-64637;  Bell  Telephone  Labs. ,  Inc. ,  Teagle 
Foundation,  and  National  Science  Foundation) 

Unclassified 

l’re  iented  at  meeting  of  the  Amer.  Physiological  Soc. 
and  federation  of  Amer.  Societies  for  Exper.  Biology, 
Atlantic  City,  N.  J. ,  Apr.  16-20,  1956. 

Published  In  Fed.  Proc.  ,  v.  15:  102,  Mar.  1956. 

Using  unanesthetized,  spinal,  and  decerebrate  cats, 
we  ha  'e  exposed  nerves  from  individual  muscles.  Most 
exper1  ments  were  carried  out  using  the  nerves  to 
gastro-nemius.  All  ventral  roots  in  the  lumbar  enlarge¬ 
ment  were  cut.  The  time  course  of  post-tetanic  poten¬ 
tiation  of  a  monosynaptic  reflex  was  measured.  Next 
stimulating  monopolar  microelectrodes  made  of  15 
micron  OD  sharpened  glass  covereo  platinum  wire  were 
lowered  through  several  stations  into  the  lumbar  en¬ 
largement.  These  electrodes  were  cut  off  and  left  In 
the  cord  and  their  location  was  later  shown  by  histologi 
cal  examination.  The  change  of  excitability  along  the 
intramedullary  fibers  was  tested  by  stimulating  locally 
witli  the  microelectrodes  and  recording  the  size  of  the 
antidromic  spike  traveling  in  the  relevant  sensory 
nerve.  The  excitability  of  tetanlzed  group  1  fibers 
from  gastrocnemius  Is  decreased  for  a  very  prolonged 
time  from  the  root  entrance  zone  to  the  region  of  their 
endings  in  the  ventral  horn.  Relations  between  this 
depression  and  the  increase  of  the  monosynaptic  reflex 
will  be  discussed.  The  excitability  of  the  terminations 
of  nontetanized  neighboring  group  1  fibers  is  not  affected 
during  tlie  prolonged  period  of  depression.  Motor  horn 
cell  excitability  was  tested  by  direct  local  stimulation 
and  was  found  not  to  be  changed  during  the  long  period 
of  post-tetanic  potentiation.  (Contractor's  abstract) 


MIT. 12:091 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

DRIVING  POINT  IMPEDANCE  FUNCTIONS  OF  ACTIVE 
NETWORKS,  by  N.  DeClaris  Mar  1J50  12  | 

(Sponsored  joi  illy  by  Signal  Cori  s,  Office  of  Naval  Re 
search,  anil  Air  Force  Office  uf  Scientific  Research 
under  L)A  36  03  1  sc  64637)  Unclassified 

Presented  at  I.  R.  E.  National  Convention,  New  York, 
Mar.  l.i  22.  1J50 

published  la  I.R.E.  Convention  Record,  I't.  II:  2"  37 
1  j  56 . 


A  general  theorem  Is  presented  that  relates  three 
arbitrary  terminal-pairs  of  a  linear  circuit  by  means 
of  network  parameters  —  impedance  or  admittance 
functions.  It  is  shown  that  this  is  a  generalization  of 
Th^vinln’s  theorem,  leading  to  considerable  simplifi¬ 
cations  in  the  driving- point  analysis  of  active  net¬ 
works.  The  class  of  active  networks  containing  only 
one  active  element,  or  their  equivalent,  13  considered 
in  detail.  Some  properties  of  the  driving- point 
impedance  functions  of  such  networks  are  stated  in  the 
form  of  existence  theorems.  Synthesis  techniques  for 
two  particular  types  of  active  network  configurations 
are  presented  and  illustrated.  (Contractor's  abstract) 


MIT.  12:092 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  PREDICTION  THEORY  APPROACH  TO  INFORMA¬ 
TION  RATES,  by  K.  H.  Powers.  [Mar.  1956  ]  [  8 1  p. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36-039  sc  -  64637)  Unclassified 

Presented  at  1.  R.  E.  National  Convention,  New  York, 
Mar.  19-22,  1956. 

Published  in  1.  R.  E.  Convention  Record,  Pt.  IV:  132 
139,  1956. 

Regarding  a  change  of  probability  measure  to  be  the 
fundamental  information  process,  a  unified  definition 
for  the  amount  of  information  resulting  is  Introduced. 
This  definition  Is  sufficiently  general  to  Include  as 
special  cases  both  discrete  and  continuous  theories. 
With  the  recognition  of  an  intimate  relationship  be¬ 
tween  information  theory  and  the  prediction  theory  of 
Kolmogorov  and  Wiener,  the  techniques  of  linear  pre¬ 
diction  are  employed  to  determine  the  rate  at  which  one 
gausstan  time  function  gives  information  about  the 
past,  present,  and  or  future  of  another  similar  function 
correlated  with  it.  The  results  of  tills  study  are 
applied  to  the  investigation  of  the  processes  hy  which 
Information  is  lost  in  additive  noisy  channels  as  well 
as  In  linear  filters  and  predictors.  (Contractor's 
abstract) 


MIT. 12:093 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  THEORY  FOR  THE  EXPERIMENTAL  DETER  MINA 
TION  OF  OPTIMUM  NONLINEAR  SYSTEMS,  by  A.  G. 
Ilose.  Mar.  1956  [9  p.  (S|>oii6ored  jointly  by 

Signal  Corps,  Office  of  Naval  Research,  and  .Air  Force 
Office  of  Scientific  Research  under  DA  36  039  sc 
■14637)  Unclassified 

Presented  at  I.R.E.  National  Convention.  New  York, 
Mar.  19  22.  L>50. 
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Published  in  I.  R.  E.  Convention  Record,  Pt.  IV:  21-30, 
1950. 

Following  the  lines  of  the  Wiener  iheory  of  experimental 
nonlinear  system  classification  a  theory  is  developed 
for  the  experimental  determination  of  optimum  time- 
invariant  nonlinear  filters.  The  filters  are  optimum 
in  a  weighted  mean  square  sense  in  which  the  weighting 
fuiiCtlOii  IS  at  our  disposal.  All  Operator  Oil  the  past  A 
the  input  is  defined  in  such  a  way  that,  In  the  experi¬ 
mental  setup,  we  can  take  advantage  of  orthogonality  to 
evaluate  the  classifying  coefficients  of  the  optimum 
system  independently.  This  paper  briefly  describes 
the  Wiener  theory  of  nonlinear  system  classification 
and  then  discusses  the  theory  and  associated  apparatus 
for  the  determination  and  synthesis  of  optimum  non¬ 
linear  filters.  (Contractor's  abstract) 


MIT  12:094 

MawarlttHwU*  t>  st  A  T«c'  Reward  Lai  of 
Electronics,  Cambridge. 

TWO  INVARIANTS  OF  NOISY  UNEAR  AMPLIFIERS, 
by  I!.  A.  Haus  and  R.  B.  Adler.  [Mar.  1956  ’  [15  p. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039- sc  64637)  Unclassified 

Presented  at  1.  R.  E.  National  Convention,  New  York, 
Mar.  19  22,  1956. 

Published  in  1. R.  E.  Convention  Record,  Pt.  II:  53-67, 
1956. 

Tills  work  concerns  the  single-frequency  noise  perform 
ance  of  linear,  active  two  terminal  pair  networks  with 
Internal  noise  generators.  Two  parameters  of  any 
active  network,  expressible  in  terms  of  its  impedance 
matrix  and  open- circuit  no'se  voltages,  are  found  to  be 
invariant  when  it  is  imbedded  in  any  arbitrary,  lossless 
(reciprocal  or  nonreciplrocal)  network  (o  produce  a 
new  two  terminal  pair  system.  An  lm|>ortant  class  of 
amplifiers  can  tie  brought,  by  means  of  lossless  feed 
back,  into  a  unilateral  form  in  which  the  open  circuit 
input  and  output  impedance  are  guaranteed  to  have 
|K>8ltive  real  parts.  One  simple  interpretation  of  the 
invariants  is  that  they  determine,  for  this  class  of 
amplifiers,  the  minimum  value  of  the  expression  M  = 

(F  1)  (1  1  Ci)  attainable  by  means  of  proper  end 

loading  of  the  unilateral! zed  amplifier,  where  F  is  the 
spot  noise  figure,  and  G  is  the  available  gain.  It  is 
shown  further  that  the  same  minimum  value  for  M  can 
be  reached,  but  not  improved  U|>ou,  by  projier  end- 
loading  of  the  amplifier  in  a  nonu.-iilateral  and  uncou 
ditlonally  stable  circuit  connection.  Ihese  results, 
and  some  others  demonstrating  tile  invariance  proper 
ties  of  M  sugg.est  that  ttie  quantity  M  tie  adopted,  in 
stead  of  the  no  se  figure  F,  as  a  quantitative  measure 
of  amplifier  noise  performance.  (Contractor's 
abstract) 


MIT.  12:095 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

WAVEFORM  OF  ELECTRICAL  RESPONSES  IN  THE 
AUDITORY  NERVOUS  SYSTEM  AS  A  FUNCTION  OF 
THE  ONSET  CHARACTERISTICS  OF  THE  STIMULUS 
( Abstract.),  by  N.  Y.S.  Kfii-.g  and  Wl.  H.  GoUfcteU. 
[Jr.]  [Mar.  1956]  [lip.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  DA  36-039- 
sc- 64637)  Unclassified 

Presented  at  meeting  of  the  Eastern  Psychological 
Soc.,  Atlantic  City,  N.  J. ,  Mar.  23-24,  1956. 

Responses  to  acoustic  stimulation  were  recorded 
electrically  at  two  locat'ons,  cochlea  and  cortex  In  the 
cat's  auditory  pathway.  Under  certain  stimulus  con¬ 
ditions,  the  potentials  generally  used  as  indicators  of 
nerve  ariivtiy  become  Weter table  a  till*  corti  ¬ 
cal  responses  remain  essentially  unchanged.  An 
interpretation  in  terms  of  single  unit  activity  1b 
offered.  (Contractor's  abstract) 


MIT.  12:096 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  PROBABILITY  APPROACH  TO  CERTAIN  NEURO- 
ELECTRIC  PHENOMENA,  by  L.  S.  Frishkopf. 

Mar.  1,  1956,  74p.  incl.  lllua.  diagrs.  refs.  (Tech¬ 
nical  rept.  no.  307)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  [DA  36- 039- sc-64637  ’) 

AD  107077  Unclassified 

When  an  acoustic  click  is  presented  to  the  ear  of  an 
anesthetized  cat,  an  electrode,  placed  near  the  round 
window  of  the  cochlea,  detects  a  superposition  of 
mlcrophonlc  and  neural  components.  The  first  neural 
component  (Nj)  represents  a  sum  of  action  potentials 
of  first  order  auditory  neurons.  We  have  studied  the 
Nj  response  amplitude  as  a  function  of  click  Intensity 
and  observed  that  tills  "intensity  function"  character¬ 
istically  exhibits  a  two  stage  growth.  This  behavior 
suggests  that  the  contributing  neural  elements  might 
he  usefully  classified  as  "sensitive"  or  "lnsensi 
live.  "  A  model  is  developed  in  which  properties  of 
"neural  units"  are  defined:  units  obey  ihe  all  or 
nothing  principle:  the  threshold  of  a  unit  Is  a  fluclua 
ting  parameter  descrihable  by  a  probability  density 
function.  Populations  of  statistically  Independent 
identical  units  are  [icslulated.  The  model  Is  related 
to  'lie  data  by  defining  an  intensity  function  that  de 
pends  linearly  on  Ihe  number  ot  units  in  each  giopula 
lion  that  respond.  The  results  of  two  experiments  are 
compared  with  Ihe  predictions  of  Ihe  model.  First, 
we  have  studied  the  amplitude  variability  of  N ^  as  a 
function  of  stimulus  intensity.  Second,  we  have  in 
vesliguted  the  effect  of  a  continuous  noise  background 
on  Ihe  amplitude  of  the  Nj  res|«use  to  a  dick 
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("masking”  of  Nj).  In  both  cases  the  data  and  the 
predictions  of  the  model  are  In  good  agreement  over 
the  first  Interval  of  amplitude  growth  (the  sensitive 
range)  Over  the  Insensitive  interval  the  data  are  in¬ 
conclusive.  The  size  of  the  sensitive  population  and  the 
characteristic  rate  of  threshold  fluctuations  of  a  sensi¬ 
tive  unit  are  estimated.  It  is  concluded  that  (a)  a  rela¬ 
tively  homogeneous  population  of  neural  units,  charac¬ 
terized  hy  rapidly  fluctuating  thresholds,  Is  responsible 
for  the  initial  component  of  growth  of  the  intensity  func¬ 
tion;  and  (b)  that  over  the  remaining  interval  of  the  in 
tensity  function  a  single -population  hypothesis  will  not 
account  for  the  data  within  the  framework  of  the  model. 
(Contractor's  ahstract) 


MIT. 12:097 

Massachusetts  Inst,  of  Tech.  Research  l,ab.  of 
Electronics,  Cambridge. 

THEORY  OF  INTERNAL  OVER- ALL  ROTATIONAL 
INTERACTIONS.  IV.  STARK  EFFECT  IN  NONRIGID 
INTERNAL  ROTORS,  by  D.  Klvelson.  [Mar.  5,  1956’ 

[  2  1  p.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific  Re 
search  under  DA  36-039  sc  64637)  AD  129244 

Unclassified 

Also  published  in  Jour.  Chem.  Phys.  ,  v.  26:215-216, 
Jam  1957. 

When  a  uniform  electric  field  is  applied  to  a  nonrigld 
internal  rotor,  the  "Stark  pattern"  of  the  energy  levels 
Is  dependent  upon  the  torsional  motion.  This  dependence 
enters  as  a  centrifugal  distortion  interaction  and  by 
means  of  the  so  called  "repulsive  effect"  of  the  poten 
tlal  barrier  to  internal  rotation.  These  effects  are 
small  hut  observable  and  require  that  appropriate 
corrections  be  made  in  order  to  obtain  an  accurate  and 
meaningful  dipole  moment  from  Stark  effect  measure 
menls.  The  theory  of  the  Stark  effect  in  vibrating  in¬ 
ternal  rotor6  has  been  formulated  in  this  article  with 
particular  emphasis  on  its  application  to  a  molecule  of 
Cjv  symmetry  such  as  CHjSillj.  Krongelh  and 
Strandberg  have  observed  this  effect  in  CHjSIHj.  (Con 
tractor's  abstract) 


MIT. 12:098 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

SOME  APPLICATIONS  OF  FOURIER  TRANSFORMS  IN 
ELECTRICAL  ENGINEERING  AND  T11EIU  INTER 
RELATIONSHIPS,  by  E  F.  Doilnder.  Mar  15,  1956. 
Ip.  mi  l  diagrs  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  30  039  sc  64637  ) 

AD  103575  Unclassified 

Also  published  in  proc.  Inst.  Radio  Engineers,  v.  44: 
H20.  June  1956. 


MIT.  12:097  -  MIT.  12:100 


The  visual  pictures  associated  with  Fourier  transforms 
are  discussed  to  relate  diffraction  to  tapered  lines, 
tapered  lines  to  directional  couplers,  directional 
couplers  to  distributed  amplifiers,  transversal  filters 
and  gratings.  The  chain  is  continued  through  electron 
beams  deflection  systems  and  optical  slits. 


MIT. 12:099 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

VIDRATION- INTERNAL  ROTATION  INTERACTIONS 
IN  MOLECULES  CONTAINING  A  SYMMETRIC  TOP 
GROUP,  by  P.  R.  Swan,  Jr.  and  M.  W.  P. 

Strandberg.  Mar.  22,  1956  [46)p.  incl.  diagrs. 
tables,  refs.  (Technical  rept.  no.  313)  (Sponsored 
jointly  by  Stgnal  Corps,  Office  of  Naval  Research,  and 
Ar  Force  Office  of  Scientific  Research  under  DA  36- 
039- sc-64637)  Unclassified 

Also  published  in  Jour.  Molecular  Spectroscopy,  v.  1: 
333-378,  Dec.  1957. 

The  vibration- internal  rotation  interactions  in  mole¬ 
cules  that  contain  a  single  symmetric  top  are  studied 
by  means  of  a  model  consisting  of  two  internally  rigid 
groups  that  are  allowed  to  vibrate  as  well  as  rotate 
relative  to  each  other.  The  matrix  mechanical 
Hamiltonian  for  the  model  is  obtained  and  the  dlagonal- 
Ization  of  the  corresponding  secular  determinant  that 
contains  large  off  diagonal  terms  is  accomplished. 

An  expression  for  the  J  =  0  — »  1,  AK  =  0  transition  is 
obtained.  Numerical  calculations  are  carried  out  for 
the  case  of  methyl  alcohol  in  order  to  compare  the 
theory  with  the  observed  spectrum.  A  qualitative  fit 
is  found,  the  major  contributions  being  the  in- plane 
vibrations  of  the  two  rigid  groups.  The  lack  of  detailed 
agreement  is  attributed  to  the  neglect  of  those  vibra¬ 
tions  which  distort  the  methyl  group,  and  to  insufficient 
knowledge  concerning  the  infrared  spectrum  of  the 
molecule.  (Contractor’s  abstract) 


MIT.  12:100 

Massachusetts  Inst,  of  Tech.  !  Research  Lab.  of 
Electronics  Cambridge. 

THE  CRYOTRON  -  A  SUPERCONDUCTIVE  COM 
l’UT EH  COMPONENT,  by  D.  A.  Duck.  "1955  12  p. 

incl.  diagrs.  tables.  Sponsored  jointly  by  Signal 
Corps.  Office  of  Naval  Research,  and  Ar  Force  Office 
of  Scientific  Research  under  DA  36  039  sc-64637 

Unclassified 

Published  in  l’roc.  Inst.  Radio  Engineers,  v.  44:  482 
493.  Apr.  1956. 

The  study  of  uonllnearltles  In  nature  suitable  for 
computer  use  lias  led  lo  Ihe  cryotron,  a  device  based 
on  the  destruction  of  snjiercoiuluctlvity  by  a  magnetic 
field.  The  cryotron,  in  its  simplest  form,  consists  of 


•  •  •  • 


•  • 


•  •  • 
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MIT.  12:101  -  MIT.  12:104 


a  straight  piece  of  wire  about  one  in.  long  with  a  single¬ 
layer  control  winding  wound  over  it.  Current  in  the 
control  winding  creates  a  magnetic  field  which  causes 
the  central  wire  to  change  from  its  superconducting  state 
to  its  normal  state.  The  device  has  current  gain,  that 
is,  a  small  current  can  control  a  larger  current;  It  has 
power  gain  so  that  cryotrons  can  be  interconnected  in 
logical  networks  as  active  elements.  The  device  is  also 
small,  easily  fabricated,  and  dissipates  very  little 
power. 


MIT  12:101 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

HYFERFINE  STRUCTURE  DY  COINCIDENCE  TECH¬ 
NIQUES,  by  L.  C.  Bradley,  HI.  [  19561  [lip.  incl. 
dlagr.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific  Re¬ 
search  under  [  DA  36- 039-sc  646371)  AD  103580 

Unclassified 

Published  in  Fhvs.  Rev.,  v.  102:  293,  Apr.  1,  1956. 

The  method  is  based  on  the  work  of  Brannen,  et  al. 

(C.  A.,  v.  49,  12123d).  Alow  resolution  spectrograph 
admits  to  1  photomultiplier  only  right- circularly 
polarized  light  of  wave  length  >.j-.  to  the  other,  only 
right- circularly  polarized  light  of  wave  length  \j.  A 
magnetic  field  is  applied  in  the  direction  of  observation. 
There  will  be  only  accidental  coincidences,  unless  a 
radio- frequency  Held  causes  transitions  in  the  inter¬ 
mediate  level  between  the  sublevels  M  =  t  1/2.  Thus, 
a  rise  in  the  coincidence  rate  indicates  the  resonant 
frequency.  It  is  clear  that  similar,  but  less  pronounced, 
effects  will  occur  if  the  Intermediate  level  possesses 
hyperfine  structure  sublevels,  between  which  transitions 
are  similarly  induced.  A  level  of  an  ionized  atom  can 
be  studied  by  this  technique.  Metastable  or  ground 
states  are  not  accessible  to  this  technique,  (c.  A.  . 
1956:11105a) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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MAXIMUM  EFFICIENCY  OF  FOUR  TERMINAL 
NETWORKS,  hy  E.  F.  Molinder.  Apr.  9.  195G,  lp. 
incl.  dlagrs.  (S(>on8ored  jointly  by  Signal  Corps,  Office 
of  Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  30  039  sc  04037  )  AD  108349 

Unclassified 

Also  published  in  l'roc.  Inst.  Radio  Engineers, 
v  44:  94 1 .  July  1950 

Matins  and  Altschuler  have  respectively  (l'roc.  1.  R.  E.  , 
v.  43:  229  230.  Feb  1955  and  l'roc  1.  R.  E. ,  v.  43: 
1010.  Aug.  1955)  shown  geometric  constructions  for 
finding  the  input  Impedance  (reflection  coefficient 
.  a)  and  the  maximum  efficiency  t  nul  of  an  arbitrary 


two-part  network  which  is  terminated  in  Its  conjugate- 
image  Impedance  match.  In  this  paper  simple  geo¬ 
metric  explanations  are  given  for  these  constructions. 
Diagrams  are  presented  to  show  division  of  a  hyper¬ 
bolic  distance  into  two  equal  parts,  displacement  of  a 
hyperbolic  distance  along  a  straight  line,  and  the  use 
of  the  butterfly  figure  for  determining  l^and  rmax- 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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CURRENT  PUBLICATIONS  ON  ACOUSTICS,  by  F.  A. 
Firestone.  [May  1956]  [  3  ]  p.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  [  DA  36-039-sc- 
64637  1)  AD  103573  Unclassified 

Also  published  in  Jour.  Acoust.  Soc.  Amer. ,  v.  28: 
509-511,  May  1956. 

Two  book  reviews  are  given  (1)  Ultrasonic  Engineering, 
by  A.  E.  Crawford,  reviewed  by  R.  B.  Lindsay, 

Brown  U.  and,  (2)  Manual  of  Phonology,  by  C.  F. 
Hockett,  reviewed  by  M.  Halle,  M.I.T. ,  Research 
Lab.  of  Electronics. 
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A  THEORY  OF  NONLINEAR  SYSTEMS,  by  A.  G.  Bose. 
May  15,  1956,  58p.  incl.  dlagrs.  (Technical  rept.  no. 
309)  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36  039-  sc-64637)  AD  134  905 

Unclassified 

The  Wiener  theory  of  nonlinear  system  characteriza¬ 
tion  is  described  and  some  of  its  Important  concepts 
are  discussed.  Following  these  lines,  a  theory  is 
developed  for  the  e.xperl mental  determination  of  opti¬ 
mum  time  invariant  nonlinear  systems.  The  systems 
are  optimum  in  a  weighted  mean  square  sense  in  which 
the  weighting  function  is  at  our  disposal.  The  design 
of  nonlinear  systems  is  regarded  as  the  problem  of 
mapping  the  function  space  of  the  past  of  the  input  onto 
a  line  that  corresponds  to  the  amplitude  of  the  filter 
output.  By  choosing  a  series  expansion  for  this 
mapping  operation  that  partitions  the  function  space 
into  nonoverlapping  cells,  an  orthogonal  representation 
for  nonlinear  systems  is  obtained  that  leads  to  con 
venient  apparatus  for  the  determination  of  optimum 
systems.  General  methods  are  described  for  applying 
this  theory  to  the  determination  of  systems  that  have  a 
performance  superior  to  that  of  given  linear  or  non 
linear  systems.  A  criterion  is  established  relative 
to  which  two  systems  are  defined  as  "nearly  equiva 
lent"  and  the  approximation  of  nonlinear  systems  by 
linear  and  simple  nonlinear  systems  is  discussed 
The  theory  is  extended  to  include  the  problem  of 
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multiple  nonlinear  prediction  and  apparatus  for  the 
determination  of  optimum  predictors  is  indicated. 
(Contractor's  abstract) 


MIT.  12:105 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

RECORDING  MAGNETIC-RESONANCE  SPECTROME¬ 
TER,  by  M.  W.  P.  Strandberg,  M.  Tinkham  and  others. 
Apr.  3,  1956,  rev.  May  16,  1956  [  10p.  incl.  illus. 
ref6.  (Technical  rept.  no.  304)  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  [  DA  36-039-sc- 
646371)  AD  115169  Unclassified 

Also  published  In  Rev.  Sclent.  Instruments,  v.  27: 
5SfT-605,  Aug.  1956. 

Apparatus  especially  designed  for  studying  electron 
paramagnetic  resonance  is  described  and  discussed. 

A  magnet  of  novel  yokeless  design  is  presented.  Field 
stabilization  and  modulation  procedure  is  considered. 
The  microwave  sample  cavity  Is  analyzed  to  determine 
conditions  for  optimum  operation.  The  klystron  stabili¬ 
zation  problem  is  examined.  Appropriate  lumped 
circuits  for  low-frequency  operation  are  described. 

The  6ignal  amplification  and  presentation  system  is 
treated  in  detail. 
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MULTIPLE  GROUND  CODING  IN  ITERATIVE  SWITCH 
1NG  CIRCUITS,  by  J.  B.  O'Loughlin.  June  1956,  62p 
incl.  illus.  tables.  [  Sponsored  jointly  bv  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36-039-SC-64637 
AD  102325  Unclassified 

The  general  theory  of  Iterative  switching  circuits  is 
presented,  and  the  use  of  the  flow  table,  state  diagram, 
and  cell  diagram  is  introduced  in  the  analysis,  coding, 
and  synthesis  of  the  typical  cell,  the  basic  building 
block  in  iterative  circuit  design.  Several  examples  of 
single- ground  and  multiple -ground  coding  are  given, 
and  their  relative  merits  and  disadvantages  are  dis 
cussed.  A  new  multiple -ground  code  i6  introduced 
which  results  in  the  synthesis  of  a  typical  cell  less 
complicated  and  more  economical  than  its  single- 
ground  equivalent.  The  characteristics  and  properties 
of  this  new  code  are  discussed,  and  several  examples 
are  given. 
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THEORETICAL  1  IMITATIONS  ON'  THE  NOISE  PER 
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FORMANCE  OF  LINEAR  AMPLIFIERS  (Abstract),  by 
H.  A.  Haus  and  R.  B.  Adler.  [June  1956  ]  [  1  ]  p. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36-039-  sc-64637)  Unclassified 

Presented  at  the  Congres  International  "Tubes  Hyper¬ 
frequences,  "  Paris  (France),  May  29-June  2,  1956. 

This  work  concerns  the  single-frequency  noi6e  per¬ 
formance  of  linear,  active,  two  terminal-pair  networks 
with  Internal  noise  generators.  It  is  shown  that  an 
adequate  measure  of  noise  performance  of  an  amplifier 
must  Include,  beside  the  noise  figure  F,  the  available 
power  gain  G  of  the  amplifier.  The  new  proposed 
measure  is:  M  =  (F  -  1)/(1  -  1/G).  The  significance 
of  M  shows  up  when  the  amplifier  is  imbedded  in  an 
arbitrary  lossless  network  in  such  a  way  that  a  new 
two  terminal-pair  amplifier  is  obtained.  This  trans¬ 
formation  leaves  Invariant  the  eigenvalues  oi  a  matrix 
N  that  is  formed  from  the  open- circuit  noise  voltages 
and  the  impedance  elements  of  the  amplifier.  The 
minimum  value  of  the  noise  measure  M  that  can  be 
achieved  by  such  a  lossless  transformation  is  given  by 
one  of  the  eigenvalues  of  the  N  matrix.  An  important 
class  of  amplifiers  can  be  brought,  by  means  of  loss¬ 
less  feedback,  into  a  unilateral  form  in  which  the 
open-circuit  input  and  output  impedances  have  positive 
real  parts.  One  way  of  achieving  the  minimum  value 
of  M  is  to  properly  mismatch  the  input  of  the  amplifier 
in  its  unilateral  form.  Some  properties  of  the  noise 
measure  M  are  presented  that  further  recommend 
its  use,  instead  of  the  noise  figure  F,  as  a  quantitative 
measure  of  amplifier  noise  performance.  (Con¬ 
tractor’s  abstract) 


MIT.  12:108 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

TUNED  CIRCUITS  CONTAINING  NEGATIVE 
RESISTANCE,  by  J.  Gross.  [  1955]  [  5  ]  p.  incl. 
diagrs.  refs.  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  [  DA  36-039- sc-64637  ’) 

AD  106116  Unclassified 

Also  published  in  Jour.  Appl.  Phys. ,  v.  27:  603-607, 
June  1956. 

A  negative  resistance  connected  to  a  "suitable"  reso 
nant  circuit  (a  current  controlled  negative  resistance 
connected  to  a  series- tuned  circuit,  or  a  voltage- 
controlled  negative  conductance  connected  to  a  parallel 
tuned  circuit)  constitutes  an  almost-harmonlc  oscil 
lator.  In  this  paper  the  "unsuitable”  connections  (a 
current-controlled  negative  resistance  connected  to  a 
parallel- tuned  circuit,  or  a  voltage  controlled  nega¬ 
tive  conductance  connected  to  a  series  tuned  circuit) 
are  analyzed  qualitatively  in  terms  of  variables  leading 
to  a  single  valued  phase  plane.  Physical  considera 
tlons,  expressed  in  a  jump  condition,  serve  to  connect 
different  regions  of  analyticity  of  the  differential 
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equations  of  lhe  circuit  tn  this  plane.  The  "unsuitable'1 
connections  cannot  sustain  almost-harmonlc  osclllattons, 
and  their  theoretically  possible  relaxation  oscillations 
are  unstable:  they  yteld  bistable  ctrcults.  (Contractor’s 
abstract) 
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THE  SYNTHESIS  OF  VOLTAGE  TRANSFER  FUNC- 
ilONS,  fcy  P.  M.  Lewis,  n.  June  7,  1956,  lu5p.  lm.1. 
dlagrs.  refs.  (Technical  rept  no  314)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Otflre  cl  ScteolUlr  I'eseircti  under  UA  15 
039  sc  64G37)  AD  133936  Unclassified 

The  synthesis  of  voltage  transfer  funcllons  (E,/  Ej),  in 
lhe  form  of  linear,  lumped,  finite,  passtve,  bilateral 
networks,  containing  no  ideal  transformers  or  mutual 
coupling,  is  considered.  The  basic  realizability  con 
dltlons  are  derived  and  realization  procedures  are  de¬ 
veloped  based  O',  these  fj.-dlHo'iS,  stowing  ttvem  to  be 
both  necessary  and  sufficient.  This  particular  class  of 
networks  places  constraints  on  the  allowable  values  of 
the  constant  multiplier  In  the  voltage  transfer  function 
and  on  the  positions  of  the  transmission  zeros  In  the 
case  of  grounded  networks.  In  order  to  study  these 
constraints,  a  new  concept  —  the  concept  of  the  one  — 

Is  Introduced.  This  concept  gives  a  certain  physical 
significance  to  the  constant  multiplier  which  allows  the 
basic  realizability  conditions  to  be  derived  in  a  simple 
fashion.  These  conditions  are:  (1)  the  maximum  gain 
obtainable  from  a  given  pole  zero  plot  independent  of 
configuration;  (2)  the  maximum  gain  obtainable  from  a 
give  pole  zero  plot  for  a  given  complexity  of  the  network 
configuration;  (3)  the  maximum  gain  obtainable  from  a 
given  pole  zero  plot  for  a  realization  in  terms  of  a 
symmetrical  network;  and  (4)  the  general  conditions 
under  which  a  grounded  (three  terminal)  reslizatlon  of 
any  transfer  function  Is  |>ossible  Various  synthesis 
procedures  are  developed  based  on  these  realizability 
conditions:  (1)  a  general  lattice  synthesis  in  the  two 
element  and  three  eltment  cases;  (2)  a  general  method 
of  realizing  grounded  symmetrical  networks,  by  first 
realizing  a  lattice  and  then  unbalancing  it;  and  (3)  a 
general  realization  proiedule  yielding  any  allowable 
gam  In  both  the  two  element  and  the  three  element 
cases.  (Contractor’s  abstract) 
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MOTIONS  OF  IONS  AN1)  ELECTRONS,  by  W.  T  Altis. 
June  13.  lalib.  100p.  mcl.  dlagrs  tables,  refs  (lech 
ideal  rept.  nu  2 J J )  (Sjionsored  jointly  by  Signal  Corps. 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  uisiei  DA  36  033  sc  64637j 
AD  123302  l  nclassifled 


This  report  reviews  the  mathematical  methods  appli¬ 
cable  to  ionized  gases.  In  Part  1  the  motion  of  an 
individual  electron  or  ion  under  a  Lorentz  force,  In¬ 
cluding  the  effects  of  magnetic  gradients,  is  studted. 

In  Part  n,  with  the  tntroduetton  of  colltstons,  thts  ts 
no  longer  posstble,  but  we  can  still  follow  the  motion 
of  an  average  particle.  For  high  values  of  E/p.  the 
behavtor  of  a  swarm  of  parttcles  ts  remarkably 
close  to  the  motton  of  the  average  parttcle,  but  for 
lower  values  of  E/p  other  methods  must  be  used.  In 
Part  in  the  Boltzmann  equatton  t6  applied  to  a 
"Lorentzian  gas,  "  that  is,  to  force  electrons  in  a  gas. 
In  Part  IV  the  equation  is  transformed  to  an  integral 
foi  ,1.,  Hit.  Boltzmann  ti  AnbpciTt  equation,  so  that  it  will 
be  applicable  to  ions.  The  transport  equation  is  solved 
exactly  for  the  case  of  particles  with  a  constant  mean 
fret  Itiiir  which  corresponds  >i  the  polarization  farrr 
between  an  ion  and  a  molecule.  The  consideration  of 
Coulomb  interacltons  in  Part  V  introduces  a  force  of 
so  much  longer  range  that  an  electron  interacts 
simultaneously  wtth  a  large  number  N  of  electrons  and 
ions.  The  basic  assumption  of  Boltzmann  theory  1b 
then  isolated,  and  one  must  us«  the  Fokker-Planck 
equation,  the  relation  of  which  to  the  Boltzmann  trans¬ 
port  equation  u  shown  The  c  -effli  t«nt«  of  the  Fokkt  r 
Planck  equation  are  derived  by  d.e  method  of  the 
Rosenbluth  potentials.  (Contractor's  abstract) 
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MKCEWISE-UNLAK  NETWORK  TIlEuHY,  by  l.  t 
Stern.  June  15,  1956,  76p.  incl.  dlagrs.  refs. 
(Technical  rept.  no.  315)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  DA  36  039  sc  64G37) 

AD  200729  Unclassified 

A  systematic  approach  to  the  problems  of  analysis 
and  synthesis  of  piecewise- linear  systems  that  do  not 
contain  memory  is  presented.  These  systems  provide 
a  link  between  the  general  studies  of  nonlinear  sys 
terns,  examplified  by  the  work  of  Wiener,  /.adeh,  and 
others,  and  the  needs  cf  the  practical  circuit  designer. 
In  the  area  of  analysis,  straightforward  procedures  are 
developed  fot  handling  fesi Stive  piectwise  linear  utt 
works.  The  methods  are  based  ujiou  an  algebra  of  in 
equalities.  Examples  of  applications  to  analysis  are 
given.  In  the  area  of  synthesis,  techniques  are  de 
veloped  by  using  diode  networks  for  the  construction 
of  general  piecewise  linear  driving  |>oint  functions, 
as  well  as  generators  of  piecewise  linear  Voltage 
transfer  functions  of  several  variables.  Some  of  the 
properties  of  nonlinear  resistive  networks,  m  general, 
and  diode  networks,  in  particular,  are  discussed. 
Applications  of  the  inequality  algebra  to  the  synthesis 
problem  are  also  considered.  Two  forms  of  the  trans 
fer  synthesis  problem  are  treated  arbitrary  function 
synthesis  Examples  of  the  practical  application  of  the 
teclmi  pies  that  are  discussed  to  li.e  construction 
of  generators  of  functions  of  one  and  two  variables  are 
given  (Contractor's  abstract) 
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IMPEDANCE  AND  POLARIZATION  RATIO  TRANS¬ 
FORMATIONS  BY  A  GRAPHICAL  METHOD  USING  THE 
ISOMETRIC  CIRCLES,  by  E.  F.  Bollnder.  [  1956] 

[5 Ip.  Incl.  dlagrs.  (Sponsored  jointly  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36-039-SC-64637) 

AD  115170  Unclassified 

Also  published  In  I.  R.  E.  Trans,  on  Microwave  Theory 
and  Techniques,  v.  MIT  4:  176-180,  July  1956. 

The  Isometric  circles  for  the  direct  and  Inverse  linear 
fractional  transformations  can  be  used  for  transforma¬ 
tions  of  Impedances  and  polarization  ratios.  In  the 
loxodromlc  case  an  inversion  Is  performed  In  the 
Isometric  circle  of  the  direct  transformation,  followed 
by  a  reflection  in  the  symmetry  line  of  the  two  circles, 
and  a  rotation  around  the  origin  of  the  Isometric  circle 
of  the  Inverse  transformation.  In  the  nonloxodromlc 
case  only  the  first  two  operations  have  to  be  applied. 
Three  illustrative  examples  are  given:  the  first  shows 
the  transformation  of  the  right  half  of  the  complex 
impedance  plane  Into  the  unit  circle  (Smith  Chart);  the 
second  gives  a  circular  geometric  proof  of  the 
WelS8floch  transformer  theorem;  the  third  shows  an 
example  of  cascading  lossless,  two  terminal-pair  net¬ 
works.  (Contractor’s  abstract) 
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MOllPHOPHONEMIC  CHANGE  IN  SIOUAN  (Abstract), 
by  Ci.  H.  Matthews.  July  1956  1  p.  (Sponsored 

jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  3J- 
039  sc  64637.  and  National  Science  Foundation) 

Unclassified 

Presented  at  meeting  of  the  Linguistic  Soc.  of  Amer.  , 

Ann  Arbor,  Mich.,  July  27  28,  1956. 

A  morpliophonenie  which  occurs  In  the  Siouan  languages 
consists  of  from  two  to  four  allomorphojihones.  depend 
ing  on  the  language.  The  corresjxmciences  of  these 
allomorjihojihones,  vowels,  among  both  those  languages 
which  have  retained  the  morpliophonenie  and  those  winch 
have  losi  n.  are  different  from  the  correspondences  of 
the  several  vowels  when  they  occur  in  the  same  envi 
ronmenl  but  not  as  part  of  the  morpliophonenie.  This 
infers  that  Instead  of  a  morpliophonenie,  another  vowel 
phoneme  must  be  reconstruclured  in  Proto  Siouan. 

However  this  reconstructed  phoneme  occurs  only  in  a 
very  restricted,  morphologically  described  environ 
meat.  In  addition.  It  alters  the  Proto  Siouan  vowel 
from  the  typical  Siouan  one  shared  by  most  of  the 
daughter  languages.  Those  daughter  languages  differ 
i:.g  from  the  typical  ihoiiaii  system  do  so  in  an  entirely 
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different  manner.  (Contractor’s  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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A  NOTE  ON  THE  MAXIMUM  FLOW  THROUGH  A 
NETWORK,  by  P.  Ellas,  A.  Feinsteln,and  C.  E. 
Shannon.  July  11,  1956  [  3  ]  p.  incl.  lllus.  (Spon¬ 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  Air  Force  Office  of  Scientific  Research 
under  [  DA  36- 039- sc- 64837])  AD  127653 

Unclassified 

Also  published  in  1.  R.  E.  Trans,  of  Professional 
Group  on  Information  Theory,  v.  IT-2:  117-119,  Dec. 
1956. 

This  note  discusses  the  problem  of  maximizing  the 
rate  of  flow  from  one  terminal  to  another,  through  a 
network  which  consists  of  a  number  of  branches,  each 
of  which  has  a  limited  capacity.  The  main  result  Is  a 
theorem:  The  maximum  possible  flow  from  left  to 
right  through  a  network  Is  equal  to  the  minimum  value 
among  all  simple  cut-sets.  This  theorem  Is  applied 
to  solve  a  more  general  problem,  In  which  a  number 
of  Input  nodes  and  a  number  of  output  nodes  are  used. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THEORY  AND  APPLICATIONS  OF  FLOW  GRAPHS, 
by  C.  S.  Lorens.  July  15,  1956,  114p.  Incl.  dlagrs. 
refs.  (Technical  rept.  no.  317)  (Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  DA  36-039 
sc-64637)  AD  158736  Unclassified 

Three  objectives  were  undertaken:  (1)  the  development 
of  a  basic  theory  of  flow  graphs;  (2)  the  extension  of 
its  known  application  to  electrical  networks;  and  (3)  the 
formulation  of  the  natural  relation  between  flow  graphs 
and  the  properties  of  discrete  statistical  systems. 

Part  I  deals  with  the  first  two  objectives.  Much  of  the 
linear  theory  of  flow  graphs  parallels  linear  equation 
theory  In  such  a  manner  that  considerable  meaning  is 
given  to  many  classical  operations  of  formulation,  in 
version,  and  reduction.  Part  1  covers  additive  func 
tional  systems;  Inversion;  electrical  network  formula 
tlon;  mathematical  determinants;  partitions  and  ex¬ 
pansions  of  a  determinant;  rank,  positive  definite, 
eigenvalues,  and  eigenvectors;  group  multiplication: 
and  transcendental  equations.  Part  11  deals  with  the 
third  objective.  The  pictorial  representation  of  a 
discrete  statistical  system  specifies  its  properties. 
With  flow  graphs  these  properties  are  conveniently 
calculated  and  interpreted  directly  from  ttie  repre¬ 
sentative  graph.  The  material  of  Part  II  covers  recur 
rent  events,  transient  systems,  stationary  state 
distributions,  sensitivity  and  variation,  generating 
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functions  channel  capacity,  and  information  structure. 
(Contractor's  abstract,  modified) 


MIT.  12:116 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

MAGNETIC  MOMENTS  AND  HYPERFINE- STRUCTURE 
ANOMALIES  OF  Cs133,  Cs134,  Cs135,  and  Cs137,  by 
H.  H.  Stroke,  V.  Jaccarlno  and  others.  July  26,  1956 
[14  Ip.  lncl.  dlagrs.  tables,  refs.  (Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  [  DA  36-039- 
sc- 64637 1 )  AD  127652  Unclassified 

Also  published  in  Phys.  Rev.  ,  v.  105:  590-603,  Jan. 

15,  1957. 

The  atomic -beam  magnetic -resonance  method  was  used 
to  measure  the  nuclear  gyromagnetlc  ratlps  and  hyper- 
fine  structure  separations  of  the  radioactive  isotopes 
Cs  Cs*33,  and  Cs*37.  A  surface  ionization  de¬ 
tector  was  used.  The  hyperflne  structure  separations 
were  obtained  by  direct  AF  =  t  1  transitions  near  zero 
field.  The  values  of  Av  found  for  the  three  Isotopes 
are: 

Av(Cs*34)  =  10473.626  *  0.015  me  sec, 

A  (Cs135)  =  9724.023  t  0.015  me/ sec, 

.IV  (Cs137)  10115.527  t  0.015  me  sec. 

Pairs  of  transition  belonging  to  the  two  different 
F- states,  but  involving  the  same  mF  values,  constitute 
frequency  doublets  separated  by  2^fj  H.  From  meas 

urements  of  the  difference  frequencies  of  these  doublets 
for  pairs  of  Isotopes  in  fields  in  the  vicinity  of  9000 
gauss,  the  following  g- value  ratios  were  obtained: 

g1(Cs135)/g1(Cs133)  =  1.05820  t  0.00008, 
gj(Cs137)/  gj(Cs*33)  -  1.04005  i  0.00008, 
gjfCs134)  gj(Cs133)  =  1.01447  t  0.00029. 

The  hfs  anomalies  arising  from  the  variation  of  the 
electron  wave  function  over  the  finite  distribution  of 
nuclear  magnetization  were  calculated  from  these 
measurements.  The  values  found  for  these  anomalies, 
defined  by  .  2  -  <-i  -  gy  -  2'211  1  U  g2  V1  * 


(21 2  ♦  1) 

1,  are: 

...  133, 

•  (Us  ) 

i  (Cs*33)  - 

♦  0.037  i 

i  0.  009%, 

(Cs135) 

(Cs*37)  - 

-  0.020  i 

i  0.009<ii 

(Cs133) 

-  )Cs*34) 

*  0.  IC'J  i 

,  0.  030%. 

The  theory  of  Bohr  and  Wetsskopf  on  the  hfs  anomalies 
was  applied  to  these  nuclei:  live  calculations  are  based 
primarily  on  a  single  particle  model  will,  varying 
distributions  of  spin  and  orbital  contribution  to  the 
nuclear  .moment .  An  apparent  magic  number  effecl  in 
the  anomalies  was  observed.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

MICROWAVE  CONDUCTIVITY  OF  AN  IONIZED  DE¬ 
CAYING  PLASMA  AT  LOW- PRESSURES,  by  A.  L. 
Gilardlnl  and  S.  C.  Brown.  July  27,  1956  [  6  ]  p.  lncl. 
illus.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  [  DA  36-039-SC-64637 1 )  AD  127599 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  105:25-30,  Jan.  1, 
1857. 

Margenau's  analysis  for  the  microuave  conductivity 
of  an  infinite  decaying  plasma  in  a  uniform  field  is 
extended  to  the  case  of  a  bounded  plasma  In  a  slightly 
nonuniform  file.  It  is  shown  that,  If  we  assume  a 
power  expansion  for  the  electron- collision  frequency 
as  a  function  of  energy,  the  conductivity  at  low  pres¬ 
sures  can  be  computed  as  a  function  of  time  and 
position  uhen  the  spatial  and  time  variations  of  the 
density  and  energy  moments  of  the  electron- distribution 
function  are  known.  An  approximate  method,  based 
on  a  convenient  Integration  of  Boltzmann  equation  Is 
given  to  compute  these  quantities,  when  inelastic 
collisions  car.  be  neglected.  Die  steady  state  con¬ 
ductivity  In  the  late  afterglow  of  a  diffusion- controlled 
decaying  plasma  Is  thus  explicitly  determined  for  two 
experimental  conditions:  a  plasma  filling  a  cubic 
quartz  bottle  centered  In  a  parallelplped  microwave 
cavity  and  a  plasma  filling  a  quartz  tube  of  square 
cross  section  In  a  wave  guide.  The  limit  for  the 
validity  of  the  theory  set  by  the  appearance  of  inelastic 
collision^  t  high  electric  fields  Is  investigated. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

MICROWAVE  DETERMINATION  OF  THE  PROBA 
B1LITY  OF  COLLISION  OF  ELECTRONS  IN  NEON, 
by  A  L  Gilardlnl  and  S.  C.  Brown.  July  27,  1956 
4  p.  lncl.  illus.  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36  039-  sc -64637  ) 

AD  127651  Unclassified 

Also  published  in  l’hys.  ltev.,  v.  105:31  34,  Jan.  1, 

rssr 

The  theory  for  computing  the  microwave  conductivity 
of  a  plasma  discussed  in  the  previous  paper  (Phys. 
Rev.,  v.  105:  25  30,  Jan.  1,  1957)  can  be  used  for 
determining  the  collision  probability  for  momentum 
transfer  of  slow  electrons  when  the  conductivity  ratio 
of  a  plasma  is  measured  as  a  functior  of  the  applied 
field.  The  conditions  required  for  having  a  pressure 
independent  conductivity  ratio  and  steady  state  elec¬ 
tron  energy  for  a  given  field  are  Investigated.  The 
convenience  of  using  two  independent  fields  for 
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measuring  the  conductivity  and  changing  the  electron 
energy  is  shown.  Conductivity  ratios  measured  in  the 
afterglow  of  a  pulsed  discharge  in  a  microwave  resonant 
cavity  are  given  for  neon  and  neon  contaminated  with 
argon.  The  collision  probability  for  momentum  transfer 
is  neon  computed  from  these  data  as  a  function  of  the 
electron  velocity  joins  Ramsauer’s  and  Kollath's  meas¬ 
urements  for  higher  electron  velocities. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ABSORPTION  OF  SOUND  IN  LIQUID  HELIUM  H,  by 
W.  M.  Whitney.  Aug.  15,  1956  [4  Ip.  incl.  diagrs. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  [  DA  36- 039- sc  64637])  AD  127600 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  105:  38-41,  Jan.  1, 
1957. 

The  coefficient  of  absorption  of  sound  in  liquid  helium 
has  been  measured  at  a  frequency  of  11.8  me/  sec  in  the 
temperature  range  from  0.  2°K  to  1°K,  at  vapor  pres¬ 
sure,  and  at  8.0,  13,  and  18. 3  atmospheres.  Careful 
measurements  above  0.  9°K  at  vaper  pressure  reveal 
that  the  two  sharp  maxima  observed  by  Chase  and 
Berlin  at  the  top  of  their  absorption  curve  were  an 
instrumental  effect.  Preliminary  results  at  the  higher 
pressures  indicate  that,  if  allowance  is  made  for  the 
pressure  variation  of  the  density  and  the  velocity  of 
sound,  the  attenuation  decreases  exponentially  with 
pressure  at  temperatures  just  helow  1°K.  (Contractor’s 
abstract) 
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FLUCTUATIONS  AND  I RR  EVER  SIDLE  THERMO 
DYNAMICS,  by  L.  Tisza  and  1.  Manning.  Aug.  16, 
1956  11  p.  incl.  refs.  (Technical  rept.  no.  235) 

(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039- sc  64637)  AD  135144  Unclassified 

AlsojiUbKshed  in  Phys  Rev.,  v.  105:  1695-1705, 

Mar  15.  1957. 

The  time  dependent  theory  of  fluctuations  is  based  on  a 
combined  application  of  the  phenomenological  theory  of 
dissipation  and  the  stochastic  theory  of  random  proc 
esses.  The  traditional  method  of  joining  these  theories 
into  a  uniform  scheme  proceeds  by  adding  a  random 
perturbation  to  the  differential  equation  of  the  phenome 
nnlogical  kinetic  theory  (the  Langevin  equation  in  case 
of  Brownian  motion).  In  the  present  approach  the 
problem  is  considered  as  an  essentially  statistical  one. 
The  role  of  the  differential  equation  is  to  fix  the  form 
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of  the  distribution  function  over  the  manifold  of  fluctua¬ 
tion  paths  Ip  function  space.  The  solutions  of  the 
equation  constitute  the  most  probable  region  In  function 
space,  and  the  fluctuat'ons  appear  with  their  appropri¬ 
ate  probabilities.  The  connection  between  the  phenome¬ 
nological  equation  and  the  distribution  function  is  stipu¬ 
lated  by  means  of  a  postulate,  the  essential  ingredient 
of  which  is  the  auxilliary  function  recently  introduced 
by  Onsager  and  Machlup.  This  postulate  is  joined  to  the 
standard  assumptions  of  the  phenomenological  and  the 
stochastic  theories  for  the  derivation  of  the  entire  time- 
dependent  fluctuation  theory.  The  calculation  of  fluctua¬ 
tions  is  carried  out  in  the  temporal  and  the  spectral 
descriptions.  The  relation  of  the  two  schemes  is  dis¬ 
cussed  along  with  the  scope  and  limitations  of  the 
theory. 
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VOLTAGE- TUNED  RC  ACTIVE  FILTERS  USING 
JUNCTION  DIODES  AND  TRANSISTORS  (Abstract),  by 
C.  R.  Hurtig.  [Aug.  19561  [lip.  (Sponsored  jointly 
by  Signal  Corps,  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  DA  36-039 
sc-64637)  Unclassified 

The  use  of  forward -biased  junction  diodes  as  the 
resistive  parameters  of  RC  active  filters  results  in  a 
voltage -tuneable  filter  whose  complex  natural  frequency 
is  a  linear  function,  within  2  per  cent,  of  the  control 
voltage  over  a  range  of  ten- to- one.  Two  examples  are 
shown  -  an  oscillator  and  a  narrow- bandwidth  ampli¬ 
fier.  The  fundamental  limitations  to  linearity  of  the 
frequency  control  characteristic  are  discussed.  The 
short  lime  stability  of  tire  magnitude  of  the  complex 
natural  frequency  Is  limited  by  resistance  modulation 
of  the  diodes  by  excess  semiconductor  noise  to  a  few 
parts  in  ten  thousand.  The  long-time  stability  is 
mainly  determined  by  the  temperature  dependence 
(approximately  0.34  per  cent  per  degree  Centigrade) 
of  the  incremental  resistance  of  the  junction  diodes. 

A  design  concept  for  the  use  of  passive  networks  with 
transistor  amplifiers  which  results  in  networks  com 
patible  with  transistor  impedances  obtained  with  bias 
stabilized  connections  is  discussed.  These  networks 
are  the  reversed  equivalent  of  those  commonly  used  in 
vacuum  tube  circuitry.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
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THEORY  OF  HYI’ERFINE  STRUCTURE  II.  by  C. 
Schwartz.  Aug.  31,  1956  11  p.  incl.  diagrs. 

tables  refs.  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  ]  DA  36  039- sc- 64637  ) 
AD  128823  Unclassified 
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Also  published  tn  Phys.  Rev.,  v.  105:  173-183,  Jan.  1, 
1957. 

Numerical  values  for  the  1- electron  Integrals  of  tnterest 
In  the  analysts  of  atomic  hyperflne  structure  have  been 
calculated  by  using  screened  relativistic  wave  functions. 
Ratios  of  these  tntegrals,  representing  the  relativistic 
correction  factors  of  Casimtr,  are  given  to  replace  the 
older  values  which  neglected  shielding  effects.  The 
most  marked  changes  occur  tn  the  studies  of  the  octo- 
pole  Interaction  and  hfs  anomalies  tn  p-  states.  The 
calculated  1- electron  magnetic  dipole  integral,  when 
compared  with  the  experimental  ratio,  dipole  hfs/nuclear 
moment,  makes  it  posstble  to  deduce  the  magnitude  of 
atomic  polarization  (Sternhelmer)  effects.  In  the  doub¬ 
let  p- states  that  were  studied,  the  polarization  terms 
see"m  to  be  almost  entirely  of  the  sort  discussed  In  an 
earlier  paper:  excitation  of  ^-electrons.  In  a  general 
discussion  of  polarization  calculations,  some  explanation 
is  given  of  the  large  correction  factors  for  the  fine 
'P'rlurt  and  qvri'rup*  U  '  y^v.rflne  structure 

that  were  calculated  by  Sternhetmer  (the  radial  redis¬ 
tribution  of  charge  terms).  It  ts  also  suggested  that 
large  polarization  corrections  may  be  needed  for  the 
octopole  Interaction.  (For  Part  I  S££  item  no. 

MIT.  11:061)  (Contractor's  abstract) 
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FINAL -VALUE  CONTROL  SYSTEMS,  by  R.  C. 

Booton,  Jr.  [Sept.  1956]  [3  Ip.  (Sponsored  jointly 
by  Signal  Corps,  Offtce  of  Naval  Research,  and  Air 
Force  Office  of  Sctenttfic  Research  under  DA  36-039-sc- 
64637)  Unclassified 

Presented  at  1956  Symposium  on  Information  Theory, 

M.  1.  T.  ,  Sept.  10-12,  1956. 

Published  in  1.  R.  E.  Trans,  on  Information  Theory, 
v.  IT- 2:  173  175,  Sept.  1956. 

A  final- value  system  controls  a  response  variable  over 
a  time  interval  with  the  objective  of  minimizing  some 
measure  of  the  difference  between  a  desired  value  and 
the  value  of  the  response  at  the  final  time  of  the  inter 
val.  The  ensemble  of  situations  is  considered  in  which 
the  system  Input  and  the  desired  response  are  random 
variables  that  are  statistically  related.  The  response 
variable  is  constrained  because  of  the  physical  limita 
tions  of  the  element  being  controlled.  Earlier  consider 
ations  (1)  of  the  problem  has  shown  ihat  any  situation 
in  which  the  response  is  the  result  of  a  linear  (possibly 
time  variable)  operation  on  a  variahle  that  is  constrained 
to  be  less  in  magnitude  than  some  allowable  value  can 
be  conferred  to  a  maximum  velocity  constraint  situation 
by  consideration  of  an  extrapolated  response  that  is 
velocity  constrained  and  which  equals  the  actual  re 
spo.ibe  at  die  final  time.  La,  her  iesuhs  ;1;  based  ujxjn 
a  quasi  linearization  interpretation  of  the  optimum 
mean  square  error  linear  system  witti  a  velocity  con 
strain*  suggest  Uut:  a  system  consisting  u!  a  predict*. r 


followed  by  a  simple  nonlinear  feedback  system  should 
be  approximately  the  optimum  system.  The  present 
paper  discusses  the  optimum  design  problem  with  an 
arbttrary  error  criterion  and  an  arbitrary  ensemble 
of  input  functtons.  The  discussion  ts  restricted  to  the 
vsloctty  constraint  situation  and  for  mathematical 
simplicity  the  continuous  time  variable  ts  replaced  by 
a  discrete  set  of  time  values.  Chotce  of  the  system 
operator  to  mtnlmize  the  measure  of  error  ts  shown  to 
lead  to  a  result  that  can  be  described  In  words  as 
follows:  "At  each  step  In  time  the  system  can  move 
the  response  from  tts  old  position  to  a  new  position 
that  can  be  selected  from  a  range  of  values  determined 
by  the  old  response  and  by  the  allowable  amount  of 
movement  (determined,  of  course,  by  the  magnitude 
of  the  allowable  velocity).  For  each  allowable  value  of 
the  new  response  the  conditional  error  measure,  con¬ 
ditional  both  on  the  Input  values  already  received  and 
on  the  assumption  that  in  the  future  the  system  will 
perform  in  an  optimum  manner,  is  computed."  (Con- 
trwtof '«  atu?rvt) 
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A  RADAR  DETECTION  PHILOSOPHY,  by  W.  M. 
Siebert.  [  1956]  [  18 1  p.  incl.  illus.  (Sponsored 
jotntly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Sctentiftc Research  under  [  DA  36- 
039- sc-64637])  AD  127078  Unclassified 

Also  published  tn  1.  R.  E.  Trans,  on  Information 
Theory,  v.  IT  2:  204-221,  Sept.  1956. 

This  paper  is  an  attempt  to  present  a  short,  unified 
discussion  of  the  radar  detection,  parameter  estima¬ 
tion,  and  multiple-  signal  resolution  problems  - 
mostly  from  a  philosophical  rather  than  a  detailed 
mathematical  point  of  view.  The  purpose  is,  hope¬ 
fully,  to  make  it  possible  in  at  least  some  limited 
sense  to  reason  back  from  appropriate  measures  of 
desired  radar  performance  to  specifications  of  the 
necessary  values  of  the  related  radar  parameters. 
Specifically  four  measures  of  performance  quality 
are  considered:  (1)  the  reliability  of  detection,  (2)  the 
accuracy  with  which  target  parameters  can  be  esti¬ 
mated;  (3)  the  extent  to  which  such  estimates  can  be 
made  without  ambiguity;  and  (4)  the  degree  to  which 
two  or  more  different  target  echoes  can  be  separated 
or  resolved.  It  is  argued  that  the  radar  synthesis 
problem  can  be  split  into  two  more  or  less  independent 
phases.  First,  adjust  such  parameters  as  those 
appearing  in  the  radar  equation  so  that  the  received 
si  rnal  energy  is  sufficiently  large  for  the  degree  of 
reliability  of  detection  desired,  The  required  value 
of  energy  is  almost  entirely  indepe:ident  of  the 
character  of  the  received  echo  signal  waYgloX.ni.  The 
second  phase  is,  then,  to  select  the  waveform  in  such 
a  way  that  accuracy,  ambiguity,  and  resolution  re¬ 
quirements  are  met.  The  limitations  on  what  can  be 
achieved  in  terms  of  these  three  quality  measures  are 
discussed  in  relation  to  an  unteitalirty  piinciple.  Vui 
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purposes  of  Illustration  several  novel  waveforms  havtng 
unusual  and  useful  properties  are  described.  (Con¬ 
tractor’s  abstract) 


MIT.  12:125 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  THEOREM  CONCERNING  NOISE  FIGURES,  by  A. 

G.  Dose  and  S.  D.  Pezarls.  [  19561  [5^p.  lncl. 
diagrs.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039-SC-64637)  Unclassified 

Published  in  I.  R.  E.  Trans,  of  Professional  Group  on 
Circuit  Theory,  v.  CT-3:  190-196,  Sept.  1956. 

A  theorem  Is  formulated  and  proved  which  determines 
the  greatest  lower  bound  of  the  single -frequency  noise 
figure  of  a  general  system  consisting  of  n  amplifying 
devices  and  passive  coupling  elements.  According  to 
the  theorem,  this  lower  bound  Is  equal  to  the  noise 
figure  of  an  optimum  system  using  a  selected  one  of 
these  amplifying  devices.  (Contractor's  abstract) 


MIT.  12:126 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

BASIC  DATA  OF  ELECTRICAL  DISCHARGE,  by  S.  C. 
Drown  and  W.  P.  Allis.  Sept.  1,  1956,  103p.  lncl. 
diagrs.  tables,  refs.  (Technical  rept.  no.  283;  3rd  ed. ) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  He 
search,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36-039  sc -64637)  AD  49438  Unclassified 

Tills  repoit  contains  basic  data  on:  (1)  potential 
excitation  and  Ionization  energies  of  atoms  In  electron 
volts;  (2)  probabilities  of  the  collision  of  electrons  and 
ions;  (3)  surface  phenomena  Including  emissions  and 
conversions:  (4)  motions,  velocities  and  energies  of 
electrons  and  Ions;  (5)  production  and  decay  of  tonlza 
tion;  (6)  high  frequency  and  direct  current  breakdown 
and  time  lags;  (7)  electron  energies;  and  (8)  cathode 
phenomena  6uch  as  cathode  fall  and  sputtering. 


MIT  12:127 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics.  Cambridge. 

NUCLEAR  RESONANCE  SPECTRA  OF  HYDRO 
CARBONS.  THE  FREE  ELECTRON  MODEL,  by  J.  S 
Waugh  and  R.  W.  Fessenden  '  Sept  4,  1956  4  p. 

lncl  diagrs  tables,  refs.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36  039  sc 
64637  )  AD  128B24  Unclassified 


Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  79: 
846-849,  Feb.  20,  1957. 

The  classical  free  electron  model  of  Pople  Is  used 
to  predict  the  high  resolution  nuclear  resonance  spec¬ 
tra  of  some  hydrocarbons.  The  modifications  neces¬ 
sary  to  describe  the  spectra  of  simple  substituted 
benzenes  are  discussed.  Some  previous  measure¬ 
ments  by  other  workers  of  the  spectra  of  condensed 
aromatic  substances  are  repeated  somewhat  more 
precisely,  and  agree  only  very  crudely  with  the  simple 
free  electron  theory.  The  spectra  of  two  1.4-poly- 
methylenebenzenes  are  predicted  and  support  the  funda¬ 
mental  Ideas  of  Pople.  The  spectrum  of  2,  2-para- 
cyclophane  is  also  reported.  (Contractor’s  abstract) 


MIT.  12:128 

Massachusetts  Inst  of  "  ,ch.  Research  Lab.  of 
Electronics,  C»'.,oridge. 

CHARACTERIZATION  OF  PROBABILITY  DISTRI¬ 
BUTIONS  FOR  EXCESS  PHYSICAL  NOISES,  by  J. 
Hilibrand.  Sept.  7,  1956,  51p.  lncl.  illus.  diagrs. 
tables,  refs.  (Technical  rept.  no.  276)  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36- 
039-SC-64637)  AD  14  9  54  5  Unclassified 

Theoretical  and  experimental  techniques  are  described 
for  characterizing  the  probability  distributions  of 
certain  excess  physical  noises  by  their  moments. 
Theoretical  methods  are  presented  for  applying  this 
” moments  technique”  In  the  time  domain  to  random- 
pulse  noise,  and  in  the  frequency  domain  to  any  ran¬ 
dom  functions  for  which  the  moments  exist.  The  fre¬ 
quency-domain  technique  Is  used  for  a  theoretical 
study  of  the  approach  to  a  gausslan  distribution  of 
random  pulss  noise  that  Is  band-limited  by  RC  cutoffs 
at  low  and  high  frequencies  Is  examined  by  using  the 
lime -domain  technique.  It  Is  found  that  the  approach 
of  noise  distributions  to  gausslan  Is  governed  by  ths 
"memory”  of  the  filter  system  rather  than  simply  by 
Its  band  width.  An  experimental  system  Is  described 
(or  measuring  the  first  four  moments  of  notses  In  the 
0.2  cps  10  kc  range.  It  Is  concluded  that  experi¬ 
mental  measurements  of  moments  are  mors  desirable 
than  direct  probability  denstty  measurements  when,  the 
goals  are:  (a)  to  categorize  broadly  the  form  of  con¬ 
tinuous  noise  distribution  by  a  small  number  of  param 
eters,  and 'or  (b;  when  a  minimum  Investment  of  time 
and  equipment  Is  desired.  Measurements  on  1/  f  noise 
In  germanium  diodes  confirm  (wltht-i  experimental 
error)  that  the  first  probability  distribution  of  this 
notse  Is  gausslan  In  nature.  Some  effects  of  limited 
system  bandwidth  are  Illustrated  by  measurements  on 
the  distinctly  nongausstan  "avalanche”  noise  In  silicon 
junction  diodes.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THE  PARAMAGNETIC  RESONANCE  SPECTRUM  OF 
AMMONIUM  CHROMIUM  ALUM,  by  C.  F.  Davis,  Jr. 
and  M.  W.  P.  Strandberg.  [Sept.  11,  1956]  [9]p. 
incl.  diagrs.  tables,  refs.  [  Technical  rept.  no.  242] 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  Air  Force  Office  of  Scientific  Research 
under  [  DA  36 -039- sc -64637])  AD  128825 

Unclassified 

Also  published  In  Phys.  Rev.,  v.  105:447-455,  Jan.  15, 
<957. 

A  detailed  solution  of  the  fine-structure  splitting  of  the 
ground  state  of  the  chromium  Ion  is  given.  This  solution 
assumes  an  electric  field  of  cubic  symmetry  with  a 
small  trigonal  distortion  and  the  residual  spln-orblt 
coupling  superposed.  The  effect  of  a  magnetic  field  at 
an  arbitrary  orientation  Is  calculated.  Absorption 
positions  and  relative  Intensities  are  calculated  and 
checked  with  experiment.  Lines  of  character  pre¬ 
dominantly  ASZ  -  2,  3  are  shown  to  have  sufficient 
AS  =  1  character  to  give  the  experimentally  deter¬ 
mined  Intensities.  So-called  "forbidden  transitions" 
are  accounted  for  quantitatively  by  this  detailed  calcula¬ 
tion.  Shapes  of  absorption  peaks  are  Lorentzlan  for 
dilute  specimens  u,..l  Gaussian  for  full- strength  afutn. 

A  small  variation  of  trigonal  Stark  field  from  one 
paramagnetic  ion  to  another  Is  sufficient  to  account  for 
t.e  .,1-strred  width.  <0 ot.tricL  r's  atetkael) 


MIT.  12:130 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

HELD  HOMOGENEITY  AND  POLE  D1STR1UUTION, 
by  J.  D.  Ujorken  and  F.  Hitter.  [June  25,  1956;  rev. 
Sept.  14,  1956  [4  ] p.  Inch  diagrs.  table.  (Sponsored 

jointly  by  Signal  Corps,  Office  of  Naval  Research,  and 
Air  Force  Office  of  Scientific  Research  under  DA  36 
039- sc  04637  ' )  AD  122934  Unclassified 

Also  published  In  Rev.  Sclent.  Instruments,  v.  27: 

1005 - 1008,  Dec.  1956. 

The  design  of  a  magnet  for  producing  a  uniform  field 
Is  described.  The  magnet  model  used  In  the  calculations 
is  that  of  cylindrical  cores  surrounded  by  rims.  The 
positions  of  the  central  pole  faces  and  rims  can  be  ad 
justed  independently  A  calculation,  based  on  the 
assumption  that  the  pole  pieces  are  uniformly  mag¬ 
netized,  shows  that,  for  a  certain  positioning  of  the 
cores  and  rims,  the  z“*  and  z^  correction  terms  to  liz 
can  he  simultaneously  canceled.  Practical  limitations 
to  uniformity  that  result  from  a  slight  asymmetry  In 
Hie  geometry  and  from  the  effect  of  nonuniformity  In 
magnetization  hecause  of  domain  structure  In  the  iron 
also  are  discussed.  (Contractor’s  abstract) 


MIT.  12:131 

Massachusetts  Inst,  of  Tech.  [  Research  Lab.  of 
Electronics]  Cambridge. 

BARRIER  THEORY  OF  THE  PHOTOCONDUCTIVITY 
OF  LEAD  SULFIDE,  by  J.  C.  Slater.  [  1956]  [  14  ]  p. 
incl.  diagrs.  tables.  [  Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force 
Office  of  Scientific  Research  under  DA  36-039- sc - 
64637]  Unclassified 

Published  In  PhyB.  Rev.,  v.  103:  1631-1644,  Sept.  15, 
1956. 

The  barrier  theory  of  the  infrared  photoconductivity  of 
PbS  films  Is  discussed,  according  to  which  the  high 
resistance  of  the  films  arises  from  n-p-n  barriers  at 
the  surfaces  between  the  crystallites  forming  the  films, 
the  barriers  being  formed  In  the  oxidizing  process  used 
In  preparing  the  films.  Under  the  action  of  light,  elec¬ 
tron  hole  pairs  are  formed,  these  carriers  become 
trapped  in  the  n-  and  p-type  regions,  respectively, 
the  resulting  charge  density  lowers  the  barriers,  and 
hence  the  conductivity  is  Increased.  This  theory  Is 
worked  out  quantitatively,  and  compared  with  experi¬ 
mental  results  of  Mahlman  on  films  of  the  type  actually 
used  as  sensitive  photoconductors.  The  theory  shows 
good  qualitative  and  quantitative  agreement  with  ex¬ 
periment  in  numerous  respects,  Including  the  explana¬ 
tion  ol  the  dark  conductivity  o!  the  films  and  Its  de 
pendence  on  temperature,  the  photoconductivity  as  a 
function  of  lrradiance  and  temperature,  the  time  con¬ 
sists  Involved  In  the  rise  or  ivray  of  tin  phr  toc  on  - 
ductivity,  and  the  short-wave  limit  of  the  photoconduc¬ 
tivity.  In  working  out  the  theory  of  the  barrier  model, 
we  use  the  properties  of  the  bulk  material  as  deter¬ 
mined  by  Petrltz  and  Scanlon,  and  the  properties  of  the 
films  are  found  to  be  consistent  with  our  knowledge  of 
the  behavior  of  the  bulk  material.  (Contractor's 
abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

INTERFERENCE  REJECTION  IN  FM  RECEIVERS, 
by  E.  J,  Baghdady.  Sept.  24,  1956,  106p.  incl. 
diagrs.  tables,  refs.  (Technical  rept.  no.  252) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039- sc -64637)  AD  145017  Unclassified 

A  new  role  Is  suggested  for  the  amplitude  limiter  In 
FM  receivers.  By  spreading  out  the  spectrum  which 
Is  necessary  for  the  reproduction  of  the  FM  disturb 
ance  that  is  caused  by  the  Interference,  the  limiter 
makes  It  possible  for  a  filter  to  reject  an  Important 
portion  of  this  spectrum  without  substantially  affecting 
the  spectrum  that  carries  the  message  modulation. 

The  conditions  for  the  success  of  this  operation  are 
analyzed  In  terms  of  an  ideal  limiter  followed  by  an 
idealized  filter  The  variation  of  the  required 
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minimum  extent  of  linearily  In  the  dlscrlmlnalor 
characlerlsilc  with  the  llmiler  bandwidlh  is  determined 
This  is  followed  by  a  sludy  of  the  effecl  upon  ihe  inter¬ 
ference  of  a  repeated  cycle  of  amplitude  limiting  and 
spectrum  filtering.  The  cascading  of  several  narrow- 
band  limiters  is  found  io  be  an  Invaluable  echeme  for 
enhancing  the  capture  capabilities  of  an  FM  receiver. 
(Contractor's  abstract) 


MIT.  12:133 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

FLUCTUATIONS  IN  NEURAL  THRESHOLDS  AND 
RELATED  PROBABILITY  MODELS  IN  THE  NERVOUS 
SYSTEM,  by  L.  S.  Frlshkopf  and  W.  A.  Rosenbllth. 

[  Oct.  1956  1  [  16  |p.  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36 -039- sc- 64637) 

Unclassified 

Presented  at  the  Symposium  on  Information  Theory  in 
Health  Physics  and  Radiobiology  (Health  Physics  Div. ), 
Oak  Ridge  National  Lab. ,  Gatllnburg.  Tenn. ,  Ocl.  19 
30,  1956. 

Published  in  Symposium  on  Information  Theory  in 
Biology,  1958,  p.  153-168. 

Over  the  past  25  years  at  least  half  a  dozen  independent 
Investigations  of  the  responslvity  of  nerve  tissue  have 
led  to  lh«  '•onclusior.  that  the  threshold  of  a  resting 
neuron  fluctuates  tn  time.  This  conclusion  16  based  on 
the  study  of  sensory  and  motor  fibers,  of  monosynaptic 
arcs  and  neuromuscular  junctions.  If  not  a  property  of 
all  nerve  tissue,  threshold  fluctuation  is  a  valid  concept 
In  many  specific  parts  of  the  nervous  system.  An 
attempt  wtll  be  made  to  review  these  studies,  to  find 
common  elements  among  them  and  to  specify  differences. 
In  particular  tt  will  be  useful  to  describe  the  fluctuating 
threshold  tn  terms  of  a  probability  distribution  rather 
than  In  a  deterministic  way.  The  degree  of  threshold 
correlation  among  neurons  of  a  given  "jiool"  or  popula 
tion  will  be  considered  for  several  systems ,  based  on 
available  data  and  on  theoretical  considerations  Likely 
sources  of  threshold  fluctuation  leading  to  both  correla 
ted  and  uncorrelated  variations  will  be  discussed  A 
number  of  mathematical  models  based  on  such  a  proba 
bility  description  of  neural  thresholds  have  been  de 
veloped.  These  models  attempt  to  derive  the  response 
characteristics  of  large  ensembles  of  neural  elements 
from  postulated  properties  of  the  thresholds  of  single 
units  and  of  threshold  Interaction  among  several  units 
Eacli  model  is  Sjieciftc  to  a  certain  area  of  experimeula 
tion;  common  to  all  of  them  is  the  probability  description 
of  threshold  behavior.  Several  of  these  models  will  be 
discussed  and  evaluated.  (Contractor’s  abstract) 
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Massachusetts  lust,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

STATISTICAL  THEORIES  OF  RADAR  SYNTHESIS,  by 
W.  M.  Siebert..  [  1956  7  lOp.  incl.  illus.  (Sponsored 
jointly  by  Signal  Corps,  Office  of  Naval  Research, 
and  Air  Force  Office  of  Scientific  Research  under 
[DA  36 -039- sc -64637])  AD  135148  Unclassified 

Also  published  in  Proc.  National  Electronics  Confer¬ 
ence,  Chicago,  111.,  v.  12,  Ocl.  1-3,  1956. 

The  behavior  of  a  simple  model  is  analyzed  io  deter¬ 
mine  those  atirlbuies  which  influence  ihe  performance 
with  respect  to  various  quality  measures.  Specifically 
detection  reliability  is  shown  io  depend  almost  exclu¬ 
sively  on  ihe  received  signal  energy  and  io  be  essen¬ 
tially  Independent  of  the  transmitted  waveform.  On  the 
other  hand  questions  of  accuracy,  ambiguity,  and  reso¬ 
lution  are  determined  almost  entirely  by  ihe  waveform 
and  can  in  particular  be  only  slightly  inhuenced  by  the 
receiver  design.  The  treatment  is  based  In  large 
part  on  the  a  posteriori  probabiliiy  approach  of 
Woodward  with  special  emphasis  on  ihe  limitation 
imposed  on  simultaneous  range  and  velocity  measure¬ 
ments  by  a  funJamenlal  uncertainty  principle.  (Con¬ 
tractor's  abstract) 


MIT. 12:135 

Massachusetts  Iasi,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

AN  ELECTRONIC  METHOD  FOR  DETECTING 
EVOKED  RESPONSES  OF  THE  BRAIN  AND  FOR  RE 
PRODUCING  THEIR  AVERAGE  WAVEFORMS,  by  J. 

S.  Barlow.  Oct.  15,  1956  [  4  1  p.  lncl.  Illus.  (In 
cooperation  with  Mass.  General  Hospital.  Boston.) 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval 
Research,  and  Air  Force  Office  of  Scientific  Research 
under  DA  36  039  sc- 64637  )  AD  139557 

Unclassified 

Also  published  tn  Electroencephalography  and  Clin. 
Neurophysiology  lour.,  v.  9:  340  343,  May  1957. 

An  electronic  method  is  described  for  detecting  evoked 
responses  of  the  brain  and  for  reproducing  their  aver 
age  waveforms.  The  electronic  equipment  utilizes  a 
magnetic  delay  drum,  an  Integrator,  a  timer  (auto¬ 
matic  recycling  device),  and  a  gating  and  storage  unit. 
Stimuli  and  brain  potentials  are  recorded  simuRaneous 
ly  on  magnetic  'a[>e  from  a  conventional  electroenceph 
alograph  and  the  averages  of  evoked  responses  are 
obtained  as  the  tapes  are  played  back  re|*eatedly.  My 
means  of  the  magnetic  drum,  the  stimulus  artefacts 
can  be  delayed  in  time  ( • )  with  reBpect  to  the  brain 
potentials.  For  a  given  setting  ot  the  magnetic  drum 
(i.  e.  .  a  given  displacement  of  stimuli  in  time)  the 
Instantaneous  voltage  of  the  brain  potentials  corres¬ 
ponding  to  each  of  Ihe  stimuli  is  noted.  An  average  of 
all  sucli  samples  is  obtained  by  a  Miller  Integrator, 
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and  the  result  written  out  on  an  Esterline- Angus  graphic 
milliammeter.  The  setting  of  the  magnetic  drum  Is  then 
automatically  changed  to  a  new  delay,  the  tape  played 
through  again,  a  new  average  obtained,  and  so  on.  The 
resulting  plot  of  averages  again*1  the  delay  -t  then  gives 
the  average  evoked  response  for  the  particular  number 
of  stimuli  chosen. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronits,  Cambridge. 

RELATIONS  BETWEEN  AUDITORY  PSYCHOPHYSICS 
AND  AUDITORY  ELECTROPHYSIOLOGY,  by  W.  A. 
Rosenbllth.  [  Oct.  15,  1956  1  [  8 1  p.  lncl.  refs.  (Spon 
sored  jointly  by  Signal  Corps,  Office  of  Naval  Research, 
and  Air  Force  Office  of  Scientific  Research  under 
[  DA  36-039-SC-646371)  AD  144177  Unclassified 

Also  published  In  Trans.  New  York  Acad..  Sciences, 
v.  19:  650-657,  May  1957. 

A  brief  review  Is  presented  of  Instrumentation  problems 
and  advances  In  Instrumentation  and  techniques.  Recent 
significant  advances  In  the  physiology  and  In  particular 
the  neurophysiology  of  audition  are  enumerated.  Six 
areas  of  study  In  auditory  psychophysics  are  reviewed. 
Major  conceptual  trends  that  have  Influenced  research 
workers  In  audition  are  cited.  Future  trends  In  the 
field  are  predicted. 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

DETECTION  THEORY  AND  PSYCHOPHYSICS,  by  T. 
MariU.  Oct.  30,  1956,  72p.  lncl.  Ulus,  tables,  refs. 
(Technical  rept.  no.  319)  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Air  Force  Office 
of  Scientific  Research  under  DA  36  039  sc  -64637) 

AD  141583  Unclassified 

Traditional  psychophysical  models  and  Tanner  and 
Swets’  model  are  critically  examined.  Some  of  the 
weaknesses  of  these  models  are  found  to  be  ellmlnable 
by  a  more  sophisticated  analysis  in  terms  of  detection 
theory  Accordingly,  psychophysical  methods  are 
reexamined,  and  lhe  two  category  forced-choice  tech¬ 
nique  is  found  to  be  particularly  advantageous  on  theo¬ 
retical  gro-Mus.  Application  of  detection  theory  to  the 
problem  of  auditory  masking  with  gaussian  noise  as 
measured  by  this  forced  choice  technique  leads  io  the 
mathematical  derivation  of  the  theoretical  ("Ideal 
detector")  psychophysical  function  for  this  situation. 
Experiments  using  the  forced- choice  method  with 
auditory  signals  masked  by  broadband  gaussian  noise 
are  reported.  The  aim  of  'inse  experiments  Is  to 
determine  the  extent  to  widen  and  the  manner  In  which 
subjects  differ  from  the  "ideal  detector"  of  detection 
theory.  It  Is  found  that,  except  for  being  approximately 
13  db  less  sensitive,  subjects  behave  very  much  like 


the  idea]  detector  -  that  is,  in  accordance  with  the 
mathematical  predictions  -  when  the  signals  are  pure 
tones.  Results  with  signals  consisting  of  two- compo¬ 
nent  tones  require  a  somewhat  enlarged  model;  such 
a  model  is  developed.  (Contractor’s  abstract) 


MIT.  12:138 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

A  LOOK  AT  COMMUNICATION  SYSTEMS  OF  THE 
FUTURE  (Abstract),  by  K.  M.  Fano.  [Nov.  19561 
[  1  ]p.  (Sponsored  jointly  by  Signal  Corps,  Office  of 
Naval  Research,  and  Air  Force  Office  of  Scientific 
Research  under  DA  36-039-sc- 64637)  Unclassified 

Presented  at  the  New  England  Radio  Electronics 
meeting,  Boston,  Mass.,  Nov.  15-16,  1956. 

It  has  been  shown  that,  contrary  to  earlier  belief, 
the  reliability  of  a  communication  system  disturbed  by 
noise  can  be  made  as  perfect  as  desired  for  a  fixed 
bandwidth,  fixed  signal  power,  and  fixed  transmission 
rate;  noise  sets  and  inherent  limit  to  the  transmission 
rate  at  which  perfect  reliability  can  be  obtained  but 
not  to  the  degree  of  reliability.  It  has  been  shown 
further  that  our  present  utilization  of  communication 
channels  is  In  many  cases  grossly  Inefficient.  Possible 
future  system  developments  will  be  discussed  In  the 
light  of  these  results,  together  with  some  of  the  theo¬ 
retical  and  practical  problems  that  must  still  be  faced 
In  their  connection.  (Contractor's  abstract) 


MIT.  12:139 

Massachuretts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

MICROWAVE  DETERMINATIONS  OF  THE  FRE 
QUENCY  OF  IONIZATION  AND  THE  COEFFICIENT 
OF  FREE  DIFFUSION  IN  HYDROGEN  (Abstract),  by 
M.  P.  Madan,  S.  J.  Buchsbaum,  and  E.  Gordon. 

1956  '  [  1  p.  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36-039- sc-64637) 

Unclassified 

Presented  at  9th  annual  Gaseous  Electronics  Confer¬ 
ence,  Westinghouse  Research  Labs. ,  Pittsburgh,  Pa. , 
Oct.  31  Nov.  3,  1956 

Publl sheil  In  Bull.  Amer.  Phys.  Soc  ,  Series  11.  v.  2: 
87,  Jan.  30,  1957. 

Microwave  breakdown  experiments  yield,  apart  from 
other  parameters,  the  ratio  Vj/D,  In  which  Vj  is  the 
ionization  frequency  and  D  Is  the  coefficient  of  free 
diffusion  for  electrons.  This  paper  describes  a 
method  for  a  direct  determination  of  Vj  and  D  , 
utilizing  an  additional  experimental  parameter  tp, 
where  p  is  the  pressure  and  t  is  the  time  for  the  build 
up  of  electron  density.  In  addition,  the  steady  state 
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breakdown  fields  can  also  be  predicted.  The  experi¬ 
ment  has  been  performed,  using  two  TM01Q-mode 

resonant  cavities  of  different  sixes.  The  results  have 
been  compared  with  the  theory  of  Allis  and  Drown.  By 
properly  accounting  for  the  space-charge  effect  and  the 
nonuniformity  of  the  electric  field,  the  results  are  In 
substantial  agreement  with  the  theory.  (Contractor's 
abstract) 


MIT.  12:140 

Massachusetts  Inst,  of  Tech.  [  Research  Lab.  of 
Electronics  )  Cambridge. 

THE  TECHNICAL  FEASIBILITY  OF  TRANSLATING 
LANGUAGES  BY  MACHINE,  by  V.  H.  Yngve. 

[1956  ]  [  6  ]  p.  (Sponsored  jointly  by  Signal  Corps, 

Office  of  Naval  Research,  Air  Force  Office  of  Scien¬ 
tific  Research,  and  National  Science  Foundation 
under  [  DA  36  039- sc-64637  ] )  Unclassified 

Published  In  Elec.  Eng.,  v.  75:  1-6,  Nov.  1956. 

Language  translations  now  can  be  Implemented  by 
general-purpose  digital  computers  or,  more  economi¬ 
cally,  by  using  special-purpose  machines.  Either 
word  by- word  or  more  accurate  sentence- by- sentence 
translations  are  considerably  faster  and  cheaper  than 
man-made  ones. 

MIT.  12:141 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

ELECTROPHYSIOLOGICAL  EVIDENCE  FOR  AUDiTORY 
SENSITIZATION,  by  J.  R.  Hughes  and  W.  A. 

Uosenblith.  Nov.  9,  1956  [6^.  lncl.  Ulus,  table. 
(Sponsored  jointly  by  Signal  Corps,  Office  of  Naval  Re¬ 
search,  and  Air  Force  Office  of  Scientific  Research 
under  [  DA  36  039- sc  64637  J)  AD  133272 

Unclassified 

Also  published  In  Jour.  Acoust.  Soc.  Amer. ,  v.  29: 

275  ‘280,  Feb(  1957. 

This  study  was  designed  to  Investigate  the  properties 
of  the  first  neural  response  (Nj)  to  tone -pips;  the 
responses  were  recorded  from  the  round  window  of  the 
cat.  Amplitude,  latency,  and  adaptation  (equilibration) 
curves  were  studied.  The  major  part  of  the  lnvestlga 
tion  was  concerned  with  the  effect  of  low- tone  exposure 
on  the  amplitude  of  the  Nj  response  to  tone  pips.  After 
a  relatively  Intense  exposure,  the  amplitude  of  the 
Nj  response,  compared  with  the  pre  exposure  level, 
shows  an  Initial  subnormality  (decreased  response),  a 
sensitization  (Increased  response),  and  then  a  second 
subnormallty.  Sensitization  was  found  when  the  expo 
sure  tone  was  the  same,  higher  and  lo.  er  In  frequency 
than  the  basic  frequency  of  the  test  tone  pip.  Exposure 
to  low  frequency  noise  gives  rlBe  to  a  monotonic 
recovery  process,  1.  e. ,  a  subnormallty  without  subse 
quent  sensitization  Contralateral  effects  were  not 
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detected.  This  sensitization  of  the  N.-  response  Is 
compared  with  related  psychophysical  data  and  may  be 
regarded  as  an  example  of  post- tetanic  potentiation. 
(Contractor’s  abstract) 


MIT.  12:142 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

IMPEDANCE  CHARACTERISTICS  OF  METAL 
MICROELECTRODES  (Abstract),  by  R.  C.  Gesteland. 
[Sept.  1956[  [l]p.  (Sponsored  jointly  by  Signal 
Corps,  Office  of  Naval  Research,  and  Office  of 
Scientific  Research  under  DA  36-039- sc-64637;  ar.d  In 
part  by  National  Science  Foundation,  Bell  Telephone 
Labs. ,  Inc. ,  and  Offner  Electronics,  Inc. ) 

Unclassified 

Presented  at  8th  annual  meeting  of  the  Amer.  Physiol. 
Soc.,  Rochester  U. ,  N.  Y. ,  Sept.  4-7,  1956. 

Published  In  Amer.  Jour.  Physiol.,  v.  187:  601, 

Dec.  1956. 

Warburg’s  law  that  the  impedance  of  a  metal-elec¬ 
trolyte  boundary  varies  Inversely  with  the  square  root 
of  frequency  applies  to  a  limited  set  of  cases,  few  (If 
any)  of  which  occur  in  biological  science.  Empirically, 
one  can  fit  the  behavior  of  most  smooth- metal  micro- 
electrodes  In  body  fluids  with  Inverse  power  laws  over 
a  wide  frequency  range.  The  data  presented  show  that 
these  laws  vary  with  polarizing  current  for  the  two 
components  of  Impedance.  The  self- noise  of  the  elec¬ 
trode  Is  shown  to  be  an  Index  to  the  real  component  of 
Impedance.  Recording  through  the  electrodes  puts 
restrictions  on  the  associated  amplifier.  These  re¬ 
strictions  are  discussed.  (Contractor’s  abstract) 


MIT.  12:143 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

MICROINHOMOGENEITIES  IN  MAGNETIC  FIELDS, 
by  H.  H.  Brown,  Jr.  and  F.  Bitter.  [Sept.  4,  1956; 
rev.  Oct.  5,  1956]  [  4  1  p.  lncl.  dlagrs.  tables.  (Spon¬ 
sored  jointly  by  Signal  Cors,  Office  of  Naval  Research, 
and  Air  Force  Office  of  Scientific  Research  under 
[  DA  38-039- sc-64637  I )  Unclassified 

Published  In  Rev.  Sclent,  Instruments,  v.  27:  1009- 
1012,  Dec.  1956. 

Small  variations  In  the  fields  of  magnets,  caused  by 
structures  or  domaim  in  the  pole  faces,  were  investl 
gated  by  moving  a  small  coll  in  a  circular  path.  It 
was  found  that  for  a  given  pole  face  the  variations  in 
the  field  were  all  about  the  same  size,  and  decreased 
exponentially  from  the  pole  face.  None  of  the  materi 
als  tested  as  pole  faces  produced  strikingly  better 
fields  than  another.  (Contractor's  abstract) 
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Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

SOME  SYNAPTIC  EFFECTS  IN  MOTONEURONS 
(Abstract),  by  J.  Y.  Lettvln,  W.  S.  McCulloch,  and 
W  Pitts.  [Sept.  1956]  [lip.  (Sponsored  jointly  by 
Signal  Corps,  Office  of  Naval  Research,  and  Air 
Force  Office  of  Scientific  Research  under  DA  36-039-  sc- 
64637;  and  in  part  by  Bell  Telephone  Labs. ,  Inc. , 
National  Science  Foundation,  and  Offner  Electronics, 

Inc. )  Unclassified 

Presented  at  8th  annual  meeting  of  the  Amer.  Physiol. 
Soc. ,  Rochester  U. ,  N.  Y. ,  Sept.  4  -  7,  1956. 

Published  in  Amer.  Jour.  Physiol.  ,  v.  187:  614, 

Dec.  1956. 

Using  Intracellular  micropipettes  we  have  found  in  the 
cat  a  class  of  lumbar  motoneurons  in  which  the  height 
of  the  antidromic  response  is  affected  systematically 
by  orthodromic  volleys.  In  particular,  a  facilitatory 
synaptic  potential  decreases  the  overshoot  of  the  anti¬ 
dromic  spike  and  shortens  the  latency  of  the  so  -  called 
”b"  spike  with  respect  to  the  "a"  spike.  The  phe¬ 
nomenon  bears  a  marked  resemblance  to  the  diminution 
of  overshoot  in  single  muscle  fibre  spikes  during  the 
end-plate  potential.  (Contractor's  abstract) 


MIT.  12:145 

Massachusetts  Inst,  of  Tech.  Research  Lab.  of 
Electronics,  Cambridge. 

THERMIONIC  EMISSION,  by  W.  B.  Nottingham. 

Dec.  10,  1956,  17Sp.  lncl.  dlagrs.  refs.  (Technical 
rept.  no.  321)  (Sponsored  jointly  by  Signal  Corps, 
Office  of  Naval  Research,  and  Air  Force  Office  of 
Scientific  Research  under  DA  36- 039- sc-64637) 

AD  126182  Unclassified 

Hits  report  makes  a  study  of  the  more  fundamental 
aspects  of  the  experimental  and  the  theoretical  investi¬ 
gations  of  the  phenomenon  of  electron  emission  from 
heated  conductors.  The  study  describes  the  following 
four  surface  classifications  of  transmission  emitters 
and  critically  reviews  important  investigations  yielding 
relevant  information  about  them:  (1)  clean  homogene¬ 
ous  surfaces;  (2)  clean  heterogeneous  surfaces;  (3) 
simple  composite  surfaces;  and  (4)  complex  surfaces. 

A  detailed  analysis  of  the  present  state  of  our  under 
standing  with  respect  to  both  theory  and  experiment 
is  included. 

MAS.  01001 

Massachusetts  U.  Dept,  of  Chemistry,  Amherst. 

A  NEW  SYNTHESIS  OF  DIBENZYLS  AND  POLY¬ 
NUCLEAR  HYDROCARBONS,  by  L.  A.  Carptno. 

Apr.  29,  1957,  2p.  (AFOSR  TN  56-601)  (Sponsored 


jointly  by  Air  Force  Office  of  Scientific  Research 
under  AF  18(603)114  and  Research  Corp. ,  N.  Y. ) 

AD  115027  Unclassified 

Also  published  in  Chem.  and  Indus.  (London),  No.  6: 
172,  Feb.  9,  1957. 

A  method  of  synthesis  of  dibenzyls  is  described.  The 
production  of  R=  COOMe^  is  undertaken  for  the  second 
part.  The  purpose  is  a  more  general  method  than 
that  of  Hall,  Lesslie  and  Turner  for  the  synthesis  of 
dihydrophenanthrenes  and  related  dihydroaromatics. 


Mathematisches  lnstitut  der  Universitaet,  Freiburg 
(Germany),  s ££.  Freiburg  U.  Inst,  for  Mathematics 
(Germany). 

MAU.  01:001 

Maudsley  Hospital,  London  (Great  Britain). 

HYPOTHALAMUS,  HYPOPHYSICS,  AND  THYROID 
GLAND  (Abstract),  by  G.  W.  Harris.  [  1956]  [  21 1  p. 
incl.  refs.  [  AF  61(514)953  ]  Unclassified 

Presented  at  the  20th  International  Physiological 
Congress,  Brussels  (Belgium),  July  30- Aug.  4,  1956. 

Abstract  published  in  20th  International  Physiological 
Congress.  1.  Abstracts  of  Reviews,  1956,  p.508-528. 

A  review  is  presented  of  investigation  into  the  rela¬ 
tionship  between  the  central  nervous  system  and  the 
thyroid  gland.  The  following  items  are  considered: 

(1)  evidence  that  the  central  nervous  system  influences 
thyro'd  activity,  (2)  the  mechanism  whereby  the  central 
nervous  system  Influences  thyroid  activity,  (3)  the 
hypothalamus  and  thyroid  activity,  and  (4)  relation  of 
experimental  data  to  Graves’  disease.  There  are  68 
references  of  international  scope  offered  covering  a 
time  pe-iod  from  1835  to  1956. 


MPP.  01:001 

[  Max- Planck- lnstitut  fiir  Physik  der  Stratosphare, 
Hechlngen  (Germany)  1 

COMPARISON  OF  LOW  GAS  DENSITY  FLOW 
VISUALIZATION  TECHNIQUES,  by  W.  D.  Kunkel. 
Mar.  7,  1956  [12’p.  (AFOSR  TN  56  426)  (AF61- 
(514)911)  AD  96508  Unclassified 

Various  techniques  being  developed  for  gas  flow 
visualization  are  based  on  density  dependent  prop¬ 
erties  other  than  the  variation  of  the  refractive  index 
They  include:  (1)  the  true  absorption  of  suitable  elec¬ 
tromagnetic  radiation;  (2)  the  scattering  and  apparent 
absorption  of  electrons;  and  (3)  the  emission  of  elec 
tromagnetic  radiation.  Die  UV  absorption  technique 
suffers  from  instrumental  difficulties  and  limited 
sensitivity.  Die  afterglow  techniques  are  easily 
realized  and  are  effective  for  demonstration  purposes. 
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but  are  not  satisfactory  fot  quantitative  work.  The  use 
of  an  electron  beam  density  probe  is  recommended  for 
quantitative  dynamic  Investigations  Such  a  probe  can 
be  designed  to  scan  all  sizes  of  gas  streams,  and  to 
operate  with  great  accuracy  and  high  sensitivity  over  a 
very  wide  range  of  gas  densities. 

MPS.  01:001 

Max- Planck- Instltut  ftir  Stromungsforschung, 

Gottingen  (Germany). 

THE  OSCILLATING  LIFTING  SURFACE  IN  THE 
RANGE  OF  SUBSONIC  FLOW,  by  H.  G  Kuessner. 

[  Final  rept.  }  Sept.  15,  1953,  24p.  incl.  refs. 

(AF  61(514)428)  AD  30783  (also  AD  32129) 

Unclassified 

The  two-dimensional  linearized  problem  of  the  oscil¬ 
lating  lifting  surface  at  Mach  numbers  0  <  (3  <  1  is 
generally  solved  in  the  simplest  way  by  definite  inte¬ 
grals  with  elliptic  coordinates,  ft  Is  a  suited  generaliza¬ 
tion  of  the  known  solution  for  f)  =  0.  While  there  the 
characteristic  function  satisfies  the  Laplace  differential 
equation,  here  it  must  satisfy  the  wave  equation.  The 
result  is  compared  with  two  solutions  by  Tlmman  and 
van  de  Vooren  and  by  E.  Relssner  and  their  identity 
is  proved.  Approximate  solutions  for  very  high  and 
very  low  frequencies  are  giver.  (Contractor’s  abstract) 


MPS.  02:001 

Max  Planck  lnstltut  fur  Stromungsforschung, 

Gdttlngen  (Germany). 

!  DETERMINATION  OF  VELOCITY  ALONG  THIN, 

DOME  SHAPED  PROFILES  IN  GENERALIZED 
POTENTIAL  FLOW)  Zur  Geschwindtgkeltsbestimmung 
an  gewoIUen,  diinnen  Profllen  in  allgemelner 
I'otentalstromung,  by  H.  KrUger.  Sept.  28,  1953, 

16p.  Incl.  diagrs.  tables.  (Rept.  no.  1)  (AF  61(514)- 
429)  AD  21789  Unclassified 

The  connection  between  tangential  and  normal  velocity 
along  a  thin  profile  in  two  dimensional  potential  flow 
Is  treated  generally  and  in  particular  for  profiles  whose 
mean  line  is  an  arc  of  a  circle.  An  Iteration  process 
for  velocity  determination  along  thin  profiles  is  derived 
and  tested  out.  Tables  are  presented  of  form  constants 
for  profiles  whose  mean  line  is  an  arc  of  a  circle. 


MPS.  02:002 

Max  Planck  lnstltut  fur  Stromungsforschung, 
Gottingen  (Germany). 

INVESTIGATION  OF  SURFACE  VELOCITY  AND 
PRESSURE  DISTRIBUTION  ALONG  CASCADED 
PROFILES.  PART  1.  VELOCITY  DISTRIBUTION 
AT  A  HIGHLY  CAMBERED  SINGLE  PROFILE,  by 
II.  Kruger.  Sept  28,  1953  32  p.  incl.  diagrs. 

tables.  (Rept  no.  1)  AFOSR-TN- 54  -  80,  Pt.  1 


MPS,  01:001  -  MPS.  02:004 


(AF  61(514)429)  AD  21789  Unclassified 

Consideration  is  given  to  a  procedure  for  the  calcula¬ 
tion  of  the  distribution  of  circulation  about  thin  airfoils 
of  any  shape  in  generalized  potential  flow.  This  pro¬ 
cedure  is  based  on  the  simple  relationship  between 
circulation  and  normal  velocity  around  circular- arc 
profiles,  and  permits  formulation  of  the  differences 
in  shape  between  circular-arc  profiles,  and  a  given 
wing.  It  may  be  applied  numerically  and  semigraphi- 
cally.  Tabular  data  are  presented  for  the  form 
constants  of  the  circular  profiles.  A  sample  calcula¬ 
tion  is  given,  illustrating  the  fast  convergence  in  spite 
of  the  unfavorable  choice  of  the  approximate  profile. 


MPS.  02:003 

Max-Pla^ck-Institute  ftir  Stromungsforschung, 

Gottingen  (Germany). 

INVESTIGATION  OF  SURFACE  VELOCITY  AND  PRES¬ 
SURE  DISTRIBUTION  ALONG  CASCADE  PROFILES. 
PART  2.  A  METHOD  FOR  VELOCITY  CALCULA¬ 
TION  AT  THIN,  CAMBERED  CASCADE  PROFILES, 
by  H.  Kruger.  Feb.  27,  1954,  60p.  illus.  tables. 

(Rept.  no.  2)  ([  AF  ]OSR-TN-54-80,  Pt.  2) 

(AF  61(514)429)  AD  30063  Unclassified 

Vortex  distributions  are  presented  which  at  cascades 
of  straight  lines  Induce  normal  velocities  of  constant, 
linear,  and  parabolic  courses  over  the  blade  length. 
They  correspond  to  Birnbaum-Clauert  vortex  distri¬ 
butions  at  a  plate,  and  may  serve  to  determine  veloci¬ 
ties  at  thin  profiles  provided  they  can  be  approximated 
by  a  third  order  equation.  The  distributions  were 
computed  by  a  conformal  representation  of  the  lattice 
of  straight  lines  on  the  unit  circle.  The  distributions 
for  constant  and  linear  normal  velocity  distributions 
are  given  in  closed  form,  and  for  square  normal 
velocity  distribution,  the  distribution  is  obtained 
numerically  by  means  of  the  Poisson  Integral.  The 
vortex  diagrams  are  used  to  determine  velocity  dis¬ 
tributions  at:  (1)  profiles  in  a  straight  cascade, 

(2)  resting  circular  lattices  flown  through  by  a  vortex 
and  source  flow  originating  at  the  center,  and  (3)  blades 
of  rotating  circular  lattices.  Velocity  distributions 
are  calculated  for  each  of  these  cases.  (AST1A 
abstract) 


MPS.  02:004 

Max- Planck  lnstltut  ftir  Stromungsforschung, 

Gottingen  (Germany). 

INVESTIGATION  OF  SURFACE  VELOCITY  AND 
PRESSURE  DISTRIBUTION  ALONG  CASCADE  PRO 
FILES.  PART  3.  VELOCITY  DISTRIBUTION  ON  A 
RADIAL  CASCADE,  by  H.  KrUger.  Feb.  10,  1955, 
43p.  incl.  diagrs.  tables.  (Rept  no.  3) 

[  AFOSR  TN  ■  54  ■  80,  Pt.  3!  (AF  61(514)429) 

AD  70781  Unclassified 

The  circular  cascade,  with  n  =  6,  12,  and  24  straight 
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lined  blades  of  150- mm  length,  was  transformed  by 
conformal  mapping  Into  a  rectilinear  cascade,  the 
stagger,  solidity,  and  profile  shape  of  which  follow 
from  ths  circular  cascade  geometry.  This  mapping  was 
used  to  find  the  velocity  distributions  and  blade  circula¬ 
tions  caused  by  an  Inflow  from  a  source  or  vorlex  In  the 
center  of  the  cascade. 


MPS.  02:005 

Max- Planck- lnslllul  fiir  Stromungsforschung, 

Gottingen  (Germany). 

INVESTIGATION  OF  SURFACE  VELOCITY  AND 
PRESSURE  DISTRIBUTION  ALONG  CASCADE  PRO¬ 
FILES,  byH.  Kruger.  Final  rept.  Apr.  29,  1955, 

52p.  lncl.  Ulus,  dlagrs.  [  AFOSR-  TR-55-16  1  (AF  61- 
(514)429)  AD  66708  Unclassified 

A  review  Is  given  of  previously  reported  theoretical 
Investigations  of  a  highly  cambered  single  profile,  a 
rectilinear  staggered  cascade  of  cambered  profiles, 
and  a  circular  cascade  of  rectilinear  radial  and  slag- 
gered  blades.  Equipment  Is  described  for  testing  the 
performance  of  plane  flow  through  a  circular  cascade. 

A  comparison  Is  given  between  the  theoretical  and 
experimental  results  for  prsssure  distributions. 


MED.  01:001 

M£dlterran6en  de  Recherches  Thermodynamlques, 

Nice  prance). 

RESEARCH  ON  THE  STUDY  OF  THE  CONDITIONS 
SURROUNDING  A  BODY  MOVING  AT  THE  HIGH 
SPEEDS  IN  THE  IONOSPHERE,  by  [  F.  M.  Devlenne], 
Technical  rept.  Mar.  1,  1955  Feb.  29,  1953  '39  Ip. 
lncl.  lllus.  tables.  (AFOSR  TR-56-24)  (AF  61(514)- 
818)  AD  89497  Unclassified 

The  objectives  were  to  study  the  energy  exchange 
between  a  moving  body  and  air  at  pressures  correspond¬ 
ing  to  those  of  the  Ionosphere,  and  to  measure  the 
stagnation  pressure.  Experiments  were  conducted  In  a 
vacuum-tight  tank  150  cm  Id  In  the  pressure  range  0.  15 
to  1  u  of  Hg  by  means  of  an  apparatus  consisting  of  2 
duralumin  arms  capable  of  revolving  at  speeds  up  to 
300  m  s.  Temperature  Increase  was  measured  easily 
and  accurately  by  specially  Installed  thermocouples  for 
metal  plate  models  6  mm  x  8  mm  x  0.  1  mm,  which  were 
fastened  to  one  arm  Stagnation  pressure  was  measured 
by  micro- Ionization  gauges  set  at  the  end  of  the  other 
arm;  accurate  measurement  was  difficult,  and  measure 
ments  could  not  be  made  above  150  m  s  because  of 
filament  breakage.  Incomplete  results  Indicated  that 
for  temperature  rise  for  a  Ag  plate  in  air  the  coefficient 
of  accommodation  is  reduced  when  the  pressure  In¬ 
creases:  and  Is  also  reduced  when  the  speed  Increases, 
and  the  lower  the  pressure,  the  greater  the  decrease. 
Stagnation  pressure  measurements  did  not  giermit  a 
definite  conclusion  as  to  whether  the  distribution  of 
molecular  velocities  follows  the  Maxwellian  law  It 
seemed,  however,  that  the  stagnation  pressure  was 


slightly  lower  than  the  theoretical  value. 


MET.  01:001 

Melalectro  Corp.  [  Bladensburg]  Md. 

A  STUDY  OF  INCORPORATION  OF  HIGH  ENERGY 
SUBSTANCES  IN  CONVENTIONAL  TYPE  FUEL 
MATERIALS  BY  PHYSICAL  INCLUSION,  by  D. 

Horvltz,  F.  R.  Benson  and  others.  Final  technical 
rept.  Aug.  23,  1955  -  Mar.  31,  1956.  Apr.  1956, 

36p.  lncl.  tables,  refs.  (AFOSR- TR-56-17)  (AF  18- 
(600)1558)  AD  87518  Unclassified 

Efforts  were  directed  toward  synthesizing,  when 
necessary,  compounds  suitable  as  lntermolscular 
entrapping  agents.  Die  entrapment  of  H  Inter-  and 
lntramolecularly  was  Investigated.  The  process  of 
physical  Inclusion  was  evaluated  as  a  means  of  pro¬ 
ducing  Improved  propellant  systems.  Preliminary 
experiments  In  which  N  was  physically  Included  In 
qulnol  Indicated  that  the  equipment  and  techniques 
were  satisfactory.  Agitating  by  shaking  the  solutions 
during  the  Inclusion  process  resulted  In  a  complete  and 
rapid  entrapment  of  the  gas.  Successful  attempts 
were  made  to  introduce  more  than  one  molecule  of  N 
per  available  cavity  In  qulnol  by  using  higher  pres¬ 
sures.  H  could  not  be  physically  Included  In  qulnol 
at  pressures  up  to  1000  psl;  the  a-quinol  structure 
was  recovered.  Mixtures  of  N  and  H  at  total  pres¬ 
sures  up  to  1460  psl  showed  no  evidence  of  H  Inclusion; 
only  N  was  entrapped  by  the  qulnol.  Experiments  In 
which  MeOH  was  used  as  the  solvent  and  blocking  agent 
in  the  presence  of  H  at  a  pressure  of  2500  psl  likewise 
showed  no  evidence  of  H  Inclusion.  Small  amounts  of 
N  were  included  In  2,  2,4-trlmelhyl-4-j>-hydroxyphenyl- 
chroman  and  In  hexamethylenetetramine;  H  could  not 
be  included.  Neither  N  nor  H  was  Included  In  p- 
phenylenedlamlne,  letramethylpyrazlne,  and  trls- 
( hydroxy  me  thy')  ami  no  methane.  H  was  not  Included  in 
pentaerythrltol,  camphene,  and  abletlc  acid.  Co- 
polymerizations  of  dlvlnylbenzene  and  dlaUyl  maleate 
were  conducted  In  N  and  In  H  at  pressures  up  to 
8000  psl.  No  definite  evidence  was  obtained  of  any 
gas  entrapment.  Dlallyl  maleate  was  polymerized  by 
Itself  under  N  at  8000  psl;  no  evidence  of  entrapment 
of  N  was  found. 


MUF.  01:001 

Miami  U. ,  Coral  Gables,  Fla. 

FIXED  POINT  PROPERTY  FOR  THE  SPACE  OF 
SUBSETS  OF  AN  ABSOLUTE  RETRACT,  by  W.  L. 
Strother  and  C.  E.  Capel.  July  1955,  lp.  (Rept.  no. 
2)  c  AF  OSR-TN-55  244)  (AF  18(600)1449) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Math.  Soc.  , 

Ann  Arbor,  Mich.,  Aug.  30-Sept.  3,  1955. 

The  mathematical  question  asked  by  Wojdyslawskl 
(Fundamenta  Mathematics,  v.  32:  184-194,  1939), 
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"If  X  Is  a  CAR*  (=  retract  of  a  cube),  Is  the  space  of 
closed  subsets  S(X)  a  CAR*? ,  "  has  been  answered  tn 
the  affirmative  by  Strother  (Fixed  Points.  Filed  Sets. 
and  M  Retracts.  Duke  Math.  Jour. )  for  the  special  case 
In  which  X  Is  a  Peano  Continuum.  This  result  is  used 
In  the  present  study  to  prove  that  If  X  Is  a  CAR*,  then 
S(X)  has  the  fixed  point  properly 


MUF.  01:002 

Miami  U. ,  Coral  Gables,  Fla. 

A  SPACE  OF  SUBSETS  HAVING  THE  FIXED  POINT 
PROPERTY,  by  W.  L.  Strother  and  C.  E.  Capel. 

Aug.  1955,  5p.  (Repi.  no.  3)  ([  AF]CSR  TN-55-268) 
(AF  18(600)1449)  AD  111085  Unclassified 

Also  published  In  Proc.  Amer.  Malh.  Soc. ,  v.  7: 
707-708,  Aug.  1956. 

Hie  object  of  this  paper  Is  to  prove  thal  tf-X  Is  a  CAR* 
then  S(X)  has  the  fixed  point  property.  First  11  will  be 
shown  that  if  T  Is  a  Tychonoff  cube  this  S(T)  has  the 
fixed  point  properly.  If  the  space  X  Is  a  CAR*,  11  Is  a 
retract  of  some  cube  T  and  hence  S(X)  is  a  retract  of 
S(T).  Thus  the  fixed  point  property  tn  S(X)  follows 
from  that  in  S(T). 


MUF.  01:003 

Mla.nl  U.  ,  Coral  Gables,  Fla. 

KNASTER  CONT1NUA  (Abstract),  by  W.  L.  Siroiher 
and  C.  E.  Capel.  Nov.  14,  1955  [lip.  (Repl.  no.  5) 
t  AFOSR-  TN-  55-452 1  (AF  18(600)1449)  Unclassified 

Presented  at  meeting  of  the  Amer.  Malh.  Soc. , 
Knoxville,  Tenn. ,  Nov.  1R,  1955. 

Published  In  Bull.  Amer.  Math  Soc.,  v.  62:  33, 

Jan.  1956. 

Let  X  denote  a  compact  connected  metric  space.  An 
M-arc  In  X  Is  a  point  connected  multi-valued  function 
F:1  X.  Utilizing  Kelly’s  results  on  (Hyperspaces 
of  Continuum.  Trans.  ,  v.  52;  1943),  Indecomposable 
contlnua  can  be  characterized  as  follows:  A  compact 
metric  space  X  Is  Indecomposable  If  and  only  If  there 
Is  a  pair  of  connected  closed  sets  A  and  B  In  X  such 
that  for  every  M-arc  F:1  — >  X  joining  A  and  B  there  Is 
a  point  a  In  1  such  that  F  (a)  Is  the  whole  space  X.  Also 
X  Is  a  Knaster  space  (every  subcontlnua  Is  Indecompos¬ 
able)  If  and  only  If  M-arcs  In  X  are  unique.  (Con 
tractor's  abstract) 


MUF.  01:004 

Miami  U  ,  Coral  Gables.  Fla. 


MUF.  01:002  -  MUF.  01:006 


[  AFOSR- TN- 55-4531  (AF  18(600)1449) 

Unclassified 

Presented  ai  meeting  of  lhe  Amer.  Math.  Soc. , 
Knoxville,  Tenn. ,  Nov.  18,  1955. 

Puhlished  In  Bull.  Amer.  Math.  Soc. ,  v.  62:  33, 

Jan.  1956. 

A.  D.  Wallace  (Bull.  Amer.  Math.  Soc. ,  v.  47:  757- 
760,  1941)  has  shown  lhal  If  T  Is  a  tree  (In  a  combina¬ 
torial  sense)  and  F  Is  a  continuous,  multi-valued  func¬ 
tion  on  T  to  itself,  such  that  the  Image  of  each  point 
is  connected,  then  F  has  a  fixed  point.  Using  L.  E. 
Ward's  characterization  of  a  tree  In  terms  of  a  par¬ 
tially  ordered  space  (A  Note  on  Dendrites  and  Trees. 
Proc.  Amer.  Math.  Soc.  ,  v.  5:  992-994,  Dec.  1954), 
an  order  theoretic  version  of  Wallace’s  theorem  Is 
given.  (Contractor's  absiracl) 


MUF.  01:005 

Miami  U.  [  Coral  Gables!  Fla. 

TRACES  FOR  MULTIVALUED  FUNCTIONS,  by  C.  E. 
Capel  and  W.  L.  Strother.  July  1955,  7p.  (Rept.  no. 

4)  (AFOSR- TO- [  56] -82)  (AF  18(600)1449) 

AD  81535  Unclassified 

A  continuous  multivalued  function  F:  X  Y  Is  shown 
to  have  a  lrace  which  Is  a  continuous  slngled-valued 
function  f:  X  Y  such  that  f(x)  e  F(x)  for  all  x  In  X, 
when  Y  has  a  continuous  partial  order  In  which  the 
Image  of  each  polnl  under  F  has  a  flrsl  element.  The 
assumption  thal  the  multivalued  funciion  Is  continuous 
Is  essential.  The  lerminology  Is  as  follows:  Let  S(X) 
denote  the  space  of  nonnull,  closed  subsets  of  a  com¬ 
pact  Hausdorff  space  X.  If  A  C  S(X),  then  a  continuous 
funciion  s:  F:  A  X  is  a  selection  on  A  If  s(A)  t  A, 
for  A  In  A-  The  Idea  of  Michael  (Trans.  Amer.  Math. 
Soc.  ,  v.  71:  152-182,  1951)  that  there  is  a  selection  on 
S (X)  If  X  is  linearly  ordered  In  a  continuous  sense  Is 
extended  lo  finding  selections  on  subsets  of  S(X)  when 
X  has  a  continuous  partial  order.  Then  for  a  suitable 
space  X,  such  as  an  n-cell  or  Tychonoff  cube,  a 
continuous  multivalued  function  F:  X  — >  X,  with  re¬ 
strictions  on  the  image  of  a  point  such  as  point- convex, 
has  a  lrace  and  hence  a  fixed  point. 


MUF.  01:006 

Miami  U.  [  Coral  Gables ]  Fla. 

COUNTEREXAMPLE  TO  A  THEOREM  OF 
HAMILTON,  by  C.  E.  Capel  and  W.  L.  Strother. 

Aug.  25,  1956,  2p.  (Rept,  no.  7)  (AFOSR-TN- 56-400) 
(AF  18(600)1449)  AD  96058  Unclassified 

Also  published  in  Duke  Math  Jour. ,  v.  24:  57,  Mar. 
1957. 

The  folio  vtng  appears  In  a  paper  of  O.  H.  Hamilton 
(A  Fixed -Point  Theorem  for  Upper  Semlcontlnuous 


A  NEW  PROOF  OF  A  FIXED  POINT  THEOREM  OF 
WALLACE  (Abstract),  by  W.  L  Strother  and  C.  E. 
Capel.  Nov  14.  1955  1  p.  (Kept.  no.  4  ) 
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MUO.  01:001  -  MIC.  01:001 


Transformations  on  n  Cells  fo.-  Which  the  Image s.  of 
Points  are  Nonacyclic  Continua,  Duke  Math.  Jour.  , 
v.  14:  689-693,  1947):  Theorem.  If  ln  Is  a  topological 
n-cell,  T  Is  a  continuous  multivalued  transformation  of 
In  Into  a  subset  of  Itself  such  that  for  each  point  P  of  In, 
T(P)  Is  the  boundary  of  a  topological  n-cell  and  Mj, 

M2,  and  Mj  are  the  subsets  of  In  consisting  of  the 
points  P  which  are  respectively  in  the  Interior  of  T(P), 
and  ln  the  exterior  of  T(P),  then  (a)  M2  is  nonvacuous 
and  closed,  (b)  Mj  M2  and  M2  Mj  are  each  closed,  and 
(c)  Mj  and  Mj  are  each  open  with  respect  to  In.  If  Mj 
and  Mj  are  each  nonvacuous,  then  M2  separates  Mj 

from  Mj  ln  ln_  The  following  Is  an  example  of  a 
continuous  multivalued  transformation  T  of  a  2- cell  I2 
Into  Itself,  with  the  image  of  each  point  being  a  1- 
sphere,  such  that  M2  Is  null  and  Mj  Is  a  single  point. 
Using  polar  coordinates  ln  the  plane, 

let  12  =  {(r,  0)  |0  v_  r  <  ||.  For  0  <  s  =  | ,  define 

[  r  =  I  or  r  =  I  s)  and  s  -s.  6  _ 2  tt  -  s]  1 
or  f. 

[  I  s  v  r  <  |  and  (  1  =  s  or  0  =  2tt-  s)J  J 

For  0  <_  8  <|  and  0=8  =  2n,  define  T(s,  0)  to  be  the 
set  T(s,  0)  rotated  through  the  angle  6.  ln  the  proof  of 
the  above  theorem,  2  auxiliary  functions  S  and  W  are 
defined  on  ln  Into  Itself,  where  S(P)  Is  T(P),  together 
with  Its  Interior  and  W(P)  Is  the  closure  of  In  -  S(P). 

It  Is  presumed  that  W(P)  was  meant  to  be  T(P)  together 
with  the  Intersection  of  the  exterior  of  T(P)  with  ln. 

The  difficulty  lies  in  the  statement  that  S  and  W  are 
continuous,  which  Is  false.  (Contractor’s  abstract) 


MUO.  01:001 

Miami  U.  ,  Oxford,  Ohio. 

A ’  STANDARD”  SAMPLE  HOLDER  FOR  X  RAY 
DIFFRACTION  EXPOSURES  AND  ITS  ADSORPTION 
CORRECTIONS,  by  H  L.  Ritter.  Sept.  1955  l  12  p. 
tncl.  dtagrs.  tables.  (Rept.  no.  1)  ([AFlOSR  TN- 
55  297)  (AF  18(600)485)  AD  100173  Unclassified 

Ihe  choice  of  a  standard  sample  holder  for  liquids  for 
x  ray  diffraction  exposures  and  its  absorption  correc 
tions  are  described.  The  absorption  corrections,  for 
a  sample  contained  Inside  a  cylindrical  tube  of  annular 
cross  section,  are:  (I)  Aa  ac  the  correction  for  dif 
fraction  ln  the  annular  tube  and  partially  absorbed  ln 
the  annulus  and  ln  the  core;  (2)  \  ac  the  correction 
for  diffraction  ln  the  core  and  partially  ahsorbed  tn 
the  annulus  and  In  the  core;  and  (3)  Ac  c  the  correction 
for  diffraction  In  the  core  and  absorption  In  the  core 
only  (naked  sample).  The  correction  depends  upon: 

(1)  the  diffraction  angle  (8);  (2)  the  radius  of  the  tube; 

(3)  the  wail  thickness  of  the  tube;  (4)  the  absorption 
coefficient  of  the  sample;  and  (5)  the  absorption  coef 
ftcient  of  the  sampte-holder  material.  Efforts  to 
eliminate  the  necessity  of  applying  a  correction  for  the 
container  by  the  use  of  a  crystalline  holder  were  not 
enccessful  The  metric  equivalent  of  the  analytical 
procedure  appeared  to  be  more  efficient  than  either  the 


graphical  or  analytical  method  for  computing  the 
corrections.  In  an  attempt  to  reduce  the  number  of 
parameters  involved  In  computing  correction  tables, 
standard  experimental  conditions  were  chosen,  such 
as  the  use  of  only  Mo-Ku  radiation  and  a  Pyrex- glass 
sample  holder,  'lhe  absorption  coefficient  was  fixed 
and  the  number  of  parameters  was  reduced  to  4.  An 
attempt  was  then  made  to  standardize  the  geometry  of 
the  sample  tube  itself.  By  fixing  these  parameters, 
the  absorption  becomes  a  variable  function  only  of  0 
and  the  absorption  coefficient  of  the  sample.  A  pro¬ 
cedure  Is  given  for  the  computation  of  absorption  cor¬ 
rections  for  encased  dlffracters.  Numerical  values  of 
these  corrections  were  computed  for  the  standard 
holder. 


Michigan  U.  ,  Ann  Arbor. 

N6orl- 10503,  Project  Squid  see  under  Princeton  U. 
James  Forrestal  Research  Center,  N.  J.  (Project 
SQUID)  item  nos.  PRI.  lLllO-PRI.  11:112. 


MIC. 01:001 

Michigan  U.  Engineering  Research  Inst. ,  Ann  Arbor. 

INTERACTION  OF  A  SIDE  JET  WITH  A  SUPERSONIC 
MAIN  STREAM,  by  M.  V.  Morkovin,  C.  A.  Pierce, 
Jr.,  and  C.  E.  Craven.  Sept.  1952,  34p.  lnd.  Ulus, 
diagrs.  tables,  refs.  (Engineering  Research  bull.  no. 
35)  (  AF  33(038)19747]  Unclassified 

An  experimental  Investigation  was  conducted  tn  the 
University  of  Michigan  supersonic  wind  tunnel  (Ann 
Arbor)  to  explore  the  main  characteristics  of  the  flow 
and  pressure  field  generated  by  a  supersonic  jet  di¬ 
rected  at  90°  to  the  body  Into  the  1.  90- Mach  -number 
tunnel  stream,  ln  particular,  a  study  was  made  of  the 
spreading  characteristics  of  the  jet  and  its  gross 
effect  on  the  normal  force,  drag,  and  moment  of  the 
cone -cylinder  body,  from  which  the  jet  Issued.  The 
phenomenon  was  Investigated  as  a  function  of  pressure 
ratio,  Pp/Fg  (jet  stagnation  pressure  to  tunnel  static 
pressure),  angle  of  attack  of  the  body,  and  jet-nozzle 
geometry.  Within  a  relatively  short  distance  from  the 
exit,  the  normal  jet  was  turned  in  the  direction 
parallel  to  the  free  stream  even  at  pressure  ratios  of 
over  50.  Simultaneously,  it  spread  in  all  directions, 
mixing  violently  with  the  free  stream.  Optical  evi¬ 
dence  suggests  that  fringes  of  the  jet  are  in  contact 
wtth  the  cylinder.  This  may  have  practical  implica¬ 
tions  for  the  use  of  hot  side  control  jets  on  bodies. 

The  Interaction  resulted  ln  regions  of  both  high  and 
low  pressure  over  the  body.  The  normal  force  on  the 
body  was  decreased  below  the  nominal  jet  side-thrust 
value,  and  the  drag  was  increased  above  the  no  jet 
value.  A  moment  which  depends  on  the  geometry, 
particularly  the  length  of  the  body,  was  generated 
about  the  nominal  center  of  gravity  of  the  body. 
(Contractor’s  abstract) 


T(s,0)  =  (r,  ••>) 
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MIC.  01:002 

Michtgan  U.  Engineering  Research  lnet.  ,  Ann  Arbor. 

WING  BODY  INTERFERENCE.  PART  R.  EXPERI¬ 
MENTAL  INVESTIGATIONS  OF  CYLINDRICAL  MODEL, 
by  H.  E.  Bailey  and  R.  E.  Phinney.  Final  rept.  Feb. 
1954,  62p.  tncl.  tllus.  refs.  (Rept.  no.  1937-2- F) 

[  AFOSR-TN-54  77 1  (AF  33(038)19747)  AD  28069 

Unclassified 

Experimental  results  obtained  from  a  model  consisting 
of  a  cyltndrtcal  body  and  2  half  wings  were  compared 
with  the  theoretical  results  of  J.  N.  Neilson  (Super¬ 
sonic  Wing  Body  Interference,  Ph.  D.  thesis,  Calif. 

Inst  Tech. ,  1951)  and  wtth  the  results  obtained  in 
AD  25324.  The  Reynolds  number  for  the  tests  based  on 
a  2- in.  dlam  body  was  7  x  105,  which  corresponds  to 
an  actual  2-ft-diam  missile  flying  at  M  =  1. 9  at  an 
altttude  of  90,000  ft  or  to  a  2-in.  -diam  mtssile  flying  at 
M  =  1.  9  at  37,  000  ft.  Experimental  results  agreed  with 
the  values  predicted  by  llneartzed  theory  as  long  as  only 
those  portions  of  the  body  upstream  of  the  Mach  helix 
from  the  juncture  of  the  body  and  the  wing  trailing  edge 
were  considered.  Beyond  the  trailing  edge,  the  theory 
It.  no  lunger  valid,  Hid  o.ly  the  experimental  results 
are  applicable.  The  agreement  between  theory  and 
experiment  was  improved  by  shifting  the  axial  position 
at  which  the  shock  jumps  were  predtcted  by  linearized 
theory  to  the  position  which  was  indicated  by  simple 
shock- wave  theory.  Experimental  results  Indicated 
that  a  decrease  in  thickness  of  the  turbulent  boundary 
layer  on  the  body  caused  a  slight  decrease  in  the 
viscous  effects  near  the  wing  leading  edge  and  conse¬ 
quently  better  agreement  between  experiment  and  theory. 
The  character  of  the  body  boundary  layer,  that  is, 
whether  it  Is  laminar  or  turbulent,  may  exert  a  strong 
influence  on  the  shape  of  the  body  pressure  profiles. 

The  effect  of  a  gap  between  wing  and  body  appeared  to 
he  small  on  such  integrated  quantities  as  total  lift  and 
total  drag  on  the  body,  although  the  pressure  profiles 
or>  the  body  tn  the  vtctnlty  of  the  gap  were  radically 
altered  because  of  the  presence  of  wing- tip  vortices  at 
the  Inboard  edge  of  the  wing.  (For  Part  1  B££  item  no. 
MIC.  01:004) 
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WING  BODY  INTERFERENCE.  PART  m.  EXPERI¬ 
MENTAL  INVESTIGATION  OF  BODY  SIMULATOR 
PLATE,  by  H.  E.  Bailey  and  R.  E.  Phinney.  Final 
rept.  Feb.  1954  ,  47p.  incl  lllus.  (Rept.  no.  1937- 
3  F)  [  AFOSR  TN  54  -  78  ]  (AF  33(038)19747)  AD  28070 

Unclassified 

Results  of  tssts  al  M  =  1.9  are  presented  of  a  model 
which  consists  of  a  body  simulator  plate  and  a  wing 
which  could  be  placed  next  to  the  body  simulator  plate. 
The  body  plate  may  be  moved  parallel  to  itself  so  as  to 
produce  a  gap  between  the  wing  and  body  plate.  The 
wing  angle  of  attack  may  be  varied  continuously  over  a 
range  of  t  12°.  The  dthedral  angle  between  the  wing 
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and  the  body  plate  may  be  varied.  The  experimental 
pressures  measured  on  the  wtng  and  on  the  body  simu¬ 
lator  plate  agreed  wtth  the  pressures  prsdtcted  by 
simple  shock-wave  and  Prandtl- Meyer  flow  theory. 

The  flow  appeared  to  be  conical  for  values  of  x  (the 
distance  aft  of  the  leading  edge  of  the  irtng)  greater 
than  1.  For  values  of  x  less  than  1  the  flow  was  not 
conical,  and  the  full  theoretically  predtcted  pressure 
jump  did  not  occur.  There  was  some  upstream  propa¬ 
gation  of  the  pressure  disturbance  which  originated  at 
the  leading  edge  of  the  wing,  with  the  amount  of  up¬ 
stream  propagation  Increasing  for  increasing  x.  For 
positive  angles  of  attack  of  the  wing,  the  Prandtl-Meyer 
flow  at  the  leading  edge  was  preceded  by  a  weak  com¬ 
pression  shock  wave  whtch  appeared  to  be  a  continua¬ 
tion  of  the  shock  wave  generated  on  the  under  side  of 
the  wing.  The  experimental  results  obtained  with  a 
-8°  angle  of  attack  of  the  wing  and  a  dihedral  angle  of 
135°  agreed  with  the  linear  theory  of  Lagerstrom  and 
Van  Dyke  (Douglas  Report  5M  34  32,  June  1949).  The 
agreement  between  theory  and  experiment  was  good 
when  the  angle  of  attack  of  the  wing  was  +8°  and  the 
dihedral  angle  45V  For  the  cases  (1)  angle  ot  attack 
of  the  wing  +8°  and  dihedral  angle  135°  and  (2)  angle 
of  attack  of  the  wing  -8°  and  dihedral  angle  45°,  the 
agreement  tetweer,  linearized  thetry  aa<d  experiment 
was  poor. 
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Michigan  U  Engineering  Research  Inst  ,  Aj.r  Arbor 

WING- BODY  INTERFERENCE.  PARTI.  THEORETI¬ 
CAL  INVESTIGATION,  by  H.  E.  Bailey  and  R.  E. 
rhlorey  Flialrept  Jan.  11:54,  Up  ivcl  dUgre 
(Rept.  no.  1937- 1- F)  (AF  33(038)19747)  AD  25324 

Unclassified 

The  effect  of  viscostty  on  wing-body  Interference  at 
supersonic  speeds  ts  considered.  A  theoretical 
analysis  is  made  tn  whtch  an  lnviocid  flow  ts  assumed, 
and  the  differential  equations  of  motion  are  linearized. 
The  problem  ts  reduced  to  a  combination  of  simpler 
wtng-body  problems  tn  which:  (1)  the  body-alone 
potential  is  obtained:  (2)  a  ftctltious  wing  potential  ts 
obtained  which  cancels  the  velocities  induced  tn  the 
wing  plane  by  the  body-alone  potential;  and  (3)  an  inter¬ 
ference  potential  ts  obtained  whtch  cancels  the  veloci¬ 
ties  tnduced  on  the  cylindrical  body  by  the  wtng  poten¬ 
tial,  but  which  does  not  tnduce  any  velocities  in  the 
wing  plane.  The  solution  obtained  ts  to  be  used  tn 
combination  with  the  solutions  of  J.  N.  Nielsen  and 
W.  C.  Pitts  (NACA  Techntcal  note  no.  2677,  Apr. 

1952)  and  J.  N.  Nielsen,  (California  Inst.  Tech., 

Ph.  D.  thesis,  1951)  to  obtain  the  pressure  distribution 
on  a  cylindrical  body  as  a  result  of  the  presence  of  a 
flat  surface  wing  for  any  combination  of  body  and  wing 
angles  of  attack.  The  solution  is  valid  only  forward  of 
the  trailing  edge  of  the  wing. 
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ZERO  DIVISORS  AND  COMMUTATIVITY  OF  RINGS, 
by  J.  E.  McLaughlin  and  [  I.  1  A.  Rosenberg.  July 
1952,  17p.  refs.  (Technical  rept.  no.  1)  (AF  18(600)- 
130)  Unclassified 

Published  in  Proc.  Amer.  Math.  Soc. ,  v.  4:  203-212, 
June  1953. 

A  study  is  made  of  the  effect  of  the  structure  of  the  set 
of  zero  divisors  on  the  associativity  and  commutativity 
of  an  alternative  ring.  A  ring  satisfies  the  alternative 
law  if  the  (x,y,  z)  =  (xy)z  -  x(yz)  is  an  alternating  func¬ 
tion  of  its  arguments.  In  the  case  of  a  finite  associative 
ring  this  problem  has  been  studied  by  Hersteln  (A  Proof 
of  a  Conjecture  of  Vandiver,  Proc.  Amer.  Math.  Soc.  , 
v.  1:  370-371,  1950).  The  theory  of  the  radical  of  an 
alternative  ring  has  been  presented  by  Smiley  (The 
Radical  of  an  Alternative  Ring,  Ann  Math.,  v.  49:  702- 
709,  1948),  and  his  definition  will  be  used  throughout 
this  study.  By  the  center  of  an  alternative  ring  A,  it 
is  meant  the  set  C  of  all  elements  c  such  that  (c,  A,  A) 

=  (c,  A)  =  0.  Here  (x,  y)  =  xy-yx  is  the  commutator  of 
x  and  y.  If  an  alternative  ring  properly  contains  its 
center  and  all  its  zero  divisors  lie  in  the  center,  it  will 
be  shown  that  the  set  of  zero  divisors  forms  an  ideal. 
Accordingly,  the  alternative  Zorn  rings  (Kaplansky,  I. , 
Semlslmple  Alternative  rings,  Portugal.  Math. ,  v.  10: 
37  50,  1951)  are  first  studied  where  the  set  of  left 
zero  divisors  forms  a  proper  left  ideal.  Such  a  ring  is 
a  division  ring  modulo  its  radical,  and,  conversely,  in 
a  Zorn  ring  which  is  a  division  ring  modulo  its  radical 
the  set  of  left  divisors  forms  a  left  ideal.  In  Section  3, 
it  is  assumed  that  all  the  zero  divisors  of  an  alternative 
ring  lie  in  the  center  and  then  give  sufficient  conditions 
for  the  ring  to  be  commutative  and  associative.  In 
particular,  this  turns  out  to  be  the  case  for  an  algebraic 
algebra  over  an  algebraically  closed  or  finite  field.  In 
the  next  section,  it  is  assumed  only  that  the  nllpotent 
elements  lie  in  the  center  but  here  deal  only  with  alge 
bruit  algebras.  Under  suitable  tiypjtbeses  on  the  base 
field,  it  is  again  time  that  the  algebra  is  associative  and 
commutative  In  the  last  section,  the  results  are  ex- 
t«  vded  to  real  Hit.  act  algebras,  replacing  concept 
of  zero  divisor  by  that  of  topological  zero  divisor.  In 
particular,  it  is  shewn  that  a  real  Banach  algebra 
with  all  its  topological  zero  divisors  in  the  center  is  the 
quaternions  or  commutative  (Contractor’s  abstract) 
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Michigan  U  Engineering  Research  Inst.  ,  Ann  Arbor. 

!  INVESTIGATION  IN  THE  THEORY  OF  SMPLE 
RINGS],  by  1  A.  Rosenberg.  Final  rept.  Oct.  1952, 
2p.  (AF  18(600)130)  Unclassified 

The  first  main  line  of  investigation  dealt  with  the 
following  rings:  Let  M  be  a  vector  space  of  dimension 

X-  X  -  X  ,  over  a  division  ring  D  which  contains  at 
o 


most  X  elements.  If  L  is  the  ring  of  all  linear  trans¬ 
formations  on  M,  it  is  known  that  all  2- sided  ideals  of 
L  are  of  the  form  F  ,  =  {  a/  dim  Ma  <  X’}  .  Thus, 

F^  is  a  maximal  2- sided  ideal,  and  so  the  ring 
A  =  L  -  F^  Is  a  simple  ring.  A  has  a  unit,  but  no 
minimal  ideal.  By  the  general  Jacobson  structure 
theory,  it  is  known  that  A  is  primitive  and  so  admits 
faithful  irreducible  modules.  It  was  the  aim  of  the 
study  to  classify  these.  First  attention  was  focussed 
on  the  commutings  ring  of  endomorphisms  E,  however, 
it  proved  impossible  to  decide  any  question  about  it. 
The  following  questions  were  considered:  (1)  is  E 
algebraic  over  D?  (2)  are  all  E's  isomorphic?  and 
(3)  what  is  the  transcendence  degree  of  E  over  D? 

The  next  step  was  to  consider  under  what  conditions 
2  irreducible  right  modules  of  A  were  isomorphic. 

As  is  well  known,  any  irreducible  right  module  can  be 
thought  of  as  A/ J,  where  J  Is  a  maximal  right  ideal. 

It  is  then  possible  to  prove  that  A/ J  is  isomorphic  to 
A/ 1  if  and  only  if  there  is  an  a  in  A  such  that  aJ  C  I, 
a  not  in  1.  Thus,  there  certainly  cannot  be  more 
irreducible  modules  isomorphic  to  a  given  one  than 
there  are  elements  in  the  ring  A.  But  it  can  be  seen 
that  the  ring  A  has  <  exp  X  elements.  (Exp  X  is 
written  for  2*. )  So,  given  one  Irreducible  module, 
there  cannot  be  more  than  exp  X  ones  Isomorphic  to 
it.  Next  the  maximal  right  ideals  in  A  were  counted. 
This  was  accomplished  by  returning  to  the  ring  L  and 
picking  a  basis  B  of  M.  The  Boolean  algebra  P(B)  of 
subsets  of  B  is  known  to  possess  exp  exp  X  distinct 
maximal  ideals  containing  the  ideal  of  all  subsets  of 
power  <  X.  It  can  be  shown  that  these  lead  to  exp 
exp  X  distinct  maximal  right  ideals  of  L  containing 
F  and  so  to  exp  exp  X  distinct  maximal  right  Ideals 
or  A.  Thus,  there  are  exactly  exp  exp  X  distinct  ir¬ 
reducible  modules  for  A. 


MIC.  03:001 

Michigan  U.  Engineering  Research  Inst.  ,  Ann  Arbor. 

ELECTRON  WEFT, ACTION  1NVEI  TCATION  OF 
PHOTOCONDUCT1VE  CRYSTALLINE  LEAD  SULFIDE 
SURFACES,  by  L.  O.  Brockway  ,  nd  M.  S.  Wasserman 
Washerman  Quarterly  rept  o-i  tier  5,  1952  - 
Mar.  5,  1953.  July  1953,  I7p.  .ncl.  diagrs.  table, 
refs.  [AFOSR-TN- 55-19]  (AF  18(600)175) 

AD  18174  Unclassified 

The  examination  by  electron  diffraction  and  microscopy 
of  chemically  precipitated  films  of  high  and  low  photo¬ 
sensitivity  has  shown  that  both  films  have  resolved 
lead  sulfide  crystallites  of  the  order  of  0  1-a  diameter 
along  with  some  irregular  agglomerates  of  2  to  3n. 

The  agglomerates  form  a  nearly  continuous  framework 
in  the  high-  sensitivity  films,  but  appear  in  a  much 
lower  concentration  on  the  surface  of  the  low -sensi¬ 
tivity  films.  This  is  the  first  indication  of  a  struc 
tural  difference  between  films  of  different  sensitivi 
ties  The  characterization  of  the  oxidized  phase  in 
these  films  requires  the  preparation  of  films  especial¬ 
ly  mounted  for  transmission  diffraction  photographs 
Condensed  films  of  iead  sulfide  about  0  15a  thick  can 
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now  be  controlled  in  particle  size  between  0. 01  and 
0.  l(i  by  altering  the  temperature  of  the  substrate 
between  200°  and  350°C.  Preferred  orientations  in  the 
lead  sulfide  occur  to  a  small  degree  on  glass  under  heat 
treatment,  and  are  far  more  pronounced  on  selected 
single-crystal  substrates.  No  extra  phase  has  been 
identified  in  films  condensed  and  heated  at  10'4  mm 
pressure,  although  extra  diffraction  rings  appear 
under  conditions  not  favoring  the  larger  particle  sizes. 
That  they  disappear  on  heating  for  3  minutes  at  350°C, 
or  longer  at  300°C,  makes  the  formation  of  an  oxy- 
sulfate  on  the  surface  of  the  lead  sulfide  an  unlikely 
explanation  of  the  extra  rings.  (Contractor's  abstract) 
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AN  EXPERIMENTAL  INVESTIGATION  OF  THE 
STABILITY  OF  AXIALLY  SYMMETRIC  POISEUILLE 
FLOW,  by  R.  J.  Lelte.  Final  rept.  Nov.  1955,  82p. 
incl.  illus.  dlagrs.  refs.  (Rept  no.  2072- 2- F) 

( [  AF  ’OSR-  TR-  56-2)  (AF  18(600)350)  AD  87670 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  , 

New  York,  Jan.  30  Feb.  3,  1956. 

Also  published  in  Jour.  Fluid  Mech.  ,  v.  5:81-96, 

Jan.  1959. 

Results  of  an  experimental  investigation  of  the  stability 
of  Poiseuille  flow  are  compared  with  the  predictions  of 
a  recent  unpublished  mathematical  analysis  of  the  prob 
lem  by  G.  M.  Corcos  and  J.  R.  Sellars.  A  review  of 
this  theory  is  presented.  The  experiments  were  con¬ 
ducted  in  a  lucite  pipe  1.  25  in.  in  diameter  and  73  ft 
long.  The  air  was  supplied  from  a  high-pressure  tank, 
passed  through  a  settling  chamber,  and  discharged 
through  the  pipe  to  the  atmosphere.  A  theodolite  was 
used  to  align  and  level  the  pipe.  All  measurements 
were  made  with  a  hot-wire  anemometer.  The  attain¬ 
ment  of  undisturbed  laminar  flow  for  all  flow  rates  up 
to  about  K  -  2i),iAiu,  the  maximum  capacity  of  the 
system,  was  achieved  with  no  difficulty,  but  the  pro¬ 
curement  of  axially  symmetric,  fully  developed  velocity 
profiles  was  difficult.  Results  of  the  hot-wire  measure¬ 
ments  indicate  that  axially  symmetric,  fully  laminar 
flow  in  a  pipe  is  stable  to  small  disturbances,  whether 
they  are  axially  symmetric  or  not,  up  to  R  =  13,000. 
taper. me:nal  values  of  late  of  decay  and  of  speed  of 
propigation  of  the  disturbances  are  in  satisfactory 
agreement  with  theoretical  predictions.  Some  depend¬ 
ence  of  the  propagation  speed  of  the  disturbance  on 
redial  position  was  noted,  although  the  theory  does  not 
postulate  such  a  relationship.  Instability  and  transition 
to  turbulent  flow  are  excited  when  the  disturbance  ex 
ceeds  a  given  amplitude 

MIC.  05:001 
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A  SEQUENCE  EXI'ERIMENT  FOR  THE  STUDY  OF  THE 


MIC.  04:001  -  MIC.  05:002 


RECIPROCITY  LAW  FAILURE  AT  LOW  INTENSITIES 
(Abstract),  by  J.  H.  Enns,  R.  L.  Martin,  and  E. 

Katz.  Feb.  10,  1955,  lp.  [  AFOSR-  TN-55-39  ] 

[  AF  18(600)750  ]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Baltimore,  Md.  ,  Mar.  17-19,  1955. 

Published  in  Bull.  Amer.  Phys.  Soc. ,  v.  30:  33, 

Mar.  17,  1955. 

The  concept  that  the  reciprocity  law  failure  at  low 
intensities  results  from  disintegration  of  the  latent 
image  in  its  initial  stages  of  formation  has  been  sup¬ 
ported  experimentally  by  Webb  and  Evans  in  their 
publication  of  the  sequence  exposure  curves,  and  theo¬ 
retically  by  Katz.  In  principle  the  sequence  experi¬ 
ment  consists  of  exposing  a  photographic  emulsion  in 
part  to  high-  and  in  part  to  low-intensity  radiation, 
wherein  the  ratio  of  the  two  exposures  and  their 
sequence  may  be  varied.  An  instrument  will  be  de¬ 
scribed,  which  has  recently  been  built  in  this  labora¬ 
tory  and  designed  especially  to  record  automatically 
sequence  exposure  data.  An  exposure  is  made  on  a 
4  x  10"  plate,  each  plate  receiving  384  -  4  x  5mm 
squares  uniformly  exposed  for  densitometry  measure¬ 
ments.  Provision  is  also  made  to  record  plate  calibra¬ 
tion  data.  A  few  preliminary  curves  will  be  shown. 
(Contractor's  abstract) 
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RESULTS  OF  INVESTIGATION  OF  LOW  INTENSITY 
RECIPROCITY  LAW  FAILURE,  by  R.  L.  Martin. 

Aug.  1956,  141p.  incl.  illus.  dlagrs.  tables,  refs. 
(Rept.no.  2158-5  -  T)  [  AFOSR-  TR- 56-39  J  (AF  18- 
(600)750)  AD  96787  Unclassified 

The  physical  properties  of  the  photographic  emulsion, 
the  nature  of  the  photographic  latent  image,  the  Mott 
and  Gurney  (Proc.  Royal  Soc.  (London),  v.  A164:  151, 
Wjii)  theory  of  latent-image  for  mat  tun,  and  a  simple 
model  used  by  Webb  (Jour.  Opt.  Soc.  Amer. ,  v.  40: 

3.  1950)  to  calculate  an  effective  electron  trap  depth 
are  described.  The  single- trap  depth  model  predicts 
a  simple,  lsodense,  low- intensity  rlf  (reciprocity  law 
failure)  curve  whose  slope  rapidly  approaches  -1  with 
decreasing  intensity  exposure.  A  quantitative  theory 
of  die  ffiethanism  of  latent- image  formation  proposed 
by  Katz  (Jour.  Chem.  Phys.,  v.  17:  1132,  1949)  pre¬ 
dicts  noninteger  low- intensity  rlf  slopes  when  an  ex¬ 
ponential  distribution  of  trap  depths  is  assumed.  Pure 
AgBr  emulsions  were  used  for  experiments  of  rlf  vs 
grain  size  to  avoid  difficulties  arising  from  the  corre¬ 
lation  between  iodide  content  and  grain  size  The  rlf 
slopes  from  5  pure  AgBr  emulsions,  whose  average 
grain  size  ranged  from  about  0.  2  to  5.  0  sq  u,  demon 
strated  a  definite  increase  in  slope  with  average  grain 
size  of  emulsion  used  when  developed  with  internal 
developer  and  a  similar,  but  less  marked,  tendency 
with  surface  development  The  effect  was  stronger 
when  higher  temperatures  of  storage  and  exposure 
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were  used.  A  simple  model  assuming  2  discrete  trap 
depths  provided  low-intensity  rlf  curves  of  considerable 
structure  which  were  qualitatively  similar  to  experi¬ 
mental  curves. 
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AN  INVESTIGATION  IN  THE  ZONE  THEORY  OF  THE 
ENERGY  OF  ELECTRONS  IN  METALS,  by  G.  B. 

Spence  Aug.  1956,  112p.  incl.  illus.  diagrs.  tables, 
refs.  (Rept.  no.  2158-7- T)  [  AFOSR-TR-56-40] 

(AF  18(600)750)  AD  96788  Unclassified 

The  zone  theory  of  electron  energy  bands  was  used  in 
determining  the  phase  boundaries  of  those  alloys  agree¬ 
ing  with  the  Hume-Rothery  electron  concentration  rules. 
Studies  showed  that  an  energy  gap  cannot  exist  for  some 
zones  because  of  shape  degeneracy.  Shape  degeneracies 
exist  in  the  zones  which  cannot  be  constructed  from  an 
integral  number  of  mappings  of  the  unit  cell  of  the 
reciprocal  lattice  of  the  alloy  structure.  They  also 
exist  in  the  zones  of  the  y-brass  and  f?  -Mn  structures. 
The  electron  energy  surfaces  in  some  large  zones  are 
not  qualitatively  similar  to  the  simple  surfaces  in  the 
first  zone  of  the  conduction  electrons  of  the  noble 
metals  Tw'  -  and  3-dtircnslAoal ; roUro •  are  con¬ 
structed  from  two  1  dimensional  Schrodinger  equations 
with  potentials  of  1  and  2  cosine  terms,  respectively. 
The  2  dimensional  energy  contours  illustrate  some  of 
the  complexities  of  the  electron  energies  which  occur 
la  the  Ur*?*  ro  ws  For  typical  phc.se  twu*vliry  prob¬ 
lems,  the  density  of  states  N,  of  the  first  phase  is 
greater  than  the  density  of  states  N,  of  the  second  phase 
until  some  point  beyond  the  peak  In  N,.  For  such  prob¬ 
lems  the  total  electron  energy  U,  of  the  first  phase, 
instead  of  Increasing  relative  to  Uj  as  the  zone  is  filled 
beyond  the  peak  in  Nj,  continues  to  decrease  relative 
to  U2  until  that  energy  is  reached  at  which  the  total 
»mber  cf  electrons  ire  equal  io  the  2  phase*  The 
positions  of  the  phase  boundaries  cannot  be  accurately 
predicted  theoretically  from  the  electron  concentration 
corresponding  to  the  peak  in  the  density  of  states. 

(ASTIA  abstract) 


MIC.  06:001 

Michigan  U.  !  Engineering  Research  Inst.  1  Ann  Arbor. 

LUMINOSITY  GENERATED  BY  SHOCK  WAVES,  by 
R.  N.  Hollyer,  Jr.  ,  A.  C.  Hunting  and  others. 

Sept.  22,  1953  '  3  ]p.  [  AF  18(600)983  J 

Unclassified 

Published  in  Nature,  v.  171:  395  397,  Feb  28,  1953. 

Experimental  investigation*  are  reported  of  luminosity 
in  nitrogen  and  in  argon  gases  in  the  expansion  chamber 
of  a  shock  tube  on  release  of  hydrogen  under  several 
atmospheres  of  pressure;  the  luminosity  is  observed 
when  iht  Hi  Ml  X  wavt.  Nuduted  by  TuptoTe  of  a  dia 
phragm  covering  the  compression  chamber,  is  reflected 


from  a  plate  at  the  end  of  the  expansion  chamber. 

Wave-  speed  photography  of  the  region  near  the  reflect¬ 
ing  plate  shows  the  luminosity  to  be  confined  initially 
to  the  region  between  the  reflecting  plate  and  the  re¬ 
flected  shock  until  the  shock  meets  the  cold  front 
originally  dividing  the  gases  on  either  side  of  the  burst 
diaphragm.  The  luminous  region  thereafter  is  limited 
by  the  end  plate  and  by  the  expansion  wave  generated 
at  the  meeting  of  the  reflected  shock  and  the  interface. 
The  photographs  show  a  roughly  triangular  region  with 
a  duration  in  time  of  1500-3000  psec  depending  on  shock 
strength  and  nature  of  the  gas.  Spectroscopic  exami¬ 
nation  in  preliminary  tests  with  N  and  A  showed  merely 
the  D  lines  of  Na  and  the  g  line  of  Ca.  Use  of  Kr  and 
Xe  in  tne  expansion  chamber  to  obtain  stronger  shocks 
and  correspondingly  higher  temperatures  permitted 
comparison  of  intensity  of  the  .  line  of  neutral  Ca  and 
the  H  and  K  lines  of  Ca  n  with  increase  in  temperature. 
The  g  line  alone  is  present  in  weaker  shocks  while  for 
stronger  shocks  the  H  and  K  lines  increase  with  the  g 
line  even  decreasing,  showing  the  luminosity  of  the 
gases  behind  the  shocks  to  be  purely  a  temperature 
phenomenon.  Observations  of  spectral  lines  of  metals 
and  of  the  carrier  gas  with  changes  in  temperature  are 
described  and  discussed. 


MIC.  06:002 

Michigan  U.  Engineering  Research  Inst. ,  Ann  Arbor. 

RADIATION  FROM  A  STRONG  SHOCK  FRONT  IN 
KRYPTON,  by  E.  B.  Turner.  July  1955,  8p.  incl. 
Ulus,  diagr.  (Rept.  no.  2189-  1-T)  ( [  AF  JOSR-TN- 
55-184)  (AF  18(600)983)  AD  68420  Unclassified 

Presented  at  meeting  of  the  Araer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  28-30,  1955. 

Also  published  in  Phys.  Rev.,  v.  99:  633,  July  15, 

1955. 

Petschek  (Phys.  Rev.,  v.  84:  614A,  1951)  observed 
that  a  very  strong  shock  front  in  argon  is  usually  seen 
as  a  bright  luminous  line.  It  is  shown  from  wave- 
speed  photographs  in  krypton,  obtained  with  a  revolving 
drum  camera  at  an  angle  to  the  shock  tube,  that  the 
luminosity  is  homogeneous  across  the  front  and  not  a 
wall  effect.  Another  series  of  wave-  speed  photographs 
was  made  with  a  wedge  interference  Tilt'’ r  placed  in 
front  of  a  horizontal  silt  on  the  shock  tube.  These 
showed  mainly  line  radiation,  but  the  lines  were  not 
those  of  krypton.  A  spectrum  was  obtained  by  rotating 
the  tilm  drum  at  such  a  Speed  that  the  image  ot  the 
shock  front  was  stationary  on  the  film.  The  Swan 
bands  of  carbon,  which  arise  from  organic  vapors, 
as  well  as  the  lines  of  calcium  and  sodium  were  ob 
served  The  sharp  luminous  front  is  apparently  the 
result  of  Inelastic  collisions  between  these  vapors 
and  krypton  atoms  in  the  zone  where  translational 
equlUbf  Wtfr  l*  not  yet  «*t*Uui*d.  (CivUatUN  * 
abstract) 
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MIC. 06:003 

Michigan  U  Engineering  Research  Inst. ,  Ann  Arbor. 

THE  PRODUCTION  OF  VERY  HIGH  TEMPERATURES 
IN  THE  SHOCK  TUBE  WITH  AN  APPLICATION  TO 
THE  STUDY  OF  SPECTRAL  LINE  BROADENING,  by 
E  B.  Turner.  May  1956,  170p.  incl.  illus.  diagrs. 
tables,  refs.  (Rept.  no.  2189-2  T)  (AFOSR-TN  56 
150)  (AF  18(600)983)  AD  86309  Unclassified 

A  small  rectangular  shock  tube  has  been  constructed 
expressly  for  the  production  of  very  strong  shock 
waves  in  the  rare  gases.  The  tube  is  vacuum  tight  and 
driver  gas  pressures  of  up  to  100  atm  can  be  used. 

Wave -speed  photographs  of  shock  waves  in  the  tube  were 
made  with  a  revolving  drum  camera  for  a  large  range 
of  initial  pressure  ratios  and  the  primary  shock 
velocities  were  found  to  be  considerably  less  than  the 
theoretical  values.  The  interaction  of  the  reflected 
shock  with  the  interface  was  studied  both  experimentally 
and  theoretically.  The  delay  time  for  ionization  was 
studied  in  Xe,  and  an  explanation  was  found  for  the 
shock  front  appearing  as  a  thin  luminous  line.  Spectra 
were  taken  of  the  shock-tube  luminosity  and  such 
features  as  lines  of  metallic  impurities,  recombination 
continuum,  and  Stark  broadening  of  the  rare -gas  lines 
were  observed.  It  was  found  that  intense  Balmer  lines 
of  H  can  be  produced  behind  the  reflected  shock  at  the 
end  of  the  tube  of  adding  about  1%  H  to  Ne.  Time- 
resolved  spectra  were  made  of  H  and  the  conditions  of 
le  n,. Mature,  lot  . Vastly  etc  ,  Act-*  rilrobVI  Iruv, 
the  measured  shock  velocity.  Comparison  with  the 
Holtsmark  theory  for  first-order  Stark  broadening 
showed  the  experimental  profiles  to  be  about  20%  wider. 
(Contractor's  abstract) 


MIC.  06:004 

Michigan.  U.  I  Engineering  ftereartft  it.si.  j  Aim  Arbor. 

SPECTRAL  LINE  PROFILES  IN  THE  LUMINOUS 
SHOCK  TUBE  (Abstract),  by  E.  B.  Turner.  [  1956  J 
[Up.  [  AF  18(600)983 ]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  , 
Pasadena,  Calif.,  Mar  19  21,  1956. 

rutJisl^d-Li  Bull  An xt  Phys  s or  Sonne  II  «.  l- 

361,  Nov.  23,  1956. 

Although  several  investigators  have  observed  the 
spectra  of  luminosity  behind  very  strong  shock  waves, 
none  have  previously  obtained  quantitative  data  on 
spectral  line  shapes.  Spectral  observations  were  made 
at  the  end  of  the  shock  tube  where  the  temperatures 
are  somewhat  higher  than  behind  the  primary  shock 
wave.  Tills  has  made  necessary  a  theoretical  and 
experimental  explanation  of  the  hydrodynamic  processes 
at  the  end  of  the  tube,  namely,  the  interaction  of  the 
reflected  shock  with  the  interface.  A  revolving  drum 
camera  was  used  with  a  spectrograph  to  obtain  time 
resolved  spectra  of  the  luminosity.  A  new  film  calibra 
lion  method  was  devised  to  eliminate  the  difficulties 


with  reciprocity  law  failure,  and  the  Intensity  profiles 
derived  therefrom  are  fairly  accurate.  Shock  waves 
were  produced  in  neon,  to  which  about  1%  hydrogen 
was  added.  Profiles  of  the  Ho  line  of  hydrogen  were 
obtained  and  found  to  be  slightly  wider  than  predicted 
by  the  Holtsmark  theory,  but  in  better  agreement 
with  the  recent  Kolb  theory.  The  conditions  behind 
the  first  reflected  shock,  as  calculated  from  the 
primary  shock  velocity  which  was  measured  with  a 
wave- speed  camera,  were  approximately:  T  = 
12000°K,  ion  density  =  1.  5  x  10*®  ions/cc.  (Con¬ 
tractor’s  abstract) 


MIC.  07:001 

Michigan  U.  Engineering  Research  Inst.  ,  Ann  Arbor. 

COMBUSTION  WITH  OZONE- MODIFICATION  OF 
FLAME  SPEEDS  C2  HYDROCARBON- AIR  MIXTURES, 
by  M.  E.  Gluckstein,  R.  B.  Morrison,  and  T.  B. 
Khammash.  Aug.  1,  1955,  lop.  incl.  illus.  diagrs. 
table.  (Rept.  no.  2279-1  T)  ([  AFjOSR-TN-55-227) 
(AF  18(600)1186)  AD  69771  Unclassified 

The  effect  of  ozonized  air  on  the  combustion  of  ethane, 
ethylene,  and  acetylene  In  a  Bunsen  burner  is  studied. 
Research  was  conducted  to  determine:  (1)  whether 
ozone  introduced  into  a  combustor  would  produce 
significant  alterations  in  the  combustion  processes; 
and  (2)  the  magnitude  and  direction  of  any  changes. 

Data  were  attained  wilt  unt  (Oj)  conMlittaltonv  e l 
about  1%  by  weight.  To  determine  if  the  partial  ozoni- 
zation  of  the  combustion  air  would  have  any  effect  on 
combustion,  the  flame  speeds  for  the  mixture  burning 
with  and  without  ozone  were  determined  experimentally. 
Flame  speed  is  defined  as  the  velocity  of  the  unburned 
gas  normal  to  the  flame  front.  Ozone  analysis  was 
made  by  lodometric  titration  for  Oj.  When  ozone  was 
added  or  eliminated,  the  flames  changed  from  button- 
shape  to  tout  shape  uT  vice  versa.  Till  behavior  oi 
ethane  was  the  reverse  of  ethylene  and  acetylene, 
indicating  that  the  flame  speeds  of  ethylene  and  acety¬ 
lene  decreased  when  ozone  was  present,  while  that  of 
ethane  increased.  The  addition  oi  removal  ol  ozone 
from  a  stable  flame  often  induced  oscillations,  blowoff, 
or  flashback.  Rich  flames  were  more  susceptible  to 
instabilities  than  lean  flames.  (Contractor's  abstract) 


MIC.  08:001 

Michigan  U.  Engineering  Research  lust.  ,  Ann  Arbor. 

CONSIDERATIONS  FOR  THE  ATTAINMENT  OF  A 
STANDING  DETONATION  WAVE,  by  J.  Rutkowski  and 
J.  A.  Nlcholls.  Sept.  1955,  24p.  incl.  illus.  diagrs. 
(Rept.  no.  2284  5-T)  (  AFjOSR  TN  55-216)  (AF  18 
(600)1199)  AD  73703  Unclassified 

Presented  at  the  Gas  Dynamics  Symposium  on 
Aerothermochemistry,  Northwestern  U.  ,  Evanston, 
Ill.,  Aug.  22  24,  1955. 


>  535 


9  9  9 


•  9 


9 


9 


9 


9  9 


9  9 


9 


V  a  •  »  * 


v  .v 


'  •*-'  »-  ' 


1 


eh  ^  k.  ■h ■■  h  m Jk  J 


AIR  FORCE  SCIENTIFIC  RESEARCH 


MIC.  09:001  MIC.  11:001 


Also  published  in  Proc.  Gas  Dynamics  Symposium  on 
Aerothermochemistry,  Evanston,  Ill. ,  Northwestern  U. 
(Aug.  22-24,  1955),  1956,  p.  243-253. 

Experimental  studies  of  detonation  waves  have  hitherto 
been  confined  to  unsteady  1 -dimensional  flow  and 
normal  wave  conditions.  The  significant  information 
deduced  is  rather  limited  owing  to  the  singularity  of  the 
wave  formation.  The  extension  of  the  experimental 
work  to  the  inclusion  of  standing  detonation  waves, 
stabilized  in  a  channel,  would  immeasurably  add  to  a 
better  understanding  of  this  complex  phenomenon,  in 
terms  of  the  wave  structure  and  wave  stability.  Experi¬ 
mental  considerations  of  stabilizing  and  maintaining  a 
detonation  wave  in  a  duct  are  described.  These  include 
particularly  the  supersonic  flow  of  a  combustible  gaseous 
mixture  over  a  wedge.  The  experimental  requirement 
of  generating  the  relatively  high  Mach  numbers  (M  =  4.5 
and  higher)  and  the  proper  pressures  and  temperatures 
for  the  gaseous  mixture  at  the  test  section  are  rather 
severe  and  demanding  in  apparatus.  The  practical  re¬ 
quirements  and  limitations  for  a  blow-down  wind  tunnel 
system  are  discussed.  The  theoretical  considerations 
Include  a  dlscussiun  of  the  steady  2-dii.ctuniuT.al  super 
sonic  flow  over  a  wedge  wherein  a  stabilized  nondiabatic 
wave  is  generated,  with  energy  addition  at  the  wave 
(rent.  The  idealised  conaervatkm  equations  lor  not 
adiabatic  waves  lead  to  the  polar  diagram,  which  de¬ 
scribes  the  various  regimes  of  steady  supersonic  flow 
with  oblique  waves.  The  possible  solutions  and  the  flow 
conditions  behind  the  stabilized  wave  are  considered  and 
are  discussed  in  terms  of  Initial  flow  conditions,  energy 
release,  and  wedge  angle.  A  graphical  solution  for  the 
nonadiabatic  wave  polar  is  presented  which  permits  a 
simple  construction  of  the  diagram.  (Contractor's 
summary) 


MIC.  09:001 

Michigan  U.  Engineering  Research  Inst. ,  Ann  Artyr. 

COMBUSTION  STUDIES  WITH  A  12000-CURIT  ’"LD 
SOURCE,  by  S.  W.  Churchill,  A.  Weir,  Jr.  ant.  others. 
Dec.  1955,  53p.  incl  illus.  diagrs.  tables,  refs. 

(Rept.  no.  2288-6-T)  (AFOSR-TN-56-17)  (AF  18(600)- 
1218)  AD  90142  Unclassified 

The  effect  of  nuclear  radiation  from  Au-198  and 
Au-199  on  propane-air  flames  at  low  pressures  was 
investigated  experimentally.  The  source  had  an  initial 
strength  of  15,  270  curies.  Both  the  preflame  mixture 
and  the  flzme  zone  were  Irradiated.  The  number  of  ion 
pairs  produced  by  p  radiation  greatly  exceeded  that 
produced  by  y  radiation.  The  rate  of  propagation  of 
Bunsen  flames  was  Increased  up  to  50%  by  irradiation. 
The  emission  due  to  CH,  C2,  and  OH  was  measured  at 
a  series  of  elevations  through  a  flat  flame,  and  CH 
rotational  temperatures  were  computed.  The  emission 
at  4315  A  owing  to  CHcwas  increased  up  to  33%,  and 
the  emission  at  51h5  A  owing  to  C2  was  increased  up  iO 
150%  with  the  source  at  a  level  of  1500  curies.  The 
emission  owing  to  OH  was  not  affected  significantly. 
Increases  in  CH  rotational  temperature  up  to  100% 
were  calculated  for  a  source  level  of  1500  curies.  The 


maxima  in  the  emission  owing  to  C2  and  OH  were 
observed  to  occur  at  an  earlier  stage  than  the  maxi¬ 
mum  in  emission  owing  to  CH  in  the  irradiated  flames. 
(Contractor’s  abstract) 


MIC.  10:001 

Michigan  U.  Engineering  Research  Inst.  ,  Ann  Arbor. 

HEAT  AND  MOMENTUM  TRANSFER  FROM  THE 
WALL  OF  A  POROUS  TUBE,  by  S.  W.  Churchill  and 
H.  E.  Stubbs.  Final  rept.  Mar  1957,  71p.  incl. 
diagrs.  table,  refs.  (Rept.  no.  2323- 9- F) 
(AFOSR-TR-56-58)  (AF  18(600)1335)  AD  115001 

Unclassified 

Heat  and  momentum  transfer  from  the  wall  of  a  porous 
tube  to  a  fluid  stream  Bowing  in  the  tube  were  in¬ 
vestigated  analytically  and  experimentally.  The  in¬ 
vestigation  was  limited  to  conditions  where  the  main 
stream  in  the  tube  was  turbulent  and  where  a  secondary 
flow,  small  relative  to  the  primary,  passed  inwards 
or  outwards  through  the  porous  wall.  This  an, all 
flow  through  the  wall  modified  the  usual  velocity  field 
in  the  tube  and  consequently  the  heat  and  momentum 
flux  (rum  the  wall.  In  the  analytical  part  of  the  in 
vestigation,  the  equations  of  motion  of  the  fluid  are 
simplified  by  approximations  and  suppositions  about 
the  distribution  of  turbulence  to  give  an  equation 
amenable  to  computation.  From  the  latter  equation 
temperature  and  velocity  profiles  for  the  tube  are 
obtained  as  a  function  of  the  flow  through  the  wall, 
and  from  these,  valueB  are  derived  for  the  friction 
coefficient  of  the  flow  and  for  the  Nusselt  modulus. 

The  experimental  work  was  designed  primarily  to 
determine  the  limitations  of  the  analysis  and  was  con¬ 
fined  to  circumstances  in  which  the  flow  through  the 
wall  of  the  tube  was  inward.  A  re-interpretation  of 
the  experimental  data  of  other  investigators  covering 
the  case  of  flow  outward  through  the  wall  is,  however, 
given.  The  experiments  indicate  that  the  analysis  is 
substantially  correct  when  flow  inward  from  the  wall 
has  a  velocity  less  than  .  001  of  the  bulk  velocity  of 
the  main  stream  and  for  a  somewhat  greater  range  of 
velocity  when  the  flow  is  outward.  For  inward  flow 
with  a  velocity  of  .  001  of  the  main  stream  velocity, 
the  heat  and  momentum  transfer  rates  are  reduced  by 
about  13%  from  their  values  when  there  is  no  flow 
through  the  wall.  For  greater  inward  flow,  little 
additional  change  takes  place.  (Contractor's  abstract) 


MIC.  11:001 

Michigan  U.  Engineering  Research  Inst.  ,  Ann  Arbor. 

REVERSIBLE  PROPERTIES  OF  FERROMAGNETS, 

[  Parts  I  and  m  ] ,  by  D.  M.  Grimes.  Dec  195b, 
56p.  incl.  diagrs. ,  refs.  (Technical  rept.  no.  1) 
(AFUSR-  TN  56-464)  (Af  18(603)8)  AD  97082 

Unclassified 

Part  HI  presented  at  the  Conference  on  Magnetism, 
Boston,  Mass. ,  Oct.  18,  1956. 
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Part  I  also  published  in  Jour.  Phys.  Chem.  Solids, 
v.  3:  141-152,  1957. 

Part  I.  Using  a  statistical  model,  equations  are 
developed  lor  the  variation  of  the  reversible  suscepti¬ 
bility  both  parallel  with  and  normal  to  the  biasing  mag¬ 
netization  as  a  function  of  the  magnetization  assuming 
that  the  susceptibility  arises  by  domain  rotation.  The 
results  are  contrasted  with  previous  results  based  upon 
domain-wail  motion.  It  is  concluded  that  the  theory 
points  out  a  new  technique  for  the  separation  of  the 
origins  of  the  susceptibility.  Equations  aie  also  given 
foi  the  expected  vat  i.ltluii  ut  the  diffe. enthti  magneto¬ 
striction  with  magnetization  both  parallel  with  and 
normal  to  the  field  and  for  both  domain  wall  motion  and 
domain  rotation,  ufaantltative  results  depend  upon  the 
fraction  of  the  moments  oriented  In  each  direction.  A 
function  describing  this  distribution  Is  discussed.  An 
expression  Is  given  for  the  susceptibility  matrix  arising 
from  domain  rotation  as  a  function  of  magnetization. 

Part  T  to  be  published  as  TN-57-209.  Part  ID.  Theory 
which  was  developed  In  Part  I  Is  compared  with  experl 
mental  data  of  Part  n  In  relation  to  tne  separation  o! 
magnetization  mechanisms  by  a  new  technique,  the 
measurement  and  comparison  of  the  parallel  and  trans 
vorse  reversible  susceptibilities.  Theoretical  curves 
are  shown  for  the  variation  with  magnetization  of  the 
wall- motional  and  domain  rotational  susceptibilities 
and  differential  magnetostrictions.  Applicability  of 
theory  is  shown  by  susceptibility  data  charted  for  3 
ferrite  samples  considered  to  be  of  compositions 
Ni  1682Co.  2992Zn.  5326Fe2°4’  MS.  97Fe.  03Fe2°4> 

and  Nl.  3800Fe.  1282C°.  0330Zn.  4588Fe2°4'  Theory 
and  published  data  for  Permalloy  45  are  compared  for 
magnetostriction. 


MIC.  12:001 

Michigan  U.  (  Engineering  Research  Inst  1  Ann  Arbor. 

SOME  FEATURES  OF  BOUNDARY  LAYERS  AND 
TRANSITION  TO  TURBULENT  FLOW,  by  A.  M. 

Xuethe.  I  1956  1  I  10  Ip  incl.  dlagrs.  [  AF  18(603)34  I 

Unclassified 

Published  In  Jour.  Aeronaut.  Silences  v.  23:  444  452, 
506,  May  1956. 

A  brief  review  of  the  status  of  knowledge  of  laminar 
and  turbulent  boundary  layers  and  of  transition  is  given. 
Some  new  experimental  results  on  transition  In 
Poiseuille  flow  in  a  tube  are  reported.  One  set  shows 
transition  excited  by  the  annular  wake  behind  a  ring 
airfoil.  Another  shows  oscillograms  of  velocity  flue 
tuations  in  the  flow  for  several  imposed  disturbance 
amplitudes.  These  demonstrate  successive  stages  in 
the  breakdown  of  the  flow.  (Contractor’s  summary) 

MIC.  13:001 

Michigan  U.  Engineering  Research  Inst.  ,  Ann  Arbor. 

TI1E  LOGIC  OF  AUTOMATA,  by  A.  W.  Curbs  and  11. 


Wang.  Dec.  1956,  60p.  Inch  dlagrs.  refs.  (Rept. 
no.  2512-2-F)  (AFOSR-TN-56-539)  (AF  18(603)72) 
AD  110358  Unclassified 

Also  published  In  Jour.  Assoc.  Computing  Machinery, 
v.  4:  193-297,  Apr.  1957. 

Classes  of  automata  are  distinguished  as  fixed  and 
growing,  deterministic  and  probabilistic.  Methods 
are  presented  for  analyzing  and  synthesizing  fixed, 
deterministic  automata  by  4  kinds  of  state  tables.  By 
use  of  these  tables  a  decision  procedure  Is  obtained 
for  determining  whether  or  not  z  automaton  junctions 
behave  the  same.  Matrix  theory  is  applied  to  some 
of  the  state  tables,  and  theorems  are  proved  about  the 
re  trailing  intdrites  and  a  Corresponding  normal  lorm 
automaton  Finally,  fixed,  deterministic  automaton 
nets  are  analyzed  In  terms  of  cycles.  (Contractor's 
abstract) 


MIN.  01:001 

Minnesota  U. ,  Minneapolis. 

HOLLOW  BEAMS  IN  ELECTROSTATIC  FIELDS,  by 
L.  A.  Harris.  May  1955  [  25  ] p.  Inch  dlagrs. 
(Technical  note  no.  HB-2N)  ([  AF]OSR-TN-55-157) 
(AF  18(600)1169)  AD  64523  Unclassified 

Trajectories  are  calculated  for  the  inner  and  outer 
edges  of  tubular  electron  beams  In  radial  electro¬ 
static  Helds.  The  beams  ate  assumed  to  be  ui  zero 
thickness  Initially  and  to  have  uniform  axial  velocity. 
Special  cases  considered  include  that  of  a  beam  Inside 
a  single  drift  tube  and  a  beam  between  coaxial  drift 
tubes,  both  diverging  and  converging  warn?  are 
treated  In  strong  and  weak  radial  fields.  It  Is  shown 
that  strong  radial  fields  effectively  reduce  the  space 
charge  spread,  at  the  same  time  deflecting  the  beam. 
Calculated  results  for  a  particular  beam  are  presented 
as  an  example  for  each  of  these  cases.  (Contractor’s 
abstract) 


MIN.  01:002 

Minnesota  U. ,  Minneapolis. 

RESEARCH  ON  HOLLOW  DENSE  ELECTRON 
BEAMS,  by  L.  A.  Harris.  Sept.  1955  [49  Ip.  Incl. 
dlagrs.  refs.  (Technical  rept.  no.  HB-2R)  ([AF!- 
OSH  TR  55  27)  (AF  18(600)1169)  AD  77047 

Unclassified 

Research  on  the  problems  of  producing  and  focusing 
hollow,  dense,  electron  beams  is  described.  Some 
properties  of  magnetically  shielded  systems  are  de 
rived,  and  a  new  arrangement  is  proposed.  A  design 
method  for  a  toroidal  electron  gun  to  act  as  a  beam 
source  is  outlined  and  discussed.  The  behavior  of 
hollow  beams  in  radial  electrostatic  Helds  is  sum 
marlzed  briefly,  and  the  applications  are  noted.  A 
method  for  the  design  and  calculation  of  magnetic 
circuits  applicable  to  these  systems  is  presented,  and 
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MIN.  02:001  MIN.  05:001 


some  modifications  are  proposed.  Finally,  there  is  a 
discussion  of  a  possible  magnetron-type  beam  source, 
and  a  beam  viewer.  (Contractor's  abstract) 


MIN  02:001 

Minnesota  U.  ,  Minneapolis. 

SOME  CONDITIONAL  PROBABILITY  DISTRIBUTION 
FUNCTIONS,  by  G.  E.  Baxter.  Oct.  1,  1956,  16p. 
(Technical  rept.  no.  1)  (AFOSR  TN-56-483)  (AF  lft- 
(303)30)  AD  97367  Unclassified 

Two  identities  are  derived  which  give  the  generating 
functions  of  the  probabilities  P{Sn  <  a,  Sj  >  0,  .... 
sn  >  oj  and  P  [S,,  •  u ,  Sj  _  0,  . . . ,  Sn  7  o}  in  terms 
of  the  distribution  function  of  k  =  1,  2, . .  .  .  The 
case  where  k  becomes  a  continuous  parameter  t  is 
considered,  also,  with  the  set  of  partial  sums  replaced 
by  a  separable  stochastic  process  (x(t).  0  t  oo} 
with  stationary,  independent  increments  and  x(0)  =  0. 
The  results  are  two  theorems  and  proofs  with  examples 
of  limiting  and  non  limiting  cases  in  Section  5. 


MIN.  02:002 

Minnesota  U.  .  Minneapolis 

DIFFERENTIAL  EQUATIONS  INVOLVING  A  PARA¬ 
METRIC  FUNCTION,  by  R.  H.  Cameron.  [1956' 

|  7]p.  (Technical  rept.  no.  2)  [  AFOSR  TN  56-487 
(AF  18(603)30)  AD  110301  Unclassified 

Also  published  in  Proc.  Amer.  Math.  Soc.,  v.  8: 

834  840,  Oct.  1957. 

The  conditions  are  sought  for  the  function  f(t,  u)  under 
which  the  differential  system  dz/dt  i  f[  t,  y(t)  +  z(t)  I  -  0 
with  z(9)  =  0  has  a  solution  z(t)  on  the  unit  interval  1 
for  almost  all  choices  of  the  function  y  in  the  space  C. 
The  transformation  z(t)  x(t)  y(t)  gives  the  equivalent 
nonlinear  integral  equation  y(t)  =  x(t)  *  1^  f  s,  x(s)  ds 
with  f  such  that  there  is  a  solution  xi-C  for  almost 
every  y  in  C. 

MIN.  03:001 

Minnesota  U.  ,  Minneapolis 

SAMPLE  LENGTH  EFFECT  ON  P ERMEAniUTY 
MEASUREMENT  (Abstract),  by  S.  P.  Yu,  D.  Cheu  and 
olhers.  1953  1  p.  AFOSR  TN  56  433  (AF  IB 

(003)113)  AD  96510  Unclassified 

Presented  at  meeting  of  the  Amer.  l’hys.  Soc.  , 

Chicago,  111.,  Nov.  23  24,  1956. 

Also  published  in  Bull.  .Amer.  l’hys  Soc  ,  Series  11, 
v  1  322,  Nov  23,  1956. 

A  sample- length  effect  has  been  observed  in  the  initial 
permeability  measurement  of  finely  jiowdered  F^Oj 


and  paraffin  mixtures.  The  peaking  of  the  loss  angles 
at  sample  lengths  equal  to  multiples  of  quarter  wave 
length  can  not  be  accounted  for  by  higher  order  modes 
or  dimensional  resonance,  Calculation  reveals  that 
the  loss  angle  is  sensitive  to  non- ideal  termination  of 
the  transmission  line  and  the  error  in  the  location  of 
voltage  minimum  at  these  lengths.  For  optimum 
accuracy  a  one- eighth  wave-length  sample  should  be 
used  even  though  the  ’’exact”  method  is  employed, 
(Contractor’s  abstract) 


MIN.  04:001 

Minnesota  U.  Dept,  of  Aeronautical  Engineering, 
Minneapolis. 

ON  REAL  UN1CURSAL  CURVES,  by  T.  Riabokin. 

Oct.  1952,  124p.  incl.  diagrs.  refs.  Final  tech.  rept. 
(Research  rept,  no.  36)  (AF  18(600)329)  Unclassified 

Algebraic  curves  of  degree  n  were  investigated  by 
topological  methods  for  real  curves  with  n(n-2)  real 
points  of  inflection,  as  well  as  for  the  existence  of 
real  unicursal  curves  and  the  general  methods  of 
obtaining  equations  for  such  curves.  It  was  proved 
that  for  any  positive  integer  n  there  exists  a  curve  of 
degree  n  which  has  n(n-2)  real  inflection  points.  A 
method  was  found  of  constructing  such  curves  and  a 
method  of  writing  the  equations  of  such  curves.  It 
was  proved  that  for  any  positive  integer  n  there  exists 
a  curve  of  degree  n  which  has  In  11  (n-21  real  aingu 

lar  points.  General  methods  were  found  for  obtaining 
equations  of  real  unicursal  curves  and  for  construction 
of  such  curves.  A  hrief  discussion  of  the  relationship 
between  these  unicursai  curves  and  Lissajous  figures 
concludes  the  r«|>ort.  (Contractor's  abstract,  modi 
fied) 


MIN.  05:001 

Minnesota  U.  !  Dept,  of  Aeronautical  Engineering] 
Minneapolis. 

FLAME  STABILISATION  ON  BLUFF  BODIES  AT 
VAR1ADLE  PRESSURES,  by  C.-C.  Chang,  C.-T.  Hsu, 
and  D.  G.  DeCoursin.  1956  15  p.  diagrs.  refs. 

(AF  18(600)1456)  Unclassified 

Puhli sited  in  l’rot.  Fifth  Biennial  Technical  Confer¬ 
ence,  Minnesota  U. ,  Minneapolis  (Research  rept.  no. 
137)  Oct.  1956.  p.  31-41. 

The  achievement  of  stable  combustion  in  ramjets  and 
turbojet  afterburners  is  essential  to  tne  furtlu  r  de 
velopment  of  air  breathing  jet  propulsion  In  iving 
this  problem,  extensive  research  is  particularly 
required  on  the  physical  and  chemical  processes  in 
voiced  in  stabilizing  flames  on  bluff  Ividies.  Recent 
investigations  have  greatly  improved  the  understanding 
of  tin*  general  mechanism  of  flame  sl.ililliz.iiion,  how 
ever,  most  of  this  work  lias  been  e.irrosl  out  at  atmos 
phene  pressure  For  ramjets  flying  at  different 
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altitudes  the  static  pressure  in  the  combustion  chamber 
may  vary  over  a  wtde  range.  At  present,  little  reliable 
information  is  available  on  flame  stabilization  at  very 
low  pressures  In  order  to  simulate  combustion  at 
different  altitudes  and  to  carry  out  related  basic  re¬ 
search  on  thts  problem,  the  Combu6tton  Research  Lah. 
was  recently  established  at  the  University  of  Minnesota 
under  the  sponsorship  of  the  Air  Force  Office  of  Ccien 
tific  Research  Work  was  begun  in  Sept,  1955,  and 
construction  of  the  major  components  of  the  factlity  ha6 
been  completed.  Work  is  now  in  progress  on  the  cali 
fcratiui.  id  the  tunnels  and  construction  of  Instrcmiei.tatLn. 
so  that  research  programs  can  be  carried  out  in  the 
near  future.  The  present  report  consists  of  two  parts: 
(A)  a  general  re"iew  of  recent  literature  on  flame 
stabilization  at  atmospheric  pressure,  olid  (  11 )  the  Cun, 
bustion  research  facilities  in  the  new  lab.  (Contractor's 
summary) 


MIN.  06:001 

Minnesota  U.  [Dept,  of  Mathematics  1  Mtnneapolts. 

NONLINEAR  VOLTERRA  FUNCTIONAL  EQUATIONS 
AND  UNEAR  PARABOLIC  DIFFERENTIAL  SYSTEMS, 
hy  R.  H.  Cameron.  Sept.  26,  1955  [  64  ’ p.  refs. 
(Technical  note  no.  1)  ([  AF  ]OSR-TN  55-378)  (AF  18 
(600)1144)  AD  92002  Unclassified 

Also  publtshed  in  Jour.  Analyse  Matii.  (Jerusalem), 
v.  5:  136  182,  1956/  57. 

Theorems  are  obtained  relating  existence  theorems 
(almost  everywhere  typo)  for  solution  of  nonltnear 
Volterra  functional  equations,  values  of  Wiener  inte 
grals,  and  minimality  theorems  for  positive  solutions 
of  linear  parabolic  differential  systems.  An  existence 
theorem  for  the  latter  systems  is  also  ohtalned. 
(Contractor's  abstract) 


MIN. 06:002 

Minnesota  U.  Dept,  of  Mathematics  Minnea|x)lis. 

INVESTIGATION  OF  BOUNDARY  VALUE  PROBLEMS 
AND  FUNCTIONAL  EQUATIONS,  by  R.  H.  Cameron. 
Technical  rept.  June  20 -Aug.  II),  1954  and  June  20 
Aug.  19,  1955  12  ip.  AFOSR  TR  55  29)  (AF  18 
(600)1144)  AD  75992  Unciasstfied 

It  is  stated  that  results  have  been  obtained  in  ttie 
following  mathematical  studies:  (a)  the  solution  of 
Imund.iry- value  problems  and  functional  equations  in 
terms  of  Wiener  integrals;  (b)  the  uniqueness  and 
properties  of  solutions  obtained  in  (a);  (c)  the  relation 
ship  between  results  on  the  transformation  of  Wiener 
integrals,  and  the  study  of  expectations  of  random 
1  rocesses;  and  (d)  the  general  parabolic  equation  in 
two  variables  from  the  above  viewpoint.  No  findings 
are  presented  in  this  re|>ort. 


MIN.  06:001  ■  MIN.  07:002 


MIN.  06:003 

Minnesota  U.  [Dept,  of  Mathematic  s]  Minneapolis. 

THE  GENERAL  UNEAR  PARABOUC  EQUATION  IN 
TWO  VARIABLES,  by  R.  H.  Cameron.  Jan.  31, 

1956  I  3]p  (Technical  note  no.  2)  (AFOSR- TN-56- 
67)  (AF  18(600)1144)  AD  81059  Unclassified 

It  is  the  objective  of  this  mathematical  study  to  point 
out  that  the  differential  system: 

(la)  3  II  -  -MU  3  2H  t  B(t,u)  SKi  E(t,n)H; 

c) t  r)  u2  3u 

(lb)  H(0, u)  =  a(u)  can,  under  reasonable  conditions, 

be  transformed  into  the  system;  (2a)  d G  =  + 

0  (t,  "  )G;  and  (2b)  G(0,  £ )  =  i  (/  )  which  has  been 
studied  by  Cameron,  Tingley  and  others  (The  Gener¬ 
alized  Heat  Flow  Equation  and  a  Corresponding 
Poisson  Formula.  Ann.  Math.  ,  v.  59:  434-462,  1954). 
Thus,  the  existence,  uniqueness,  and  mtnimaltty 
theorems  obtained  by  Cameron  and  others  for  2a  and 
2b  can  be  made  applicable  to  la  and  lb. 


MIN. 07:001 

Minnesota  U.  Heat  Transfer  Lab.  ,  Minneapolis. 

DIFFUSION  EFFECTS  IN  A  BINARY  ISOTHERMAL 
BOUNDARY  LAYER,  by  E.  R.  G.  Eckert  and  P.  J. 
Schneider.  Nov.  1955,  15p.  incl.  dtagrs.  table. 
(Technical  rept.  no.  5)  ([  AF 'OSR-TN  55-258) 

(AF  18(600)1226)  AD  100059  Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  23: 
334-387,  Apr.  1956. 

Improvements  are  made  In  the  calculations  by  Smith 
(Jour.  Aeronaut.  Sciences,  v.  21:  154-162,  1954)  of 
the  effects  of  molecular  diffusion  tn  a  laminar  bound¬ 
ary  layer  for  cases  of  zero  and  finite  heat  transfer  to 
porous  flat  plates.  The  results  are  presented  for  the 
tsothermal  case  only,  although  the  improvements  are 
applicable  to  the  heat  transfer  case.  Similarity  solu¬ 
tions  are  obtained  for  plane  longitudinal  flow  over  a 
ftat  |>orous  plate  with  normal  Injection  of  a  fluid  whose 
variable  properties  are  wtdely  different  from  those  of 
the  main  stream.  Vartatton  of  properties  with  mix¬ 
ture  temperature  and  concemration  are  evaluated  from 
results  of  molecular  theory.  Boundary  layer  calcula 
tions  are  performed  by  the  method  of  successive 
approximation  for  hydrogen  Injection  into  an  air  bound 
ary  layer  under  isothermal  conditions.  Calculated 
skin  friction  coefficients  are  compared  with  corre¬ 
sponding  values  for  the  case  of  constant  property 
diffusion. 


MIN.  07:002 

Minnesota  U.  Heat  Transfer  Lab.  ,  Minneapolis. 

FLOW  EQUATIONS  FOR  MULTI COMl'ON  ENT  FLl  tD 
SYSTEMS.  PART  1.  GENERAL  EQUATIONS. 
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PART  H.  DINARY  BOUNDARY  LAYER  EQUATIONS 
by  N.  A.  Hall.  Aug.  22,  1955,  33p.  (Technical 
rept  no.  2)  [  AFOSR-TN-55-333  ]  (AF  18(600)1226) 

^  Unclassified 

Part  I.  The  general  flow  equations  for  a  multicomponent 
compressible  Newtonian  fluid  are  developed.  In  the 
development  of  these  equations,  it  is  assumed  that: 

(1)  the  fluid  medium  is  isotropic;  (2)  the  medium  is 
single  phase  and  locally  homogeneous,  i.  e. ,  no  re 
luAatiu.i  phenomena  occur,  (3)  jij  external  lorce  aclo 
upon  any  component;  (4)  transport  phenomena  are 
linearly  dependent  on  property  gradients;  (5)  differences 
between  the  kinetic  energy  of  motion  of  the  several 
components  are  negligible,  i.  e. ,  diffusion  velocities 
are  small  In  absolute  magnitude  Mass  continuity  and 
't-Uusloi  ndici  ,  c  'rc, y  ■ '  «  #J r»e*  h*  scr  xttd  *  *  o 
and  diffusion  flow  are  considered  and  the  set  of 
equations  obtained  are  simplified  for  application  to 
binary  systems.  In  Part  II  these  general  flow  equations 
are  applied  to  2-dimensional  steady  laminar  flow  over 
a  flat  plate,  with  or  without  pressure  gradient  along  the 
surface,  and  the  boundary -layer  equations  are  developed 
critically. 


MT1.  JP  Al 

Minnesota  U.  Heat  Transfer  Lab.  .  Minneapolis. 

MASS  TRANSFER  COOLING  IN  A  LAMINAR  BOUND 
ARY  LAYER  WITH  CONSTANT  FLUID  PROPERTIES, 
by  J.  P.  Hartnett  and  E.  R.  G.  Eckert.  Oct.  1955 
'50'p  incl.  diagrs.  refs.  (Technical  rept.  no.  4) 

(  A^’OSP-TN-W-VS)  (AF  Llfliv)  12215)  At  77U4t 

Unclassified 

A  study  was  made  of  the  prediction  of  the  heat  transfer 
skin  friction,  and  required  coolant  flows  for  transptra 
tion-cooled  high-speed  aircraft  surface  or  turbine 
blades.  A  preliminary  examination  is  made  of  the 
laminar  boundary  layer  equations  of  momentum,  dif¬ 
fusion,  and  energy  for  the  case  when  the  properties  of 
the  gas  diffusing  through  the  wall  are  identical  with  the 
primes  ct  the  free  stream  fluid,  simultat.evus 
mass  and  heat  transfer  solutions  from  the  literature 
were  supplemented  by  new  calculations,  where  required 
»  td  aft  presented  for  the  tin  of  the  Hat  plate  and  tl  V 
plane  stagnation  flow.  Solutions  of  the  energy 
equations  are  also  presented  for  the  case  of  boundary 
layer  suction  over  a  range  of  suction  values  for  both 
the  flat  plate  and  the  plane  stagnation  flow.  An  evalua 
tion  of  the  recovery  factor  shows  its  sensitivity  to  both 
fluid  Injection  and  suction.  With  this  information,  the 
heat  transfer  results  can  be  applied  to  high  veloc:‘.;cc 
where  viscous  dissipation  is  important.  (ASTI A 
abstract) 


MIN. 07:004 

Minnesota  U.  Iieat  Transfer  Lab.  ,  Minneapolis. 

TRANSPORT  PROPERTIES  FOR  BINARY  GAS 
MIXTURES,  by  W  O  Carlson  and  P.  J  Schneider. 


Jan.  1956  [46 Ip,  incl.  diagrs.  tables,  refs. 

(Technical  rept.  no.  7)  ([  AF!OSR-TN-56-45)  (AF  18 
(600)1226)  AD  80557  Unclassified 

The  diffusion  process  associated  with  two-  component 
flow  over  flat  plates  has  been  found  from  recent 
studies  to  have  a  marked  effect  on  the  boundary- layer 
development.  This  effect  is  particularly  pronounced 
when  the  properties  of  the  diffusing  foreign  gas  are 
widely  different  from  the  properties  of  the  free  stream. 
Since  the  tliei  mal  and  dynamical  pvupeitieo  alieil  the 
flow,  there  is  a  definite  need  for  accurate  information 
on  the  variation  of  these  transport  properties  with  both 
temperature  and  diffusing  gas  concentration.  A  re¬ 
view  has  been  made  of  the  various  methods  available 
for  calculating  these  properties,  and  methods  have 
'  i  i  u  deUeliqe-J  nd  su^vste-d  which  letkl  Uh  trtu  Hus  lb 
rapid  calculation  without  an  excessive  loss  in  accuracy 
Expressions  for  the  following  binary  mixture  properties 
are  included:  density,  constant- pressure  specific 
heat,  thermal  conductivity,  binary  diffusion  coefficient, 
and  thermal  diffusion  factor.  (Contractor’s  abstract) 


MIN.  07:005 

Mlnnpuula  I  Heal  Transfer  Lab  Minneapolis 

MEASUREMENT  OF  RECOVERY  FACTORS  AND 
HEAT  TRANSFER  COEFFICIENTS  WITH  TRAN¬ 
SPIRATION  COOLING  IN  A  TURBULENT  BOUNDARY 
LAYER  AT  M  =  3.0  USING  MR  AND  HELIUM  AS 
COOLANTS,  by  B.  M.  Leadon  and  C.  J.  Scott.  Feb. 
1956  [32]p.  incl.  illus.  diagrs.  (Research  rept.  no. 
1261  lAFOSR  TN-56-94)  f  AF  lfif 600|  1 226)  AD  82502 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Pasadena,  Calif.,  Mar.  19-21,  1956. 

Abstract  published  in  Dull  Amer.  Phys.  Soc., 

Series  D,  v.  1:  365,  Nov.  23,  1956. 

Turbulent- recovery  factor  and  heat  transfer  measure¬ 
ments  have  teen  made  _>n  a  poTcus  wall  SvCton  al  a 
nominal  Mach  number  of  3.  0  and  a  Reynolds  number  of 
approximate!;  *  106,  using  both  air  and  He  as  the 
lranstirad  Measured  heal  transfer  roefUrltnie 
correlate  well  with  the  compressible  theory  of 
Rubestn  (An  Analytical  Estimation  of  the  Effect  of 
Transpiration  Cooling  on  the  Heat  Transfer  and  Skin 
Friction  Characteristics  of  a  Compressible. _Tujrbu]ent 
Boundary  Layer  Skin  Friction  and  Heat  Transfer.  Jour. 
Aeronaut.  Sciences,  v.  21:  6,  1954)  for  air,  and 
qualitatively  with  simple  film  theory  for  either  coolant, 
Indicating  that  the  heat  transfer  from  a  turbulent 
boundary  layer  can  he  reduced  hy  transpiration  cooling 
to  well  below  that  of  the  uncooled  boundary  layer  at  the 
same  Reynolds  number.  The  simple  film  theory 
(HeaL-Masa*  and  Mamfinlum  Transfer  for  Flow  over 
a  Flat  Plate  with  Blowing  or  Suction,  by  H.  S.  Mickley 
and  others.  N'ACA  Technical  rept.  no.  TN  3208,  July 
1954)  is  exlended  to  apply  to  binary  boundary  layers 
witli  any  concentration  of  foreign  gas  at  the  wall 
(Contractor’s  ahstract) 
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MIN, 07:006 

Minnesota  U.  Heat  Transfer  Lab. ,  Minneapolis. 

MASS  TRANSFER  COOLING  OF  A  LAMINAR  AIR 
BOUNDARY  LAYER  BY  INJECTION  OF  A  LIGHT¬ 
WEIGHT  GAS,  by  E  R.  G.  Eckert,  P.  J.  Schneider, 
and  F.  Koehler.  Apr.  1956  [  2 5 ^ p.  incl.  diagrs, 
(Technical  rept.  no  8)  (  AF  OSR- TN-56-136) 

(AF  18(600)1226)  AD  86014  Unclassified 

CaU-uliUutit  ire  j,rt£t.iied  for  r..ie«  trir.eter  cooling 
of  a  laminar  air  boundary  layer  by  injection  of  H.  All 
properties  in  the  binary  boundary  layer  are  considered 
tu  vary  w'lh  bollt  Loral  rdxtun  renrituraltin  «ad 

temperature.  Results  in  the  form  of  boundary- layer 
velociiy,  concentration,  and  iemperature  profiles  are 
given  for  a  particular  free  stream  air  temperature  of 
392°F,  a  free  stream  Mach  number  of  12,  a  surfuce- 
to  free  stream  temperature  ratio  of  6,  and  surface 
concentrations  of  0,  0.2,  0.4.  0.6,  0.8,  and  0.9.  The 
injection  rate  and  skin  friction  are  presented  as  a  func 
tion  of  the  surface  concentration.  (Contractor's 
abstract) 


MIN. 07:007 

Minnesota  U.  [  Heat  Transfer  Lab.  1  Minneapolis. 

TRANSPIRATION  COOLING  EXPERIMENTS  AND 
TURBULENT  BOUNDARY  LAYER  SEPARATION  AT 
M  =  3,  by  B.  M.  Leadon  and  C.  J.  Scott.  1  1956] 

111  Ip.  incl.  lllus.  dlagrs.  (AF  18(600)1226) 

Unclassified 

Published  in  Proc.  Fifth  Biennial  Technical  Conference, 
Minnesota  U. ,  Minneapolis  (Research  rept.  no.  137) 
Oct.  1956,  p.  15  20. 

Published  in  Jour.  Aeronaut.  Sciences,  v.  23:  758- 
799,  Aug.  1956. 

Turbulent  recovery  factors  and  heat  transfer  measure 
ments  have  been  made  on  a  ixjrous  flat  plate  imbedded 
in  ihe  floor  or  a  supersonic  channel  operating  at  a 
nominal  Mach  number  of  3.  0  and  an  average  Reynolds 
numbe.'  of  nnnroximately  4  x  1 0”  using  both  air  and 
helium  as  the  Can  spired  gas.  Total  pressure  and  con 
centration  (in  the  latter  case)  profiles  were  obtained 
and,  assuming  a  reasonable  temperature  profile, 
velocity  profiles  were  computed.  Measured  recovery 
factors  show  a  definite  reduction  with  transpiration  of 
air  and  a  strong  reduction  with  helium  Separation 
occurs  at  lower  blowing  rates  for  helium  transpiration. 


MIN.  07:608 

Minnesota  U.  I  Heal  Transfer  Lab.  Minneapolis. 

THE  MANGLEIt  TRANSFORMATION  AS  APPLIED 
TO  POROUS  CONES  AND  HEMISPHERES,  by  C.  J. 
Scott.  Sept  1956  |  10  p  (Engineering  memorandum 
no  68)  (AF  18(600)1226)  Unclassified 


MIN.  07:006  -  MIN.  07:009 


The  2-dimensional  laminar  boundary -layer  equations 
are  given  for  a  viscous,  compressible,  heat-conduct¬ 
ing  gas.  It  is  pointed  out  that  in  axially  symmetric 
flow  about  a  body  of  revolution,  the  boundary- layer 
equations  describing  this  flow  differ  from  the  2- 
dimensional  equations  only  in  the  equation  of  continuity. 
The  boundary -layer  equations  for  non^lender  bodies 
in  axial  symmetric  flow  are  presented,  and  the  trans¬ 
formation  relations  desired  are  shown.  The  general 
expression  of  Mangler’s  transformation,  which  applies 
to  any  nonslender  body  of  revolution,  Is  developed. 
Mii.gltr’c  tru.sfjrti.MLori  te  tt.ei.  implied  tu  cjrAcal 
flow  and  to  flow  about  a  hemisphere.  The  transforma¬ 
tion  relations  at  the  stagnation  point  of  a  hemisphere 
add  at  ttu-  him'sphiTf  ryHn.Vr  Intersection  ( -  =  n  2) 
are  shown. 


MIN.  07:0C9 

Minnesota  U.  [Heal  Transfer  Lab.  ]  Minneapolis. 

THEORETICAL  STUDY  OF  MASS  TRANSFER  COOL 
1NG  BY  INJECTION  OF  A  LIGHT  WEIGHT  GAS,  by 
E.  R.  G.  Eckert  and  P.  J.  Schneider.  [195G] 

[l]p.  (AF  18(600)1226)  Unclassified 

Published  In  Proc.  Fifth  Biennial  Technical  Confer¬ 
ence,  Minnesota  U.  ,  Minneapolis  (Research  rept.  no. 
137)  Oct.  1956,  p.  14. 

The  use  of  mass-  transfer  cooling  is  being  investigated 
as  a  means  of  protecting  the  surfaces  of  high-speed 
vehicles  against  the  high- temperature  affects  of 
intense  aerodynamic  heating.  Boundary -layer  simi¬ 
larity  solutions  have  been  obtained  for  high  speed 
laminar  isothermal  now  of  air  over  a  Hat  plate  with 
normal  injection  of  hydrogen  varying  inversely  with 
the  square  root  of  the  distance  from  the  leading  edge. 

In  this  case  the  momentum  and  diffusion  equations  are 
coupled  through  dependence  of  the  transport  properties 
on  local  concentration  in  the  binary  boundary  layer, 
and  accordingly  solutions  must  be  obtained  by  iteration. 
The  decreased  mass  at  the  surface  and  the  diffusion 
process  accompanying  injection  of  a  light  gas  serve 
to  reduce  the  surface  velocity  gradient  and  thus  the 
local  skin  friction  coefficient.  At  an  injection  rate 
corresponding  to  fw=  0.  3  the  reduction  in  c^  Is 
nearly  85%  for  hydrogen  and  40%  for  helium.  Similar 
calculations  are  being  performed  for  the  general  heat 
transfer  case  with  hydrogen  injection  ajid  a  free 
stream  temperature  of  392-  F,  a  iree  stream  Mach 
number  of  12,  and  a  wall  to  free  stream  temperature 
ratio  of  6.  A  detailed  study  of  laminar  "couette  flow" 
with  mass  transfer  has  been  undertaken  in  order  to 
use  it  as  a  rough  guide  in  predicting  equilibrium  sur 
face  temperatures  and  selecting  the  most  effective 
coolants.  Preliminary  calculations  Indicated  that  the 
couette  flow  model  is  a  fair  approximation  to  exact 
binary  layer  results  providing  the  injection  rate  Is 
reasonably  low. 
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MIN.  08:001 

Minnesota  U  Inst,  of  Tech.  ,  Minneapolis. 

NUCLEAR  SPIN  RESONANCE  OF  AQUEOUS  SODIUM 
ION,  by  J.  E.  Wertz  and  O.  Jardetzky.  [  19561  [  3 1  p. 
(AF  18(603)17)  Unclassified 

Published  in  Jour.  Chem.  Phys. ,  v.  25:357  -358, 

Aug.  1956 

Nuclear  spin  resonance  absorption  of  ionic  sodium  in 
aqueous  solutions  of  inorganic  salts  has  been  studied 
in  a  field  of  7030  gauss.  Although  the  absorption  line 
is  observable  directly  on  an  oscilloscope,  it  was  found 
Convenient  tO  f  eCOTd  its  def  ivatiVe.  Tt.e  shape  Of  llifc 
derivative  was  found  to  correspond  very  closely  to 
that  of  a  Gaussian  curve.  The  line  width  between  points 
of  maximum  slope  for  the  3  M  NaCl  standard  was  found 
to  be  about  32  gauss.  Although  this  width  is  much 
greater  than  that  for  proton  lines,  it  is  much  less  than 
the  0.  2  gauss  width  for  Cl35  as  the  chloride  ion,  al- 
Ifcugb  Na23  arii'  Cl35  have  quadrupeli’  moment*  •>( 
similar  magnitude.  (Contractor  s  abstract) 


MIN.  08:002 

Minnesota  U.  (  Inst,  of  Tech.  !  Minneapolis. 

THE  COMPLEXING  OF  SODIUM  ION  WITH  SOME 
COMMON  METABOLITES,  by  O.  Jardetzky  and  J.  E. 
Wertz. [  1956  1  [4  Ip.  incl.  diagrs.  (AF  18(603)17) 

Unclassified 

Published  in  Arch.  Diochem.  and  Biophys. ,  v.  65:  569- 
51 2,  Dec.  1956. 

Application  of  nuclear  spin  resonance  to  the  study  of 
ionic  sodium  in  aqueous  solutions  strongly  indicates 
that  some  metabolites  Suoti  as  lactate,  pyruVate,  and 
citrate  form  specific  complexes  with  the  sodium  ton. 
When  the  resonance  absorption  of  sodium  was  examined 
in  the  presence  of  organic  anions,  it  was  found  to  de¬ 
pend  greatly  on  their  nature.  Applications  of  the 
nuclear  spin  resonance  method  to  biochemical  problems 
are  not  limited  to  the  detection. 

MIN.  09:001 

Minnesota  U.  Kosemount  [Aeronautical]  Labs., 
Minneapolis. 

THE  MOMENTUM  INTEGRAL  RELATION  FOR 
COMPRESSIBLE,  CONICAL  FLOW  AND  TRANSFOR 
MATION  OF  RESULTS  TO  PLATE  Fi-OW,  by  W.  S. 
Bradfield.  July  9,  1951,  30p.  incl.  diagrs.  tables, 
refs.  (Engineering  memo.  no.  3)  (AF  18(600)384) 

Unclassified 

A  completely  general  expression  for  the  momentum 
theorem  is  written  in  vector  notation.  An  equally 
general  definition  of  divergence  is  made  such  that 
s;iecificutlo'i  of  coordinate  systems  is  unnecessary 
l  sing  these  two  basic  tools,  the  momentum  integral 


relation  for  local  skin  friction  coefficient  and  momen¬ 
tum  thickness  is  obtained  for  two  cases.  The  first  is 
steady,  compressible,  conical  viscous  flow;  the 
second  is  steady,  compressible,  viscous  flow  over  a 
flat  plate.  The  Hantzsche- Wendt  laminar  boundary 
layer  transformation  of  displacement  thickness  from 
cone  to  plate  is  then  applied  to  complete  the  calcula¬ 
tion.  (Contractor's  abstract) 

MIN.  09:002 

Minnesota  U.  Rosemount  [Aeronautical]  Labs., 
Minneapolis. 

CHARACTERISTICS  OF  LAMINAR- AND  TURBULENT- 
BOUNDARY  LAYER  AT  SUPERSONIC  VELOCITY,  by 
W.  S.  Bradfield,  D.  G.  DeCoursin,  and  C.  B. 

Blumer.  July  1952  [  152  ]  p.  incl.  lllus.  diagrs.  refs. 
(Research  rept.  no.  83)  (AF  18(600)384)  U25573; 

ATI- 172620  Unclassified 

The  design,  development,  and  application  are  de¬ 
scribed  for  a  balance  system  suitable  for  direct  meas¬ 
urement  of  viscous  shearing  stress  in  conical  super¬ 
sonic  flow.  Skin  friction  coefficients  were  measured 
from  about  free  stream  M  =  3.  0  to  5  and  Re  =  1.  4  to 
11  million.  Momentum  loss  in  the  laminar  and  turbu¬ 
lent  boundary  layer  on  an  exact  duplicate  of  the  balance 
system  model  was  measured  at  an  intermediate  free 
system  M  =  3.47  and  Re  =  0.45  to  22  million.  These 
results  were  used  as  a  check  against  balance- system 
results.  Reasonable  agreement  was  observed.  The 
experimental  results  compared  with  flat  plate  theory. 

In  the  interest  of  effecting  an  experimental  comparison 
of  flat  plate  results  with  cone  flow  measurements,  ex¬ 
periments  were  conducted  in  the  laminar  boundary 
layer  on  aflat  plate.  These  measurements  are  com¬ 
pared  with  ihe  present  cone  flow  results  and  with  the 
results  of  previous  investigators.  Transition  was 
measured  on  conical  models  in  blowdown  and  continuous 
wind  tuiuxls  by  application  of  the  pitot  tube  traverse 
method. 

MIN.  09:003 

Minnesota  U.  Rosemount  [Aeronautical]  Labs., 
Minneapolis. 

THE  BAROMETER  AND  THE  MANOMETER  IN 
PRESSURE  MEASUREMENTS,  by  J.  J.  Sheppard,  Jr. 
Jan.  30,  1953.  53p.  Incl.  diagrs.  tables,  rets. 
(Engineering  memo.  no.  24)  [  AF  13(600)384  ] 

AD  17892  Unclassified 

A  brief  discussion  of  the  construction,  calibration,  and 
maintenance  is  presented  for  each  instrument  con 
sldered,  and  a  detailed  discussion  of  the  sources  of 
error  and  their  corrections  are  given. 

MIN.  09:004 

Minnesota  U.  Rosemount  [  Aeronautical  Labs. , 
Minneapolis. 

THE  STAGNATION  STREAM LLNE  ASSOCIATED  WITH 


■  54  2  • 
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CERTAIN  TWO-DIMENSIONAL  BODIES  IN  SHEAR 
FLOW  OF  A  PERFECT  LIQUID  NEAR  A  WALL,  by  B. 

M  Leadon.  June  10,  1953,  20p.  incl.  illus.  (Research 
rept.  no  93)  (AF  18(600)384)  AD  20937  Unclassified 

For  several  cases  of  closed  bodies  composed  on  sources 
and  sinks  and  axially  horizontal  doublets  in  shear  flow, 
the  stagnation  streamline  is  found  to  diverge  away  from 
the  wall  and  toward  higher  velocities  when  no  wall  is 
present.  In  the  case  of  that  class  of  closed  bodies 
generated  by  a  distribution  of  sources  and  sinks  on  a 
line  pu’-allel  to  a  straight  wall,  it  is  proved  for  2 
dimensional  flows  that  the  stagnation  point  occurs  be 
tween  the  line  of  singularities  and  the  wall  The  cases 
of  a  circular  cylinder  near  a  wall  and  far  from  a  wall  in 
linear  shear  flow  are  compared  to  show  that  a  stagnation 
point  occurs  on  the  body  farther  from  the  wall  than  its 
center  but  still  inclined  upward  and  toward  higher 
shear  flow  velocities,  respectively.  If  a  vortex  Is 
required  to  describe  the  probe  shape,  it  can  cause  a 
downward  stagnation  streamline  inclination,  and  there 
fore  a  negative  position  error  for  the  probe.  Accom¬ 
panying  this  would  be  a  stagnation  point  on  the  wall. 
(ASTIA  abstract) 


MIN.  09:005 

Minnesota  U.  llosemount  Aeronautical  Labs.  .  Minneapolis 

THE  EFFECT  OF  LEADING  EDGE  BLUNTNESS  ON 
MOMENTUM  LOSS  MEASUREMENTS  IN  A  LAMINAR 
SUPERSONIC  BOUNDARY  LAYER,  by  W.  S.  Bradfield. 
D.  G.  DeCoursin,  and  C.  B.  Blnmer.  Sept  1953,  19p. 
illus  (Research  rept.  no.  96)  (AF  18(600)384) 

AD  21496  Unclassified 

Also  published  in  Jour.  Aeronaut.  Sciences,  v.  21: 

373  382,  398,  June  1954. 

An  experimental  investigation  was  made  to  ascertain 
the  effect  of  leading  edge  bluntness  on  momentum  loss 
measurements  In  the  laminar  Ixiundary  layer  of  a  flat 
plate.  Measurements  were  made  in  a  wind  tunnel  with 
an  asymmetric  channel  operating  continuously  at 
M  3.  05  (free  stream),  llie  test  section  was  1.75  in. 
wide  hy  2.  0  in,  high  The  leading  edge  of  the  flat  plate 
wis  hollow  ground  to  provide  additional  sharpness  and 
to  avoid  a  strong  attached  shock  wave  on  the  lower  side 
of  tlie  model.  Leading  edge  thicknesses  of  0  3,  5  9, 
and  11.7  mils  were  used.  The  data  Indicated  that  the 
effect  of  leading  edge  bluntness  Is  an  important  con 
sidcratlon.  The  ratio  of  the  leading  edge  thickness  to 
theoretical  values  of  Ixiundary  layer  displacement 
thickness  at  the  measuring  station  appeared  to  be  a 
criterion  of  the  magnitude  of  this  effect.  The  blunting 
effect  was  demonstrated  to  be  separate  from  the 
effects  of  beat  Lousier  and  pitot  tube  size.  The  effect 
oi  the  total  measured  momentum  loss  appeared  to  lie 
generally  stronger  than  that  on  local  measurements  of 
viscous  shear  at  the  plate  surface.  The  presence  of  a 
detached  shockwave  at  the  plate  leading  edge  was  con 
side  red  responsible  for  the  discrepancy  between  lino 
retu.dly  predicted  and  measured  momentum  losses 
Coinpirnble  experiments  on  a  15-  cone  showed  Iii'le 
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effect  of  tip  blunting  on  measurements  in  the  laminar 
boundary  layer. 

MIN.  U9. 006 

Minnesota  U.  Rosemount  Aeronautical  Labs. , 

Minneapolis. 

A  CHAR  ACT  ERISTICS  ANALYSIS  OF  THE  FLOW 
ABOUT  A  BLUNT  LEADING  EDGE,  by  C.  J.  Scott. 

Nov.  1953,  24p.  incl.  diagrs.  ref6.  (Engineering 
memo,  no  26)  [  AF  18(600)384  ]  AD  25533 

Unclassified 

An  application  of  the  method  of  characteristics  to  the 
flow  about  a  blunt  leading  edge  is  presented.  Qualita¬ 
tive  results  are  obtained  by  considering  the  steady, 
two-dimensional,  rotational  inviscid  flow  behind  a 
curved,  detached,  shock  wave.  The  plate  boundary 
layer  was  not  considered.  An  explanation  of  the  flow 
conditions  downstream  from  the  leading  edge  Is  pre¬ 
sented  on  the  basis  of  characteristics  analysis.  The 
results  of  the  analysis  show  that  large  velocity  and 
pressure  gradients  are  present  near  the  leading  edge. 
These  gradients  are  shown  to  be  damped  as  the  flow 
proceeds  downstream.  An  envelope  of  compression 
wavelets  coalesces  to  form  a  secondary  shock  wave 
downstream  Gf  the  detached  shock  wave.  The  secondary 
shock  results  from  the  centrifugal  forces  which  pro¬ 
duce  an  over- expansion  of  the  flow  around  the  curved 
leading  edge.  The  effect  of  the  presence  of  the  detached 
shock  on.  the  flow  conditions  far  downstream  from  the 
leading  edge  is  confined,  for  all  practical  purposes,  to 
a  region  adjacent  to  the  plate  surface  approximately 
six- leading- edge  thicknesses  high.  Fluid  elements  in 
streamlines  above  this  height  undergo  changes  in  total 
pressure  which  are  less  than  1%.  (Contractor's 
abstract) 

MIN. 09:007 

Minnesota  U.  Rosemount  Aeronautical  Labs.  , 

Minneapolis. 

THE  EFFECT  OF  CONE  TIP  BLUNTING  ON  THE 
SUPERSONIC  CONICAL  LAMINAR  HOI  NDARY 
LAYER,  hy  C.  B.  Blumer.  W.  S.  Bradfield.  and  C. 

J.  Scott.  Mar.  1954,  15p.  illus.  diagrs.  refs. 
(Engineering  memo  no.  29)  (  F  ]  OSR  TN  54  83) 

(AF  18(600)384)  AD  34618  Unclassified 

An  experimental  investigation  was  conducted  lo  deter 
mine  the  effect  of  cone  tip  blunting  on  the  supersonic, 
laminar,  conical  ixiundary  layer  as  indicated  hy  pitot 
tulie  surveys.  Tests  were  conducted  at  a  cone  surface 
Mach  number  of  2.  80  witli  two  cone  tip  diameters. 
Boundary  layer  surveys  were  made  over  a  range  of 
Reynolds  numbers  from  500,000  to  1. 800,1:00.  Hie 
present  investigation  paralleled  a  previous  study  which 
was  concerned  with  the  effect  of  lpadmg  cxlge  thickness 
o:i  the  Ixiundary  layer  formed  or.  a  flat  plate  The  re 
suits  indicate  that  the  effect  ot  tip  blunting  on  die 
milieu)  Ixiundary  layer  is  much  less  evident  than  the 
corresponds  ■  effect  of  the  le.idlnp  edge  blinding  on 
t'.e  |  lale  ixiundary  layer  for  equal  values  of  i  *  ^  A 
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relationship  is  presented  which  predicts  the  deviation 
of  experimental  momentum  thickness  from  the  idealized 
boundary  '.layer  theory  as  a  function  of  cone  tip  diameter. 
This  relation  is  in  reasonable  agreement  with  the  ex¬ 
perimental'  results.  Experimental  local  and  average 
shear  stress  coefficients  are  presented  as  a  function  of 
Reynolds  number  and  are  compared  with  laminar  bound¬ 
ary  layer  theory  (Contractor's  summary) 


MIN.  09:008 

Minnesota  U.  Rosemount  Aeronautical  Labs.  , 

Minneapolis. 

FINAL  MODIFICATION  OF  A  CONICAL  SKIN  FRICTION 
BALANCE  SYSTEM  AND  MEASUREMENTS  AT 

=  2.6,  by  C.  B.  Blumer  and  W.  S.  Bradfield.  Feb. 
1955,  lv.  incl.  illus.  diagrs.  refs.  (Research  rept. 
no.  Ill)  r  AFOSR  TN-55-801  (AF  18(600)384) 

AD  65520  Unclassified 

Final  development  of  an  instrument  capable  of  the 
accurate  measurement  of  local  skin  friction  coefficients 
in  the  axially  symmetric,  conical,  turbulent  boundary 
layer  is  reported.  This  single  component  balance 
system  is  housed  wltldn  a  15°  cone.  Measurements  of 
skin  friction  coefficients  were  made  at  a  cone  surface 
Mach  number  of  Mj  =  2.6  over  a  Reynolds  number  range 
from  1  x  106  to  8  x  10C.  The  data  of  primary  interest 
are  the  measurements  in  the  fully  turbulent  boundary 
layer,  although  transitional  data  are  also  presented. 

The  turbulent  data  are  compared  with  the  results  of 
other  investigations.  The  agreement  between  these  data 
and  other  experiments  in  the  conical  boundary  layer  is 
acceptable,  but  the  present  turbulent  data  do  not  agree 
with  experiments  in  the  2-dimensional  turbulent  bound¬ 
ary  layer  which  have  been  transformed  to  cone  flow  for 
comparison  (Contractor's  abstract) 

MIN.  09:009 

Minnesota  U.  Rosemount  Aeronautical  Labs.  , 

Minneapolis. 

AN  EXPERIMENTAL  STUDY  OF  THE  EFFECT  OF 
SMALL  ANGLES  OF  ATTACK  ON  TI1E  LAMINAR 
BOUNDARY  LAYER  OF  A  CONE,  by  D  G.  DeCoursin 
Aug.  1955  62  p.  incl.  illus.  diagrs.  table,  refs. 

(Research  repi  no  121)  (  AF  OSR  TN  55  405) 
(Sponsored  jointly  by  Air  Force  Office  of  Scientific 
Research  under  AF  18(600)384  and  Ordnance  Corps 
under  DA  01  02!  ORD  4589)  AD  78480  Unclassified 

An  experimental  investigation  was  conducted  concerning 
the  effect  of  angle  of  attack  on  the  laminar  boundary 
ltyer  on  a  cone.  The  expert irental  technique  Involved 
the  measurement  of  total  pressure  distribution  through 
the  boundary  layer  on  the  windward  and  leeward  sides 
of  the  model.  Velocity  profiles,  skin  friction,  and 
other  pertinent  data  were  calculated  from  these  liters 
urements  The  tests  were  made  with  a  15J  cone  al 
M,,  2  73  ami  over  an  angle  of  attack  range  of  bJ  to  4°. 

The  local  skin  friction  coefficient  in  the  laminar  bound 


ary  layer  on  the  windward  side  increases  with  angle 
of  attack,  and  the  measured  increases  were  in  good 
agreement  with  the  plane  of  symmetry  theory  de¬ 
veloped  by  Moore.  No  laminar  data  were  obtained  on 
the  leeward  side  of  the  model  because  of  the  change  in 
boundary-layer  character  with  angle  of  attack,  which 
caused  a  boundary  layer  with  a  more  nearly  turbulent 
character  to  occur  on  the  leeward  side.  Laminar  skin 
friction  measured  at  zero  angle  of  attack  was  10%  be¬ 
low  the  theory  of  Chapman  and  Rubesin  (applied  to 
cone  flow).  (Contractor’s  abstract) 


MIN.  09:010 

Minnesota  U.  [  Rosemount  Aeronautical  Labs.  1 
Minneapolis. 

MICROSCHUEREN.  A  TECHNIQUE  FOR  THE  STUDY 
OF  DETAILS  IN  COMPRESSIBLE  FLOW,  by  W.  S. 
Bradfield  and  J.  J  Sheppard,  Jr.  [  1956)  [11  Ip. 
incl.  illus.  diagr.  (AF  18(600)384)  Unclassified 

Published  m  pioc.  Filth  biennial  Technical  Coiiler- 
ence,  Minnesota  U. ,  Minneapolis  (Research  rept.  no. 
137)  Oct.  1956,  p.  62  68. 

Published  in  Aero/ Space  Engineering,  v.  18:  37-40, 
May  1959. 

A  ”  micro6chlieren”  technique  has  been  developed  for 
the  study  of  details  in  a  compressible  flow.  It  provides 
an  overall  magnification  of  one  hundred  power  of  an 
object  field  of  up  fj  1/4  in.  diameter.  Provision  is 
made  for  utilization  of  shadowgraph,  Toepler  schlieren, 
ana  Aernike  phase  contrast  principles.  The  practical 
depth  of  field  of  the  Instrument  Is  approximately  1  mm 
Photographic  exposures  of  about  5  u  sec  and  up  are 
practical.  Some  results  of  flow  studies  are  discussed 
and  additional  applications  are  indicated.  (Contractor’s 
abstract) 


MIN.  10:001 

Minnesota  U,  Rosemount  Aeronautical  Labs. , 

Minneapolis. 

THE  DESIGN  AND  PERFORMANCE  OF  A  FREE- JET 
SUPERSONIC  WIND  TUNNEL  FOR  EXPLOSION  EX 
PEKIMENTS,  by  T.-S.  Liu,  M  J.  Teigen,  and  E.  G. 
Volttn.  June  1954,  31p.  incl.  illus.  diagrs.  (Research 
rept.  no.  107)  (  AF]OSR  TN  54  290)  (AF  18(600)599) 
AD  56360  Declassified 

An  enclosed  supersonic  free  jet  wind  tunnel  of  test 
section  size  6  x  6  in.  for  explosion  experiments  has 
been  designed  and  built  which  produces  satisfactory 
flow  through  its  entire  free  jet  length.  Excellent 
plenum  chamber  pressure  control  Is  |irovided  by  a 
double  wedge  center  lx>dy  tyj>e  variable  diffuser. 

Four  sets  of  sujiersonlc  nozzle  blocks  were  designed 
for  tt.is  configuration  at  Mach  numbers  1.  5,  2.0,  2.  5, 
and  3  O.  (Contractor's  abstract) 


544 


•  •  •  •  • 


•  •  •  • 


•  • 


•  •  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 


MIN.  10:002 

Minnesota  U  Rosemount  Aeronautical  Labs. , 

Minneapolis. 

DIRECTIONAL  EFFECT  OF  MOVING  CHARGES,  by 
T.-S.  Liu  and  E.  G.  VolUn.  June  1956,  33p.  incl. 
illus.  diagrs.  tables.  (Research  rept.  no.  129) 

( AFOSR-  TR-  56-29)  (AF  18(600)599)  Declassified 

Experiments  were  conducted  in  a  supersonic  wind 
tunnel  with  a  free  jet  test  section  at  Mach  numbers 
1,  5,  2.  0,  2.  5,  and  3.  0  to  investigate  the  directional 
effect  of  moving  charges.  One-ounce  bare  spherical 
charges  were  used  in  the  tests.  A  strengthening  of 
the  blast  effect  of  98%  at  Mach  number  1.  5,  6%  at 
Mach  number  2.  0,  44%  at  Mach  number  2.  5,  and  53% 
at  Mach  number  3.  0  was  noted  from  pressure  pulse 
measurements  The  strengthening  was  qualitatively 
confirmed  by  spark  photography  of  the  blast  wave  shape. 
No  conclusive  correlation  of  the  strengthening  effect 
to  the  angle  or  to  the  velocity  of  the  moving  charge  was 
established  in  this  series  of  experiments.  However, 
this  tech  oue  of  determining  the  directional  effect  of 
moving  did  prove  to  be  feasible,  and  the  pressure 
recordings  and  optical  observations  obtained  were 
satisfactory. 


MIN.  11:001 

Minnesota  U.  Rosemount  Aeronautical  Labs. , 

Minneapolis. 

THE  RUNNING  TIME  70R  SUPERSONIC  BLOWDOWN 
WIND  TUNNELS,  by  T.-S.  Liu.  [  1953  ]  20p.  incl.  illus. 
table,  refs.  [  AF  18(600)851  ]  Unclassified 

Published  in  Proc.  Third  Midwestern  Conference  on 
Fluid  Mechanics,  Minnesota  U.  Inst,  of  Tech. , 
Minneapolis  (Mar.  23-25,  1953),  Minneapolis,  Univ. 
Press,  June  1953,  p.  547-566. 

Factors  affecting  the  duration  of  run  for  supersonic 
blowdown  wind  tunnels  (intermittent  type)  are  dis¬ 
cussed.  Simple  equations  for  the  calculations  of 
running  time  are  derived  for  different  tunnel  configura¬ 
tions;  atmospheric  intake;  high  pressure  intake;  heated 
stagnation  condition;  unheated  stagnation  condition; 
discharging  to  the  atmosphere;  and  discharging  to  a 
vacuum  reservoir.  Three  possible  conditions  to 
cease  the  wind  tunnel  operation  are  treated  separately. 

A  unified  "Running  Time  Parameter"  is  developed 
which  permits  the  plotting  of  generalized  curves  of 
this  parameter  as  a  function  of  Mach  numbers  with  one 
or  two  variables.  Calculated  values  of  running  time 
from  equations  developed  are  compared  with  the  re¬ 
ported  expeilmental  values  of  existing  wind  tunnels. 

The  results  fro-n  this  study  not  only  facilitate  the  de¬ 
termination  of  wind  tunnel  running  time  of  known 
arrangement,  but  also  serve  the  designers  to  adjust 
the  requirement!-  of  some  components  of  a  blowdown 
wind  tunnel  with  others  prescribed  luring  the  design 
stage  of  such  wind  tunnels.  (Contractor's  abstract) 
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MIN.  11:002 

Minnesota  U.  Rosemount  Aeronautical  Labs. , 

Minneapolis. 

ANALYTICAL  STUDY  OF  SIMILARITY  PARAMETERS 
FOR  AERODYNAMIC  MODEL- TESTING  AT  HIGH 
TEMPERATURES.  PHASE  I  (SIMILARITY  LAWS  FOR 
STRUCTURAL-  AERODYNAMIC  MODELS),  by  L.  A. 
Sciplo,  II  and  L.  C.  Teng.  Aug.  22,  1954  [44  Ip. 
incl.  diagr.  refs.  (Research  rept.  no.  104)  [AFOSR- 
TN-54-187]  (AF  18(600)851)  AD  44792 

Unclassified 

A  study  was  made  to  determine  similarity  parameters 
for  wind-tunnel  testing  of  thermal  stresses  and  strains 
produced  in  free  flight  resulting  from  aerodynamic 
heating.  Two  general  types  of  structures  were  con¬ 
sidered:  (1)  solid  or  thick  skin,  and  (2)  shell  or  thin 
skin.  The  results  indicate  that  similarity  between 
prototype  and  Its  model  is  possible  in  each  of  the  above 
cases,  For  solid  or  thick  skin  structures,  it  was 
assumed  that  all  dimensions  could  be  scaled  by  the 
same  scale  factor: 


nl  (  nl  = 


(*i)  model 
(*l)  prototype 


For  shell  structures,  it  was  assumed  that  all  linear 
dimensions  of  the  prototype  except  the  skin  thickness 
are  scaled  by  N  .  In  both  cases,  thermal  stress 

similarity  can  be  achieved  by  using  the  same  materials 
for  both  model  and  prototype.  The  attendant  rules  for 
construction  of  a  structural- aerodynamic  model  having 
the  requisite  similarity  to  each  of  the  above  types  of 
structures  establish  conditions  foi  an  experimental 
study  of  the  structural  behavior  and  integrity  of  various 
types  of  aircraft  and  missiles.  (Contractor's  abstract) 


MIN.  11:003 

Minnesota  U.  Rosemount  Aeronautical  Labs. , 
Minneapolis. 

TEMPERATURE  SIMILARITY  LAWS  FOR  THIN 
SHELLS  WITH  INTERNAL  STRUCTURES  AND  FOR 
SANDWICH  STRUCTURES,  by  L.  A.  Scipio,  11,  L.  C. 
Teng,  and  1.  K.  Ebcloglu.  Oct.  1954,  42p.  irtl. 
diagrs  tables.  (Research  rept.  no.  106)  ([  AF’OSR 
TN  51  284)  (AF  18(600)85t)  AT  62663  Unclassified 

Can  tl.e  results  of  *mall  scale  supersonic  wind-tunnel 
tests  t*.  used  to  study  the  structural  behavior  and 
integrity  of  aircraft  and  missiles  in  fret  flight  in  the 
p.-esence  of  aerodynamic  heating?  The  purpose  of  the 
investigation  described  is  to  answer  tills  question  for 
web  and  sandwich  structures.  Experimental  tests  can 
be  made  cn  small  scale  models  of  these  structural 
types  to  study  the  behavior  of  their  p. i  tct;"es  ..nder 
temperature  load.  This  is  possible  oniy  by  the  use  of 
different  materials  for  the  models  than  those  of  the 
prototype.  It  can  be  concluded  from  these  results  tint 
similarity  in  the  stress  field  is  Impossible  to  achieve. 
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This  means  that  for  practical  application,  the 
temperature  distribution  that  a  prototype  will  experience 
under  a  given  set  of  conditions  is  obtainable  from  wind- 
tunnel  tests,  but  the  resulting  stress  distribution  must 
be  calculated.  The  fact  that  the  model  is  constructed 
of  a  different  material  than  the  prototype  to  assure 
similarity  in  the  temperature  fields,  rules  out  the 
possibility  of  assuring  stress  similarity.  It  is  clear 
that  these  materials,  while  possessing  characteristics 
required  for  temperature  similarity,  will  not  at  the 
same  time  have  required  elastic  properties.  (Con¬ 
tractor's  abstract) 


MIN.  11:004 

Minnesota  U.  Rosemount  Aeronautical  Labs.  , 

Minneapolis. 

THE  DESIGN  OF  A  REGENERATIVE- TYPE  HEATER 
FOR  AN  INTERMITTENT  SUPERSONIC  WIND  TUNNEL, 
by  T.-S.  Liu,  E.  J.  C.  Sun,  and  R.  K.  Knutson.  Mar. 
1955,  29p.  illus.  diagrs.  tables,  refs.  (Engineering 
memorandum  no.  48)  (AF  18(600)851)  Unclassified 

A  regenerator  type  heater  vas  designed  and  fabricated 
in  the  circuit  of  the  12  in.  x  12  in.  supersonic  blowdown 
wind  tunnel  at  the  Rosemount  Aeronautical  Lab.  The 
highest  temperature  expected  is  900°F,  which  corre¬ 
sponds  to  the  stagnation  temperature  at  Mach  number 
3.  5  i.i  the  stratosphere.  This  heater  would  cover  test 
conditions  for  Mach  numbers  from  2.  0  to  3.  5,  altitude 
of  20,  000  to  60,  000  ft,  and  a  wide  range  of  Reynolds 
numbers.  All  these  conditions  dictate  a  possible  maxi¬ 
mum  air  mass  flow  rate  of  more  than  300  lb/  sec.  The 
heater  system  consists  of  a  heat  regenerator,  a  furnace, 
blowers,  and  circulating  ducts.  The  heat  storage  units 
in  the  regenerator  are  aluminum  oxide  spheres.  Gen¬ 
eral  Electric  Calrod  heating  elements  are  used  in  the 
furnace.  Design  considerations,  parameters,  pro¬ 
cedures,  and  calculated  performances  are  presented  in 
this  paper. 


MIN.  12:001 

Minnesota  U.  School  of  Chemistry,  Minneapolis. 

NUCLEAR  AND  ELECTRONIC  SPIN  MAGNETIC 
RESONANCE,  by  J.  E.  Wertz.  May  1955,  193p.  lncl. 
diagrs.  tables,  refs.  (Technical  note  no.  1)  (!  AF 
OSR-TN-55  203)  (AF  18(G00)479)  AD  67517 

Unclassified 

Also  published^  Chem  Rev  ,  v  55:829  955,  Oct. 
1955. 

A  review  Is  presented  of  the  principles,  experimental 
procedures,  and  applications  of  the  spin  resonance  of 
nuclei  and  of  nearly  free  electrons  Molecular  beam 
methods,  pure  quadrupole  resonance,  and  ferromagnetic 
and  antiferromagnetic  resonance  are  not  included.  A 
bibliography  of  640  references  is  appended. 


MIN.  12:002 

Minnesota  U.  School  of  Chemistry,  Minneapolis. 

ELECTRON  SPIN  RESONANCE  OF  SEMIQU1NONES, 
by  J.  E.  Wertz  and  J.  L.  Vivo.  Dec.  1955  [2]p. 
incl.  diagrs.  (AFOSR-TN-55-277)  (AF  18(600)479) 

AD  14149  Unclassified 

Also  published  in  Jour.  Chem.  Phys.  ,  v.  23:  2441- 
2442,  Dec.  1955. 

Semiquinone  free  radical  intermediates  in  the  reduction 
of  quinones  or  the  oxidation  of  hydroquinones  were 
demonstrated  first  by  magnetic  susceptibility  and  by 
potentiometric  measurements.  The  electron  spin 
resonance  absorption  of  semiquinone  ions  in  the  oxida¬ 
tion  of  hydroquinone  and  methyl- substituted  hydro¬ 
quinones  was  shown  to  be  a  more  sensitive  means  of 
detecting  them. 


MIN.  12:003 

Minnesota  U.  School  of  Chemistry,  Minneapolis. 

A  TWO-STAGE  INTEGRATOR  FOR  MAGNETIC 
RESONANCE  LINES,  by  J.  E.  Wertz.  [  Aug.  25, 

19551  [  14  ]  p.  incl.  diagrs.  table,  refs.  (AFOSR-TN- 
55  278)  (AF  18(600)479)  Unclassified 

A  two-  stage  integrator  is  designed  to  give  the  integral 
of  a  nuclear  or  electron  spin  resonance  signal.  This 
permits  the  recording  of  weak  absorption  lines  when  a 
phase  detector  is  used,  its  output  being  nearly  the  first 
derivative.  A  second  integrator  gives  on  a  register  a 
figure  proportional  to  the  area  under  the  absorption 
curve.  (Contractor's  abstract) 


MIN.  12:004 

Minnesota  U.  School  of  Chemistry,  Minneapolis. 

ELECTRON  SPIN  RESONANCE  OF  1,  4  NAPHTHO- 
SEMIQU1NONE  ION,  by  J.  E.  Wertz  and  J.  L.  Vivo. 
Nov.  14,  1955  (Up.  incl.  diagr.  1  AFOSR-TN  55 
428  ’  (AF  18(600)479)  AD  141513  Unclassified 

Also  published  in  Jour.  Chem.  Phys.  ,  v.  24:  479, 

Feb.  1956. 

Since  the  naphthosemiquinones  coplanarlty  of  the 
quinold  ring  and  the  adjacent  ring  is  assumed,  an  extra 
electron  spin  resonance  multiplicity  above  that  ob- 
served  in  the  benzoquinones  is  to  be  expected.  This 
holds  true  for  1,  4  ■  naphthosemiqutuone  dissolved  in 
basic  alcohol  solution.  3  groups  of  lines  being  ob¬ 
served.  The  2,  3  dimethylseminaphthoquinone  ion 
yielded  7  groups  of  lines,  wttn  21  individual  lines  in 
the  5  inner  groups.  The  2- methyl- 1,  4  -  naphthose.’ni 
qulnone  ion  yielded  5  groups  of  lines  bav'ng  24  dis 
cernable  components. 
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Minnesota  U.  School  of  Chemistry,  Minneapolis. 

RE-EXAMINATION  OF  TWO  FREE  RADICALS,  by 
J.  E.  Wertz,  C.  F.  Koelsch,  and  J.  L.  Vivo.  Sept.  13, 
1955  [l)p.  [  AFOSR-TN  55  429]  (AF  18(600)479) 

Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  23:  2194, 

Nov.  1955 

In  1947  Kozyrev  and  Salikkov  (Doklady  Akademia  Nauk 
SSSR,  v.  58:  1023,  1947)  reported  values  of  1.  95  and 
1.  99  as  g- values  for  the  radicals  pentaphenylcyclo- 
pentadlenyl  (PPCPDJand  trl-tert-butvlphenoxvl  (TTBP). 
These  values  are  outside  the  normal  range  of  2.  0023 
to  2.  0151.  Values  of  2.  0025  and  2.  0043  have  been 
obtained  experimentally  for  PPCPD  and  TTBP,  re¬ 
spectively.  It  is  noted  that  no  known  organic  free 
radical  has  a  spectroscopic  splitting  factor  differing 
by  as  much  as  1 %  from  the  free  electron  value. 


MIN.  12:006 

Minnesota  U.  School  of  Chemistry,  Minneapolis. 

MULTIPLE  THIO  RADICALS  IN  SULFURIC  ACID 
SOLUTION,  by  J.  E.  Wertz  and  J.  L.  Vivo.  Sept.  13, 
1955  [lip.  Incl.  diagrs.  [  AFOSR  TN- 55-430]  (AF- 
18(600)479)  AD  141511  Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  23:  2193- 
2194,  Nov.  1955. 

The  electron  spin  resonance  absorption  of  thiophenol  In 
sulfuric  acid  consists  of  lines  A  and  B.  It  is  observed 
that  the  A  line  disappeared  slowly,  while  the  B  line  was 
still  present  after  30+  days.  Line  B  appeared  to  be  the 
same  as  the  one  obtained  from  thtanthrene.  Diphenyl 
disulfide,  1-thionaphthol,  and  2- thionaphthol  gave  2 
lines  similar  to  those  of  thiophenol.  Line  B  for  thio¬ 
phenol,  diphenyl  disulfide,  and  thlathrene  had  5  hyperflne 
components  suggesting  that  the  unpaired  electron  Is 
associated  with  a  4  proton  system,  much  as  found  In  the 
semlqulnone  radical  of  hydrequinone.  It  was  suggested 
tentatively  that  a  radical  of  the  type  (CgHgS)H*  causes 
the  A  line. 


MIN.  12:007 

Minnesota  U.  School  of  Chemistry,  Minneapolis. 

HYDRATION  EFFECTS  IN  CHLORINE  35  NUCLEAR 
SPIN  RESONANCE,  by  J.  E.  Wertz.  Oct.  18,  1955 
[Dp.  [  AFOSR  TN  55  431  1  (AF  18(600)479) 

Unclassified 

Published  in  Jour.  Chem.  Phys.,  v.  24:  484,  Feb.  1956. 
35 

Observations  on  Cl  nuclear  spin  resonance  are  cited 
which  reveal  striking  evidence  for  the  Infrequent  ex 


MIN.  12:005  -  MIN.  12:010 


change  of  hydrate  water  with  solvent  in  aqueous 
solutions  of  certain  paramagnetic  ions. 


MIN.  12:008 

Minnesota  U.  [  School  of  Chemistry  ]  Minneapolis. 

ELECTRON  SPIN  RESONANCE  OF  DEFECT 
CENTERS  IN  MAGNESIUM  OXIDE  (Abstract),  by 
J.  E.  Wertz  and  J.  L.  Vivo.  Nov.  16,  1955  [  1  ]  p. 

[  AFOSR- TN-55-432]  [  AF  18(300)479 ] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Southern  Calif.  U. ,  Los  Angeles,  Dec.  28-30,  1955. 

Published  in  PhvB.  Rev.,  v.  100:1792,  Dec.  15,  1955. 

Attempts  to  find  electron  spin  resonance  (ESR) 
absorption  by  imperfection  centers  in  MgO  were 
complicated  by  the  multlplet  spectra  of  impurities. 
After  a  detailed  study,  we  found  one  line  which  disap¬ 
pears  on  heating  in  vacuum.  The  splitting  factor  g  is 
2.  003  along  a  principal  axis,  and  the  corresponding 
line  width  is  4. 2  gauss,  twelve-fold  narrower  than  for 
KC1.  This  line  and  an  absorption  band  at  2600  A  which 
disappears  on  heating  in  vacuum,  are  presumably  the 
result  of  excess  oxygen.  Heating  in  air  at  600°C  in¬ 
creases  the  intensity  of  the  ESR  line.  Tentatively  it 
is  assumed  that  the  ESR  centers  are  0“  ions,  although 
experiments  on  oxygen  uptake  at  higher  temperatures 
would  indicate  that  at  600°  the  process  would  be  very 
slow.  Exposure  to  x-rays  after  annealing  gives  an 
ESR  line  of  similar  g-value  and  width,  which  decays 
slowly. 


MIN.  12:009 

Minnesota  U.  School  of  Chemistry,  Minneapolis. 

MULTIPLE  THERMAL  RELAXATION  TIMES  AND 
NUCLEAR  SPIN  ENERGY  TRANSFER  IN  LIQUIDS, 
by  J.  E.  Wertz,  P.  L.  Jain,  and  R.  L.  Batdorf. 

Feb.  27,  1956  [Up.  incl.  diagrs.  (AFOSR-TN  56- 
92)  [  AF  18(600)479]  AD  82007  Unclassified 

Also  published  in  Phys.  Rev.  ,  v.  102:  920-921, 

May  1,  1956. 

It  is  pointed  out  that  just  as  distinguishable  protons  in 
a  molecule  may  show  discrete  nuclear  induction  lines, 
they  may  also  have  their  own  characteristic  time  for 
return  to  the  ground  state  from  an  excited  spin  state. 
This  would  lead  to  different  optimum  values  of  the 
rf  field.  In  this  study,  such  differences  were  observed 
for  protons  in  CHj,  CHj.  CH,  and  OI1 
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RESONANCE,  by  J.  E.  Wertz  [Aug.  13,  1956]  [  5  T  p. 
incl  refs.  [  AF  18(600)4791  Unclassified 

Published  in  Jour.  Phys.  Chem.  ,  v.  61:  51-55, 

Jan.  195" 

Nuclei  of  non-  zero  spin  take  up  discrete  orientations 
in  a  magnetic  field,  and  transitions  between  the  spin 
energy  levels  occur  as  a  resonant  process  with  radia¬ 
tion  in  the  radiofrequency  region.  The  frequency  of 
resonant  absorption  to  a  first  approximation  depends 
solely  upon  the  nuclear  species  More  accurately,  it 
may  be  modified  by  a  number  of  effects.  Besides 
resonant  frequency,  the  absorption  line  amplitude  and 
width  may  yield  important  information  about  the  inter¬ 
actions  of  a  nucleus  with  its  atomic  environment.  Local 
magnetic  fields  due  to  other  nuclei  in  a  rigid  solid  may 
broaden  or  split  a  line.  Paramagnetic  ions  may  cause 
both  a  broadening  and  a  shift.  Shielding  of  the  nucleus 
by  outer  electrons  displaces  a  line  and  may  give  rise 
to  a  multiple-line  spectrum  if  identical  but  chemically 
non- equivalent  nuclei  exist  in  the  same  molecule.  The 
transmission  of  nuclear  polarization  effects  through  an 
electron-pair  bond  may  lead  to  observable  multiplicity. 
Rapid  chemical  exchange  of  non  equivalent  nuclei 
leads  to  a  single  line  intermediate  between  the  positions 
of  the  separated  lines.  Solvent  interactions-especially 
hydrogen  bonding- may  cause  major  shifts.  Hydration 
of  an  ion  may  alter  its  resonance  absorption  line 
characteristics  to  a  marked  degree.  When  a  nucleus 
possesses  a  quadrupole  moment,  the  absorption  line 
amplitude  and  width  are  very  sensitive  to  electric  field 
gradients  arising  from  anisotropic  interactions  such  as 
ion-pair  or  complex  formation.  Even  a  sodium  ion 
shows  a  marked  sensitivity  to  its  environment.  Ex¬ 
amples  of  such  Interactions  are  given  for  both  inorganic 
and  organic  systems.  (Contractor's  abstract) 


MIS.  01:001 

Missouri  U.  Dept,  of  Mathematics,  Columbia. 

ESTIMATION  OF  PROBABILITIES  MONOTONE  IN 
SEVERAL  PARAMETERS,  by  H.  D.  Brufik,  G.  M. 
Ewing,  and  W.  R.  Utz.  July  1954  [18 Ip.  incl.  diagrs 
(Technical  note  no.  1)  ([  AFlOSR-TN-54-159) 

(AF  18(600)1108)  AD  36970  Unclassified 

The  problem  is  considered  of  the  estimation  of  proba 
bilities  which  depend  upon  several  parameters  and 
which  are  monotone  in  each  separately.  The  problem 
is  formulated  by  considering  a  set  I  of  a  finite  number 
N  of  points  x  =  (Xj,  x„, . .  .  ,  xl  in  n-  space  each  of 
which  is  associated  wuh  a  probability  p(x)  =  p(Xj,  X2, 

. . .  ,  xn)  that  is  known  to  be  monotone  in  each  variable 
separately.  The  probability  p  is  assumed  to  be  non¬ 
increasing  in  each  variable.  Corresponding  to  each  x, 
a  finite  number  of  trials  are  made  of  an  event  with 
probability  p(x);  a(x)  of  them  are  successes,  and  b(x) 
are  failures.  The  a  priori  probability  that  a  specified 
a(x)  of  the  trials  will  result  in  success  and  that  a  speci¬ 
fied  b(x)  of  them  will  result  in  failure  is  given  by 

]T(p)  =  Tp(x)a(X)  ;  l-p(x)  The  class  of  func- 

xtl 

tions  p(x)  defined  on  I.  which  are  monotone  nonincreas¬ 
ing  in  each  variable  separately,  and  bounded  by  0  and  1 
is  denoted  by  P.  The  general  problem  is  that  of  deter¬ 
mining  a  function  p(x)  P  which  affords  a  maximum 
value  to  the  product  TT  =  TT(p)  defined  above,  so  that 
TT(P)  =  max  TT(p).  (AST1A  abstract) 
pi  P 
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Minnesota  U.  School  of  Chemistry,  Minneapolis.1 

THE  PREPARATION  AND  REACTIONS  OF 
Dili AJLOT ETRAALKYLD1TIN  COMPOUNDS,  by  O.  H. 
Johnson  H.  E.  Fritz  and  others.  May  26,  1955  '  10p. 

incl.  table.  [  AFOSR  TN  55  152  AF  18(600)984 

Unclassified 

Publlstieslia  Jour.  Amer.  Chem.  Soc.  ,  v.  77:  5857- 
5858,  Nov  20,  1955. 

Dlalkyldlchlorotin  compounds  In  ether  ethanol  solutions 
of  various  organic  bases  react  to  form  the  corresponding 
letraalkyldichloroditln  compounds.  The  preparation 
and  some  properties  of  tetraethyl  ,  tetra  n-propyl  , 
tetra  n  butyl-  ,  tetra  n  amyl  and  tetraphenyldichloro 
ditin.  and  tetra  it- butyldibromodttin  are  described 
Results  of  syntheses  of  tetra- n -butyldichloroditin,  using 
different  organic  bases,  indicate  that  the  reaction  is 
general  for  stronger  organic  bases  (Contractor1  s 
abst  ract) 


A  HELLY  THEOREM  FOR  MONOTONE  FUNCTIONS, 
by  H.  D.  Urunk,  G.  M.  Ewing,  and  W.  R.  Utz. 

July  1954,  13p.  (Technical  note  no.  2)  ([  AFlOSR 
TN-  54- 107)  (AF  18(600)1108)  AD  37022 

Unclassified 


The  principle  result  is  the  proof  of  a  Helly  theorem 
for  sequences  of  monotone  functions  of  n-  variables. 
The  theorem  is  stated  as  follows:  let 

^F  (Xj,  x^ . xi()j  be  a  sequence  of  monotone 

functions  all  of  the  same  type  on  the  set  S,  a^  x^  b  , 
and  let  A  be  a  positive  number  sucli  that 


xn>! 


<■  A  for  q  =  0,  1.  2, 


q'~l’  2' 

there  exists  a  sequence  of  integers  q 


Then 


and  a  monotone  function  F(x^.  x^.  x^)  bounded 

by  >  A  such  that  llm  F(^  (Xj.x^,  .  x^) 


F(Xj,  Xj.  ...  x^)  on  S.  llie  proof  of  the  theorem 
utilizes  the  selection  principle  of  D  V  Whiter 
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(The  Laplace  Transform,  p.  26,  Princeton  U.  Press 
Princeton,  N.  J.  ,  1941)  and  the  following  result: 
if  F(Xj,  Xj,  .  .  . ,  x^)  is  a  real- valued  monotone  (unction 

on  the  set  S,  a.  Xj  _  b,,  i  =  1,2,  . .  .  ,  n,  then  there 
is  a  set  R  consisting  of  the  points  of  a  countable 
collection  of  (n-1)- spaces,  x^  =  uj,  i  =  1,2,  ....  n, 
j  -  1,2,  . . .  ,  such  that  F  is  continuous  at  all  points  o( 
SR 

MIS.  01:003 

Missouri  U.  Dept,  of  Mathematics,  Columbia. 

THE  EXTENSIONS  OF  HOMEOMORPH1SMS  AND  THE 
LIMITS  OF  ORBITS,  by  H.  D.  Drunk,  G.  M  Ewing, 
and  W.  R.  Utz.  Aug.  1954,  18p.  (Technical  note  no. 

3)  ([  AFlOSR  TN-54  200)  (AF  18(600)1108) 

AD  48173  Unclassified 

A  paper  by  Schweigert  (Bull.  Amer.  Math.  Soc.  , 
v.  46:  963  969.  1940)  is  extended  which  concerned  the 
nature  o(  the  limit  set  of  a  convergent  sequence  of 
point  or  component  orbitb  under  a  pointwise  periodic 
homeomorphism  o(  compact  metric  space  onto  itself. 
Similar  results  are  obtained  for  pointwise  periodic, 
recurrent,  and  almost  periodic  transformations  when 
compactness  of  the  space  is  replaced  by  equicontinuity 
of  the  transformation.  Schwetgert's  results  do  not  hold 
if  the  word  compact  is  weakened  to  complete, 
Schweigert's  treatment  of  the  extension  of  homeomor 
phisms  from  sets  dense  in  a  given  space  to  the  entire 
space  is  continued. 


MIS.  01:004 

Missouri  U.  Dept,  of  Mathematics.  Columbia. 

MINIMIZING  INTEGRALS  IN  CERTAIN  CLASSES  OF 
MONOTONE  FUNCTIONS  WITH  APPLICATIONS,  by  11 
D.  Drunk.  G.  M.  Ewing,  and  W.  R.  Utz.  Sept  1954, 
1954.  lv.  incl.  refs.  (Technical  note  no.  4)  (  AF  - 
OSR  TN-54  245)  (AF  13(600)1108)  AD48172 

Unclassified 

Considerations  are  presented  concerning  the  existence 
of  minima  for  integrals  over  classes  of  n  variahle 
monotone  functions,  the  uniqueness  of  minimizing  func 
lions,  methods  of  evaluating  the  minimizing  functions, 
and  applications  to  statistical  problems  (Contractor's 
abstract) 
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Missouri  U  De(  t  of  Mathematics  Columhia 

A  HURD  ORDER  DIFFERENTIAL  EQt  ATION,  by 
W.  R.  Utz.  July  1355,  Op.  (Technical  note  no.  5) 

(  AF  OSR  IN  55-215)  (AF  18(060)1 108)  All  95834 

Unclassified 

Also  published  In  Monatsh  Math  v.  60:  323  332. 
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A  proof  i«=  presented  of  the  following  theorem.  Assume 
that  f(x)  is  a  real  differentiable  function  such  that 
lim  f(x)  =  c,  0  <'  c  <"  oo,  311(1  such  ,hat  f(x)  is  bounded 
X  -)  co 

as  x  -yoo  .  Assume  that  p(x)  is  a  real  polynomial  such 
that  for  a  real  number  a  >  0,  p(a)  =  0  and  p’(a)  =  0. 

If  y  =  y(x)  is  a  solution  of  f (x)y ” ’  -yy”  +  p(y’)  =  0 
which  is  valid  for  all  lai<,.e  values  of  x  and  for  which 
lim  y’(x)  =  a,  then  y  =  ax  +  b,  where  b  is  a  con- 
x  -di¬ 
stant.  This  theorem  generalizes  a  theorem  of  Hardy 
(Proc.  Cambridge  Phil.  Soc.  ,  v.  35:652-653,  1939) 
in  which  f(x)  =  1,  p(y’)  =  2(y’  -1),  and  a  =  1.  (Con¬ 

tractor's  abstract) 


MIS.  01:006 

Missouri  U.  [Dept,  of  Mathemiaticsl  Columbia. 

BOUNDEDNESS  AND  PERIODICITY  OF  SOLUTIONS 
OF  THE  GENERALIZED  LIENARD  EQUATION,  by 
W.  R.  Utz.  June  1956,  29p.  refs.  (Technical  note 
no.  6)  (AFOSR  TN-56-282)  (AF  13(600)1108) 

AD  89492  Unclassified 

Also  published  in  Ann.  dl  Matem.  (Bologna),  Series  4, 
v.  42:  313  324,  1956. 

An  analysis  is  made  of  the  behavior  of  solutions  of 
the  equation  x”  *  f(x,  x’)x’  +  g(x)  =  e(t),  where  x’  = 
dx  dt,  and  conditions  are  sought  for  the  existence 
of  periodic  solutions.  Sufficient  conditions  are  given 
for  the  boundedness  of  solutions  of  certain  important 
special  cases  of  the  above  equation,  and  theorems  are 
given  concerning  the  behavior  of  solutions  for  large 
values  of  t  in  cases  where  boundedness  is  not  inferred. 
Sufficient  conditions  are  given  for  the  existence  of  an 
infinity  of  periodic  solutions  when  e(t)  =  0.  (ASTIA 
abstract) 


MIS.  01:007 

Missouri  U.  Dept,  of  Mathematics.  Columbia. 

MAXIMUM  LIKELIHOOD  ESTIMATION  OF  RE 
STRUTTED  PARAMETERS,  by  11.  D.  Brink.  Sept. 
1950.  26p.  refs.  (Technical  rept  no  7)  (AFOSR 
TN  50  331)  (AF  18(600)1108)  AD  90049 

Unclassified 

Also  published  in  Ann,  Math.  Slat.  ,  v.  20:  607  010, 

Dec  1955. 

The  maximum  likelihood  estimation  for  independent 
random  sampling  from  a  finite  number  of  populations 
belonging  to  exponential  families  is  discussed  when 
the  parameter  jiolnt  is  known  to  lie  in  a  proper  subset 
of  its  "natural"  range.  "  Exponential  family"  is  de 
fined  for  the  distribution  functions  F(x;  ).  A 
minimum  problem  with  side  conditions  is  formulated 
for  solution.  With  an  a  priori  upper  or  lower  bound 
which  is  assignable  to  each  estimator  of  j  single  pa 
rameter.  computing  the  maximum  likelihood  estimator 
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is  reviewed  as  a  problem  in  non-linear  programming. 

A  geometric  approach  technique  and  a  means  of  obtaining 
the  solution  when  the  parameter  point  is  restricted  to  a 
’’convex”  subset  of  its  "natural”  range  are  discussed. 
With  populations  o'  the  same  exponential  family  and 
order  restrictions  on  the  parameters,  the  maximum 
likelihood  estimates  are  independent  of  the  exponential 
family  containing  the  populations.  The  property  of  the 
maximum  likelihood  estimate,  related  to  sufficiency, 
is  discussed. 


MIS.  01:008 

Missouri  U.  Dept,  of  Mathematics,  Columbia. 

A  NOTE  ON  AUTONOMOUS  SECOND  ORDER  NON 
LINEAR  DIFFERENTIAL  EQUATIONS,  by  W.  R.  Utz. 
Sept.  1956,  12p  (Technical  rept.  no.  8)  (AFOSR- 
TN-56  420)  (AF  18(600)1108)  AD  96230 

Unclassified 

Also  published  in  Proc.  Amer.  Math.  Soc. ,  v.  7: 
1047-1048,  1956. 

Theorems  on.  the  boundedness  of  solutions  of  second 
order  nonlinear  differential  equations  are  used  as  a 
departure  for  a  more  detailed  examination  of  the 
behavior  of  solutions  of  such  equations  for  large  values 
of  the  independent  variable.  Theorems  are  cited 
which  give  sufficient  conditions  for  the  existence  of 
constants  A,  D  >  0,  such  that  If  x  =  x(t)  Is  a  solution 
of  the  given  equation  valid  for  all  large  t,  then 
|  x(t)  |  •'  D  for  all  t  >  A,  where  A  and  D  may  depend 
upon  the  particular  solutions  x  =  x(t).  The  coefficients 
In  the  equation  are  assumed  to  be  differentiable  through¬ 
out  the  analysts,  and  the  function  x(t)  £  0  is  a  solution 
of  each  equation  considered.  Use  is  made  of  the  fact 
that,  because  of  the  uniqueness  of  solutions,  no  solution 
not  identically  zero  is  tangent  to  the  t-axls.  (Con¬ 
tractor's  abstract,  modified) 
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Missouri  U.  Dept,  of  Mathematics,  Columbia. 

SOME  HELLY  THEOREMS  FOR  MONOTONE  FUNC¬ 
TIONS,  by  H.  D.  Brunk,  G.  M.  Ewing,  and  W.  R.  Utz. 
[  1956]  [8]p.  [AF  18(600)1108]  Unclassified 

Published  in  Proc.  Amer.  Math.  Soc.,  v.  7:  776-783, 
Oct.  1956. 

Let  S  denote  a  closed  n- dimensional  interval  of  the 

Euclidean  n- space.  A  function  F(Xj,  x2 . x,  e- 

fined  on  S  is  called  "monotone"  by  the  authors  If  „  is 
monotone  nondecreasing  in  each  Xj  (i  =  1,  2,  . . . ,  n) 
and  if  the  first  and  second  differences  of  F  are  non- 
negative.  The  following  theorem  (of  a  type  which  was 
first  treated  by  E.  Helly,  Akad.  Wise.  Wien.  S.-B. 

Ha,  v.  121:  265-297,  1912)  is  proved  by  the  authors: 

L,et  lFq(xl>  x2’  ■  •  •  >  *0)}  be  a  sequence  of  monotone 

functions  on  S  with 

|Fq(xl’  X2 . *n>|*A(qS°’  !’  2’  '")• 

There  exists  a  sequence  of  integers  q  <  qj  <  q^  <  ... 

and  a  monotone  function  F(Xj,  x2,  ....  xfi)  bounded 
by  ±A  such  that 

Fq((xl-  x2 . *n>=  F(*l.  x2 . Von 

S.  For  the  proof  of  this  result  the  following  theorem 

is  used:  If  Ftxj,  xa .  x_)  is  a  monotone  function 

on  S,  then  there  exists  a  set  R  of  points  of  countably 

many  (n-l)-spaces  Xj  =  a  J(1  =  1,  2 . n;  j  =  1,  2, 

.  .  . )  such  that  F  is  continuous  at  all  points  of  S-R. 

As  consequences  of  both  these  results,  also  theorems 
on  extended  real  valued  functions  F(i.  e.  F  (xJt 

x2>  ....  x^)  \_  +  00)  are  stated.  Finally,  by  means 

of  a  simple  example  in  two  variables',  it  is  shown  that 
the  first  mentioned  theorem  does  not  hold  if  the 
functions  F  are  only  monotone  in  each  of  their  varia¬ 
bles.  (Matm  Rev.  abstract) 
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NBS.  01:001 

National  Bureau  of  Standards,  Washington,  B.  C. 

EXPERIMENTAL  EVIDENCE  FOR  THE  EXISTENCE 
OF  ABNORMAL  OH  ROTATIONAL  "TEMPERATURES” 
IN  LOW-PRESSURE  FLAMES,  by  H.  P.  Broida  and  H. 

J.  Kostkowski.  [  1955]  [ljp.  [ ArOSR-TN-55-59 j 
[  CSO-18-600-25  J  Unclassified 

Published  in  Jour.  Chetn.  Phys. ,  v.  23:754,  Apr.  1955. 

Preliminary  spectroscopic  measurements  are  reported 
on  OH  absorption  in  low  pressure  (1.  5  to  6  mm  Hg) 
acetylene-oxygen  flames,  having  relative  intensities  of 
the  2  — *  transition  of  OH  characterized  by  rota¬ 

tional  "temperatures"  many  times  larger  than  the  cal¬ 
culated  adiabatic  temperatures.  An  OH  line  rather  than 
a  continuum  source  was  used  to  avoid  influence  of  the 
resolving  power  of  the  monochromator  on  the  measured 
absorption.  *he  line,  narrower  than  those  in  the  flame, 
was  obtained  by  discharge  through  water  vapor  at  a  pres¬ 
sure  of  0.  5  mm  Hg  with  an  ac  electronic  amplifier  mod¬ 
ulated  by  a  metal  chopper  placed  between  the  discharge 
and  flame  to  amplify  only  the  discharge  radiation.  The 
OH  line  absorption,  thus  measured  essentially  at  the 
peak  of  the  lines,  was  found  to  be  very  small.  At  1.  9 
mm  Hg  in  an  acetylene-oxygen  (in  the  ratio  of  2  to  5) 
flame  which  was  7.  5  cm  thick,  the  greatest  absorption 
of  the  strong  Q[5  (0  —  0)  line  was  only  f  5%.  The  ab¬ 
sorption  of  the  first  line  of  the  R2  and  second  line  of  the 
Pf  branches  was  less  than  3%  and  5%. respectively.  The 
observed  small  absorption  was  confirmed  by  a  two-path 
method.  At  the  same  position  of  the  same  flame  on 
which  the  direct  absorption  measurements  were  made, 
the  emission  "temperatures"  (as  determined  from  the 
P(  and  fl 2  branches)  were  6600“K  for  the  single  path 
and  6900“K  for  the  double  path.  This  difference  is  well 
within  the  experimental  error.  The  ration  of  the  double - 
to  the  single- path  Intensities  also  showed  negligible  ab¬ 
sorption.  This  consistent  set  of  experimental  results 
shows  that  measured  nonthermal  rotational  distributions 
of  OH  emission  intensities  in  low-pressure  acetylene 
flJmes  are  not  caused  hy  self-absorption. 


NBS.  02:00f 

National  Bureau  of  Standards,  Washington,  D.  C. 

THE  FLUORESCENCE  AND  AVERAGE  LIFETIME  OF 
EXCITED  OH  (2  '  )  IN  r  l-AMES,  by  H.  P.  Broida  and 

T.  Carrington.  Aug.  19,  1955  1  p.  incl.  dlagr. 

(  AF  OSU  -TN-  55-  279)  (CSC- 030- 55- 25)  AD  85000 

Unclassified 

Also  published  In  Jour.  Chem.  I’liys. ,  v.  23:2202, 

Nov.  (955. 

This  study  Is  concerned  with  the  fluorescence  of  Olf 
(measured  as  approximately  f  part  in  fO2  of  the  light 
Incident  on  the  flame)  in  an  acetylene- oxygen  flame 
burning  at  atmospheric  pressure.  It  is  found  that  radi 


ationless  transitions  are  important  in  taking  away  ex¬ 
cess  electronic  energy  from  the  OH  moleculej  in  the 
flame.  Measurements  indicate  that  each  collision  re¬ 
moves  some  electronic  energy,  leading  to  quenching. 

As  a  result,  the  average  lifetime  of  excited  OH  radicals 
in  the  flame  is  of  the  order  of  6  x  10-1°  sec. 


NBS.  02:002 

National  Bureau  of  Standards,  Washington,  D.  C. 

SPECTRAL  ABSORPTION  METHOD  FOR  DETERMIN¬ 
ING  POPULATION  "TEMPERATURES"  IN  HOT  GASES, 
by  H,  J.  Kostkowski  and  H.  P.  Broida.  Sept.  26,  1955 
[Sjp.  Incl.  iltus.  diagrs.  tables,  refs.  [AFOSR-TN- 
55-458  ]  [  CSO-630-55-25  J  AD  106164 

Unclassified 

Also  published  in  Jour.  Opt.  Soc.  Amer. ,  v.  46:  246- 
254,  Apr.  1956. 

A  spectroscopic  method,  useful  for  strongly  absorbed 
lines,  has  been  investigated  for  measuring  tempera¬ 
tures  of  hot  gases.  The  minimum  transmission  of  dis¬ 
crete  spectral  lines  in  gases  at  equilibrium  has  a  sim¬ 
ple  dependence  upon  the  absolute  temperature, and  this 
relation  is  used  to  measure  temperature  from  a 
straight  line  plot.  An  experimental  study  has  been 
made  of  the  absorption  due  to  the  rotational  lines  of 
OH  (2;:  < —  2>i)  between  3067  and  3090  A  in  an  oxygen- 
acetylene  flame.  It  is  shown  that  temperatures  meas 
ured  by  this  method  are  less  affected  than  the  conven¬ 
tional  one  by  lack  of  sufficient  resolving  power,  flame 
thickness,  and  various  light  sources  (either  continuous 
or  line).  (C<>'’tractor’s  abstract) 


NBS.  02:003 

National  Bureau  of  Standards,  Washington,  D.  C. 

TEMPERATURE  OF  FLAMES,  by  H.  P.  Broida  and  A. 
M.  Bass.  Technical  rept.  Dec.  1954-Dec.  1955.  Jan. 
16,  1956,  fv.  incl.  lllus.  diagrs.  tables,  refs.  (NBS 
rept.  no.  4418)  (AFOSR-TR-56  5)  (CSO-630  55-25) 

AD  80550  Unclassified 

The  High  Temperature  Spectroscopy  Laboratory  of  the 
National  Bureau  of  Standards  dates  Its  research  from 
1949.  The  emission  aixl  absorption  of  radiant  energy 
by  a  hot  gas  system  are  studied  for  Information  ou  the 
characteristics  of  the  fundamental  physical  and  c heimcu 
quantities  involved.  The  work  of  the  past  year  is  given. 
In  the  ultraviolet  region  of  the  spectrum,  the  radiation 
emitted  from  (lames  at  low  pressure  is  surveyed.  The 
result  Is  the  development  of  a  new  and  convenient  nielli 
od  for  determining  flame  temperatures  aixl  the  dlscov 
ery  ol  a  previously  unobserved  region  of  burning  In 
hydrocarbon  flames,  fn  the  Infrared,  work  is  done  on 
the  measurement  of  the  widths  of  resulved  lint  s  In  the 
spectrum  of  CO.  ’I he  distortion  effects  and  a  correc¬ 
tion  method  for  the  spectrometer  slit  on  recorded  spec 
trum  lines  are  considered.  The  details  of  the  Investi¬ 
gations  are  given  In  the  report. 
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NBS.  03:001 

Nattonal  Bureau  ol  Standards,  Washington,  D.  C. 

TITRATIONS  OF  BASES  WITH  DIPHENYL  PHOSPHATE 
IN  SOME  AQUEOUS  AND  NONAQUEOUS  SOLVENTS,  by 
M.  M.  Davis  and  H.  B.  Helzer.  Jan.  20,  1955,  12p. 
lncl.  dlagrs.  lables,  refs.  (Research  Paper  no.  2593) 

[  AFOSR-TN-54-175]  [  CSO-670-54-10  and  CSO-580- 
56-36]  AD  140135  Unclassified 

Also  published  In  Jour.  Res.  Nal'l.  Bur.  Standards, 

V.  54:  309-320,  June  1955. 

Successful  titrations  of  various  bases  wtth  diphenyl  phos¬ 
phate  In  benzene,  methanol,  waler,  and  mtxlures  of 
these  solvents  have  been  performed,  In  some  cases  po- 
tentlomelrlcally  (using  lhe  glass,  saturated  calomel 
eleclrode-sysiem),  and  In  other  cases  ustng  Indicator 
dyes.  Several  of  lhe  dyes  (bromophthaleln  magenla  E, 
5-phenyl-9-dlethyl  Nile  blue,  and  ti.-e  anhydro-tase  of 
tamarack  green  and  Victoria  blue  D)  have  nol  been  used 
elsehwere  as  actd-base  Indicators.  Dlphenvl  phosphale 
Is  shown  lo  be  a  slrong  acid  which  Is  eastly  obtained 
and  maintained  as  anhydrous  crystals.  It  Is  nol  strong 
enough,  however,  lo  serve  as  a  replacemenl  for  per¬ 
chloric  acid  tn  tllrallons  tn  acetic  actd.  Allentlon  ts 
called  lo  lhe  differing  behavior  of  benzoic  acid  and  dt- 
phenyl  phosphale  when  lhe  solvenl  Is  changed  from  waler 
to  methanol.  Using  a  "nonleveling"  solvenl  In  place  of 
water  makes  tl  possible  lo  obtain  separate,  sharp  end- 
poinls  tn  ltlratlng  a  mixture  of  lwo  such  actds.  Other 
pertinent  Information  about  diphenyl  phosphale  ts  sum¬ 
marized.  (Contractor's  abstract) 


NBS.  04:001 

National  Bureau  of  Standards,  Washington,  D.  C. 

THE  IONIC  DISSOCIATION  OF  2,  4-,  2,  6-,  AND  3, 4- 
D1CHLOROBENZOIC  ACIDS  IN  WATER,  by  M.  M. 

Davis  and  H.  B.  Hetzer.  Aug.  3,  1956,  lOp.  lncl. 
tables,  refs.  (AFOSR-TN-56-353)  (CSO-670-55-21) 

AD  95439  Unclasstfled 

Also  published  In  Jour.  Phys.  Cheni. ,  v.  61:  123-125, 
Jan.  1957. 

The  respective  experimental  pK  values  obtained  for  2,4-, 
2,  6-,  and  3,  4-dlchlorobenzolc  acids  at  approximately 
25‘C  were  2.  76,  1.82,  and  3.64.  The  experimental 
procedures  and  results  are  summarized.  Agreement 
between  the  actual  and  calculated  lontzatton  constants 
for  2,  4-dlbromobenzolc  acid  was  apparently  close. 
Spectral  data  for  tonlzed  and  nonlonlzed  2,  4-dlchloro- 
benzolc  acid  did  not  agree  with  results  reported  by 
Doub  and  Vandenbelt  (Jour.  Amer.  Chem.  Soc.,  v.  77: 
4535,  1955). 

NBS.  04.002 

National  Bureau  of  Standards,  Washington,  D.  C. 

THE  IONIC  DISSOCIATION  OF  2.  6  DIMETHOXYBEN- 


ZOIC  ACID  IN  WATER,  by  M.  M.  Davis  and  H.  B. 
Hetzer.  Aug.  3,  1956,  4p.  (AFOSR-TN-56-395) 
(CSO- 670  55-21)  AD  96053  Unclasstfted 

Also  published  In  Jour.  Phys.  Chem.,  v.  61:  125, 
Jan.  1957. 

The  "apparent"  thermodynamtc  dtssoctatlon  constant 
(expressed  as  pK')  of  2,  6-dlmethoxybenzotc  acid  has 
been  measured al  approximately  25°C.  The  experi¬ 
mental  and  calculated  pK’  values  are  compared  and 
discussed  briefly.  (Conlractor's  abstract) 


NBS.  04:003 

National  Bureau  of  Standards,  Washington,  D.  C. 

ACIDITY  AND  BASICITY  IN  ORGANIC  SOLVENTS,  by 
M.  M.  Davis.  Final  rept.  Jan.  1954-June  1956.  Aug. 
23,  1956,  9p.  lncl.  dlagr.  lable.  (NBS  repl.  no.  4823) 
(AFOSR-TR-56-33)  (CSO-670-55-21)  AD  96216 

Unclassified 

Absiracis  are  given  for  the  followtng  completed  sludtes: 
(1)  titrations  of  bases  wtth  diphenyl  phosphale  In  some 
aqueous  and  nonaqueous  solvents;  (2)  the  tonic  dissoci¬ 
ation  of  2,  4-,  2,6-,  and  3,  4-dlchlorobenzotc  acids  In 
waler;  (3)  the  Ionic  dissociation  of  2,  6-dlmethoxyben- 
zolc  actd  tn  waler;  and  (4)  lhe  relative  slrengths  of  40 
aromaltc  carboxyltc  aclde  In  benzene  al  25° C.  Sum¬ 
maries  are  given  for  lhe  following  parlly  completed 
sludtes:  (a)  speclropholometrlc  sludtes  of  the  reactions 
of  miscellaneous  organic  actds  wtth  the  baste  Indicator 
dye,  lolyl  dtpropyl  Ntle  blue,  In  benzene  al  25°  C;  and 
(b)  lhe  effecl  of  tempt ralure  on  the  association  of  dl- 
phenylguanldlne  wtth  aromatic  actds  In  benzene. 


NBS.  05:001 

National  Bureau  of  Siandards,  Washington,  D.  C. 

STEttIC  EFFECTS  IN  AZO  AND  INDIGO  DYES,  by  W. 

R.  Erode.  Feb.  2,  1956,  lCp.  tncl.  dlagi  s.  lables, 
refs.  (AFOSlt-TN-56-28)  (CSO-670-55-28)  AD  150777 

Unclassified 

Presenled  al  a  Symposium  of  the  London  Chemical  Soc. , 
London  (England),  Feb.  2,  1956. 

Published  In  "Recent  Advances  In  the  Chemistry  of 
Colourtng  Matlers,"  Special  Publication  No.  4,  p.  1- 
16,  1956. 

A  revtew  ,'s  gtven  of  the  contributions  during  the  last 
30  yr  tn  the  area  of  color  and  chemical  constttutton. 
Sterlc  effecli  are  discussed  relative  to:  (1)  opltcally 
active  dyes;  (»)  azo-dyes  (mono-  anddlsazo);  (3)  Indigo 
and  thtotndlgo  dyes;  (4)  association  effects;  and  (5)  x- 
ray  and  v- radl.  tlon. 
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NBS.  06:001 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  NOTE  ON  THE  PREPARATION  OF  SOLID  OZONE 
AND  ATOMIC  OXYGEN  (Abstract),  by  H.  P.  Brolda 
andJ.  R.  Pellam.  [Nov.  3,  1954J  [  1  ]  p.  [CSO-680- 


Unclassllled 


Published  In  Jour.  Chem.  Phys. ,  v.  23:409,  Feb.  1955. 

Solid  O3  containing  atomic  O  was  prepared  by  passing 
O  at  a  pressure  of  0. 1  to  3  mm  Hg  through  a  discharge 
region  malnlalned  by  a  microwave  (2450  mc/sec)  volt¬ 
age.  A  violet  coloration  was  observed  on  the  cold 
walls  within  15  to  30  sec  after  starting  the  flow  of  O 
through  the  discharge.  The  material  became  thick  and 
began  to  peel  and  crack  from  the  surface.  The  violet 
solid  had  the  pungent  odor  of  O3  and  decomposed  rub¬ 
ber.  When  a  small  amount  of  K2O  was  added  prior  to 
starting  the  O  flow,  a  colorless  amorphous  solid  was 
obtained  which  was  attributed  to  O3. 


NBS.  06:002 

National  Dureau  of  Standards,  Washington,  D.  C. 

INTERPRETATION  OF  SPECTRA  OF  ATOMS  AND 
MOLECULES  IN  SOLID  NITROGEN  CONDENSED  AT 
4.  2° K,  by  C.  M.  Herald  and  H.  P.  Brolda.  Oct.  13, 
1955  [  6  j p.  incl.  illus.  diagrs.  table,  refs.  ([AFiOSR- 
TN-55-371)  (Sponsored  jointly  by  Air  Force  Office  ot 
Scientific  Research  and  Office  of  Naval  Research  under 
CSO-680-56-21)  AD  71618  Unclassified 

Also  published  In  Phys.  Rev.,  v.  101:  606-311,  Jan.  15, 
1956,  (Title  varies). 

\ 

The  emission  spectra  observed  from  solids  condensed 
at  4.2“K  from  an  electric  discharge  through  nitrogen 
are  explained  by  assuming  that  large  numbers  of  nitro¬ 
gen  atoms  are  deposited  In  the  process.  Approximate 
calculations  of  the  Interactions  of  the  atoms  with  the  sur¬ 
rounding  solid  show  that  the  observed  shifts,  splittings, 
and  changes  ot  half-life  of  so  ne  atomic  lines  have  the 
proper  direction  and  magnitude.  Analysis  ot  new  baud 
system  provides  evidence  for  the  formation  <-f  nitrogen 
molecules  trom  atoms  In  the  solid  and  proviues  Informa¬ 
tion  about  a  new  electronic  slate  of  N2  which  may  be 
the  *  state.  On  this  basis,  a  lower  limit  to  the  heat 
of  dissociation  ot  nitrogen  ot  9.  632  ev  can  be  given. 


NBS.  06:003 

National  Bureau  of  Standards,  Wasl,.,igton,  U.  C. 

THEORY  or  SPECTRA  OF  ATOMS  AND  MOLECULES 
IN  SOIJU  NITROGEN  CONDENSED  AT  4.  7*K  (Abstract), 
by  C.  M.  Herzteld.  Nov  7.  1955,  lp.  (AFOSH-TN- 
55  412)  (CSO-680-56  2t)  Unclassified 

Presented  at  meeting  ot  the  Amer.  Phys,  Soc. ,  New 
York,  Jar..  1956. 


NBS.  06:001  -  NBS.  07:001 


Published  lr.  Bull.  Amer.  Phys.  Soc.,  Series  II,  v.  1: 
58,  Jan.  30,  1956. 

The  observed  omission  spectra*  of  solids  condensed 
at  4.  2°K  from  electric  discharges  through  nitrogen 
are  explained  by  assuming  that  large  numbers  of  atoms 
In  various  excited  states  are  deposited  In  the  process. 
Approximate  calculations  show  that  one  set  of  emls- 
s'on  'Ires  corresponds  to  the  forbidden  2D  — i  ^S 
transition  In  N  atoms,  which  Is  perturbed  by  crystal 
field  effects.  Band  emission  spectra  are  obtained 
wldch  arise  when  atoms  combine  to  form  molecules  In 
highly  excited  states.  The  most  Intense  band  band  sys¬ 
tem  is  analyzed,  and  arises  from  the  •*£  — ->  A2E 
transition.  The  analysis  provides  values  of  D0  (=  1060 
cm'1),  and  r0  (approximately  1.5A),  for  •>£,  and  a 
lower  limit  of  9.  632  ev  for  the  heat  of  dissociation  of 
the  ground  state  of  N2.  Several  effects  of  the  crystal 
field  on  the  molecular  levels  are  observed.  (Contrac¬ 
tor's  abstract) 


NBS.  06:004 

National  Bureau  of  Standards,  Washington,  D.  C. 

THEORY  OF  SPECTRA  OF  ELECTRIC  DISCHARGE 
PRODUCTS  COLLECTED  AT  LOW  TEMPERATURES, 
byC.  M.  Herzfeid.  [  1955 j  7p.  (CSO-680-56-21) 

Unc  lasslfied 

The  effects  of  perturbations  of  atoms  and  molecules 
in  solids  and  the  effect  of  the  solid  on  the  spectra  of 
atoms  is  discussed  In  relation  to  the  crystal  field 
theory.  Electric  fields  set  up  by  neighboring  mole¬ 
cules  and  Ions  are  explicitly  written  out  with  special 
attention  given  to  field  symmetry.  The  average  effects 
of  these  fields  on  a  particular  Ion  are  then  calculated 
with  quantum  mechanical  perturbation  theory.  Relative 
splittings  of  Ionic  energy  levels  are  thus  deduclble 
and  relative  transition  probabilities  estimated;  agree¬ 
ment  between  theoretical  calculations  and  experimental 
findings  Is  usually  good.  Interactions  between  a  specif¬ 
ic  ion  and  its  neighbors  must  be  considered  If  absolute 
magnitudes  of  splittings  and  transition  probabilities 
are  to  be  calculated;  no  reliable  general  technique  Is 
available  (o  do  this  difficult  operation  in  most  cases. 


NBS.  07 :00t 

National  Bureau  of  Standards,  Washington,  D.  C. 

THE  (0,  t)  AND  (t,  2)  BANDS  OF  THE  2  .  -  2  "  SYSTEM 
OF  CH,  by  N.  H.  Kless.  Mar.  18,  1955  71p.  Incl. 
illus.  diagrs.  tables,  rets.  (NBS  rept.  no.  3975)  (tn 
cooperation  with  Maryland  U. ,  College  Park) 

,  AFOSti-TN-55- 181  !  CSO-68O  56- 30  AD  67081 

Unclassitled 

A  description  Is  presented  ot  the  experimental  proce¬ 
dures  for  photographing  the  (0,  1)  and  1,  2)  bands  of  the 
2..  _  2.,  (jysiem  ot  the  band  spectra  01  theCH  molecule, 
and  the  analysis  ot  the  structure  ot  these  bands.  The 
theory  of  the  spectra  of  diatomic  molecules  is  given 


I  ' t* 


•  • 


•  • 


•  t 


•  • 


•  •  • 


s 


AIR  FORCE  SCIENTIFIC  RESEARCH 


NBS.  07:002  -  NDS.  07:005 


briefly  In  order  to  introduce  those  results  and  methods 
which  are  necessary  for  the  analysis  of  the  band  struc¬ 
ture.  The  previous  work  on  the  CH  spectra  is  sum¬ 
marized.  Allhough  the  (0, 1)  band  of  the  -  2rr  sys¬ 
tem  was  first  noticed  In  1916,  its  faintness  prevented 
any  high- resolution  work;  hence,  the  identity  of  its 
emitter  could  not  be  conclusively  established.  It  is 
found,  however,  that  a  lean  acetylene-oxygen  flame 
burning  on  a  slot  burner  emits  this  band  with  sufficient 
intensity  for  high- resolution  work.  The  analysis  shows 
that  this  band  is  the  (0,  1)  band  of  the  2<  -  2ir  system, 
and  revelas  the  (1,  2)  band  of  this  system.  It  also  leads 
to  the  determination  of  molecular  constants  for  rotation, 
vibration,  A-doubling,  and  spin- splitting.  Although 
many  of  these  constants  have  been  determined  from  the 
analysis  of  other  CH  hands,  the  data  from  the  (0,  I)  and 
(1,  2)  bands  serve  bolh  to  check  the  accuracy  of  the 
values  given  for  these  constants  and  to  determine  some 
new  constant. 


NBS.  07:002 

National  Bureau  of  Standards,  Washington,  D.  C. 

EXPERIMENTAL  PROOF  FOR  THE  EXISTENCE  OF 
NONTHERMAL  ROTATIONAL  DISTRIBUTIONS  OF  OH 
(2.'l+)  IN  FLAMES,  by  H.  P.  Broida  and  H.  J.  Kost- 
kowski.  Nov.  15,  1955  L  5  J  p.  tncl.  dlagrs.  tables,  refs. 
LAFOSR-TN- 55-459  I  [  CSO  680-56-30 J  AD  122249 

Unclassified 

Also  published  ill  Jour.  Chem.  Phys. ,  v.  25:676-680, 
Ocl.  1956. 

Experimenls  have  been  carried  out  to  determine  whelher 
nonthermal  rolalior.al  distributions  in  the  2  *  electronic 
state  of  Oil  ohserved  in  certain  flames  are  caused  by 
self-absorption.  A  study  of  emission  (single  and  douhle 
palh)  and  ahsorptton  of  OH  between  3064  A  and  3350  A 
in  almospheric  and  low-pressure  flames  has  shown  lhat 
self-absorption  is  negltglhle  in  at  least  2  cases  In  which 
nonthermal  distributions  are  found.  This  leads  to  lhe 
conclusion  that  anomalous  "temperalures"  of  OH  meas¬ 
ured  previously  tn  hydrocarhon  flames  at  low  pressure 
and  tn  highly  diluted  flames  at  atmospheric  pressure 
are  real.  (Contractor’s  abstract) 


NBS.  07:003 

National  Bureau  of  Standards,  Washington,  D.  C. 

SPECTRA  EMITTED  FROM  SOLID  NITROGEN  CON¬ 
DENSED  AT  4.  2  K  FROM  A  GAS  DISCHARGE,  by  A. 
M.  Bass  and  II.  I’.  Broida.  Dec.  7,  1955  8  p.  incl. 

Ulus,  dlagrs.  tables,  refs.  AFOSII-YN  55-400. 

.  CSO- 080- 56- 30  AD  1061G5  Unclassified 

Alsu  published  Li  Phys.  Rev.,  v.  101:  1740-  1747, 

Mar.  15,  1950. 

Products  of  an  eiectrtrai  discharge  In  flowing  nitrogen 
are  frozen  at  liquid  helium  temperatures.  The  solid 


material  emits  a  glow.  Emission  spectra  have  been 
obtained  in  the  region  of  2200  A  to  7000  A.  The  most 
intensce  features  of  these  spectra,  5  sharp  lines  near 
5230  A  and  3  diffuse  lines  between  5530  A  and  5670  A, 
are  attributed  to  radiation  from  nitrogen  atoms  as  af¬ 
fected  by  the  solid  lattice.  There  is  a  less  intense 
series  of  bands,  degraded  to  the  red,  extending  from 
3500  A  to  6400  A.  This  system  most  probably  arises 
from  a  transition  of  the  N2  molecule,  probably  lo  the 
A2  u  +  state.  In  the  same  region,  there  is  a  group  of 
very  weak  diffuse  bands  which  may  be  emission  from 
NO2.  In  addition,  several  weak  bands  are  attributed  to 
the  P-  and  '"-systems  of  NO  and  to  NH.  When  the  flow 
of  nitrogen  and  the  electrical  discharge  are  removed, 
an  afterglow  from  the  solid  is  observed.  The  spec¬ 
trum  oi  the  afterglow  shows  only  the  group  near  5230  A 
and  a  weak  line  at  5944  A.  The  half-life  of  this  after¬ 
glow  radialion  is  about  15  sec.  Intensities  of  all  other 
features  decay  to  zero  in  less  than  I  sec.  (Contractor’s 
abstract) 


NBS.  07:004 

National  Bureau  of  Standards,  Washington,  D.  C. 

SLIT  FUNCTION  EFFECTS  IN  THE  DIRECT  MEAS¬ 
UREMENT  OF  ABSORPTION  LINE  HALF-WIDTHS 
AND  INTENSITIES,  by  H.  J.  Kostkowski and  A.  M. 
Bass.  Feb.  15,  1956  [  5  J  p.  incl.  dlagrs.  table, 
i  AFOSR-TN-56-25  'CSO-680-56-30)  /V  122982 

Unclassified 


Also  published  in  Jour.  Opl.  Soc.  Amer. ,  v.  46:  1060- 
1054,  Dec.  1956. 

The  distortion  of  speclral  lines  hy  lhe  finite  band  pass 
of  speclron-eiers  Is  an  effect  which  must  be  considered 
In  measuring  line  shape  parameters.  The  differences 
between  actual  line  half-widths  and  line  Intensities  and 
those  which  would  be  obtained  directly  from  measure¬ 
ments  hy  spectrometers  with  Gauss  and  Cauchy  shaped 
sill  functions  have  heen  calculaled  for  Lorentz  and 
Doppler  lines  of  varying  widlhs  and  inlensities.  A 
method  of  ullllztng  these  results  to  correct  actual 
measuremenls  Is  developed.  (Contraclor’s  abstract) 


NBS.  07:005 

National  Bureau  of  Standards,  Washington,  D.  C. 

SPECTROSCOPIC  SURVEY  OF  ENERGY  DISTRIBU¬ 
TIONS  OF  Oil,  C2,  AND  CU  RAD1CA1.S  IN  LOW  - 
PRESSURE  ACETYLENE-OXYGEN  FI  AMES,  by  II. 

P.  Broida  and  D.  F.  Iloatlt.  Mar.  2,  1550  7  ,p. 

incl.  Ulus,  dlagrs.  tables,  refs.  AFOSH-TN  56  46. 
(CSO  -  080  50  30)  AD  80558  Unc  lassllicd 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.,  New 
York,  Jan.  30  F“b.  4,  1950. 


Feb.  1957. 
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Rotational  and  vibrational  "temperatures"  Irom  elec¬ 
tronic  transitions  ol  OH,  C2,  and  CH  radicals  have  been 
measured  In  detail  as  tunctiur.s  ol  position  In  low-pres¬ 
sure  acetylene-oxygen  Ilames.  Pressures  were  varied 
Irom  0.  8  to  6.  0  mm  Hg.  Trends  ol  "iemperaiure"  are 
presented  ai  lunctions  ol  mixture,  pressure,  posttton, 
mass-Ilow  rate,  and  burner  size.  Abnormalities  in 
"temperaiure"  are  dtscussed.  Evtdence  is  presenied 
lor  the  extstence  ol  a  newly  discovered  region  ai  the 
base  ol  the  Ilame.  This  regton  is  about  0.  X  the  visible 
Ilame  ihlckness  and  Is  characterized  by  strong  emis¬ 
sion  ol  C2  and  CH  relative  to  OH  and  by  relatively  high 
"temperatures"  ol  C2  and  CH.  Just  above  this  region, 
the  OH  rotational  "temperaiure"  is  very  high,  about 
iMib*  K,  and  Is  independent  of  pressure.  (Contractor's 
abstract) 


NBS.  07:006 

National  Bureau  ol  Standards,  Washington,  D.  C. 

ON  THE  RELAXATION  OF  VIBRATIONAL  NONEQUI¬ 
LIBRIUM  DISTRIBUTIONS.  III.  THE  EFFECT  OF  RAD¬ 
IATIVE  TRANSITIONS  ON  THE  RELAXATION  BEHAVI¬ 
OR,  by  R.  J.  Rubin  and  K.  E.  Shuler.  Mar.  6,  1956, 
lOp.  (AFOSR-TN-56- 106)  (CSO-680-56-30)  AD  82020 

Unclassllied 

Also  published  In  Jour.  Chem.  Phys. ,  v.  26:137-142, 
Jan.  ls&7. 

In  previous  papers  ol  this  series  (Parts  I  and  II),  a 
theoretical  study  was  made  ol  the  colltstonal  relaxation 
ol  a  system  ol  harmonic  oscillators  (with  ^v/^,  *  1) 

Irom  tnltlal  vibrational  nonequilibrium  distributions, 
and  ol  lhe  lnlluence  ol  the  colllslonal  transition  proba¬ 
bilities  on  the  relaxation  behavior.  This  paper  Is  con¬ 
cerned  with  lhe  extension  ol  this  study  to  Include  the 
eltects  ol  concurrent  radiative  transitions  on  lhe  relax¬ 
ation  behavior.  Concurrent  radiative  transitions  do  not 
change  the  relaxation  behavior  ol  the  system  ol  harmon¬ 
ic  oscillators  Irom  that  lound  previously  lor  purely  col- 
lisloual  transitions.  The  only  change  Is  In  the  time- 
scale  ol  the  relaxation,  In  that  the  expressions  obtained 
In  Part  1  must  be  multiplied  by  a  lactor  ol  the  lorm 
exp  "v  1  ,  where  Is  the  lifetime  ol  the  oscillators  In 
their  excited  vibrational  and  electronic  energy  levels. 
(Contractor's  abstract) 


NBS.  07:007 

National  Bureau  of  Standards,  Washington,  U.  C. 

STABILIZATION  OK  FREE  RADICALS  AT  LOW  TEM 
DENATURES,  by  H.  P.  Brolda.  June  15,  1956,  I8p. 
Ulus,  dlagrs.  refs.  (AKOSR-TN  5G  139)  (CSO-G80- 
5G  30)  AD  8001 G  Unclassified 

Also  published  In  Ann.  N.  Y.  Acad.  Sciences,  v.  07: 
530  545,  May  24,  1957. 

Several  methods  are  discussed  lor  the  production  ol 


free  radicals  for  low-temperature  stabilizaUon.  These 
methods  are  grouped  tnto  two  categories:  (1)  methods 
In  which  the  radicals  are  frozen  into  a  solid  after  prep- 
araUon  at  high  temperaiure,  and  (2)  methods  in  which 
the  radteals  are  produced  directly  in  the  solid  at  low 
temperature.  In  the  ftrsi  group,  radteals  are  formed 
tn  a  gas  by  elecirlc  discharges,  high  temperature,  or 
chemtcal  reactions,  and  ihen  solidified  on  a  cold  wail 
before  they  can  react.  In  the  second  group,  radicals 
are  formed  in  the  cold  solid  by  Irradiation  of  the  prop¬ 
er  material  with  y-rays,  x-rays,  or  ultraviolet  light, 
or  by  bombardment  with  accelerated  parUcIes  such  as 
electrons,  neutrons,  or  protons.  The  tncreased  use 
of  paramagnetic  resonance  absorptton  measurements, 
the  adaption  ol  nuclear  resonance,  the1  study  ut  thermal 
and  electrical  properties,  and  the  use  of  x-ray  diffrac- 
ti  )n  techniques  are  all  approaches  which  should  give 
valuable  Information  about  free  radicals.  The  ability 
to  place  free  radicals  in  a  solid  permits  the  character¬ 
istics  of  the  solid  to  be  studied  by  means  of  the  sensi¬ 
tivity  of  detecting  free  radicals  whose  properties  are 
affected  by  the  f  rce  fields  of  the  solid. 


NBS.  07:008 

National  Bureau  of  Standards,  Washington,  D.  C. 

SPECTROSCOPIC  OBSERVATIONS  ON  PENTABORANE- 
AIR  FLAMES  AND  EXPLOSIONS,  by  W.  G.  Berl,  E.  L. 
Gayhart  and  others  iJuly  la,  l9$6j  lp.  lhcl.  lLus. 

(I  AF  JOSR-TN-56-I83)  (Sponsored  jotntly  by  Bureau 
of  Ordnance  under  Nord-7386  and  Air  Force  Offtce  ol 
Scientific  Research  under  CSO- 380-56-30)  AD  87056 

Unclassified 

Also  published  In  Jour.  Chem.  Phys.,  v.  25:  797, 

Oct.  1956. 

Spectroscopic  studies  were  made  by  adding  0  to  lhe  N- 
dlluted  B5H9  In  a  How  system  to  prepare  B5H9-O  mix¬ 
tures  which  were  Ignited  by  an  electric  spark  producing 
a  rapidly  expanding  flame  kernel.  The  duration  of  such 
explosions  Is  of  the  order  ol  a  msec.  The  main  spec¬ 
tral  features  observed  (B5H9-N  ratio  =  1:69.5)  were 
the  u  bands  of  BO  between  3370  A  and  6200  A  owing  to 
the  transition  from  the  A2i'i  stale  to  the  X2.  •  ground 
state,  A  weak  system  of  diffuse  bands  observed  In  the 
same  region  was  Identical  with  the  so-called  "boric 
acid  fluctuation  band.  "  No  emission  was  observed  at 
wavelengths  shorter  than  3350  or  longer  than  6400  A. 
Neither  BH,  BN,  nor  OH  bands  were  observed  in  either 
the  diffusion  flame  or  in  the  explosions.  Tbe  IK)  a  and 
BjOj  bands  observed  in  tbe  low  temperature  (— 500“K) 
diffusion  flame  apparently  indicated  a  chemiluminescent 
origin  of  the  radiation  in  the  flame. 


NBS.  07:009 

National  Bureau  ol  Standards,  Washington,  D.  C. 

SHARI'  1JNE  ABSORPTION  IN  SIIJCA  NEAR  3400  curl, 
by  A.  M.  Bass  and  II.  P.  Brolda.  July  10,  I95G  2  p. 
lari,  dtagr.  table.  .  AKOSR-TN- 56  328. 
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(CSO-680-  56-  30)  AD  95204  Unclassified 

Also  published  In  Jour.  Opt.  Soc.  Amer. ,  v.  47:  163- 
164,  Feb.  1957. 

Sharp  absorption  lines  have  been  observed  at  tempera¬ 
tures  near  4°K  In  samples  of  fused  silica  and  crystal 
quartz.  Ttu.  strongest  lines  are  near  3365  and  3472 
cm'1  and  have  widths  at  half  height  of  less  than  2.  5 
cm1.  With  increasing  temperature,  the  absorption 
lines  are  shifted  to  higher  frequencies;  in  addition,  the 
lines  are  broadened  and  the  peak  absorption  is  de¬ 
creased.  (Contractor's  abstract) 


NBS.  07:010 

National  Bureau  of  Standards,  Washington,  D.  C. 

STEREOSCOPIC  STUDIES  OF  SOLIDS  CONDENSED  AT 
4.  2°K  FROM  ELECTRIC  DISCHARGE  THROUGH 
NITROGEN,  OXYGEN,  HYDROGEN,  WATER,  AND 
AMMONIA,  by  H.  P.  Broida.  [Aug.  15,  1956]  [  6  ]  p. 
incl.  Ulus,  diagr.  [  AFOSR-TN-  56-362  J  (CSO- 680- 
56-30)  AD  95448  Unclassified 

Also  published  In  Proc.  Conference  on  Chemical 
Aeronomy,  Harvard  U. ,  June  1956,  from  HieJTbreshQld 
of  Space,  1957,  p.  194-  199. 

Absorption  spectra  between  2200  and  35,  000  A  have 
been  obtained  of  solids  condensed  at  4.  2“K  after  passing 
N,  O,  H,  H2O,  and  NH3  separately  through  an  electrode¬ 
less  discharge  (Bass  and  Broida).  Comparison  spectra 
of  the  same  solidified  gases  which  were  not  subjected 
to  the  discharge  have  been  obtained.  A  number  of  bands 
occur  in  the  discharge  products  which  do  not  occur  In 
materials  which  have  not  passed  through  the  discharge. 
These  bands  are  diffuse  and  fairly  broad  (generally 
greater  than  100  cm"  1).  They  disappear  at  higher  tem¬ 
peratures  and  do  not  reappear  when  the  solids  are 
cooled  again. 


NBS.  07:011 

Na.ronal  Bureau  of  Standards,  Washington,  D.  C. 

SPECTRUM  OF  THE  C3  MOLECULE  BETWEEN  3G00 
A  AND  4200  A,  by  N.  11.  Kless  and  H.  P.  Broida. 

Aug.  27,  1956  11  p.  incl.  Ulus,  diagr.  tables, 

i  AFOSH-TN-56-3C3  (CSO- 080- 56- 30)  AD  95449 

Unclassified 

Also  published  In  Cinad.  Jour.  Phys. ,  v.  34:  1471- 
1479,  1950. 

C3  bands  were  observed  In  the  emission  spectrum  of  an 
C2H2  02  Haine  with  an  excess  of  C2ii2.  1°  addition  to 
the  usually  observed  bands  of  the  4050  A  group,  weak 
baials  at  wavelengths  less  than  4000  A  and  greater  than 
4100  A  were  observed.  Measured  wavelengths  are 
given  of  40  band- heads  superimposed  on  a  strong  con¬ 
tinuum,  extending  from  3000  to  4200  A.  A  rotational 


analysis  of  the  2  strongest  bands  with  heads  at  4050  A 
and  4072  A  is  given  also.  The  relative  simplicity  of 
these  2  bands  indicates  that  the  complexity  of  the  other 
C3  bands  is  caused  by  lines  of  over-iapping  bands. 
Rotational  constants  and  band  origins  are  also  given  tor 
both  bands.  (Contractor's  abstract,  modified) 


NBS.  07:012 

National  Bureau  of  Standards,  Washington,  D.  C. 

ABSOLUTE  INTENSITIES  OF  THE  721  AND  742  CM'1 
BANDS  OF  C02,  by  H.  J.  Kostkowski  and  L.  D. 

Kaplan.  [Aug.  15,  1956]  [  2  J  p.  incl.  diagr.  refs. 
(AFOSR-TN- 56- 393)  (Sponsored  jointly  by  Office  of 
Naval  Research  and  Air  Force  Office  of  Scientific  Re¬ 
search  under  CSO-680- 56-30)  AD  96051 

Unclassified 

Also  nuhllsned  in  Jour.  Chem.  Phys.,  v.  26:  1252- 
1253,  May  1957. 

The  absolute  intensities  of  the  O^O  — »  10^0  and 
0220  — ♦  i 3 1 0  bands  of  C02  at  721  and  742  cm-1,  re¬ 
spectively,  have  been  determined  with  a  curve- of- 
growth  method  utilizing  the  Elsasser  periodic  line  pat¬ 
tern  and  a  slit  function  calculation.  The  resultiiw  in¬ 
tensities  were  Sqi  lo _ ^  loOo329“K-  7.  5  cm'^atm"1 

and  Sq22q  _ ^  j]lo329°K=  0.  22  cm' 2  atm" 1.  In  ad¬ 

dition  the  intensity  of  the  03l0  — f  120o  band  at  740 

cm'1  was  estimated  to  be  S03I0 _ >  i20q325  K  - 

0.032  cm'2  atm'1-  (Contractor’s  abstract) 

NBS.  07:013 

National  Bureau  of  Standards,  Washington,  D.  C. 

ABSORPTION  SPECTRA  OF  SOLIDS  CONDENSED 
FROM  AN  ELECTRICAL  DISCHARGE  THROUGH 
OXYGEN  (Abstract),  by  A.  M.  Bass  and  H.  P.  Broida. 

[  1956  j  [  1 J  p.  (CSO- 680- 56- 30)  Unclassified 

Presented  at  Symposium  on  Molecular  Structure  and 
Spectroscopy,  Ohio  State  U. ,  Columbus,  June  ii-15, 
1956. 

Published  in  Symposium  on  Molecular  Structure  and 
Spectroscopy.  Abstracts,  1950,  p.  23. 

The  products  of  a  high  frequency  electrical  discharge 
in  flowing  oxygen  are  f-ozen  out  on  a  fused  silica  plate 
maintained  near  the  temperature  of  liquid  helium.  The 
absorption  spectra  of  the  collected  material  are  studied 
as  a  function  of  layer  thickness  and  of  temperature. 
Spectra  are  obtained  over  the  range  2200  to  8500  A  with 
prism  spectrographs,  and  from  i  to  3.  5  microns  with 
a  grating  spectrometer,  using  a  cooled  lead  sulfide 
detector.  The  absorption  spectrum  of  the  condensate 
from  the  discharge  through  oxygen  shows  some  25  dif 
fuse  bands  in  the  range  3500  to  7000  A.  A  few  of  these 
bands  correspond  to  hands  observed  in  solid  molecular 
oxygen,  in  the  ultraviolet  there  is  a  strong  continuous 
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NBS.  07:014  -  NBS,  08:001 


absorption  starting  at  about  3500  A  and  increasing  very 
rapidly  toward  shorter  wavelengths.  In  the  infrared 
two  bands,  about  20  cm-1  wide,  are  observed  peaking 
at  3030  aixi  3499  cm'1.  The  band  at  3030  cm'1  may  be 
due  to  ozone,  which  in  the  gas  phase  has  an  absorption 
band  at  3050  cm-1.  In  addition  there  are  observed  six 
narrow  lines  (about  2  cm-1  wide)  coming  from  the  fused 
silica  collecting  plate.  The  two  strongest  lines,  at 
3364  and  3470  cm"1,  show  marked  broadening  and  shift 
by  about  10  cm-1  to  shorter  wavelengths  upon  warming 
the  plate  from  liquid  helium  temperature  to  room  tem¬ 
perature.  (Contractor's  abstract) 


NBS.  07:014 


measured  in  the  first  overtone  vibration- rotation  band 
of  CO  at  2. 35  microns.  Sufficiently  high  CO  pressures 
were  used  so  that  direct  measurements  could  be  made 
with  a  grating  spectrometer  having  a  spectral  slit  width 
of  about  0. 3  cm"1.  Data  were  obtained  at  room  tem¬ 
perature  for  a  range  of  pressures  from  1/4  to  67  atm 
and  for  path  lengths  from  5  to  750  mm.  The  direct 
measurements  at  5  and  10  atm  were  corrected  by  about 
10%  for  the  distortion  effects  of  the  finite  spectrometer 
silt  width.  The  results  obtained  are  discussed  in  terms 
of  the  line  shape  and  the  pressure  dependence  of  line 
widths  in  CO  and  are  compared  with  results  obtained 
from  the  curve-of-growth  method  in  this  work  and  by 
others.  (Contractor's  abstract) 


National  Bureau  of  Standards,  Washington,  D.  C. 

LINE-WIDTHS  AND  SHAPES  IN  CO  AT  PRESSURES 
ABOVE  ONE  ATMOSPHERE  (Abstract),  by  H.  J. 
Kostkowski  and  A.  M.  Bass.  [  1956  J  [lip.  (CSO-680- 
56-30)  Unclaimed 

Presented  at  Symposium  on  Molecular  Structure  and 
Spectroscopy,  Ohio  State  U.,  Columbus,  June  11-15, 

1956. 

Published  in  Symposium  on  Molecular  Structure  and 
Spectroscopy.  Abstracts,  1956,  p.  50. 

The  widths  cf  self-broadened  lines  in  the  first  overtone 
band  of  CO  at  pressures  from  2‘/i  to  20  atm  were  meas¬ 
ured  directly  with  a  small  grating  menochromator  whose 
spectral  slit-width  was  approximately  0.  25  cm"1.  Line 
Intensities  were  also  determined  but  at  pressures  below 
one  atmosphere.  Both  the  line  widths  and  Intensities 
are  believed  to  be  in  error  by  less  than  5%.  These  in¬ 
dependently  determined  parameters  were  then  used  with 
assumed  line  shapes  to  calculate  the  absorption,  as  a 
luneUo.i  of  pressure,  at  various  troughs  throughout  the 
band.  Comparisons  were  made  with  actual  measure¬ 
ments  to  try  to  obtain  some  Information  about  the  line 
sStipe  and  V(Wtivs  lor  pressures  up  P  6h  atm.  The 
method  for  determining  the  width  and  intensity  of  the 
lines  as  well  as  the  results  obtained  on  widths  and  shapes 
are  presented.  (Contractor's  abstract) 


NBS.  07:915 

National  Bureau  of  Standards,  Washington,  D.  C. 

DIRECT  MEASUREMENT  OF  UNE  WIDTHS  AND  IN¬ 
TENSITIES  IN  CARBON  MONOXIDE  AT  2.  35  MICRONS 
(Abstract),  by  A.  M.  Bass  and  H.  J.  Kostkowski.  1956' 
.  1 ,  p.  i  CSO-680- 56-30  Unclassllied 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  ,  New 
York,  Jan.  30-Feb.  3,  1956. 

LubltStlShiln  Bull.  Amer.  phys.  Soc  ,  Series  ll,  v.  1: 

14.  Jan.  30.  1956. 

The  widths  and  Intensities  of  absorption  lines  have  been 


NBS.  07:016 

National  Bureau  of  Standards,  Washington,  D.  C. 

SPECTROSCOPIC  STUDY  OF  "TEMPERATURES"  DE¬ 
TERMINED  FROM  OH,  C2,  AND  CH  RADICALS  IN 
LOW-PRESSURE  ACETYLENE -OXYGEN  FLAMES  (Ab¬ 
stract).  by  D.  F.  Heath  and  H.  P.  Brolda.  [  1956] 

[  1  ]  p.  [  CSO-680-56-30  J  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  30-Feb.  3,  1956. 

Published  in  Bull.  Amer.  Phys.  Soc.,  Series  H,  v.  1: 
13,  Jan.  30,  1956. 

Rotational  and  vibrational  "temperatures"  from  elec¬ 
tronic  transitions  of  OH,  C2,  and  CH  radicals  have  been 
measured  in  detail  as  functions  of  position  in  low- 
pressure  acetylene- oxygen  flames.  Pressures  were 
varied  from  1. 6  to  6.  0  mm  Hg.  Trends  of  temperature 
are  presented  as  functions  of  mixture,  pressure,  posi¬ 
tion,  mass  flow  rate,  and  burner  size.  Abnormalities 
in  tv.iq*iatuie  are  discussed.  Evidence  Is  presented 
for  the  existence  of  a  new  "burning"  region  at  the  base 
of  the  flame.  This  region  Is  about  1/10  the  visible 

thttkmse  and  is  characterlMd  by  strong  emit. flop 
of  C2  and  CH  relative  to  OH  and  by  relatively  high  tem¬ 
peratures  of  C2  and  CH.  Just  above  this  region  the  OH 
rotational  temperature  is  very  high,  about  9000 “K. 
(Contractor's  abstract) 


NBS.  08:001 

National  3ureau  of  Standards,  Washington,  D.  C. 

INFRARED  MEASUREMENTS  FROM  50  TO  125  MI¬ 
CRONS,  by  E.  K.  Plyler  and  N  Acquisla.  Nov.  30, 
’955  [5jp.  incl.  llius.  (NBS  research  paper  no.  2660) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Air 
Force  Office  of  Scientific  Research  under  [  CSO-680- 
56-31  j,  and  Atomic  Energy  Commission)  AD  106656 

Unclassified 

Also  published  In  Jour.  Res.  Nat'l.  Bur.  Standards, 
v.  56:  149  153,  Mar.  1956. 
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A  prism  spectrometer  has  been  changed  to  a  long  wave¬ 
length  grating  spectrometry  by  removing  the  prtsm  and 
by  replacing  the  Littrow  mtrror  wtth  a  grating.  Gratings 
of  320  and  180  Itnes/tn.  were  used  for  the  region  50  to 
i25  microns.  A  thermocouple  wttn  a  crystal  quartz 
window  served  as  the  detector.  Stray  radtatton  was 
greatly  reduced  by  the  use  of  reflection  ftlters.  Three 
types  of  reflection  filters  were  found  to  be  efflctent. 

They  were  grattngs  with  2000  llnes/tn. ,  roughened 
silver  mirrors,  and  reststrahlen  plates  of  NaCl,  KBr, 
and  CsBr.  The  absorption  lines  of  water  vapor  were 
used  to  calibrate  the  spectrometer.  The  spectra  of 
several  substituted  ethyl  ones  and  ethanes  have  been 
measured,  and  absorption  bands  have  been  found  be¬ 
tween  50  and  100  mtcrons. 


NBS.  08:002 

National  Bureau  of  Standards,  Washington,  D.  C. 

INFRARED  AND  RAMAN  SPECTRA  OF  TRANS- 
DIFLUORODICHLOROETHYLENE,  by  D.  E.  Mann  and 
E.  K.  Plyler.  Mar.  1956  [27  p.  lncl.  dlagrs.  tables, 
refs.  (NBS  rept.  no.  4575)  (AFOSR-TN-56-244) 
(CSO-680-56-31)  AD  88364  Unclasstfted 

Also  published  in  Jour.  Chem.  Phys. ,  v.  26:  773-779, 
Apr.  1957. 

The  IR  and  Raman  spectra  oi  trans-dtfluorodlchloro- 
ethylene,  L-C2F2CI2,  have  bpen  measured  and  an  assign¬ 
ment  of  fundamentals  made.  They  are  (tn  cm'*):  1707, 
1186,  632,  425,  and  288  tn  a^;  333  and  140  In  529  in 
bg;  and  1190,  892,  426,  and  175  tn  bu.  A  table  of 
thermodynamic  functions  is  given  for  the  molecule  In  the 
ideal  gaseous  state.  (Contractor's  abstract) 


NBS.  08:003 

Nattonal  Bureau  of  Standards,  Washington,  D.  C. 

MICROWAVE  SPECTRUM  AND  STRUCTURE  OF 
SULFURYL  FLUORIDE,  by  D.  R.  l.lde.  Jr. .  D.  E 
Mann,  and  R.  M.  Frlstrom.  Apr.  1956  25 ,  p.  incl. 

dlagrs.  tables,  refs.  (NBS  rept.  no.  4650)  (AKOSIi- 
TN-56  269)  (CSO-680-56-31)  AD  88989 

Unclassified 

Also  published  In  Jour.  Ch  m.  Phys.,  v.  26:734-739, 
Apr.  1957. 

The  microwave  spectrum  of  sulfuryl  fluoride  (SO2F2) 
has  been  Investigated.  The  spectra  of  the  S32  and 
S-*4  species  In  natural  abundance  have  been  analyzed, 
and  the  structure  has  been  determined  with  the  aid  of 
the  S3<  Isotope  stiltl.  The  corr-ctlon  for  zero-point 
vibration  was  shown  to  be  small.  The  structural  parain 
eters  are.  r«jo  1  405  «  0.003A,  r Sj.  1.530  >  0.  003A, 

OSO  t23* 58’  ■  12',  and  KSk  96-7'  <  10'.  The 
molecular  dipole  moment  Is  1.  110  =  0.  015  Debye  units. 

A  number  of  satellite  lines  were  observed  amt  assigned 
to  excited  vibrational  stales.  Some  anomalies  In  the 


measured  rotational  constants  for  the  exctted  states 
have  been  Interpreted  tn  terms  of  a  Cortolts-type  In¬ 
teraction  between  the  fundamentals  MfAj)  and  5^2) 
From  an  analysis  of  this  Interaction  the  frequency  of 
the  hitherto  unobserved  v,j(Aj)  fundamental  was  found 
to  be  388  ±  15  cm'1.  (Contractor's  abstract) 


NBS.  08:004 

National  Bureau  of  Standards,  Washington,  D.  C. 

NORMAL  COORDINATE  ANALYSIS  OF  HALOGENATED 
ETHYLENES.  I.  GENERAL  METHODS,  by  D.  E. 

Mann,  T.  Shtmanouchl  and  others.  Apr.  1956,  28p. 
tncl.  diagr.  refs.  (NBS  rept.  no.  4654)  (AFOSR-TN- 
56-272)  (CSO-680-56-31)  AD  89482  Unclassified 

Also  published  In  Jour.  Chem.  Phys.,  v.  27:  43-51, 
July  1957. 

Methcds  and  detailed  algebratc  expressions  are  gtven 
for  the  normal-ccordtnate  analysts  of  ethylentc  mole¬ 
cules.  They  are  applied  to  the  calculation  of  potential 
constants,  normal  modes,  and  vtbratlonal  frequencies 
for  a  sertes  of  perhalogenated  ethylenes.  A  force 
field  of  the  Urey-Bradley  type  Is  used  for  the  planar 
vibrations,  and  a  simple  valence-type  potential  lunetton 
ts  iDpIted  to  the  nonplanar  motions.  The  force  con¬ 
stants  established  for  the  molecules  with  V|.  symmetry 
are  to  be  used,  wtth  only  linear  tnterpolatton  and  no 
further  adjustment,  to  calculate  the  fundamental  fre¬ 
quencies  and  modes  of  all  the  rematnlng,  less  sym¬ 
metrical  ethvlenes.  For  the  Vj,  molecules,  the  vtbra¬ 
tlonal  secular  equattans  are  set  up  tn  the  customary  GF 
matrix  fashion.  The  other  ethylenes  requtre  a  some¬ 
what  dtfferent  form  whtch  ts  more  readtly  adapted  to 
calculation  by  an  electronic  digital  computer.  In  order 
that  the  force  constants  determined  for  the  Vh  mole¬ 
cules  be  as  good  as  posstble,  a  method  Is  given  for 
thetr  adjustment  by  a  least- squartng  process.  (Con¬ 
tractor’s  abstract) 


NBS.  08:005 

National  Bureau  of  Standards,  Washington,  D.  C. 

NORMAL  COORDINATE  ANALYSIS  OK  HALOGENATED 
ETHYLENES.  II.  PERHALOGENATED  ETHYLENES, 
by  D.  E.  Mann,  L.  K  a  no  and  others.  Apr.  1956,  lv. 
lncl.  dlagrs.  tables,  refs.  (NBS  rept.  no.  4655) 
(AKOSH  •  TN-  56  273 '•  (CSO- 680  56-31)  AD  89483 

Unclassified 


Also  published  in  Jour.  Chem.  Phys.,  v.  27:  51-59, 

July  1957. 

The  methods  described  In  llein  no.  NB-.08  004  have 
been  applied  to  >  normal  coordlnale  analysis  of  the 

fundamental  v1'  ons  of  27  perhalogenaled  ethylenes  _  ®  • 

which  contain  .  ,  Cl,  or  tlr.  Force  conslanls  for  the 
planar  modes  of  the  key  molecules  (Cwe'i,  CjCI^,  and 

C.^Br,)  hav<»  been  obtained  by  an  adjustment  procedure  •  .  .. 


•••••••• 


.t  • 


•••••••• 
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•  • 


based  on  the  method  of  least  squares.  The  agreement 
between  the  calculated  and  observed  fundamentals  is 
quite  good.  The  constants  established  for  the  key  mole¬ 
cules  were  then  used,  etther  directly  or  wtth  a  simple 
Interpolation  scheme,  to  calculate  the  fundamentals  of 
the  rematnlng  24  ethylenes.  Comparisons  wtth  experi¬ 
mental  results  have  been  marie  where  possible  and  Indi¬ 
cate  good  agreement  for  the  out-of-plane,  as  well  as 
tn-plane  vtbratlons.  The  planar  normal  modes  of 
c2f4>  c2c14i  and  lhe  5  fluorochloroethylenes  are  de¬ 
picted.  (Contractor's  abstract) 


NBS.  08:006 

National  Bureau  of  Standards,  Washington,  D.  C. 

VIBRATIONAL  SPECTRUM  AND  FORCE  CONSTANTS 
OF  DIBORON  TETRACHLORIDE,  by  D.  E.  Mann  and 
L.  Fano.  Aug.  1956,  25p.  lncl.  dtagrs,  tables,  refs. 
(NBS  rept.  no.  4811)  (AFOSR-TN- 56-450)  (CSO-680- 
56- 3t )  AD  96795  Unclassified 


June  1957. 


I  Jour.  Chein.  Phys. ,  v.  26:  1 665- 1 670, 


The  Infrared  spectrum  of  gaseous  dthoron  tetrachlortde 
(B2CI4)  and  the  Raman  spectrum  of  the  Itqutd  are  ana¬ 
lyzed.  The  molecular  symmetry  Is  shown  to  be  Vd,  in 
accord  with  the  electron  diffraction  result  for  the  vapor. 
A  complete  vibrational  assignment  Is  given.  The  funda¬ 
mentals  are  (In  cm-!):  1 1 3 1 ,  40t,  225  In  at;  730,  291 
In  b2l  917,  617,  t80  1ng.  A  normal  coordinate  analy¬ 
sts,  based  on  a  Urcy-Bradley  potenttal  function  and  a 
least-  squares  method  of  force  constant  adjustment,  Is 
used  to  establish  the  assignment.  With  the  aid  of  the 
third-lay  entropy,  the  barrier  restricting  Internal  rota¬ 
tion  about  the  B-B  single  bond  Is  fixed  at  1700  t  600  cal/ 
mole.  (Contractor's  abstract) 


adjoin  to  the  system  an  (n  +  l)th  equation  by  adding  the 
first  n.  The  new  system  ts  redundant  but  this  does  not 
matter  stnce  the  xt's  are  determined  by  the  differences 
of  the  y,'s.  Interest  tn  this  transformation  was  roused 
by  tts  description  by  Zurmfiht  (Matrlzen  . ..,  Springer, 
Berlin-Gottlngen-Heidelberg,  1950,  p.  280;  Math. 

Rev.,  v.  12:  73).  The  authors  study  a  generalization 
of  the  above  transformation;  they  consider  Xj  =  yt  + 
siyn+  t  whore  the  st's  are  parameters.  They  also  con¬ 
sider  the  case  when  (atj)  ts  singular.  Let  X,  be  the 
characteristic  root  of  (at j).  Let  \=  maxiX.I  and  let 
u  =  mtn  |X(|  where  we  dtsregard  vanishing  Xj.  It  ts 
suggested  that  the  stze  of  the  ratio  X/11,  called  the  P- 
condttion  number,  is  dectstve  tn  the  speed  of  conver¬ 
gence  of  tterative  solutions  of  (1).  (cf.  von  Neumann 
and  Goldstine,  Bull.  Amer.  Math.  Soc.,  v.  53:  1021- 
1099,  1 947;  Turing,  Quart.  Jour.  Mech.  Appl.  Math., 
v.  1:  287-308,  1948;  J.  Todd,  Quart.  Jour.  Mech. 

Appl.  Math.,  v.  2:  469-472,  1949;  Proc.  Cambridge 
Philos.  Soc.,  v.  46:  1 16- 1 18,  1950).  It  is  shown  that 
the  characteristic  roots  of  the  transformed  matrix 
separate  those  of  the  ortgtnal  and  that  although  values 
of  the  Sj  can  be  chosen  to  reduce  the  P-condttton  number 
tt  ts  not  true  that  the  original  Gauss  transformation 
will  always  effect  this.  The  case  of  a  well-known 
4x4  tll-cr.ndltloned  matrix  ts  discussed  In  numerical 
detatl.  (Math.  Rev.  abstract) 


NBS.  09:002 

National  Bureau  of  Standards,  Washington,  D.  C. 

BOOLEAN  GEOMETRY.  1. ,  by  L  M.  Blumenthal. 

Feb.  ti,  1952,  28p.  (NBS  rept.  no.  1482)  [CSO-670- 
54-12]  U72062  Unclassified 

MsojaihUshfisLln  Rend.  Ctrc.  Matem.  Palermo,  Sertes 
11,  v.  t:  1-18,  1952. 
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AN  EXTENSION  OF  GAUSS'  TRANSFORMATION  FOR 
IMPROVING  THE  CONDITION  OF  SYSTEMS  OF  LINEAR 
EQUATIONS,  by  G.  E.  Forsythe  and  T.  S.  Motzkln. 

1952  .  9,p.  tncl.  refs.  CSO-C70  54-J2 

Unclassified 

Published  in  Math  Tables  and  Other  Aids  to  Computa¬ 
tion,  v.  6:  9-17,  Jan.  1 952. 

Gauss  (Werke,  Bd.  9,  Tuebner,  Leipzig,  1903,  pp.  250 
253,  278  28t;  for  an  annotated  translation  by  G.  E. 
Forsythe,  see  same  journal,  v.  5  255-258,  1952;  see 
also  It.  Dedekind,  Gesammelte  mathematlsche  Werke, 
Bd.  2,  V’leweg,  Braunschweig,  1 93 1 ,  pp.  293  306)  sug 
gested  the  following  transformation  to  Improve  the  con¬ 
vergence  of  the  relaxation  method  for  the  volution  ol  a 
system  of  linear  equations  (!)  atjXj  tq  II  t.  2,  .... 
n)  of  which  (he  matrix  (a^)  is  symmetric  amt  positive 
definite.  Replace  x(  by  yyy,,,  j  (l  1,2 . n)  ami 


This  paper  studies  the  geometry  of  the  distance  space 
obtained  by  associating  wtth  each  two  elements  a,  b  of 
a  Boolean  algebra  the  element  d(a,  b)  *  ab’  ♦  a’b  of  the 
algebra  as  distance.  Stnce  d(a,  b)  =  0  tf  and  only  tf 
a  V  b,  d(a,  b)  =  d(b,  a),  and  d(a,  b)  ♦  d(b,  c)  =  d(a,  c) 

(or  each  three  elements  a,  b,  c  ot  the  algebra,  the 
distance  function  has  the  formal  properties  of  a  metric. 
This  permits,  as  well  as  motivates,  the  Introduction  of 
geometric  notions  Into  Boolean  algebra,  and  suggests 
that  the  application  of  metric  methods  might  yield  new 
results  as  well  as  novel  Interpretations  of  old  ones. 
Theorems  of  order  (linearity)  are  established,  and 
properties  of  segments  are  obtained.  (Extracted  from 
rept. ) 
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National  Bureau  cf  Standards,  Washington,  D.  C. 

ON  1H5LYA  FREQUENCY  OF  FUNCTtONS.  ill.  THE 
POSITIVITY  OF  TRANSl-ATtON  DETERMINANTS 
WITH  AN  APPUCATION  TO  THE  INTER POLATtON 
PROBLEM  BY  SPLINE  CURVES,  by  1.  J.  Schoenberg 


•  • 
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and  A.  Whitney.  Feb.  18,  1952,  24p.  (NBS  re  ,c.  no. 

U  j)  [  CSO -670-54-12]  U72067  Unclassl  lei 

Also  puollshed  In  Trans.  Amer.  Math.  Soc.,  v.  74: 
246-259,  Ocl.  1953. 

A  non  negallve  (uncllon  A(x)  In  L(— '° ,°°)  Is  called  a 
P<5lya  frequency  lunctlon  II  for  any  lwo  sels  of  Increas¬ 
ing  numbers 

*1  <  x2  <  . . .  <  *n,  >!<  Y2  yn.  n  =  *.  2, 

we  have  lhe  Inequality  D  Sdetl  A  (xt  —  y  j)ll l.  n  —  °- 
It  was  shown  In  Pari  I  thal  lhe  bilateral  Laplace  trans¬ 
form  of  A(x)  Is  lhe  reciprocal  of  an  entire  function 
i(s)  of  the  form 

Ms)  -  Ce-is  JT  (1  t  ?>  s)e-  \8, 

V  =  1 

where  C  -  0.  y  >  t ,  t  v  are  real,  0  <  y  *5:6  v2  <  . 

Case  1  ts  that  in  which  i(s)  TT  0  ♦  v8)' 

v  |  {,  |  <  c  ,  case  2  that  in  which  v  >  0  or  v  =  0  and 
y;  I  b  V  i  -  ‘•d  I*  ts  shown  In  the  present  paper  that  D 
Is  always  posttlve  In  case  2.  In  case  1  '  1  k  be  the 
number  of  ><  v  >  0,  h  the  number  of  '  v  <  0.  Then 

D  >  0  If  and  only  of  *v  ,k  <  Yv  <  *  h  lor  v  =  1, 

•  •  •  ,  n  with  the  convention  that  xr  »  -  If  t'  £  r  <  1 
and  x  *  ■  If  n  <  r  '  ♦  <■«  .  The  proof  Involves  the  con 
sideratton  of  a  large  number  of  suhcases.  If  x,  max 
(0.  x),  A (x)  e  x  (x+)k  ts  a  Po'lya  frequency  function 
belonging  to  case  1  and  the  main  theorem  shows  that 
det  |[  X,  -  y  j)k  1  >  0  If  and  only  If  Xv.k.j  <  yv  ‘  Xv. 
v  1,  •••■  n.  A  spline  function  of  degree  k  is  an 
expression  of  the  form  F(x)  =  Pk(x)  *  -■'J  tA„ 

[  (x  -  ■"  v)  *  Jk  where  Pk(x)  Is  an  arbitrary  polynomial 
of  degree  ■  k  and  the  £  v  are  the  n  given  knots.  The 
Interpolation  problem  consists  In  deciding  If  a  spline 
curve  can  be  laid  through  n  +  k  ♦  1  given  points 
(x  .  Yv).  the  degree  k  and  the  knots  '  v  being  gtve<\ 
Necessary  and  sufficient  conditions  are  given  with  the 
aid  of  the  spectal  result  mentioned  above.  (Math.  Rev. 
abstract) 

NBS.  09:004 

National  Bureau  of  Standards.  Washington.  L>.  C. 

A  REMARK  ON  M.  M.  DAY’S  CHARACTERIZATION 
OF  INNER-  PRODUCT  SI 1  AC KS  AND  A  CONJECTURE 
OF  L.  M.  DLUMENT11AL,  by  1  J  Schoenberg. 

Mar.  6.  1952,  7p.  (NBS  rept  no  1515)  [  CSO  ti70 
54  12  |  U7206K  Unclassified 


Also  published  in  Proc.  Amer.  Math.  Soc,.  v.  3:901 
Jt>4,  Dec  1952. 

The  following  two  lh«uremx  are  discussed  and  proved: 
(1)  lei  S  be  a  real  semi  uormed  spare  which  is  ptole 
male.  Then  f  Is  a  norm  which  springs  from  an  Inner 
product,  i.c.  S  tr  a  real  inner  product  space:  (2)  the 
real  uormed  space  S  Is  an  tuner  product  space  If  It  has 
the  property  that  f  g  ‘  ,  f  >  g  2  4.  '  f.i-  1. 

f.  1) 


NBS.  09:005 

National  Bureau  of  Standards,  Washington,  D.  C. 

ON  APPROXIMATE  SOLUTIONS  OF  SYSTEMS  OF 
LINEAR  INEQUALITIES,  by  A.  J.  Hoffman.  June  4. 
1952,  lOp.  (NBS  rept.  no.  1739)  [  CSO- 670-54-12] 

Unclassified 

Published  in  Jour.  Res.  Nal’l.  Bur.  Standards,  v.  49: 
263-265,  1952. 

Lei  Ax  b  he  a  consistent  system  of  linear  Inequali¬ 
ties.  The  principal  result  Is  a  quantitative  formulation 
of  the  fact  thal  li  x  "almost  "satisfies  the  Inequalities, 
then  x  ts  "close"  lo  a  solution.  II  is  further  shown 
how  11  ts  possible  tn  certain  cases  lo  estimate  the  sine 
of  the  vector  Joining  x  to  the  nearest  solution  from  the 
magnitude  of  the  positive  coordinates  of  Ax-b.  (Math. 
Rev.  abstract) 


NBS.  09:006 

National  Bureau  of  Standards,  Washington,  D.  C. 

THE  SUMS  OF  DIHEDRAL  AND  TRIHEDRAL  ANGLES 
IN  A  TETRAHEDRON,  Dy  J.  W.  Gaddum.  [  !952] 

[  2  j  p.  [  CSO-670-54- 12  I  Unclassified 

Published  In  Amer.  Malh.  Monthly,  v.  59:  370-371, 
June -July  !952. 

It  ts  shewn  that  the  sum  of  the  dihedral  angles  of  a 
tetrahedron  U:  comprised  belween  2n  and  3»  ,  and  con 
sequently  the  sum  of  lhe  trlh?dral  angles  of  a  lelrahe- 
d run  lies  between  0  and  2n.  Moreover,  these  bounds 
are  the  best  that  can  be  given.  (Math.  Rev.  abstract) 


NBS.  09:007 

National  Dureau  of  Standards,  Washington,  D.  C. 

ON  UNEAL  ENTIRE  FUNCTIONS  OF  n  COMPLEX 
VARIABLES,  by  T.  S.  Motxkln  and  1.  J.  Schoenberg. 

1  1951  i  I  10  p.  !  CSO  670-54  12,  Unclassified 

Published  In  Proc.  Amer.  Malh.  Soc.,  v.  3:  517-526, 
Aug.  1952. 

A  polynomial  P(i)  I’(Ij,  ....  in)  with  complex  coef- 
fldenls  ts  called  lineal  tf  tt  ts  a  product  of  linear  (unc¬ 
tions.  An  entire  function  f(£)  ts  called  lineal  tf  tt  ts 
the  limit  of  a  sequence  of  lineal  polynomials  uniformly 
convergent  on  every  compact  set.  The  author  proves 
thal  f(x)  ts  lineal  tf  and  only  tf  11  vanishes  on  planes 
only.  If  f(i)  is  lineal,  II  can  be  written  as  a  Weterslrass 
product  n  oc, 

l(t)  exp  G(c)  ‘T  U.  c  >  rV1’  *V 
1  '  1 

where  G(r)  tx  an  enltre  function,  Cj  and  d^  complex 
vector*,  and 


•  • 


•  •  • 
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Pk(u)  =  (1  -  u)exp  ^ u  +  u2  ♦  ...  +  — ! —  u*- lJ . 

The  (unctton  ((z)  Is  called  really  ltncal  tf  the  approxi¬ 
mating  polynomials  spltt  tnto  products  of  ltnear  func¬ 
tions  wtth  real  coefftctents.  This  happens  if  and  only 

f(z)  =  exp  (-::crszrzs+  (z,d))TT(z,Ci)  ff(l  ♦ 


-JL-uk-i). 

It  - 1  / 


z,d)jjj(z,  cj)  fra 


(z,dlc))e-(z,dit), 

where  cj,  d  ana  d^  are  real  vectors,  Xl  d^l  ,  convergent 
and  i'crszrzs2  0  for  every  real  z.  Finally  f(z)  ts 
called  posttlvely  ltneal  tf  the  approximating  polynomials 
spltt  tnto  ltnear  factors  wtth  posttive  coefftclents.  In 
this  case  the  vectors  cj,  d,  and  dg  have  posttive  coor¬ 


dinates, 


converges  and  the  quadratic  form  van¬ 


ishes.  Detatled  proofs  of  these  statements  are  gtven. 
(Math.  Rev.  abstract) 


NBS.  09:008 
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THE  RELAXATION  METHOD  FOR  UNEAR  1NEQUAU- 
T1ES,  by  T.  S.  Motzkin  and  1.  J.  Schoenberg.  Aug.  13, 
1952,  21p.  (NBS  rept.  no.  1381)  [  CSO-670-54-  *2  ’ 

Unclasstfled 

Presented  at  meeting  of  the  Amer.  Math.  Soc. ,  Sept. 
t952. 

Also  published  In  Canad.  Jour.  Math.,  v.  C:  393-404, 
1954. 


If  every  patr  of  matrtces  A,  B  of  a  faithful  representa¬ 
tion  (by  matrtces  over  the  complex  ftetd)  of  a  ftnite 
group  V  has  the  property  (L)  that  thetr  roots  at  and 
[i  t  can  be  ordered  so  that  the  roots  of  X  A  +  uB  are 
Xaj  ♦  pp  j  for  all  complex  X  and  a ,  then  I'  ts  abeltan; 
also,  tf  the  roots  of  TTc^,  each  Ck  =  A  or  B*  are  the 
corresponding  products  of  the  d(  and  Tts  abeltan. 

If  the  matrix  elements  may  be  tn  a  ftetd  of  ftnite  char¬ 
acteristic,  examples  show  that  p(A,B)  may  have  roots 
P(ati  Pt)  Jor  every  polynomial  and  yet  T  be  non-abeltan. 
(Math.  Rev.  abstract) 

NBS.  09:010 

National  Bureau  of  Standards,  Washington,  D.  C. 

SWAC  CODING  GUIDE,  by  R.  B.  Hargan.  Nov.  4, 

1952,  lv.  tncl.  tllus.  dtagrs.  (NBS  rept.  no.  1047) 

[  CSO-670-54-12]  Unclasslfted 

This  ts  a  manual  to  be  used  for  SWAC  codtng.  Defini¬ 
tions  of  terms  used  are  gtven.  Baste  rules  for  coding 
procedure  are  outltned,  and  some  aids  to  codtng  are 
cited.  The  Input-output  system  Is  described  and  the 
procedure  tnvolved  outltned.  The  routine  of  the  mem¬ 
ory  check  ts  desertbed.  The  means  of  changing  or 
"modtfytng"  commands  already  tn  the  memory  ts  ex¬ 
plained.  The  three  ways  of  tallying  to  govern  the  num¬ 
ber  of  ttmes  a  particular  cycle  ts  followed  are  etted. 
Finally,  procedures  for  codtng  complex  operations  as 
subroutines  are  gtven. 

NBS.  09:011 


Thts  paper  presents  an  elegant  proof  of  the  fundamental 
theorem  established  tn  the  article  reviewed  above  and 
obtains  new  results  foi  the  ease  X  «  2  (the  reflection 
method).  Denoting  by  A  the  solution  set  of  a  consistent 
system  of  m  ltnear  Inequalities  tn  n  tndetermtnates,  tt 
ts  shown  that  the  reflection  method  always  terminates 
whendtm  A  =  n,  while  tf  dtm  A  =  r  <  n  then  etther  the 
sequence  (p  ^  terminates,  or  else  there  ts  a  number 
v(j  such  that  for  v  ^  v  o  the  points  p  v  are  on  a  spherical 
surface  Sn_r.t  having  the  r-dtmenstonal  subspace  con¬ 
taining  A  as  axis  (t.  e. ,  Lr  ts  the  locus  of  potnts  equi¬ 
distant  from  the  potnts  of  Sn.  r_  j ).  The  concluding  sec¬ 
tion  of  the  paper  ts  concerned  wtth  establishing  analo¬ 
gous  theorems  for  the  reflection  process  when  the  (tn 
finite)  set  of  hall-  spaces  considered  all  contain  a  given 
bounded,  closed,  and  convex  subset  A  (which  tt  ts  de¬ 
sired  to  enter)  and  thetr  boundaries  are  supporting 
hyperplanes  of  A.  (Math.  Rev.  abstract) 


NBS.  09.009 

National  Bureau  of  Standards,  Washington,  D.  C. 


National  Bureau  of  Standards,  Washington,  D.  C. 

EIGENVECTORS  OF  MATRIC  POLYNOMIALS,  by  M. 
Mannos.  Nov.  24,  1952,  13p.  (NBS  rept.  no.  2077) 

[  CSO- 670-54-12]  Unclassllted 

Also  published  In  Jour.  Res.  Nat'l.  Bur.  Standards, 
v.  51:  33-36,  July  1953. 

The  object  of  this  paper  ts  to  compare  the  eigenvectors 
of  an  arbitrary  n  x  n  inatrtx  A  over  the  Comdex  field 
wtth  those  of  the  matrix  polynomial  f(A).  While  tt  ts 
well  known  that  each  eigenvector  of  A  ts  an  eigenvector 
of  f(A),  tt  Is  not,  tn  general,  true  that  A  and  f(A)  have 
Identical  eigenvectors.  In  this  regard  a  necessary  and 
sufficient  condition  that  A  and  f(A)  have  Identical  eigen¬ 
vectors  ts  given.  The  condition  ts  that  both  (1)  and  (2) 
hold:  (1)  f’(>  )  4  0  for  all  eigenvalues  '  of  the  matrtx 
A  corresponding  to  nonlinear  elementary  dtvtsors;  (2) 
the  values  of  f(' )  are  distinct  for  alt  eigenvalues  of 
of  the  matrtx  A  corresponding  to  ltnear  elementary 
dtvtsors.  When  etther  (1)  or  (2)  falls  to  hold,  then 
f(A)  has  eigenvectors  that  are  not  eigenvectors  of  A. 

Thts  situation  Is  also  dtscussed.  (Contractor's  abstract) 


ON  REPRESENTATIONS  OK  FINITE  GROUPS,  by  T.  S. 

Motzkln  and  O.  Taussky.  Sept.  27,  1952  2  p.  NBS.  09:012 

[CSO  670  54  12  Unclassified 

National  Bureau  of  Standards,  Washington,  D.  C. 

Ihibllshed  In  Nederl.  Akad.  Wetensch.  l*roc.  Ser.  A. 

Indag.  Math.,  v.  55  5t  1  512,  1952.  A  THEOREM  ON  CONVEX  CONES  WITH  APPLICATIONS 


AIR  FORCE  SCIENTIFIC  RESEARCH 


NBS.  09:013  -  NBS.  09:016 


TO  LINEAR  INEQUALITIES,  by  J.  W.  Gaddum. 

[Dec.  1952]  [4 ] p.  (NBS.  rept.  no.  1473)  [CSO-670- 
54-12]  U72061  Unclassified 

Published  In  Proc.  Amer.  Math.  Soc. ,  v.  3  :  957-960, 
Dec.  1952. 

This  note  Is  concerned  with  the  convex  cone  associated 
with  the  two  systems  of  linear  Inequalities, 


Vj  =  0’  ‘-2- 


,  m,  and 


f=l  “ifj- 


0,  1  =  1,2,..  ,  m,  where  the  symbol  > 


demands  that  the  Inequality  (>)  hold  for  at  least  one 
value  of  1.  For  brevity  these  systems  are  written  (1) 

Ax  >  0  and  (2)  Ax  >  0.  Interpreting  (a^,  . . . ,  a^)  as  a 
vector  aj  In  E„,  with  Initial  point  at  the  origin,  we  de¬ 
note  by  A  convex  cone  generated  by  these  m  vectors  and 
by  A*  the  polar  cone,  the  vectors  of  which  give  the 
solutions  of  (1).  The  purpose  of  this  paper  Is  to  show 
that  in  general  A-A*  ^  0  and  lo  characterize  the  cases 
In  which  A  and  A*  do  intersect  in  the  null  vector.  Some 
applications  are  then  made  to  obtain  theorems  on  the 
existence  of,  and  methods  of  obtaining,  solutions  of 
(1)  and  (2). 

NBS.  09:013 

National  Bureau  of  Standards,  Los  Angeles,  Calif. 

TWO  EXISTENCE  THEOREMS  FOR  SYSTEMS  OF 
LINEAR  IN  EQUALITIES,  by  L.  M.  Blumenthal  Dec. 

12,  1951  [lOjp.  (NBS  rept  no.  1356)  [CSO-670-54- 
12]  Unclassified 

Also  published  In  Pacific  Jour.  Math.,  v.  2:  523-530, 
Dec.  1952. 

The  author  develops  the  theory  of  linear  Inequalities  by 
means  of  metric  methods  which  was  initiated  In  a  previ¬ 
ous  paper  ’  Duke  Math.  Jour.  v.  15,  955-966(1948) 
Preliminaries  -  En:  n-dlmensional  Euclidean  vector 
space,  pj.  p2.  •  .  p„,  Pn,]:  vectors  of  E„  such  tha! 

Pj.  p2>  •  ■.  pn _  j  are  linearly  Independent  L:  linear 
manifold  spanned  by  pj,  .  .  ,  pn  j.  Xjj  (l  1,  ....  n): 

components  of  pj  (1  1 . n  t  1)  with  respect  to  a 

normal  orthogonal  basis.  pn  and  plu|  lie  on  the  same  or 
on  opposite  sides  of  1.  according  as  the  product  of  the 
signed  volumes 

V(P|-  -  F„)'  V(p,,  .  ,pn  pn>1)  = 

*kl  ■  i  *t,l  i  (k-  1  1.2. ....  n,  h  =  1,2 . n  1, 

n  c  1)  sum  xR1  hJ[  '(p^.  p(>)  |  Is  positive  or  nega¬ 
tive  If  the  p.’s  are  unit  vectors,  (p^,  PjJ  cos  P^Pj, 
Theorems  System  (gt)  of  linear  Inequalities  In  n  lnde- 

terminales  with  rank  r  •  1  (p(,  x)  >  0,  t  1 . in, 

o*ie  al  least  o,  the  left  luemliers  having  lo  lie  positive 
A  p,  ,  A*  transpose  of  A.  11  AA^  The 
system  (g.)  has  a  solution  If  aixl  only  If  and  only  If  a 
shifting  of  rows  and  corresponding  columns  exists  such 
that  (1)  the  upper  left  principal  minor  M  of  11  of  order 
r  .  1  does  not  vanish,  (n)  each  minor  of  II  formed  from 


M  by  replacing  Its  last  row  with  that  part  of  the  jth 
row  of  B  contained  In  the  first  r  +  1  columns  (j  =  r  +  2, 

r  +  3 . m)  Is  positive  or  zero.  The  second  theorem 

is  concerned  with  the  existence  of  a  nontrivial  solution 
of  the  same  system  of  Inequalities,  the  positivity  re¬ 
quirement  being  dropped.  (Math.  Rev.  abstract) 

NBS.  09:014 

National  Bureau  of  Standards,  Washington,  D.  C. 


Motzkin,  H.  Raiffa  and  others.  [1953]  [23]p.  Inch 
dlagrs.  tables,  refs.  (Sponsored  jointly  by  [  Air 
Force]  Oftlce  of  Scientific  Research  under 
[  CSO-670-5J-12]  and  Office  of  Naval  Research] 

Unclassified 

Published  In  Contributions  to  the  Theory  of  Games, 
v.  2:  51-73,  1953. 

A  computational  method  is  presented  for  the  determi¬ 
nation  of  the  value  and  of  all  solutions  of  a  two- person 
zero-sum  game  with  a  finite  number  of  pure  strategies, 
and  for  the  solution  of  general  finite  systems  of  linear 
Inequalities  and  corresponding  maximization  problems. 
Part  l  deals  with  Intuitive  concepts  of  the  games;  Part 
11,  with  the  computational  procedure;  and  Pari  m,  with 
general  Inequalities  and  second  variant  of  the  compu¬ 
tational  procedure. 


NBS.  09:01 5 

National  Bureau  of  Standards,  Washington,  D.  C. 

ON  A  COMBINATORIAL  THEOREM,  by  A.  J.  Hoffman, 
c  1953  j  [  3  J  p.  (NBS  rept.  no.  2377)  [  CSO-870-54  - 1 2  ] 

Unclassified 

Lei  S  be  a  set  with  v  elements  and  v  distinguished  sub¬ 
sets  Sj,...,  Sv.  Lei  there  he  2  Integers  X  and  k, 

(o<  X<  k<v),  such  that  S(  contains  k  elements  of 

S  (U  1 . v),  and  Sj  and  Sj  have  X  elements  of  S  In 

common  (1  /  J;  1,  *  I, . . .  v).  The  purpose  of  this  note 
Is  to  offer  new  proofs  to  lhe  following:  (1)X  k  (K -1) 
(v-i)  and  (2)  each  element  of  S  Is  contained  in  k  sels 
S j ;  any  2  distinct  elements  of  S  are  contained  simul¬ 
taneously  in  X  sets  Sj. 

NBS.  09:016 

National  Bureau  of  Standards,  Washington,  D.  C. 

MINIMAX  THEOREMS,  by  K.  Fan.  Jan.  1953  [Sjp. 
i  CSO-670-54-12  ]  Unclassified 

Published  in  Proc.  Nat'l.  Acad.  Sciences,  v.  39: 

42  47.  Jan.  1953. 

This  hole  contains  three  generalizations  of 
von  Neumann’s  ininiinax  theorem.  These  theorems, 
however,  involve  no  slructures  of  linear  space  The 
first  theorem  can  be  used  to  provide  simple  proofs  for 


e  AS2 
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NBS.  09:017  -  NBS.  09:020 


minimal  theorems  (or  Infinite  games.  The  secoi.  i 
theorem  generalizes  Kneser’s  minimal  theorem  by 
eliminating  the  structure  of  linear  spaces.  The  third 
theorem  Is  free  of  lopologlcal  structures.  This  Is  made 
possible  by  generalizing  von  Neumann's  almosl  periodic 
functions  on  a  group. 


CHEBYSHEV  APPROXIMATION,  by  T.  S.  Molzldn  and 
J.  L.  Walsh.  Aug.  25,  1951,  20p.  (NBS  repl.  no. 
1444)  [ CSO-670- 54-12]  Unclassified 

Also  published  In  Proc.  Amer.  Math.  Soc.,  v.  4:  76- 
87,  Feb.  1953. 


NBS.  09:017 

National  Bureau  of  Standards,  Washington,  D.  C. 

ON  THE  APPROXIMATION  OF  UNEAR  ELUPTIC 
DIFFERENTIAL  EQUATIONS  BY  DIFFERENCE  EQUA¬ 
TIONS  WITH  POSITIVE  COEFFICIENTS,  by  T.  S. 
Motzkir,  „nd  W.  Wasow.  [Jan.  1953]  [7]p.  [  CSO- 
670-54-12]  Unclassified 

Published  In  Jour.  Math,  and  Physics,  v.  31:  253-25% 
Jan.  1953. 

The  problem  considered  Is  that  of  approximating  a  given 
linear  elliptic  second-order  partial  differential  equation 
Liu]  =  0  In  n-space  by  a  linear  difference  equation 
Lj,[  u  ]  =0  (referring  lo  a  square  mesh  of  width  h)  In 
such  a  way  lhal  (1)  the  operator  Lhl  u  ]  should  be  a  form¬ 
al  analogue  of  Liu],  (11)  the  equation  Lhlu]  =  0  should 
express  the  value  of  n  al  a  lattice  point  P  as  a  weighted 
average,  with  positive  weights,  of  the  values  of  n  al 

certain  lattice  points  Qi . Qs.  If  the  system  of 

neighboring  points  S  =-rQ] . Q#}  Is  given  and  con¬ 

tains  al  least  all  lattice  points  whose  distance  from  P 
does  not  exceed  (nh)W,  condition  (1)  can  always  be  satis¬ 
fied.  The  authors  prove  that  lor  no  S  can  condition  (ti) 
be  satisfied  for  all  elliptic  equations,  bul  that  for  any 
given  equation  condition  (tl)  can  be  satisfied  by  choosing 
S  appropriately.  Condition  (11)  Is  of  Importance  for 
proving  the  solvability  of  Dtrlchlel's  problem  lor  the 
difference  equation  and  the  convergence  of  the  solution 
of  this  problem  to  the  appropriate  solution  of  the  differ¬ 
ential  equation,  and  also  In  view  of  the  connection  be¬ 
tween  linear  elliptic  equations  and  random  walks.  Con¬ 
dition  (11)  also  Implies  a  maximum  principle  for  solu¬ 
tion  of  Uhl  ui  -  0,  which  the  authors  establish  In  the 
last  section  of  this  paper.  (Math.  Rev.  abstract) 

NBS.  09:018 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  NOTE  ON  THE  PAIRS  OF  NORMAL  MATRICES  WITH 
PROPERTY  L,  by  N.  Wlegmann.  [  1053  j  [2]p. 
lCSO-670-54  12  j  Unclassified 

Published l!l  l’roc.  Anier.  Math.  Soc.,  v.  4:  35-36, 

Feb.  1953. 

If  A  and  U  are  square  matrices  such  that  u  A  «  ,  D  has 
roots  .  1 1  *  ,  .  j  for  a  suitable  ordering  of  the  roots 
'l  of  A  and  -  j  of  B,  lhen  If  they  are  normal,  they  must 
commute.  (Math.  Rev.  abstract) 

NUS.  09  019 

National  Bureau  of  Standards,  Washington,  U.  C. 

ON  THE  DERIVATIVE  OK  A  I  POLYNOMIAL  AND 


Lei  E  be  a  closed  and  bounded  polnl  sel  In  the  complex 
z-plane,  u(z)  a  positive  function  continuous  on  E.  Lei 
f(z)  be  continuous  on  E.  The  Chebyshev  polynomial  of 
best  approximation  lm(z)  Is  the  polynomial  of  degree 
not  exceeding  m  such  that  max{  u(z)|  f(z)  -  l„(z)|},  for 
z  c  E,  Is  least.  In  particular,  If  t(z)  =  zm+  1,  then 
Tm+  i(z)  =  zm+  1  -  lm(z)  18  ca,led  the  Chebyshev  poly¬ 
nomial  of  degree  m  +  1  for  E  with  the  weight  function 
p(z).  This  paper  discusses  the  properties  of  these 
polynomials  (explicit  expressions,  location  of  zeros) 
for  the  case  that  E  Is  a  finite  set  and  contains  Just  one 
polnl  loo  many  to  preclude  the  rase  of  Interpolation 
when  all  deviations  can  be  mad  lo  vanish.  The  follow¬ 
ing  theorem  Is  established:  Lei  E  be  the  finite  sel  of 
distinct  points  Zj,  ...,  z„  (n  >  1),  n>  (z)  =  (z  -Zj)  ... 

(z  -  zn).  Lei  also  the  positive  numbers  x  j . „ 

be  given  such  thal  >;>i  =  1.  Then  the  Chebyshev  poly¬ 
nomial  T^_  j(z)  for  E  with  the  welghl  function  u(z()  = 

(>j  |'r'(Z|)f  )•*,  Is  the  polynomial 


Vi<z>' 


m(z)  j: 

1  z 


XI 


Since  Tn_j(Zj)  *  Xlw'fzj),  11  Is  observed  thal  lhe  argu¬ 
ments  of  the  quantities  Tn_j(zi)  are  Independent  of  the 
choice  of  the  >j  and  that  lhe  origin  belongs  lo  the  con¬ 
vex  hull  Ol  the  Tn.](zt).  These  resullB  are  applied  lo  a 
discussion  of  the  Chebyshev  polynomial  of  best  approxi¬ 
mation  ln.2(z)  to  an  arbitrary  function  f(z)  and  welghl 
function  u(z)  In  the  case  lhal  the  sel  E  has  exactly  n 
distinct  points.  (Math.  Rev.  abstract) 


NBS.  09.030 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  GENIHAUXATION  Cl'  THE  KKUNECKEU  CAl’CLU 
THEOREM  ON  A  SYSTEM  OF  UNEAR  EQUATIONS,  by 
S.  N.  Tchernlkow.  C.  D.  Bensler,  lr.  and  T.  S. 
Molzkln,  ed.  Feb.  5,  1953,  19p.  (NBS  repl.  no.  2346) 
(Trans,  from  Matematicheskil  Sbornlk.  v.  15  (57): 
437-447,  1944)  (In  cooperation  with  California  U. ,  Los 
Angeles)  (Sponsored  jointly  by  National  Bureau  of 
Standards,  Washington,  D.  C.  and  [Air  Force.  Office 
of  Scientific  Research  under  '.  CSO-670-54-12  i 

Unclassified 

The  value  of  lhe  present  paper  rests  on  two  main  fea 
lures:  It  treats,  apparently  for  the  first  lime,  linear 
Inequalities  wllh  complex  coefficients,  and  It  gives,  In 
Its  real  specialization  (which  the  author  leaves  unmen- 
tloned)  an  expllcl'  criterion  for  solvability  that  enables 
one,  In  principle,  lo  decide  on  solvability  (compatibility, 
consistency)  from  the  coefficients  by  an  algebraic 
combinatorial  method.  The  type  of  system  treated  Is 
the  one  most  Important  In  the  theories  of  errors  and 
observations  and  of  the  approximate  solution  of 
linear  equations. 
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NBS.  09:021 

National  Bureau  of  Standards,  Washington,  D.  C. 

THE  NUMBER  OF  FARTHEST  POINTS,  by  T.  S. 
Motzkln,  E.  G.  Straus,  and  F.  A.  Valentine.  [  1953] 
[ll]p.  [CSO-670-54-1.2]  Unclassified 

Published  In  Pacific  Jour.  Math.,  v.  3:  221-232, 

Mar.  1953. 

In  thlE  mathematical  tlady,  a  range  J  general  tWr e...e 
Is  developed  concerning  closed  convex  curves,  each 
point  of  which  has  a  single  point  on  the  curve  farthest 
from  It.  Also,  sets  of  the  Euclidean  plane  are  studied, 
each  point  ol  which  has  at  least  2  points  on  the  set  far 
thesl  from  It.  It  Is  revealed  that  a  compact  set  having 
the  above  property  lies  In  the  union  of  a  finite  number 
of  line -segments. 


NBS.  09:022 

National  Bureau  of  Standards,  Washington,  D.  C. 

THE  VARIATION  OF  THE  SPECTRIM  OF  A  NORMAL 
MATRIX,  by  A.  J.  Hoffman  and  H.  W.  Wlelandl. 

[Mar.  1953]  6p.  (NBS  repl.  no.  1518)  [CSO-870-54- 
12]  Unclassified 

Also  published  In  Duke  Math.  Jour.,  v.  20:37-40, 

Mar.  1953. 

The  following  lwo  theorems  are  presented  and  proven: 
(1)  If  A  and  B  are  normal  matrices  with  eigenvalues 

uj . an  and  f  j . P  n  respectively,  then  there 

exists  a  suitable  numbering  of  the  eigenvalues  such  thal 
Ell  u!  -P  ll2  i  H  A  -  Bii2,  and  (2)  If  A  Is  a  normal  ma¬ 
trix  with  spectrum  a  and  k  Is  a  positive  number,  then 
p  Is  the  spectrum  of  a  normal  matrix  B  with  1 1  A- B 1 1 
k  If  and  only  if  d(a,P)  <  k. 


NBS.  09:023 

National  Bureau  of  Standards,  Washington,  D.  C. 

ON  SMOOTHING  OPERATIONS  AND  THEIR  GENERA"  - 
INC  FUNCTIONS,  by  I.  J.  Sc«jenberg.  [  1953]  [  32  ]  p. 

( CSO-670-54-12]  Unclassified 

Published  In  Bull.  Amer.  Malh.  Soc.,  v.  59:  199-230, 
1953. 

This  Is  an  exposition  of  various  problems  most  of  which 
were  solved  by  the  author  and  his  collaborators,  grouped 
under  the  general  tide  of  smoothing  operations.  The 
problems  deal  mainly  with  the  characterization  and  prop¬ 
erties  of  certain  transformations  belonging  to  one  of  the 
following  types.  (• )  The  finite  linear  transformation 

yt  =  '  j aifcXfc,  1  =  1 . m.  (••)  The  sequence  coi.  _•<«- 

tlon  yn  =  “  (**•)  The  Integral  convolution 

g(x)  =  )  !.  (x  -  t)f(t)dt.  A  problem  considered  for  the 


three  types  Is  the  characterization  of  variation-diminish¬ 
ing  transformations.  For  (*)  this  was  solved  (partially) 
by  the  author  (Math.  Z. ,  v.  32:321-328,  1930)  and  by 
Motzkln  (Basel  dissertation,  1933,  Jerusalem,  1936). 

A  different  solution  was  also  given  by  Schoenberg  and 
Whllney  (Composltio  Math. ,  v.  9:141-160,  1951),  who 
also  considered  cyclic  v.d.t.  For  (**)  the  problem  was 
solved  by  the  author  (Courant  Anniversary  Volume,  In- 
lerselence,  New  York,  1948,  pp.  351-370);  the  (neces¬ 
sary  and  sufficient)  condition  being  that  {an}  Is  a  total¬ 
ly  positive  normalized  sequence.  For  (***)  the  prob¬ 
lem  was  Solved  by  tip  author  (Acta  Scl.  Math.  Szeged, 
v.  12,  Pars  B,  97-106,  1950).  A  necessary  and  suf¬ 
ficient  condition  In  this  case  Is  that  except  for  a  sign 
A(x)  be  a  Pdlya  frequency  function.  Various  other 
problems  art  discussed,  notably,  when  can  a  trans¬ 
formation  (*•)  be  referred  to  as  a  smoothing  operation 
(Schoenberg,  Quart.  Appt.  Math.,  v.  4:  45-99;  112-141, 
1946;  and  Courant  Anniversary  Volume,  same  ref.  as 
above);  convex  curves  In  higher  dimensional  spaces, 
and  the  problem  of  characterizing  totally  positive  se¬ 
quences  by  means  of  the  associated  generating  function 

anz“  which  was  successfully  solved  by  the  author 
(Courant  Anniversary  Volume,  same  ref. ),  Alssen, 
Schoenberg  and  Whllney  (Jour.  Analyse  Math. ,  v.  2: 
93-103,  1952);  and  Edrel  (Ibid.  v.  2:104-109,  1952; 
Canad.  Jour.  Math. ,  v.  5  :  86-94,  1953).  (Math.  Rev. 
abstract) 

NBS.  09:024 

National  Bureau  of  Standards,  Washington,  D.  C. 

COMPUTATIONAL  EXPERIENCE  IN  SOLVING  UNEAR 
PROGRAMS,  by  A.  [J.  ]  Hoffman,  M.  Mannos  and 
others.  May  15,  1953,  27p.  Incl.  tables,  refs.  (NBS 
repl.  no.  2501)  [CSO-670-54-12]  Unclassified 

Also  published  In  Jour.  Soc.  Indus.  Appl.  Math.,  v.  1: 
17-34,  Sepl.  1953. 

Three  methods  are  considered  for  use  In  solution  of 
problems  In  linear  programming:  (1)  the  simplex  meth¬ 
od  of  G.  Dantzlg;  (2)  the  fictitious  play  method  of  G. 
Brown;  and  (3)  the  relaxation  method  of  T.  S.  Motzkln. 
Certain  results  obtained  by  their  use  In  conjunction  with 
the  SEAC  (computer)  al  the  National  Bureau  of  Standards 
are  tabulated  and  compared. 


NBS.  09:025 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  CHARACTERIZATION  OF  NORMAL  MATRICES,  by 
A.  J.  Hoffmann  and  O.  Tajssky.  July  7,  1953,  lOp. 
(NBS  rept.  no.  2662)  [  CSO- 870-54- 12  i 

Unclassified 

Also  published  in  Jour.  Res.  Nal'I.  Bur.  Standards, 
v.  52:  17-19,  Jan.  1954. 

A  matrix  A  Is  called  normal  If  AA*  =  A*A,  where  A* 
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Is  the  transposed  and  conjugate  matrix  of  A.  It  Is  known 
that  for  a  pair  of  commuting  matrtces,  A,  B,  there 
exists  an  ordering  of  the  characteristic  roots  alt  . . . , 
an  of  A  and  p j,  . . . ,  pn  of  B,  such  that  every  polynomi¬ 
al  p(A,B)  has  characteristic  roots  the  numbers 
p(a.,p  ,).  This  property  ts,  In  general,  weaker  than 
commutativity,  but  does  Imply  It  If  B  =  A*.  It  Is  shown 
that  this  property  already  tmpltes  commutativity  of  A 
and  A*  If  It  ts  assumed  to  holy  for  only  one  polynomial, 
provided  the  latter  Is  suttably  chosen.  Polynomials  of 
first  and  second  degree  are  examined  for  their  suitabil¬ 
ity.  (Contractor's  abstract) 


NBS.  09:026 

National  Bureau  of  Standards,  Washington,  D.  C. 

LEAST  p-th  POWER  POLYNOMIALS  ON  A  REAL  FINITE 
POINT  SET,  by  T.  S.  MotzUn  and  J.  L.  Walsh.  July  7, 
1953,  29p.  (NBS  rept.  no.  2661)  (Sponsored  jointly  by 
Office  of  Naval  Research  and  [Air  Force]  Offtce  of 
Scientific  Research  under  [  CSO-670-54-12] )  AD  28411 

Unclassified 

Also  published  In  Trans.  Amer.  Math.  Soc.,  v.  78:  67- 
81,  1955. 

The  authors  consider  polynomials 

Tn+i(r)  =  z"+  1  ♦  }  tlbrin*l-r 
which  minimize  a  devtatlon  from  zero  of  the  form 
M|Tntl(H) . T„+1(zm)|) 

and  the  form  a  ftnlte  real  point  set  E ;  tn  most  of  the 
cases  the  Tn+  t  are  not  unique.  For  a  general  class  of 
b,  between  two  zeros  of  a  Tn<  i  lies  a  potnt  of  E; 
numerous  other  properties  are  proved,  in  the  case 
6  =  :  uk|Tnt  j(zk)  |,  Uk  >  0,  the  totality  of  Tn+  j  form 
a  convex  set  generated  by  basic  polynomials  having 
their  zeros  at  points  of  E;  the  set  of  Tm.j  can  be  found 
expltcttly,  even  tf  E  Is  not  real.  If  ’  =  ,'Juk|Tnv  j(zk)|p, 
p  >  1,  a  separation  property  holds  for  the  zeros  of  Tn, 
Tn_  j.  Other  results  connect  best  approximations  with 
Interpolation,  covering  also  cases  of  approximation  by 
famtltes  of  functions  more  general  than  polynomials. 
(Math.  Rev.  abated) 


NBS.  09:027 

Nattonal  Bureau  of  Standards,  Washington,  D.  C. 

THE  DOUBLE  DESCRIPTION  METHOD  ON  THE  SEAC, 
by  S.  Pollack.  Dec.  9,  1953,  8p.  Incl.  tables.  (NBS 
rept.  no.  2961)  [  CSO- 670-54- 12  ]  Unclasslfted 

The  method  of  double  description  for  ftndlng  all  vertices 
of  a  convex  set  descrtbed  by  a  system  of  linear  tne- 
qualtttes  has  been  coded  by  SEAC  tn  the  (frequently  oc  • 
currtng)  special  case  that  all  variables  are  non¬ 


negative.  A  general  description  of  the  code  ts  given. 
The  code  makes  judicious  use  of  3  magnetic  tape  units 
In  order  to  handle  the  accumulated  quantities  of  informa¬ 
tion.  The  object  of  the  code  Is  to  find  all  the  vertices 
of  the  convex  set  satisfying 

(1)  x  >  0  x=  (xt . xn) 

(2)  Ax  lb 

The  computation  takes  place  not  In  n-dtmenslonal  af¬ 
fine  space,  but  In  the  convex  region  of  n-dtmenstonal 
projective  space  consisting  of  all  potnts  (yQ,  y j,  . . . , 
yn)  where  yt  2  0,  1  =  0,  1,  ....  n; 

(3)  x1=  (1=1,  ....  n). 

y0 

A  number  of  computational  experlmects  with  the  meth¬ 
od  are  presented. 

NBS.  09:028 

National  Bureau  of  Standards,  Washington,  D.  C. 

ON  THE  SOLUTION  OF  THE  CATERER  PROBLEM,  by 
J.  W.  Gaddum,  A.  J.  Hoffman,  and  D.  Sokolowsky. 

Dec.  16,  1953,  12p.  Incl.  dlagr.  tables.  (NBS  rept. 
no.  2971)  [CSO-670-54-12]  Unclassified 

Published  In  Naval  Research  Logistics  Quart. .  v.  1: 
223-229,  Sept.  1954. 

Walter  Jacobs  has  shown  how  a  problem  arising  In  con¬ 
nection  with  the  overhaul  of  engines  by  the  Air  Force 
could  be  treated  by  linear  programming.  This  paper 
presents  an  explicit  algorithm  for  computing  the  solu¬ 
tions  of  the  problem.  The  problem  Is  Introduced  as 

follows:  Lettj,  ...,  tm  be  given  constants,  rj . 

rn  given  non- negative  constants,  let  X  be  a  variable, 

z  =  (Zj . zn)  be  a  variable  vector  lying  In  the 

rectangular  parallelopiped  (1)  0  <  zj  ^  rt,  (1  =  1,  . . . , 
n).  Let  Aj,  . . . ,  Ara  be  gtven  vectors  In  n-space,  the 
coordinates  of  each  consisting  of  J  's  and  0's  such  that: 
(2)  The  l's  In  each  Al  are  consecutive;  and  (3)  If  the 
coordinates  tn  A,  which  are  1  are  a,  a  ♦  1,  . . . ,  b,  ana 
the  coordinates  In  Aj  which  are  1  are  c,  c  ♦  1,  . . . ,  d, 
and  If  a  <  c,  then  b  <  d.  We  assume  tacitly  that  each 
At  contains  at  least  one  t.  The  problem  ts:  for  any 
number  X  >0,  to  find  values  for  X  and  z,  subject  to 
(1)  and  (4)  (Ai,  z)  >  L  -  X  (I  =  1 . m)  which  mini- 

4  J) 

mtze  the  Itnear  form  >  X  ♦  ■  Zj.  The  solutions  to  the 
problem  are:  * 


X 

*1 

z2 

*3 

>.  >  2 

-t 

3 

5 

5 

2  a  X  2  t 

1 

1 

5 

3 

t  2  X  >  0 

10 

0 

0 

0 

NBS.  09:029 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  REMARK  ON  THE  SMOOTHING  PROBLEM,  by  H.  A 
Antoslewlcz  and  A.  I  J.  j  Hoffman.  Dec.  28,  t953,  6p. 


AIR  FORCE  SCIENTIFIC  RESEARCH 


NBS.  09:030  -  NBS.  09:034 


(NBSrept.  no.  2995)  [  CSO-670-54-12] 

Unclassified 

Puhll3hed  In  Management  Science,  v.  1:  92-95,  Oct. 

1954. 

A  formula  was  found  for  the  solution  of  the  problem  of 
smooth  patterns  of  production  In  the  special  case  where 
the  requirements  r(  are  Increasing.  This  formula  will 
hold  If  0  <  rt  <  ...  <  rn.!,  r^j  >  r„  >  0.  Actually, 
the  formula  holds  more  generally  If  the  rj  Increase  up 
lo  a  certain  value  lc,  then  decrease  lo  rn  =  0.  For 
simplicity,  however,  attention  In  this  report  Is  confined 
lo  the  case  !0  =  n  —  1.  (Contractor's  abstract,  modified) 


NBS.  09:030 

National  Bureau  of  Standards,  Washington,  D.  C. 

SMOOTH  PATTERNS  OF  PRODUCTION,  by  A.  J. 
Hoffman  and  W.  Jacobs.  Jan.  20,  1954,  12p.  lncl. 
alagr.  (NBSrept.  no.  3068)  [ AFOSR- TN- 54- 98 ] 

(NBS  pro),  no.  1102-10-5116)  [  CSO-67C-54-12] 

Unclassified 

Also  published  In  Management  Science,  v.  1:  80-91, 
1954. 

This  report  considers  a  simple  model,  allowing  for  In¬ 
ventory  coals,  for  scheduling  rales  of  production  lo 
meet  a  projected  series  of  requirements.  (Contractor's 
aoslraci) 


NBS.  09:031 

National  Bureau  of  Standards,  Washington,  D.  C. 

DISCRETE  ANALOGS  OF  INEQUALITIES  OF  WIRTING- 
ER,  by  K.  Fan,  O.  Taussky,  and  J.  Todd.  July  29, 
1954,  26p.  tncl.  refs.  (NBS  repl.  no.  3488)  [AFOSR- 
TN-54-261  ]  [COO-670-54-12]  Unclassified 

AltQ  published  til  Monalsh.  Math.,  v.  59:  73-90,  May 
1953. 

The  first  section  discusses  inequalities  tn  the  continuous 
case.  The  second  and  third  sections  proceed  In  a  dis¬ 
cussion  of  the  discrete  analogs  of  those  Integral  Inequal¬ 
ities  Involving  functions  and  their  first  derivatives  and 
of  those  Involving  the  function  and  11s  second  derivatives. 
In  these  cases  best  possible  theorems  were  obtained. 

In  the  4th  and  5th  sections,  the  analogs  of  theorems  of 
Bellman  and  Norcolt  are  handled  by  different  methods. 
The  best  possible  theorems  are  given. 


NBS.  09  032 

National  Bureau  of  Standards,  Washington,  D.  C. 

AN  ISOPERIMETRIC  INEQUALITY  FOll  CLOSED 
CURVES  CONVEX  IN  EVEN- DIMENSION Al.  EUCLIDEAN 


SPACES,  by  I.  J.  Schoenberg.  [1954]  [ 22 J p.  refs. 

[  CSO-670-54-12]  Unclassified 

Published  In  Acta  Math. .  v.  91:  [  143  ] -164,  1954. 

Convex  properties  of  polygons  and  curves  are  dis¬ 
cussed.  For  the  main  theorem  consider  C  be  a  closed 
curve  convex  In  E2n  and  let  L  denote  Its  length.  Let 
K  =  K(C)  be  the  convex  bull  of  C  and  let  V  =  V(K)  de¬ 
note  the  2n-dlmensional  volume  of  K.  Then  the  follow¬ 
ing  Inequality  holds  LJn  2  (2^n)nn!(2n)!V(K)  with  the 
equality  sign  if  and  only  if  the  curve  C  agrees  up  to  a 
rigid  motion  and  a  similitude,  followed  perhaps  by  a 
reflexion,  with  the  curve  C*  (convex  curve).  Two  re¬ 
lated  theorems  are  discussed  and  various  features  of 
all  the  theorems  are  analyzed  and  proved. 


NBS.  09:033 

Ni-.tonal  Bureau  of  Standards,  Washington,  D.  C. 

LOWER  BOUNDS  FOR  THE  RANK  AND  LOCATION  OF 
THE  EIGENVALUES  OF  A  MATRIX,  by  K.  Fan  and 
A.  J.  Hoffman.  Feb.  6,  1953,  15p.  lncl.  refs.  (NBS 
rept.  no.  2246)  [CSO-670-54-12]  Unclassified 

Published  la  Nat’l.  Bur.  Standards  Applied  Math. 
Series  39,  Pan  6,  1954,  p.  117-130. 

Discussion  Is  presented  of  the  problems  Involved  In 
finding  lower  bounds  for  the  rank  and  location  of  the 
eigenvalues  of  arbitrary  square  matrices  and  normal 
matrices.  Various  facets  of  the  relationships  of  some 
of  the  problems  are  mentioned.  A  number  of  theorems 
are  offered  and  applied  to  the  various  aforementioned 
problems. 


NL-S.  09:034 

National  Bureau  of  Standards,  Washington,  I).  C. 

ON  A  THEOREM  OF  OSTROWSKI  AND  TAUSSKY,  by  P. 
Bellman  and  A.  J.  Hoffman.  [  1*54  J  [  » ]p.  [  CSri 
670-54-12]  Unclassified 

Published  In  Arch.  derMath.,  v.  5:  123-127,  1954. 

This  note  Is  essentially  a  commentary  on  the  following 
theorem  of  Ostrowskl  and  Taussky:  If  Hi  and  Hj  are 
Hermltlan  matrices  of  order  n,  and  Hj  Is  positive  defi¬ 
nite,  then  |  det(H|  «  1Hj)|  >  del  Hj.  Alternative 
proofs  are  given  of  a  generalization  and  of  a  special 
case  of  this  theorem.  These  proofs  employ  methods 
which  may  be  applied  lo  a  variety  of  problems.  Also 
a  short  demonstration  Is  presented  of  a  well-known  In¬ 
equality  of  Hardy,  Liltlewood,  and  Kolya,  the  proof  of 
which  had  already  been  somewhat  simplified  by  Oslrow- 
skl.  (Contractor's  abstract,  modified) 
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NBS.  09:035 

Natlonr.l  Bureau  o(  Standards,  Washington,  D.  C. 

THE  RELAXATION  METHOD  FOR  UNEAR  1NEQUALI- 
TIES,  by  S.  Agmon.  [1954]  [ll]p.  [ C9O-07O-S4-12] 

Unclassified 

PuhHshed  In  Cansd.  Jour.  Math.,  v.  0:  383-392,  1954. 

If  T?- 1  aijXj  ♦  bj  >  0  (1  ■  1 ,  2,  . . . ,  m)  le  a  consistent 
system  of  linear  inequalities,  the  non-empty  solution 
set  A  le  the  product  of  the  m  closed  half- spaces  Hj  (1  ■ 

1,2 . m)  defined  In  the  n-space  En  of  the  lndelermi- 

nales  /  the  Individual  Inequalities  of  the  system.  De¬ 
note  by  rrt  the  hyperplane  bounding  Hj  (1  »  1,  2 . m) 

and  lei  p  be  an  arbitrary  point  of  En.  If  p  non-  c  A,  con¬ 
sider  the  point  pj  »  p  ♦  \  (q  -  p),  where  q  is  the  ortho¬ 
gonal  projection  of  p  on  a  farthest  ttj,  and  X  le  a  posi¬ 
tive  constant  al  moel  2.  If  pj  non- 1  A,  a  similar  proc¬ 
ess  yields  p2,  and  a  continuation  of  the  procedure  (with 
X  fixed)  either  terminates  In  a  point  of  A  or  an  Infinite 
sequence  of  points  pj . Pit  •  •  •  *•  obtained,  all  out¬ 

side  A.  The  process  le  known  as  the  relaxation  meth¬ 
od  for  linear  Inequalities.  The  principal  result  of  this 
paper  le  the  fundamental  one  of  Justifying  the  method  by 
proving  thal  If  0  <  X  <  2,  an  Infinite  sequence  yielded 
by  the  process  converges  to  a  point  of  A.  (Math.  Rev. 
abstract) 


NBS.  09:036 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  THEOREM  ON  ALTERNATIVES  FOR  PAIRS  OF 
MATRICES,  by  H.  A.  Antoutewlex.  [1955]  [2]p. 
(NBS  rept.  no.  2978)  [ C8O-670-54-12] 

Unclassified 


OEG,  using  statistical  considerations.  Il  Is  relevant 
to  the  determination  of  the  position  of  an  object,  based 
on  line-of-slghl  observations.  Direct  algebraic  proofs 
of  the  Insight  observations  and  wide  generalization  of 
It  are  given.  (Contractor's  abstract) 


NBS.  09:038 

National  Bureau  of  Standards,  Washington,  D.  C. 

PROCEEDINGS  OF  THE  SECOND  SYMPOSIUM  IN 
LINEAR  PROGRAMMING,  WASHINGTON,  D.  C. 

(Jan.  27-29,  1955),  3  vols. ,  by  H.  A.  Anloslewlcz,  ed. 

1  1955]  68Sp.  incl.  dlagre.  refs.  [ CSO-670-S4-12] 

Unclassified 

A  linear  Programming  Symposium,  sponsored  by.  the 
Air  Force  Office  of  Scientific  Research,  was  held 
Jointly  by  the  National  Bureau  of  Standards  and  the  Di¬ 
rectorate  of  Management  Analysis,  DCS/Comptroller, 
USAF,  In  Washington,  D.  C.,  27-29  January  1955.  The 
thirty-three  papers  presented  appear  In  these  two  vol¬ 
umes  of  the  Proceedings  (six  by  abstract),  under  the 
general  headings  of  Applications  and  Economic  Theory 
(la  Volume  1),  and  Computation,  the  Theory  of  Linear 
Inequalities,  and  Developments  in  Linear  Programming 
(In  Volume  Q).  The  papers  range  from  the  basic  theory 
concerning  the  solution  of  linear  inequalities  to  a  repre¬ 
sentative  number  of  different  applications. 


NBS.  09:039 

National  Bureau  of  Standards,  Washington,  D.  C. 

AN  EXTREMUM  PROPERTY  OF  SUMS  OF  EIGENVAL¬ 
UES,  by  H.  [  W.  ]  Wtelandt.  [1955]  [5]p.  [CSO- 
670-54-12]  Unclassified 


Published  In  Pacific  Jour.  Math.,  v.  5:641-642,  1955. 

Il  le  shown  that  the  following  two  versions  of  the  trans¬ 
position  theorem,  in  which  A,  B  are  malrtcee.  A',  B' 
their  transposes,  x,  y,  u  column  vectors  and  £  0 
means  £  0  but  not  «  0,  are  easily  dsduclble  from  each 
other.  (1)  Either  A'u  >0,  B‘u  2  0  for  some  u  or  Ax  ♦ 
By  «  0  for  some  x  £  0,  y  0.  (2)  Either  A'u  2  0, 

B’u  >  0  for  some  u  or  Ax  «  By  »  0  for  some  x  >  0, 
j)  0.  (Math.  Rev.  abstract) 


NBS.  09:037 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  DETER  MI  NANTAL  INI  .QUALITY,  by  K.  Fan  and  J. 
Todd.  Apr.  37,  1954,  tttp.  Incl.  refs.  [  Project  no. 
R3  54-10-8]  l  C8O-670-S4-12]  Unclassified 

Published  ta  Jour.  London  Math.  Soc . ,  v.  30:  58-67, 
Jan.  1955. 

An  equality  was  Bret  established  by  J.  E.  C  has  sen. 


PmMIsKmI  in  Proc.  Amer.  Math.  Soc.,  v.  6:  106-110, 
Feb.  1855. 


Lei  A  be  a  Hermltlan  operator  In  n-dlmenslonal  unitary 
space  R  having  eigenvalues  0 1  £  0 1 2  . .  •  2  V  -  ' 

8  be  a  subset  of  the  set  {l,  2 . n) ,  and  Let  R  • 

(*0  fo  c  8  be  1  fioHly  of  subspacee  of  Rn  such  that 
dim  R0  ■  a  ,  R0C  R-,  (  0  ^  .,).  Let  AR  *  min 
{ ^ u  oi  *  o*  (*a »  *T>«  Then  the 

author  shows  thal  Z  0  g  a  g  «  max^A^.  A  dual  result 
le  also  given.  The  author  then  deduces  the  following 
theorem.  Let  A,  B  and  C  be  Hermltlan  operators  such 
that  A  ♦  B  «=  C.  Let  (a  v),  (P  v),  (  Y  ^  be  their  revpec- 
tlve  sequences  of  eigenvalues,  each  arranged  In  de¬ 
creasing  order.  Let  6  be  a  subset  of  fl,  3 . n) 

containing  k  elements.  Then 


Y«  -  '■  °o  •  ft  V 

ocS  atS  k=l 

This  le  shown  to  be  equivalent  to  a  statement  by  V. 
UdafclT  (Dofct.  Akad.  Nauk  SSSR  (N.S. ),  v.  75:  769- 
772,  I960):  If  q  £  ,  y  are  the  point*  (a  v ),  (,c  v  ), 

( y  y)  and  the  above  assumptions  hold,  then  r  lies  tn  the 
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convex  cover  of  the  nl  points  a  ♦  Pp ,  where  P  runs 
over  all  n  x  r  permutation  matrices.  (Math.  Rev. 
abstract) 


NBS.  09:040 

National  Bureau  of  Standards,  Washington,  D.  C. 

SOME  METRIC  INEQUALITIES  IN  THE  SPACE  OF 
MATRICES,  byK.  Fan  and  A.  J.  Hoffman.  [CSO-070- 
54-12]  Unclassified 

Published  In  Proc.  Amer.  Math.  Soe.,  v.  0:  111-110, 

Feb.  1955. 

Let  I  A1  be  any  unltarlly  Invariant  norm  In  the  vector 
space  of  n  x  n  matrices  over  the  complex  field,  1.  e. , 
such  that  |!A<I  =  1 1  UAj j  -  ||AUli  for  every  unitary  matrix 
U.  The  authors  prove  the  following  Inequalities.  If 
A  =  UH,  where  U  Is  unitary  and  H  Is  non- negative  defi¬ 
nite,  and  W  Is  also  unitary,  then  |lA-U|!  £  | ! A- W | < 

I' A  «  u! j .  This  is  analogous  to  the  statement  that  If 
z  (=/  0)  is  a  complex  number,  the  nearest  and  farthest 
points  of  the  unit  circle  are  sgn  z  =  z/  |z|  and  -sgn  z. 

If  H  Is  Hermltlan,  then  | 1 A  - (A  +  A*)'|  £  I!  A  -  Hi!. 

(The  point  of  the  real  axis  nearest  to  z  is  Rz.  If  H  and 
K  are  Hermltlan,  and  U  and  V  are  their  respective  Cay¬ 
ley  transforms,  1.  e. ,  U  =  (H  -  II)  (H  +  II)"  *,  V  = 

(K  -  II)  (K  ♦  il)"1,  then  |:u  -  V||  <  2  ||H  -  K|!.  Further¬ 
more  If  (o  v )  and  (f  v )  are  the  singular  values  of  'A(U  - 
V)  and  H  -  K  respectively,  each  sequence  being  ar¬ 
ranged  In  decreasing  order,  then  a  ■_  (5  (1  <  v  <  n). 
(Math.  Rev.  abstract) 


NBS.  09:041 

National  Bureau  of  Standards,  Washington,  D.  C. 

PAIRS  OF  MATRICES  WITH  PROPERTY  L,  [  PART] 

II,  by  T.  S.  Molzkln  and  O.  Tausslcy.  [  1955]  [5]p. 

[  CSO-070-  54-12]  Unclassified 

Published  In  Trans.  Amer.  Math.  Soc.,  v.  80:  387-401, 
Nov.  1955. 

This  paper,  equally  Interesting  as  lo  results  and  meth¬ 
od,  continues  the  study  of  pairs  of  matrices,  A,  B  (over 
an  algebraically  closed  field  F  of  characteristic  p>  0) 
with  lhe  property  L  (that  Is,  If  «j,  "j  are  the  rools  of 
A,  B  taken  In  a  certain  order,  then  \  uj  ♦  u  a  j  (1  «  1, 

....  n)  are  those  of  XA  ♦  u  B  for  all  X ,  u  i  F),  which 
the  authors  began  In  Pari  1  (same  Trans. ,  v.  73:  108- 
114,  1952).  The  rools  of  XA  *  ,iB  are  the  roots  In  v  of 
the  polynomial 

f(  X,  u,  v  )  —  vl  —  \  A  —  u  B;  —  ^  fj  v  ^ 

1  1 

whose  v -discriminant  ..  (like  the  coefficient  ft)  Is  a 
form  In  ,  a  :  Its  rools  In  the  ratio  ■./.<  are  the  so- 
called  discriminant  roots  of  lhe  pencil  '  A  *  D  In  the 
case  of  property  L  one  has  f(V,„  ,  \)  =  i(  v  -  \  e  - 


MPl)  and  therefore  A  =  +  nf  j  -  \ak  - 

Mpk)J.  Thus  all  discriminant  roots  are  of  even  order 
(except  when  A  =0)  and  their  number  Is  A'/»n(n  —  1)  In 
the  case  L.  Conversely,  a  pair  A,  B  ls~said  lo  have 
the  property  D  If  all  Its  discriminant  roots  are  of  even 
order  or  If  A  £0.  Thus  from  L  follows  D.  The  first 
part  of  the  paper  establishes  a  sufficient  condition  for 
D  to  Imply  L.  In  the  case  of  characteristic  p  ^  2  that 
Is  so  If  no  XA  ♦  mB  has  a  root  of  multiplicity  j>  3  or 
two  different  double  roots.  The  proof  Is  based  on  a 
discussion  of  the  so-called  characteristic  curve  C  of 
the  pencil  XA  ♦  pB  which,  In  the  projective  X,  m,  v- 
plane  over  F,  Is  represented  by  the  equation  f(X,n  , 
v )  =  0.  Ir.  the  case  L  It  splits  Into  straight  lines.  By 
counter-examples  11  Is  shown  that  the  conditions  are 
necessary  If  p  ^  2  and  p  ^  2,  3,  5,  respectively.  If 
p  =  2  all  pairs  have  property  D,  bul  not  necessarily  L. 
If  p  =/  2  and  n  =  2,  then  D  (with  A  ^0)  Implies  L  and 
thus,  apart  from  scalar  multiples,  there  Is  only  one 
matrix  with  double  characteristic  root  In  an  L- pencil. 

In  the  subsequent  pari  of  the  paper  the  method  of  the 
characteristic  curve  C  Is  further  employed  lo  prove 
the  following  results.  If  In  the  pencil  XA  +  :B  all 
matrices  are  dlagonable  and  n  £  p  (If  p  ^  0),  then  A,  B 
have  the  property  L  and  they  can  be  diagonalized  si¬ 
multaneously  and  therefore  commute.  (If  n  >  p  the 
property  L  must  be  assumed  for  this  result  lo  hold. ) 

If  a  single  matrix  In  the  pencil  Is  not  dlagonable,  then 
the  theorem  falls  to  be  true.  The  paper  concludes  with 
three  theorems  In  a  way  Inverting  the  preceding  result. 
Assuming  the  complex  pair  A,  B  commutative,  It  Is 
shown  that  It  Is  the  limit  of  a  sequence  of  simultaneous¬ 
ly  dlagonable  commuting  matrix  pairs  (thus  extending 
She  known  facl  that  every  complex  matrix  Is  !he  limit  of 
a  sequence  of  dlagonable  matrices).  Commutative  A.  B 
over  F  are  In  general  dlagonable;  "In  general”  means 
that  within  the  manifold  of  commutative  pairs  there  Is 
a  lower- dimensional  submanifold  of  non-dlagonable 
pairs.  (Math.  Rev.  abstract) 
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National  Bureau  of  Standards,  Washington,  D.  C. 

COMPLETE  SEQUENCES  AND  APPROXIMATIONS  IN 
NORMED  UNEAR  SPACES,  by  P.  Davis  and  K.  Fan. 

[  1950]  04p.  refs.  (NBS  rept.  no.  4037)  (AFOSR-TN- 
50-110)  (In  cooperation  with  American  U. ,  Washington, 
D.  C.  and  Noire  Dame  U  ,  South  Bend,  Ind. )  (Spoil 
no  red  jointly  by  Air  Force  Office  of  Scientific  Research 
under  CSO-070-54-12,  Office  of  Naval  Research  and 
National  Science  Foundation)  AD  52506 

Unclassified 

Also  published  in  Duke  Math.  Jour.,  v.  24:  183-192, 
Mar.  1957. 

An  analysis  Is  made  of  4  types  of  completeness  of 
{  fn},  a  sequence  of  elements  In  a  normed  linear  space 

X:  U>!$(*n>i  i  *n>  ns  Ji  J.  •••  Implies^  =  0; 

(2)  llm  |  <!„)  =  0  Implies  $  =  0;  (3)  j  §„(fn)  =  an, 
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n  =  I,  2,  3,  . . .  lmpltes 

I!  $||<  b;  and  (4)  ?  |  $(fn)ip  <  c*  lmpltes$  =0.  The 

symbol  (^denotes  any  continuous  Itnear  functional  on  X. 
Completeness  of  the  ftrst  type  ts  called  {an}- complete¬ 
ness  and  theorems  are  gtven  for  constructing  {an  }  - 
complete  sequences  from  a  gtven  complete  sequence. 
Several  examples  In  concrete  funclton  spaces  are  gtven 

to  show  that  the  concept  of  {an}  -  completeness  Is  a 
natural  one  tn  analysts.  Completeness  theorems  of  the 
Paley-Wlener  type  (Amer.  Math.  Soc.  Colloq.  Pub., 
v.  t9:  t00-108,  1934)  are  proved  for  the  first  3  types 
of  completeness.  (ASTIA  abstract) 


NBS.  09:043 

Nattonal  Bureau  of  Standards,  Washington,  D.  C. 

UNIQUENESS  THEORY  FOR  ASYMPTOTIC  EXPAN¬ 
SIONS  IN  GENERAL  REGIONS,  by  P.  Davts.  [  1955] 
16p.  (NBS  rept.  no.  4638)  (AFOSR-TN-56-tll) 
(CSO-670-54-12)  AD  82507  Unclasstfled 

Also  published  in  Pactftc  Jour.  Math.,  v.  7:  849-859, 
1957. 

Necessary  and  sufficient  conditions  on  the  sequence  of 
constants  {  mn  }  are  gtven  tn  order  that  the  relatton 


Logic  tics  Projecl,  Office  of  Naval  Research  and 
Prtnceton  U. ,  N.  J. )  Unclassified 

Puhllshed  In  Prcc.  Amer.  Math.  Soc.,  v.  3:777-779, 
Oct.  1954. 

The  purpose  of  this  mathematical  study  ts  to  present 
a  purely  geometrtcal  result  that  appeared  as  a  by¬ 
product  of  research  In  the  theory  of  games.  Though  a 
proof  of  the  theorem  has  already  been  published  by  I. 
Ltberman  fOn  Certain  Characteristic  Properties  of 
Convex  Bodies,  Matem.  Sbornlk,  v.  t3:  239-.  62,  1943), 
the  present  proof  retains  tts  tnterest,  both  for  tts  con¬ 
ciseness  and  the  fact  that  U  reveals  a  connection  be¬ 
tween  the  geometry  of  convex  sets  and  ftxed-potnt 
theory.  The  foltowtng  result  Is  proved:  In  order  that 
a  locally  contractible  compact  set  X  tn  n-dtmenslonal 
Eucltdean  space  be  convex,  It  ts  necessary  and  suffi¬ 
cient  that  the  set  X  be  contractible  and  that  every  sup¬ 
port  contact  of  X  be  contractile.  Liberman's  theorem 
ts  stronger  than  the  result  just  proved  tn  that  It  does 
not  presuppose  local  contractlbtltty.  This  condition 
entered  the  proof  by  way  of  the  fixed-point  theorems 
and  tt  does  not  seem  posstble  to  eliminate  tt  directly 
wtthout  a  slronger  theorem  than  exists  tn  the  Itterature. 


NBS.  tl:00t 

National  Bureau  of  Standards,  Washington,  D.  C. 


IHnM2  =  rUn(*)l2<ls 

"  I f(^)-Ca0-ai(x-t)-...  -an.t(^-l)n'1 1  2  dg  .. 

c  <*-i)n 

Mknmn2  wtll  determine  f(z)  uniquely  from  the  asymptot¬ 
ic  coefficients  an.  The  uniqueness  theorem  states  that 
given  :in  arbitrary  sequence  of  positive  constants  {mn}, 
the  class  A(mn)  Is  a  uniqueness  class  for  asymptotic 

expansions  at  z  =  t  only  tf  for  all  t  0,  the  llm 

n-» 

sup  log  ■  ’  — Ti(z-l)n~k  |2!  -2-log  |m(z)  Ids  = 

(.  *  u  ni“  »n 


The  uniqueness  theory  under  consideration  ts  that  of 
distinguishing  nontrivial  subclasses  of  A  wtthtn  which 


the  asymptotic  expanston  at  z  =  t,  f( z)- 


n-  0 


»„(*  -t)n 


In  the  sense  cf  Poincare  ts  unique.  The  problem  re¬ 
lates  to  a  simply  connected  region  D  with  an  analyttc 
boundary  C  for  which  z  -  0  ts  an  tntertor  potnl  and  z  *  1 
lies  on  the  bourxla ,-y.  The  tangent  »n  C  at  z  =  t  ts  as 
sumed  not  to  parallel  the  real  axis.  (ASTLA  abstract) 


DAMPING  OF  ELASTICALLY  SUPPORTED  ELEMENT 
IN  A  VACUUM  TUBE,  by  S.  Levy,  E.  V.  Hobbs  and 
others.  June  t952,  7p.  tllus.  diagrs.  (NBS  rept.  no. 
1707)  (Sponsored  jointly  by  Offtce  of  Naval  Research, 
[Atr  Force  Offtce  of  Sctentlftc  Research  under  CSO- 
t8-600-22]  and  Atomic  Energy  Commtsston) 

ATI  207894  Unclasstfted 

Thts  report  descrtbes  a  phase  of  the  development  work 
on  the  Ramberg  vacuum  tube  accelerometer,  ft  ts 
shown  that  tt  ts  posstble  to  damp  the  molton  of  an  ele¬ 
ment  tn  a  vacuum  by  making  the  tube  part  of  a  lwo- 
degrec-ol-freedom  system.  The  equations  of  motion 
•  of  thts  system  are  presented.  The  optimum  values  of 
the  parameters  are  determined  on  SEAC,  the  Bureau 
of  Standards  electronic  automatic  computer,  for  a  par¬ 
ticular  set  of  destgn  requirements,  fn  carrytng  out 
lhls  computation,  SEAC  Is  used  not  only  to  compute 
the  responses  of  the  system  for  gtven  values  of  the 
parameters,  but  also  to  choose  that  set  of  parameters 
for  which  the  performance  Is  optimum.  A  descrtptton 
Is  gtven  of  a  lube  mount  butlt  tn  accordance  wtth  the 
computations  and  of  the  degree  of  damping  achteved. 
(Contractor's  abstract) 
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CONTRACTtDIUTY  AND  CONVEXITY,  by  H.  W.  Kuhn. 

1954  ,  ,  3  .p.  (Sponsored  jotntly  t.y  Air  Force  Offtce 
of  Scientific  Research  under  CSO-C80-56-50  i , 
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INVESTIGATIONS  OF  THE  PROPERTIES  OF  COItRU 
GATED  DIAPHRAGMS,  by  W.  A.  Wlldhack,  It.  F. 
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Dressier,  and  E.  C.  Lloyd.  [  1955]  [  38 ]  p.  lncl. 
dlagrs.  tables,  rets.  (ASME  Paper  no.  55- A- 181) 

([  AF  ]OSR-TN-55-409)  [  CSO-18-600-22]  AD  119584 

Unclassified 

Presented  at  Diamond  Jubilee  annual  meeting  of  the 
Amer.  Soc.  Mech.  Engineers,  Chicago,  Ill. ,  Nov.  13- 
18,  1955. 

The  pressure-deflection  characteristics  of  corrugated 
diaphragms  are  correlated  by  methods  of  dimensional 
analysis.  Experimental  results  for  various  sizes,  ma¬ 
terials,  thicknesses,  and  shapes  of  diaphragms  lndl'ale 
that  the  performance  for  diaphragms  of  any  given  shape 
may  be  computed  from  a  dimensionless  formula  derived 
from  experimental  data  on  other  diaphragms  of  that 
shape.  Linear  shell  equations  are  derived  for  combined 
bending  and  strelchlng  effects  with  lateral  loading  terms 
for  rotatlonally  symmetrical  shells  In  appropriate  Inde¬ 
pendent  and  dependent  variations  suitable  for  complicated 
merldlal  shapes,  and  with  boundary  conditions  associ¬ 
ated  with  practical  diaphragm  applications.  The  method 
used  for  solving  this  system  of  equations  on  an  electron¬ 
ic  digital  computer  Is  descrlbed.and  numerical  solutions 
are  presented  for  a  specific  diaphragm  subject  lo  uniform 
pressure  loading.  Suggestions  are  presented  for  future 
research,  both  theoretical  and  experimental,  on  dia¬ 
phragm  properties  and  performance.  (A  supplement 
Behavior  of  all  local  stresses  Is  attached. )  (Contrac¬ 
tor's  abstract) 


NBS.  11:003 


polynomials  of  degree  19  lo  separate  eigenvalues  for 
faster  convergence.  Results  for  one  value  of  Poisson's 
ratio  are  compared  with  known  experimental  values 
due  to  Gustafson,  and  Indicate  the  magnitude  of  overall 
damping  and  loading  In  the  experimental  cases.  (Con¬ 
tractor's  abstract) 
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AN  ACOUSTIC  VISCOMETER  FOR  GASES,  I,  by  M. 
Greenspan  and  F.  N.  Wlmenllz.  Jan.  2,  1953  L  20]  p. 
lncl.  lllus.  dlagrs.  tables,  refs.  (NBS  rept.  no. 

2658)  (Sponsored  Jointly  by  Office  of  Naval  Research, 

[  Air  Force  Office  of  Scientific  Research  under  CSO- 
610-55-32],  and  Atomic  Energy  Commission) 

AD  17139  Unclassified 

Frequency  response  measuremenls  were  made  on 
several  double  Helmholtz  resonators  containing  air. 
From  the  dala  so  obtained,  the  viscosity  of  air  was 
computed  on  the  basis  of  the  classical  theory  of 
Kirchhoff.  The  results  are  not  In  agreement  with  the 
known  viscosity  of  air  and  It  Is  concluded  that  this 
method  does  noi  at  present  furnish  a  satisfactory  basis 
for  the  construction  of  an  acoustic  viscometer.  How¬ 
ever  the  material  of  this  report  would  be  of  value  for 
this  purpose  if  the  discrepancies  should  In  the  future 
be  explained  In  terms  of  a  revision  of  theory  or  of  sys¬ 
tematic  error  In  technique.  (Contractor's  abstract) 
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National  Bureau  of  Standards,  Washington,  D.  C. 

THE  VIBRATION  OF  TRIANGULAR  WINGS  (Abstract), 
by  R.  F.  Dressier.  [Sepl.  1956]  [l]p.  [CSO-18- 
600-22]  Unclassified 

Presented  ai  Ninth  International  Congress  of  Applied 
Mech.,  Drussels  (Belgium),  Sept.  5-13,  1956. 

The  vibration  of  a  delta  wing  Is  considered  as  an  eigen¬ 
value  problem  for  the  elastic  plate  equation  A* W  -  k, 

W  »  0  for  right  triangles  of  constant  thickness  having 
various  as  pec  1  ratios.  One  side  is  clamped,  and  the 
other  aide  and  hypotenuse  are  free.  The  problems  are 
transformed  to  one  isosceles  triangular  domain  with  two 
essential  parameters,  the  aspect  ratio  ard  Poisson's 
ratio,  the  latter  appearing  explicitly  In  the  boundary 
conditions  for  the  free  edges.  The  associated  finite 
difference  matrix  Is  solved  numerically  for  Us  lowest 
eigenvalue  and  eigenvector  by  electronic  digital  com¬ 
puter.  To  permit  local  elimination  of  raeah  points  ex¬ 
terior  to  the  hypotenuse  boundary,  It  Is  necessary  lo 
use  asymmetric  finite -difference  operators  In  the  bound¬ 
ary  conditions  for  the  free  edges  and  the  sharp  corner. 
These  then  lead  to  asymmetric  matrices.  To  determine 
dependence  of  modal  shapes  and  frequencies  upon 
Poisson's  ratio,  various  problems  have  been  computed 
using  matrices  of  order  78.  The  computational  method 
incorvorates  a  technique  with  orthogonal  hypergeometrlc 
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ABSOLUTE  MEASUREMENT  OF  VIBRATION  AMPLI¬ 
TUDES,  by  W.  Koldan.  Sept.  1953,  lip.  lncl.  dlagrs. 
(NBS  repl.  no.  2799)  (Sponsored  jointly  by  Office  of 
Naval  Research,  [  Air  porce  Office  of  Scientific  Re¬ 
search  under  CSO-610-55-22],  and  Atomic  Energy 
Commission)  AD  18512  Unclassified 

Dy  means  of  a  modification  of  the  plstonphone,  a  tech¬ 
nique  was  developed  lo  obtain  the  response  of  a  capaci¬ 
tance  type  vibration  pickup  probe;  the  reciprocity  call- 
braUon  of  a  condenser  microphone  was  used  as  a  refer¬ 
ence.  The  raised  center  portion  of  a  circular  piston, 
driven  by  a  Ba  tttanate  cylinder,  projects  Into  one  end  of 
a  19.  9-cc  cavity,  the  shelf  of  the  piston  being  located 
outside  of  the  enclosure.  A  calibrated  condenser  micro¬ 
phone  1b  coupled  to  the  other  end  of  the  cavity  and  re¬ 
sponds  lo  the  sound  pressure  developed  by  'he  piston. 
The  output  of  an  annular  capacitance  type  vibration 
pickup,  which  detects  the  motion  of  the  piston  shelf,  Is 
compared  with  the  generated  microphone  voltage.  With 
the  microphone  removed  from  the  cavity,  the  output  of 
the  probe,  located  adjacent  to  the  'op  surface  of  the 
piston  Is  compared  with  that  of  the  annular  pickup.  The 
probe  response  Is  computed  from  these  measurements 
and  the  microphone  response.  Mechanical  coupling 
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between  the  driver  and  the  main  supporting  structure  Is 
minimized  by  the  use  of  vibration  mounts  and  the  main¬ 
tenance  of  a  small,  acoustically  sealed  cleararce  be¬ 
tween  the  piston  and  lhe  cavity  enclosure.  Calibrations 
of  the  probe  have  been  obtained  from  100  to  10, 000  c 
with  an  estimated  probable  error  not  exceeding  0.  S  db. 
Peak  vibration  amplitudes  as  small  as  10'®  cm  can  be 
measured  with  a  comparable  degree  of  accuracy  by  a 
similar  probe  bulll  for  high  sensitivity.  (Contractor's 
abstract) 


NBS.  12:003 

National  Bureau  of  Standards,  Washington,  D.  C. 

ELASTIC  WAVES  IN  ANISOTROPIC  MEDIA,  by  J.  L. 
Synge.  Apr.  2,  1956  [  25 ]  p.  Incl.  dlagr.  (NBS  rept. 
no.  4601)  (AFOSR-TN- 56- 143)  [  CSO-610-55-22] 

AD  86301  Unclassified 


334,  Jan.  1957. 


I  Jour.  Math,  and  Phys. ,  v.  35:  323- 


Against  the  background  of  21 -constant  elastic  theory, 
Isotropy  presents  a  highly  degenerate  case,  and  the 
study  of  waves  In  Isotropic  media  throws  little  light  on 
the  algebraic  structure  of  the  theory  of  waves  in  aniso¬ 
tropic  media.  Some  known  results  are  given  In  tensor 
notation,  for  the  sake  or  convenience  and  compactness, 
and  now  general  results  are  developed  for  waves  In  a 
layer  of  anisotropic  material.  In  the  limit  In  which  the 
layer  becomes  a  half- space,  we  have  a  generalization 
of  Rayleigh  waves,  and  It  Is  found  that,  In  general  (for 
a  given  frequency),  lhe  surface  waves  either  do  not  ex¬ 
ist  al  all,  or  are  propagated  In  certain  discrete  direc¬ 
tions  wlih  certain  speeds.  Calculations  for  a  medium 
possessing  transverse  Isotropy  are  given;  It  Is  shown 
that  the  slowness  surface  (or,  equivalently,  the  wave 
surface)  possesses  a  spheroidal  sheet.  (Contractor's 
abstract) 


NBS.  13:001 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  STUDY  OF  THE  PERFORMANCE  OF  f'HOTOMUl  Tl- 
PLlERS  OPERATED  AT  HIGH  VOLTAGE,  by  B.  Petree 
and  F.  Viera,  Jr.  Nov.  17,  1952  21  ,p.  Incl.  dlagrs. 

refs.  (NBS  rept.  no.  2065)  (Sponsored  Jointly  by  Of  ■ 
flee  of  Naval  llesearch,  Air  Force  Office  of  Scientific 
Research  under  CSO  670-53-7  ,  and  Alonilc  Energy 
Commission)  AD  972  Unclassified 

A  study  has  been  made  of  lhe  performance  of  type  931 
A  photomultipliers  when  lhe  voltage  Is  applied  to  the 
electrodes  In  pulses  of  a  few  microseconds  duration, 
ll  was  found  that  selected  lubes  can  be  operated  without 
breakdown  at  pulsed  vultages  as  high  as  about  2500  volts, 
which  Is  twice  the  rated  dc  value.  Greater  amplification 
and  output  current  are  obtained  as  a  result  of  (he  In 
creased  voltage.  The  amplification  Is  Increased  by  a 
factor  of  40,  while  the  output  current  atal  useful  speed 


of  response  are  Increased  by  a  factor  of  ten.  (Conlrac- 
tor’s  abstract) 


NBS.  13:002 

National  Bureau  of  Standards,  Washington,  D.  C. 

VAPOR  PRESSURE  OF  NITROGEN,  by  G.  T.  Arm¬ 
strong.  May  18,  1954  [4]p.  Incl.  dlagr.  tables,  refs. 
(NBS  rept.  no.  2543)  [  AFOSR-TR-55-15]  [  CSO- 670- 
53-7]  AD  67824(a)  Unclassified 

Also  published  In  Jour.  Res.  Nat’l.  Bur.  Standards, 
v.  53:  263-266,  Oct.  1954. 

The  vapor  pressure  of  N  has  been  measured  in  the 
liquid  range  below  the  normal  boiling  point  (bp),  and 
can  be  represented  by  tog  P  (mm)  =  6.49594  -255. 821/ 
(T-6.  660).  The  normal  bp  calculated  from  this  equa¬ 
tion  Is  77. 364  "K.  N  vapor  densities  along  the  satura¬ 
tion  lines  are  represented  by  log  pT  =  3.  39858  - 
282.  953/(T  -  3.  83),  where  p  =  vapor  density  In  g/cc. 
The  fugaclty  function  In  f/p  for  lhe  saturated  vapor  Is 
tabulated.  (Contractor's  abstract) 


NBS.  13:003 

National  Bureau  of  Standards,  Washington,  D.  C. 

SURFACE  TENSION  OF  OXYGEN,  NITROGEN,  AND 
THEIR  MIXTURES,  by  M.  L.  Reilly  and  G.  T. 
Furukawa.  Feb.  24,  1955,  39p.  Incl.  dlagrs.  tables, 
refs.  (NBS  rept.  no.  3958)  [  AFOSR-TN- 55- 20  ] 

(CSO -670-53-7)  AD  67828  Unclassified 

The  surface  tension  of  liquid  oxygen,  nllrogen,  and  3 
of  their  mixtures  was  determined  by  the  method  of 
capillary  rise  In  the  temperature  range  from  about  70* 
to  90*K.  The  results  with  oxygen  and  nitrogen  are  In 
fair  agreement  with  those  published  previously.  The 
surface  tension  of  the  mixtures  has  been  compared 
with  an  equation  based  on  the  Ideal  solution  la*  •  and  was 
found  to  agree  with  a  maximum  deviation  of  *  ■  12.  5%. 
A  slight  modification  of  the  equation  using  a„.,vlty  In 
place  of  mole  fraction  decreased  the  maximum  devia¬ 
tion  to  about  2T..  (Contractor's  abstract) 
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National  Bureau  of  Standards,  Washington,  D.  C. 

LIQUID -VAPOR  PHASE  EQUfUBHIUM  IN  SOLUTIONS 
OF  OXYGEN  AND  NITROGEN  AT  PRESSURE  UEl.OW 
ONE  ATMOSPHERE,  by  G.  T.  Armstrong,  J.  M. 
Goldstein,  and  U.  E.  Roberts.  Jan.  31,  1955,  Iv. 
incl.  Ulus,  dlagrs.  tables,  refs.  (NBS  rept  no.  3921) 
AFOSlt  Tlt-55  22.  CSO  670  53-7]  AD  67824 

Unclassified 

A  cryostat  and  equilibrium  vessel  together  with  auilt! 
ary  apparatus  tor  establishing  equilibrium  between 
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liquid  and  vapor  phases  of  solutions  for  low-bolllng 
material  by  a  circulation  method  Is  described.  The 
equilibrium  vessel  Incorporates  a  novel  liquid  sampling 
device.  Vapor  and  Itquld  compositions  and  totat  vapor 
pressures  of  solutions  of  O2  and  N2  were  measured 
atong  Isotherms  at  77.  5',  70°,  and  65' K.  The  activi¬ 
ty  coefficients  of  N2  and  O2  may  be  represented  by  equa¬ 
tions  of  the  form 

BI  l°ge  =A12<f2°2,  and  BI  toge  r0,  = 
vN2  2  Vq2  2 

a12  ^2n2>  ln  which  a12  ln  cal/cc  mol  has  the  values 
1.22  at  77.5°,  1.38  at  70',  and  1.47  at  65'K.  The 
deviations  of  the  solutions  from  Ideality  are  much  less 
than  Is  to  be  expected  of  regular  sotutlons,  tn  which  the 
Interaction  energy  between  unlike  motecules  follows  a 
geometric  mean  taw.  The  data  are  not  entirety  consist¬ 
ent  with  the  assumption  thal  molar  volumes  are  addi¬ 
tive  tn  the  solutions.  In  an  appendix  a  study  of  the  vapor 
pressure  of  N2  is  described.  (Contractor's  abstract) 


NBS.  14:001 

Nallonal  Bureau  ot  Standards  [Washington,  D.  C.  ] 

A  PHASE-SAMPLING  TELEMETER,  by  M.  G.  Pawley 
and  J.  O.  Dick.  Sepl.  29,  1952,  14p.  dlagrs.  (NBS 
rept.  no.  2020)  (Sponsored  jolnlty  by  Office  of  Naval 
Research,  [Air  Force  Office  of  Scientific  Research 
CSO- 680-56-20 ] ,  and  Atomic  Energy  Commtsslon) 

AD  971  Unclassified 

The  laboratory  model  of  the  Phase-Sampltng  Tetemeler 
has  demonstrated  the  feasibility  of  transmitting  a  num¬ 
ber  of  channels  of  tnletltgence  by  mechanlcalty  swttch- 
tng  samptes  of  sine  waves.  The  phase  of  a  channel  with 
respect  to  \  reference  wave,  which  !s  also  transmitted 
Intermittently,  Is  oroportlonat  to  the  input  for  that  chan- 
net.  Although  the  low-channel  sampling  rale  of  one  per 
second  does  nol  provide  adequate  channel  frequency  re¬ 
sponse  tor  generat  application  to  guided  mlcslte  teleme- 
tertng,  the  extreme  slmpllctty  of  the  transmuting  unit 
shoutd  prove  to  be  ot  tnterest  tn  applications  where 
higher  samptlng  rates  are  not  required,  and  where  the 
Itmtted  Itfe  ot  a  mechanical  commutator  ts  not  a  sertous 
drawback. 


NBS.  1 4:002 

Nattonat  Bureau  of  Standards,  Washington,  D.  C. 

A  SING- AROUND  ULTRASONIC  VELOCtMETER  FOtt 
LIQUIDS,  by  M.  Greenspan  and  C.  E.  Tschtegg.  Jan.  2, 
t953  [t8,p.  tncl.  tttus.  dlagrs.  (NBS  rept.  no.  2702) 
(Sponsored  jolnlty  by  Offtco  ot  Navat  Research,  .  Air 
Force  Otttce  ot  SctenUttc  Research  CSO- 680- 56 -20  , 
and  Atomtc  Energy  Commission)  AD  I7t40 

Unctassttted 

There  has  been  designed,  buttt,  and  tested  a  modet  of 
an  Instrument  u till ilng  a  repetitive  pulse  technique 


("sing- around"  system)  which  automatically  measures 
and  records  with  great  precision  the  speed  of  sound  in 
a  tlquld  system  as  It  changes  with  temperature,  pres¬ 
sure  or  composition.  The  accuracy  Is  limited  princi¬ 
pally  by  that  of  the  device  against  which  the  Instrument 
is  calibrated.  (Contractor’s  abstract) 


NBS.  14:003 

National  Bureau  of  Standards,  Washington,  D.  C. 

APPARATUS  FOR  THE  DIRECT  DETERMINATION  OF 
THE  DYNAMIC  BULK  MODULUS,  by  J.  E.  McKinney, 

S.  Edelman,  and  R.  S.  Marvin.  [Jan.  30,  1956 J 
[6]p.  tncl  lllus.  dlagrs.  tables,  refs.  (Sponsored 
jolntty  by  Office  of  Navat  Research,  Atr  Force  Office 
of  Scientific  Research  under  CSO- 680- 56- 20,  Atomic 
Energy  Commission,  and  National  Bureau  of  Standards) 

Unclassified 

Presented  at  annual  meeting  of  the  Soc.  of  Pheology, 
New  York,  Nov.  2-4,  1955. 

Published  in  Jour.  Appl.  Phys. ,  v.  27:425-430, 

May  1956. 

An  apparatus  has  been  developed  for  the  direct  meas¬ 
urement  of  the  reat  and  imaginary  parts  of  the  dynamic 
bulk  modulus  of  sotld  and  liquid  materials  over  the  fre¬ 
quency  range  of  50  to  10,000  cps.  Ptezoetectrtc  crys¬ 
tals  serving  as  driver  and  delector,  together  with  the 
sample  and  a  confining  Uquld,  are  contained  in  a  cavity 
small  compared  wtf  the  wavelength  of  sound  at  lhese 
frequencies.  Static  pressure  Is  superposed  lo  elimi¬ 
nate  the  effect  of  small  air  bubbles.  The  comptex  com¬ 
pliances  of  the  sample,  confining  ttquld,  and  the  cavity, 
are  addlUve  In  this  region,  where  the  compliance  Is 
pure  dilatation.  The  dynamic  compliances  of  several 
naturat  rubber- sultur  mtxtures  were  obtained  tn  a  pre- 
Itmtnary  evaluation  ot  the  behavtor  ot  the  apparatus. 
(Contractor's  abstract) 
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National  Bureau  ot  Standards,  Washington,  D.  C. 

STATIONARY  PRINCIPLES  FOR  FORCED  VIBRATIONS 
IN  ELASTICITY  AND  ELECTROMAGNETtSM,  by  J.  L. 
Synge.  Mar.  26,  1956,  t9p.  tnct.  dtagr.  (NBS  rept. 
no.  4582)  (AFOSR-TN-56- 122)  (tn  cooperation  wtth 
AmertcanU.,  Washtnglon,  D.  C. )  [  CSO- 680- 56-38  j 
AD  825 1 8  Unclassttted 

Also  published  In  Proc.  8th  Symposium  on  Appl.  Math, 
ot  the  Amer.  Math.  Soc.,  Apr.  1956. 

The  concept  of  a  tunc  lion- space  wtlh  a  sutlabte  scalar 
product  ts  used  to  exhtbtl  several  stationary  prtnctptes 
tn  a  stmple  geomelrtcal  tor  111.  The  basic  technique  Is 
to  split  the  problem  so  thal  a  point  of  a  function- space, 
which  corresponds  lo  the  solution  of  a  physical  problem. 
Is  the  point  of  Intersection  of  2  orthogonal  linear  sub 
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spaces.  If  (he  metric  Is  positive-definite,  Schwarz's 
inequality  yields  2  minimum  principles.  If  the  metric 
is  indefinite,  one  orthogonality  condition  exists  which 
yields  2  stationary  principles.  The  stationary  princi¬ 
ples  are  either  known  or  ctosety  retated  to  known  re- 
sutts.  Ittustratlons  are  given  for  the  vibrating  mem¬ 
brane,  vibrations  of  an  etastic  body,  and  electro¬ 
magnetic  vibrations.  A  procedure  for  improving  ap¬ 
proximations  is  considered. 
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Nationat  Bureau  of  Standards,  Washington,  D.  C. 


ELASTIC  SCATTERING  OF  PHOTONS  FROM  5  TO  30 
MEV  (Abstract),  by  E.  G.  Fulter.  1955,  lp.  (CSO- 
640-55-33)  Unctasslfled 


Presented  at  meeting  of  the  Amer.  Phys.  Soc.,  Wash¬ 
ington,  O.  C.,  Apr.  1955. 


A  brief  discussion  is  given  of  previous  measurements 
that  have  been  made  of  the  elastic  scattering  of  photons 
having  energies  in  the  region  of  the  "giant  resonance.  " 
This  is  fottowed  by  a  brief  description  of  the  experiment¬ 
al  techniques  that  are  being  used  at  NBS  io  study  the 
etastic  scattering  cross-section  for  various  nuclei.  It 
was  this  work  that  led  to  the  first  determination  of  the 
etactlc  scattering  cross-section  as  a  function  of  photon 
energy.  The  results  that  have  been  obtained  to  date 
are  discussed.  These  results  are  presented  in  the 
form  of  a  systematics  of  the  photonuclear  interaction  as 
derived  from  the  elastic  scattering  measurements. 
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National  Bureau  of  Standards,  Washington,  D.  C. 


THE  ELASTIC  SCATTERING  OF  PHOTONS,  by  E.  G. 
Fuller  and  E.  Hayward.  Feb.  10,  1954  [  7  j  p.  lncl.  lllus. 
tabte.  (NBS  rept.  no.  3129)  ( [  AF  ]OSR-TN-54- 13) 
(CSO-870-53-22)  AD  28184  Unclassified 


Phys.  Rev.,  v.  94:732-733,  May  1. 


Measurements  were  made  on  the  elastic  scattering  cross 
section  as  a  function  of  photon  energy.  X-rays  observed 
were  produced  by  a  iO-mev  betatron  and  were  scattered 
by  Au,  Pb,  and  U.  An  NaJ(Tl)  c  rystal  5  in.  in  diameter 
and  4  in.  long,  a  DuMont  5-ln.  -diameter  photomu'tlptler 
tube,  a  linear  amplifier,  and  a  series  of  discriminators 
with  associated  scaling  units  were  used  to  detect  the 
rays.  With  the  crystal  in  the  direct  beam  trom  the  beta¬ 
tron  at  the  zero  degree  position,  the  number  of  counts 
were  observed  which  were  produced  for  a  charge  col¬ 
lected  on  the  ionization  chamber.  The  resonance  scat¬ 
tering  for  the  3  elements  was  near  15  mev.  (AST1A  ab¬ 
stract) 
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National  Bureau  of  Standards,  Washington,  D.  C. 


NUCLEAR  ELASTIC  SCATTERING  OF  PHOTONS,  by 
E.  Hayward  and  E.  G.  Futter.  [  1 954  J  [  2  j  p.  lnct. 
dlagr.  tabte.  [CSO-670-53-22 J  Unctasslfled 


Published  In  Phvs.  Rev.,  v.  95:  1108-1107,  Aug.  15, 
1954. 


The  eartier  work  on  the  differential  cross  section  at 
120°  for  the  nuctear  etastic  scattering  of  photons  of 
10-25  mev  by  Au,  Pb,  and  U,  is  extended  to  10  ener¬ 
gies,  4-28  mev,  for  Cu,  Mn,  Sn,  Au,  Bl,  and  Pb.  In 
addition  to  the  maximum  associated  v-lth  the  'felant 
resonance,  "  a  pronounced  peak  was  found  near  the  Y,  n 
threshold  for  all  elements  except  Au. 


NBS.  18:001 


Nationat  Bureau  of  Standards,  Washington,  D.  C. 


AN  EVALUATION  STUDY  OF  A  FAST-NEUTRON 
SPECTROMETER  BASED  ON  THE  TOTAL  ABSORP¬ 
TION  PRINCIPLE,  by  M.  R.  Ctetand.  Oct.  27,  1952 
[40]p.  inct.  dlagrs.  refs.  (NBS  rept.  no.  2038) 
(Sponsored  jointly  by  Office  of  Naval  Research,  [  Air 
Force  Office  of  Scientific  Research  under  CSO-8R9-57- 
2  J ,  and  Atomic  Energy  Commission)  AD  1815 

Unctasslfled 


The  Monte  Carto  samptlng  procedure  has  been  used  to 
evatuate  a  proposed  spectrometer  for  neutrons  with 
energies  above  1.  0  mev.  The  Instrument  employs  a 
cylindrical  phosphor  5  centimeters  in  diameter  and  5 
centimeters  tong  composed  of  a  half-and-hatf  mixture 
of  phenylcyclohexane  and  methyt  borate  activated  with 
3-5  grams  of  p-terphenyt  and  10-15  mlttlgrams  of  dl- 
phenythexatrlene  per  Sdtogram  of  phosphor.  The  total 
light  output  pulse  which  reButts  from  recoil  charged 
particles  indicates  the  neutron  energy  and  is  observed 
with  a  photomultiplier  tube,  it  was  arranged  to  record 
onty  those  events  in  which  the  neutron  is  first  thermat- 
lzed  by  etastic  collisions  and  then  captured  by  boron. 
The  capture  criterion  with  'he  smatl  votume  scintillator 
strongly  favors  neutrons  that  lose  most  of  their  energy 
at  the  first  collision  and  leads  to  good  energy  resolu¬ 
tion.  The  efficiency  for  the  borated  sclntlttator  is 
shown  to  be  0. 1 5%  and  the  energy  resolution  about  10% 
for  14.0  mev  neutrons.  The  mean  time  Interval  be¬ 
tween  the  recoil  proton  putse  and  the  boron  capture 
pulse  Is  shown  to  be  2.  0  microseconds  with  18.  8%  B10 
in  the  methyl  borate.  A  brief  summary  of  other  neu¬ 
tron  spectrometers  and  calculations  for  an  Infinite  vol¬ 
ume  scintillator  are  also  presented.  (Contractor's 
abstract) 
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CHARACTERISTICS  OF  SR -4  AND  G-H  TOST  YIELD 
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RESISTANCE  STRAIN  GAGES,  by  D.  Namkoong,  D.  W. 
Hinze,  and  W.  R.  Campbell.  June  1953,  5p.  lllus.  dlagrs. 
(NBS  rept.  no.  3537)  (Sponsored  jointly  by  OHlce  o( 

Naval  Research,  [Air  Force  Oillce  ol  Scientific  Re¬ 
search  under  CSO-680-57-2] ,  and  Atomic  Energy  Com¬ 
mission)  AD  17289  Unclassified 

Twenty  SR-4  type  PA- 3  resistance  strain  gages  and 
twenty  G-H  type  A820S  resistance  strain  gages  were 
calibrated  for  post  yield  tensile  strains  up  to  0.  H.  For 
strains  up  to  0. 04  the  strains  indicated  by  ten  single 
gages  of  each  type  did  not  differ  from  the  applied  strain 
by  more  than  1500  x  10‘®.  For  strains  above  0.04  and 
up  to  0.065  nine  of  the  ten  G-H  gages  Indicated  strains 
within  3.  7%  of  the  applied  strain.  All  ten  G-H  gages 
failed  at  applied  strains  between  0.07  and  0. 12.  For 
strains  above  0. 04  and  up  to  0. 12  nine  of  the  ten  SR-4 
gages  Indicated  strains  within  4. 7%  of  the  applied 
strain.  No  gage  failed  at  strains  less  than  0. 12,  and 
seven  of  the  gages  sustained  strains  up  to  0. 1 35,  the 
maximum  strain  applied.  Higher  strains  could  not  be 
applied  because  of  limitations  In  the  strain- measuring 
equipment.  (Contractor's  summary) 


NBS.  18:003 

National  Bureau  of  Standards,  Washington,  D.  C. 

CHARACTERISTICS  OF  TWO  TYPES  OF  TEMPERA¬ 
TURE-COMPENSATED  RESISTANCE  STRAIN  GAGES, 
by  D.  W.  Hinze,  D.  Namkoor.g,  and  W.  R.  Campbell. 
June  1953  [  1 5 1  p.  lncl.  lllus.  dlagrs.  table,  refs.  (NBS 
repl.  no.  2552)  (Sponsored  jointly  by  Office  of  Naval 
Research,  [Air  Force  Office  of  Scientific  Research 
CSO-680-57-2),  and  Atomic  Energy  Commission) 

AD  17288  Unclassified 

Tensile  calibrations  and  measurements  of  gage  output 
vs.  temperature  were  made  on  3R-4  gages  of  types 
EBD-1S  and  EBD-1D.  Six  gages  of  each  type  were 
calibrated  for  strains  up  to  0.  0025  at  temperatures 
ranging  from  70*  to  250*  F.  With  the  exception  of  two 
gages  of  type  EBD-1S,  calibration  factors  were  within 
the  tolerance  set  by  the  manufacturer.  No  significant 
variation  of  calibration  factor  with  temperature  was 
observed.  The  performance  cl  thu  gages  with  respect 
lo  linearity,  zero  shift,  and  stability  was  generally  Im¬ 
proved  by  preloading.  Eight  EBD-1D  gages  and  nine 
EBD-1S  gages  attached  to  unstressed  bars  were  sub¬ 
jected  to  varying  temperatures  In  the  range  0“  lo  300“  F. 
Gage  output,  measured  as  apparent  strain,  for  the  EBD- 
1D  gages  on  24S-T  aluminum  alloy  did  not  vary  more 
than  t  50  x  10‘®  for  temperatures  between  50*  and 
280*  F.  Temperature  sensitivity  In  thl^  :  angc  from  the 
EBD-1S  gages  on  hot  rolled  spring  steel  produced  maxi¬ 
mum  variations  In  apparent  Birain  of  i  100  x  10  ®. 
(Contractor's  summary) 


NBS.  18:004 

National  Bureau  of  Standards,  Washington,  D.  C. 

PHOTOELECTRIC  COUNTER  FOR  AN  INTERFERO¬ 
METRIC  CALIBRATION  DEVICE,  by  H.  R.  Smith  awl 
D.  R.  Tate.  June  1953,  5p.  lllus.  dlagr.  (NBS  rept. 
no.  2536)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  [Air  Force]  Office  of  Scientific  Research 
under  [  CSO-680-57-2] ,  and  Atomic  Energy  Commis¬ 
sion)  AD  17173  Unclassified 

A  description  Is  given  of  a  simple  photoelectric  device 
for  counting  linear  Interference  fringes  as  they  move 
across  the  field  of  a  pair  of  Interferometer  plates.  The 
counter  requires  no  modification  of  the  viewing  system 
designed  for  visual  use.  The  use  of  the  counter  has 
been  found  to  speed  up  calibrations  without  a  loss  In 
accuracy  and  has  permitted  use  of  Interferometry  over 
greater  ranges  of  extension  than  would  be  practical 
with  visual  counting. 


NBS.  18:005 

National  Bureau  of  Standards,  Washington,  D.  C. 

DIRECT  MEASUREMENT  OF  THE  NUCLEAR  ABSORP¬ 
TION  OF  X-RAYS  (Abstract),  bv  H.  W.  Koch  and  R.S. 
Foote.  Apr.  30,  1953  [l]p.  f  CSO-680-57-2  J 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C.,  Apr.  30- May  2,  1953. 

Published  In  Phvs.  Rev.,  v.  91:455,  July  15,  1953. 

The  nuclear  absorption  of  x-rays  from  a  belalron 
operating  at  30  mev  has  been  measured  directly  for 
carbon  and  copper.  The  technique  employed  good  geom¬ 
etry,  the  maximum  tolerable  number  of  absorber  mean 
free  paths  (4  to  8.5),  and  an  x-ray  spectrometer  with 
high  detection  efficiency  and  good  energy  resolution. 
Carbon  absorbers  5  cm  In  diameter,  up  to  306  cm  long 
and  an  absorber  25  cm  In  diameter  and  30  cm  long  were 
used.  The  x-ray  cone  was  0.06  degrees.  The  source 
lo  spectrometer  distance  was  935  cm.  The  detector 
was  a  calibrated  Nal  total  absorption  spectrometer.  The 
pulBe-helght  spectrum  produced  by  x-rays  transmitted 
by  a  particular  absorber  was  analyzed  and  showed 
marked  depressions  In  Intensity  due  lo  nuclear  absorp¬ 
tion.  The  percentage  Intensity  change  Is  proportional 
to  the  absorber  length  and  to  the  ratio  of  nuclear  to 
electronic  absorption.  The  maximum  length  Is  limited 
by  the  geometry.  The  copper  results  give  one  nuclear 
absorption  peak  at  approximately  18  mev  as  expected. 
The  carbon  data  show  pronounced  nuclear  absorption 
peaks  below  20  mev.  (Contractor's  abstract) 
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NBS.  18:006 

National  Bureau  of  Standards,  Washington,  D.  C. 

TOTAL- ABSORPTION  X-RAY  SPECTROMETRY: 
APPLICATION  TO  BETATRON  EXPERIMENTS,  by  H. 

W.  Koch  and  R.  S.  Foote  [1054]  [  3  ]  p.  tncl  tllus. 
dlagrs.  [CSO-880-57-2]  Unclassified 

Published  In  Nucleonics,  v.  12:  51-53,  Mar.  1954. 

Physical  and  operating  characteristics  as  well  as  gen¬ 
eral  applications  are  given  of  a  Nal  scintillation  spec¬ 
trometer  which  can  measure  the  energy  of  Individual 
x-ray  photons  tn  the  range  from  'A  to  SO  mev  with  an 
energy  resolution  better  than  11%  and  a  detection  effi¬ 
ciency  larger  than  80%.  The  spectrometer  ts  called  a 
total  absorption  spectrometer  because  Individual  x-ray 
photons  that  enter  the  device  are  almost  totally  absorbed 
tn  a  scintillator.  The  absorption  results  tn  a  light  pulse. 
The  magnitude  of  a  majority  of  the  light  pulses  Is  pro¬ 
portional  to  the  x-ray  photon  energy.  Research  Involv¬ 
ing  use  of  the  spectrometer  Is  briefly  summarized  with 
regard  to:  (1)  determination  of  the  shape  of  the  x-ray 
photon  spectrum  from  a  betatron;  (2)  the  study  of  the 
"giant  resonance”  nuclear  absorption;  and  (3)  observa¬ 
tion  of  x-ray  absorption  by  Individual  nuclear  levels. 
(Extracted  from  rept. ) 


NBS.  18:007 

National  Bureau  of  Standards,  Washington,  D.  C. 

SCINTILLATION  SPECTROMETERS  FOR  MEASURING 
THE  TOTAL  ENERGY  OF  X-RAY  PHOTONS,  by  R.  S. 
Foo*e  and  K.  W.  Koch.  [Oct.  7,  1063]  [  1 3 ] p.  lncl. 
dlagrs.  tables,  refs.  s  CSO-680-57-2] 

Unclassified 

Published  In  Rev.  Sclent.  Instruments,  v.  25:  746- 758, 
Aug.  1054. 

X-ray  spectrometers  described  that  operate  on  the  prin¬ 
ciple  of  totally  absorbing  the  energy  of  an  Individual  x- 
ray  photon  tn  a  scintillator.  Experiments  with  scintil¬ 
lators  of  xylene  containing  tsrphenyl,  and  of  sodtum 
Iodide  activated  by  thallium,  show  that  detection  effi¬ 
ciencies  better  than  80%  and  energy  resolutions  better 
than  10%  are  attainable  tn  the  x-ray  energy  range  from 
Vi  to  50  mev.  Monte  Carlo  calculations  and  crude  scal¬ 
ing  laws  that  simplify  extrapolations  to  othsr  site  scin¬ 
tillators  are  discussed.  (Contractor's  abstract) 


NBS.  18:008 

National  Bureau  of  Standards,  Washington,  D.  C. 

DIRECT  OBSERVATION  OF  THE  NUCLEAR  ABSORP¬ 
TION  AND  ELASTIC  SCATTERING  OF  X-RAYS,  by  H. 
W.  Koch.  [  1 055 J  [  5 J p.  [CSO-880-57-2] 

Unclassified 


NBS.  18:006  -  NBS.  18:010 


Published  In  Proc.  Conference  on  Nuclear  and  Meson 
Physics,  Glasgow  (Scotland)  (July  1954),  1055,  p.  155- 
150. 

The  application  of  large  crystal  scintillation  spectrom¬ 
eters  to  the  measurement  of  x-ray  energies  makes 
possible  2  companion  experiments.  In  the  first,  the 
white  light  or  continuum  of  x-rays  from  a  50- mev  beta¬ 
tron  ts  transmitted  by  long  absorbers.  At  constant  en¬ 
ergy,  the  x-ray  photons  are  detected  Individually  and 
their  energies  recorded.  Dark  absorption  bands  sre 
found  in  the  spectra  resulting  from  giant  resonance 
absorption.  In  the  2nd  experiment,  elastic  scattering 
cross  section  Is  measured  for  x-rays  scattered  at  an 
angle  of  120°.  In  most  cases  the  cross-section  curves 
show  2  peakr. 


NBS.  18:009 

National  Bureau  of  Standards,  Washington,  D.  C. 

RESPONSE  OF  A  SODIUM  IODIDE  SPECTROMETER 
TO  HIGH  ENERGY  ELECTRONS  (Abstract),  by  H.  W. 
Koch,  J.  M.  Wyckoff,  andB.  Petree.  1055,  lp. 
[CSO-680-57-2]  Unclassified 

Presented  at  meeting  of  the  Amer.  Pbys.  Soc. , 
Washington,  D.  C. ,  Apr.  28,  1056. 

Published  in  Phys.  Rev.,  v.  00:  663,  July  16,  1065. 

Mono-energetic  electrons  from  a  50  mev  betatron  op¬ 
erated  between  1  and  20  mev  were  used  to  study  the 
performance  of  a  5"  by  4"  and  a  6"  by  0”  NaI(Tl)  total 
absorption  spectrometer.  The  pulse  height  dlstrlbu  - 
Hons  produced  by  bombardment  of  the  central  axis  of 
the  large  crystals  show  very  peaked  distributions  with 
srasll  tslls.  The  energy  resolution  reached  tts  optimum 
valus  at  10  mev  where  the  total  width  at  half  maximum 
ts  4%,  whereas  the  comparable  resolution  for  10  mev 
x-rays  would  be  9%.  This  added  width  to  the  x-ray 
pulse  height  distribution  results  largely  from  the  es¬ 
cape  of  the  annihilation  photon  from  the  crystal.  Syn¬ 
thesis  of  the  x-ray  distributions  from  the  electron  dis¬ 
tributions  and  the  linearity  of  spectrometer  response 
to  electron  energy  will  be  discussed.  (Contractor's 
abstract) 


NBS.  18:010 

National  Bureau  of  Standards,  Washington,  D.  C. 

THE  ANGULAR  DISTRIBUTION  OF  15- MEV  GAMMA 
RAYS  SCATTERED  FROM  C12  (Abstract),  by  J.  E. 
Lelss  and  J.  M.  Wyckoff.  [1956]  [l]p.  [CSO-680- 
57-2]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C. ,  Apr.  26,  1058. 

Published  in  Bull.  Amer.  Phys.  Soc.,  Series  n,  v.  1: 
197,  Apr.  26,  1956. 
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Fuller,  Hayward,  and  Svantesson  have  observed  a  15- 
mev  gamma  ray  tn  their  elasttc  scattering  experiments 
and  have  associated  this  line  with  resonant  scattertng 
by  the  15. 09-mev  level  tn  C12.  Using  the  NBS  synchro¬ 
tron  operating  at  82  mev  and  a  Nal  detector  In  a  tech¬ 
nique  similar  to  that  of  Fuller  and  Hayward  but  wtth 
better  resolution,  the  angular  distribution  has  been 
measured  of  these  15- mev  gamma  rays  scattered  tn  a 
2. 32  gm/cm2  graphite  target.  This  distribution  Is 
cor.ststent  with  the  1  ♦  cos2?  distribution  expected  for 
dipole  abrurpUer  but  Is  lrcefltlstpul  with  1-3  cjj2 
+  4  cos expected  for  quadrupole  absorption.  This 
result  establishes  this  level  In  C12  as  a  J  =1  level.  The 
absorption  length  for  the  gamma  rays  In  graphite  after 
correction  fur  Compton  degraded  photons  in  the  target 
ts  2. 2  gm/cm2  In  reasonable  agreement  wtth  Fuller  el 
al.  (Conlractor's  abstract) 


NBS.  18:011 

National  Bureau  of  Standards,  Washington,  D.  C. 

CRYSTAL  SPECTROMETER  CALIBRATION  OF  A 
HIGH  ENERGY  X-RAY  INTENSITY  MONITOR  (Abstract), 
by  H  W.  Koch,  J.  E.  Lelss,  and  J.  S.  Pruitt.  1956, 
lp.  t  CSO-680-  57-  2  I  Unclasslfted 

Presented  at  meettng  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C.,  Apr.  26,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  II,  v.  1: 
199,  Apr.  26,  1956. 

Preliminary  tests  have  been  made  of  a  new  technique 
for  lhe  absolute  energy  calibration  of  high  energy  x-ray 
monitors.  With  lhls  method  the  total  number  of  x-ray 
photons  transmitted  through  a  carbon  absorber  Is  de¬ 
termined  with  a  5-ln.  diameter,  9-ln.  long  sodium 
lodtde  crystal  In  a  good  geometry  arrangement.  Such  a 
spectrometer  counts  about  96%  of  the  incident  photons. 

If  the  primary  photon  spectrum  and  the  carbon  absorp¬ 
tion  coefficients  are  assumed  known,  the  spectrometer 
counts  can  be  related  to  the  total  energy  In  the  primary 
x-ray  beam.  Measurements  were  made  wtth  carbon 
absorber  lengths  of  306,  401,  and  497  gm/cm2  for  syn¬ 
chrotron  energies  of  56,  80,  and  110  mev.  The  data 
were  used  lo  determine  a  value  of  4480  erg/esu/cm  for 
a  flat  Ionization  chamber  monitor  at  80  mev.  The  esti¬ 
mated  uncertainty  ts  i  4%,  mostly  due  to  an  Inadequate 
knowledge  of  lhe  carbon  absorption  coefficients,  to 
which  lhe  calculations  are  very  sensitive.  Improved 
techniques  should  allow  a  reduction  of  this  uncertainly. 
This  method  allows  accurate  monitor  calibrations  wlih 
smaller  beam  Intensities  than  can  be  used  with  a  calo 
rtmeler.  (Contractor's  abstract) 

NBS.  18:012 

National  Bureau  of  Standards,  Washington,  D.  C. 

RESPONSE  OF  A  SOUtUM  IODIDE  SCINTILLATION 
SPECTROMETER  TO  10  TO  20-MILLION  ELECTRON 


VOLT  ELECTRONS  AND  X-RAYS,  by  H.  W.  Koch  and 
J.  M.  Wyckoff.  [1956]  [  8 ]  p.  tncl.  dtagrs.  table, 
refs.  (Research  paper  no.  2682)  [CSO-680-57-2] 

Unclasslfted 

Published  In  Jour.  Nat'l.  Bur.  Standards,  v.  56:  319- 
326,  June  1956. 

The  response  of  a  large- crystal  sodium  todlde  spec¬ 
trometer  was  studied  for  tndlvtduat  monoenergetlc  elec- 
truM  extracted  from  a  BO  million  tier  Iron -volt  heta- 
tron  operated  between  1  and  20  mev.  The  energy  reso¬ 
lution  with  crystals  5  In.  in  diameter  by  4  In.  In  length 
and  5  In.  In  diameter  by  9  In.  In  length  reaches  Its  op¬ 
timum  value  loi  electrons  ol  t  mev,  where  the  total 
wtdth  of  the  pulse- hetght  distributions  for  11  and  19 
mev  monoenergetlc  x-ray  photons  are  made  by  using 
the  experimental  electron  putse-hetght  dtstrlbuttons. 
The  computed  results  compare  favorably  wtth  the 
measured  pulse-height  dtstrtbutlons  for  11.  6  and  17.6 
mev  gamma  rays.  Synthrsts  provides  one  of  the  few 
procedures  for  predicting  spectrometer  response  func¬ 
tions  tn  this  x-ray  energy  range.  (Contractor’s  ab¬ 
stract) 


NBS.  18:013 

National  Bureau  of  Standards,  Washington,  D.  C. 

DIFFERENTIAL  CROSS  SECTION  MEASUREMENTS 
FOR  THIN-TARGET  BREMSSTRAHLUNG  PRODUCED 
BY  2.  7  TO  9.  7  MEV  ELECTRONS,  by  N.  Slarfelt  and 
H.  W.  Koch.  Jan.  25,  1956  [39]p.  tncl.  dlagrs. 
tables,  refs.  (NBS  rept.  no.  4507)  [CSO-680-57-2] 

Unclassified 

Also  published  In  Phvs.  Rev.,  v.  102:  1598-1612, 

June  15,  1956. 

The  electron  beam  removed  from  a  50- mev  betalron 
and  a  lotal  absorption  scintillation  spectrometer  con¬ 
taining  a  sodium  Iodide  crystal  5  In.  In  diameter  and 
9  In.  long  were  used  for  the  measurement  of  brems- 
slrahlung  cross  sections  that  are  differential  In  photon 
energy  and  angle.  Tliln  targets  of  beryllium,  aluminum, 
and  gold  were  bombarded  by  electrons  with  klnellc  en¬ 
ergies  of  2.  72,  4.54,  and  9.  66  mev.  The  bremsstrah- 
lung  spectra  from  thick  tungsten  targets  were  also 
studied.  The  results  were  compared  wlih  the  differen¬ 
tial  cross-secllon  predictions  of  Sauler,  Schlff,  and 
Gluckslern  and  Hull.  The  spectral  shapes  obtained  with 
the  beryllium  and  aluminum  targets  agreed  with  those 
expected  from  theory  for  the  electron  energies  of  2.72 
and  4.  54  mev.  The  9.  Gli-  mev  experiment  gave  20| 
more  low-energy  than  Intermediate  energy  photons 
when  compared  with  theory.  F'or  gold  the  experimental 
cross  sections  for  the  high  photon  energies  are  larger 
than  theory  with  lhe  differences  Increasing  with  de¬ 
creasing  electron  primary  energy.  Evidence  for  elec 
Iron- electron  bremsstrahlung  Is  obtained  from  the  ab 
solute  magnitude  of  the  differential  cross  section,  which 
are  (Z  >  1)/Z  times  larger  than  thei  ry  within  the 
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experimental  errors.  The  thick- target  tungsten  spectra 
produced  by  9. 66-mev  electrons  decreased  more  rapid¬ 
ly  with  Increasing  photon  energy  than  did  the  thin-target 
cross  sections  derived  by  Schllf.  (Contractor’s  abstract ) 


NBS.  18:014 

National  Bureau  of  Standards,  Washington,  D.  C. 

MEASUREMENT  OF  THE  RESPONSE  OF  HIGH-ENERGY 
X-RAY  DETECTORS  (Abstract),  by  J.  E.  Lelss,  J.  M. 
Wyckoff,  and  H.  W.  Koch.  1956,  lp.  [  CSO-680-57-2] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
Haven,  Conn.,  June  21-23,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  II,  v.  1: 
284,  June  21,  1956. 

Quantitative  Interpretations  of  most  data  from  high- 
energy  x-ray  detectors,  particularly  spectrometers 
require  accurate  pulse  height  distributions  produced  by 
mono-energetic  x-rays.  These  response  distributions 
have  been  difficult  to  obtain  above  20  mev.  A  prelimi¬ 
nary  study  will  be  described  which  has  been  used  to 
measure  the  response  of  a  5"  by  9"  sodium  Iodide  spec¬ 
trometer  to  33  mev  x-rays.  The  method  consists  In 
the  unfolding  of  an  experimental  curve  of  counts, 
u(E  ,  k0)dk,  recorded  In  a  fixed  differential  pulse 
height  bln,  dk,  at  1^  and  produced  by  a  synchrotron 
spectrum,  whose  peak  energy,  EQ,  was  varied  from  30 
to  60  mev.  The  spectrum  was  distorted  by  a  180-cm 
carbon  absorber  so  that  the  total  count  of  transmitted 
photons  could  provide  a  sufficiently  accurate  normaliza¬ 
tion  of  the  counts  In  the  activation  curve.  The  desired 
response  S(K,  E)dk  for  a  photon  of  t-norgy  E,  can  be 
evaluated  from  the  activation  Integral  u(E0,  k0)dk 

P(E0,  EJe'^sfkj,,  E)dEdk  with  tables  of  the  Inverse 
o 

of  the  bremsstrahlung  number  spectrum  matrix, 

P(E0,  E).  The  method  can  provide  response  functions 
of  detectors  for  any  given  experimental  arrangement. 
(Contractor's  abstract) 


NDS.  18:015 

National  Dureau  of  Standards,  Washington,  D.  C. 

E1-AST1C  SCATTERING  OF  ELECTRONS  AND  POSI¬ 
TRONS  BY  POINT  NUCLEI,  by  J.  A.  Doggett  and  L.  V. 
Spencer.  [  1956 1  [  5  J  p.  Incl.  tables.  [  CSO- 680-57-2  j 

Unclassified 

Published  In  Phvs.  Rev.,  v.  103  1597-1601,  Sept.  15, 
1956. 

The  Mott  cross  section  has  been  systematically  tabu¬ 
lated,  by  means  of  an  electronic  computer,  for  inter¬ 
mediate  relativistic  energies.  Results  are  presented 
at  15°  angular  Intervals,  tor  electrons  and  positrons, 


for  Z  =  6,  13,  29,  50,  82,  92  and  for  energies  10,  4, 
2,  1,  0.7,  0.4,  0.2,  0.1,  and  0.05  mev.  Intercom- 
p:>rlsons  with  earlier  results  are  presented,  as  well 
as  a  subsidiary  tabulation  of  a  function  Important  in 
the  lip  <t  P  — »  0.  (Contractor’s  abstract) 


NBS.  18:016 

National  Bureau  of  Standards,  Washington,  D.  C. 

PARAMETERS  OF  THE  15  MEV  LEVEL  IN  C12  (Ab¬ 
stract),  by  E.  Hayward  and  E.  G.  Fuller.  [  1956] 

[ljp.  [CSO-680-57-2]  Unclassified 

Published  in  Physlca,  v.  22:  1138,  Nov.  1956. 

Bremsstrahlung  x-rays  have  been  used  to  excite  a  level 
In  C12,  presumably  the  first  T  =  1  state  which  decays 
by  magnetic  dipole  radiation  to  the  ground  state.  The 
scattered  photons  have  been  detected  by  a  Nal(Tl)  spec¬ 
trometer  and  the  pulse  height  distribution  studied. 
Measurements  have  been  made  of  (1)  the  absolute  num¬ 
ber  of  15  mev  photons  scattered,  which  Is  a  measure 
of  the  integral  scattering  cross-section,  and  (2)  the 
attenuation  produced  when  a  carbon  absorber  Is  placed 
between  the  betatron  and  the  scattering  target.  The 
latter  Is  a  measure  of  the  peak  absorption  cross-sec¬ 
tion  in  the  level.  Both  quantities  have  been  measured 
using  either  graphite  or  polystyrene  targets  and  ab¬ 
sorbers  approximately  2  g/cm2  In  thickness.  For  ex¬ 
ample,  the  self-absorption  (and  therefore  the  peak  ab¬ 
sorption  cross- section)  Is  so  great  that  only  half  of 
the  photons  are  transmitted  ihrough  such  an  absorber 
whereas  electronic  processes  would  only  reduce  the 
Intensity  by  3%.  If  the  nuclear  absorption  cross- 
section  associated  with  this  level  is  expressed  as  a 
Doppler-broadened  Breit-Wlgner  formula,  the  ob¬ 
served  transmission  yields  a  value  of  24.  6*2.5  barns- 
for  the  peak  absorption  cross-section  in  the  resonance. 
Since  the  maximum  cross-section  that  a  magnetic  di¬ 
pole  transition  proceeding  from  a  J  =  1  level  can  have  Is 
1'  a  \2/n  or  32  barns  at  15  mev,  the  measured  peak 
cross-section  gives  Py/P  =  0.  77  i  0.P  for  the  branch¬ 
ing  ratio.  The  level  width,  obtained  by  -.ombinlng  the 
peak  absorption  cross-section  with  the  integral  scat¬ 
tering  cross-section  of  2. 1  i  0.2  mb/mev,  is  then 
74  i  ii  ev.  'Contractor's  abstract) 
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BOLTZMANN  EQUATION  FROM  THE  STATISTIC'A! 
MECHANICAL  POINT  OF  VIEW,  by  M.  S.  Green. 
Nov.  7,  1955  20  p.  incl.  dlagrs.  refs.  (NBS  rept. 
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The  Boltzmann  equation  (or  a  spactally  uniform  situation 
is  derived  by  the  method  of  expansion  of  the  molecular 
distribution  functions  tn  powers  of  the  concentration. 
These  expansions  are  shown  to  Imply  that  after  a  time 
which  depends  on  the  Initial  phase  space  distribution, 
and  for  configurations  In  which  the  molecules  are  not 
loo  widely  separated,  all  the  distribution  functions  are 
functionals  of  the  single-particle  distribution.  The 
single-particle  distribution  obeys  an  equation  which  ts 
a  generalization  of  the  Boltzmann  equation  which  in¬ 
cludes  the  effects  of  triple  and  higher  collisions.  The 
lrtple-collislon  term  ts  given  explicitly. 
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NUCLEAR  ELASTIC  SCATTERING  OF  PHOTONS,  by 
E.  G.  Fuller  and  E.  Hayward.  Jan.  IS,  1958  [9]p. 
tncl.  dlagrs.  tables,  refs.  (AFOSR-TN-56-280)  (CSO- 
630-55-35)  AD  88980  Unclassified 

Also  published  in  Phvs.  Rev.,  v.  101:  692-700,  Jan.  tS, 


A  NaI(Tl)  scintillation  spectrometer  biased  lo  detect 
only  photons  tn  the  upper  energy  tip  of  a  betatron- 
produced  bremsstrahlung  spectrum  ts  used  to  measure 
the  differential  nuclear  elastic  scattering  cross  section 
at  120*  as  a  function  of  photon  energy  from  4  lo  40  mev. 
The  targets  ranged  In  Z  from  Na  lo  U.  Total  cross 
sections  are  calculated  by  assuming  a  dipole  angular 
distribution.  The  scattering  cross  sections  tend  lo 
exhibit  two  maxima,  one  below  the  particle  threshold 
that  corresponds  to  the  scattering  by  separate  levets, 
and  one  that  follows  the  giant  resonance  for  photon  ab¬ 
sorption.  Both  the  maximum  cross  section  and  the  en¬ 
ergy  of  the  glanl  resonance  vary  smoothly  with  A  from 
Na  to  U  and  are  roughly  proportional  to  (NZ/A)3  and 
A'1'3,  respectively.  The  dipole  dispersion  relation  ts 
used  to  compare  the  scattering  data  with  the  neutron 
yield  data  tn  the  glanl  resonance  region.  (Contractor's 
abstract) 
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OXYGEN- 16(Y,pY')N15  AND  Ol8(Y,g>Y')Ol8  (Abstract), 
by  N.  Svantesson.  M9S0][l]p.  (CSO-630- 55-35) 

Unclassified 

Presented  al  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  30- Feb.  3,  1956. 

Published  In Bult.  Amer.  Phys.  Soc.,  Series  □,  v.  t: 
27,  Jan.  30,  1956. 

The  pulse  height  distribution  produced  by  the  photons 
emitted  by  a  water  target  Irradiated  by  bremsstrahlung 
spectra  was  studied  as  a  function  of  the  peak  energy  of 


the  bremsstrahlung  spectra  from  16-30  mev.  A  20 
channel  analyzer  was  used  lo  cover  the  range  of  pulse 
stzes  from  2-12  mev.  A  peak  appears  tn  the  pulse 
height  dtsirtbutlon  for  bremsstrahlung  energies  greater 
than  21  mev.  A  comparison  with  the  pulse  height  dis¬ 
tribution  produced  by  the  4. 43  mev  photon  from  a  RaD- 
Be  source  gives  6.  3  mev  as  the  energy  of  the  pholon 
e milled  by  the  oxygen  target.  Both  the  energy  and  the 
threshold  of  this  line  are  consistent  with  tts  resulting 
from  the  decay  of  the  second  excited  stales  of  N15  and 
O15  following  (Y,  P)  and  (Y,  n)  processes  In  O18.  II  ts 
estimated  that  no  other  lines  tn  N1®  and  O15  are  present 
In  the  pulse  height  distributions  with  Intensities  as 
great  as  20%  of  that  of  the  6. 3  mev  line.  The  activation 
curve  of  this  line  Indicates  that  the  cross  section  for 
tls  production  peaks  at  aboul  24  mev  with  a  cross  sec¬ 
tion  of  a  few  millibarns.  (Contractor's  abstract) 
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X-RAY  EXCITATION  OF  15-MEV  LEVEL  IN  C12  (Ab¬ 
stract),  by  E.  G.  Fuller,  E.  Hayward,  and  N. 
Svantesson.  1956,  lp.  (CSO-630-55-35) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.,  New 
York,  Jan.  30-  Feb.  3,  1956. 

Published  in  Bull.  Amer.  Phys.  Soc. ,  Series  n,  v.  1 : 
10,  Jan.  30,  1956. 

A  pronounced  maximum  In  the  spectrum  of  photons 
sc  alls  red  by  a  carbon  target  irradiated  by  bremsstrah¬ 
lung  spectra  having  15  mev  <  Emax  <  40  mev  was  ob¬ 
served.  The  threshold  for  the  production  of  this  line 
based  on  the  Cu83,  Cu88,  B10,  and  Be®  (Y,  n)  thres¬ 
holds  Is  13.0  *  0.2  mev.  The  line  presumably  retails 
from  the  elastic  scattering  by  the  15. 09  mev,  T  =  1 
level  tn  C12.  The  excitation  function  of  this  line  as  a 
function  of  Emaz  Is  consistent  with  a  16. 09  mev  lso- 
chromat  calculated  from  Schlff  br  msntfsfcluog  spectra. 
When  2. 1  g/cra*  of  graphite  was  placed  between  the 
scattering  targoi  and  the  betatron,  the  scattered  counts 
were  attenuated  by  a  factor  of  0. 49  a  0. 04.  When  7. 8 
l/cra1  of  grapulle  was  placed  between  the  scattering 
target  and  the  detector,  the  scattering  Intensity  was 
reduced  by  0. 8t  t  0.07.  For  this  latter  case  the  ex¬ 
pected  electronic  transmission  ts  0. 87.  The  level 
width  Is  then  less  than  the  energy  given  the  recoiling  C 
nucleus  f~10*  ev).  The  mean  scattering  cross  sections 
from  14. 4  to  15.  8  mev  Is  C.  7  t  0. 2  mb.  (Contractor’s 
abstract) 
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A  MINIATURE  BARIUM  TITANATE  ACCELEROMETER, 
by  L.  Fleming.  Nov.  26,  t95t,  22p.  lncl.  dlagrs. 
tables.  (NBS  rept.  no.  1034)  (Sponsored  jointly  by 
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Office  of  Naval  Research,  [  Air  Force  Office  of  Scien¬ 
tific  Research  under  CSO-640-  55-9] ,  and  Atomic  En¬ 
ergy  Commission)  ATI-140036  Unclassified 

A  miniature  barium  Utanale  accelerometer  Is  described. 
Several  models  of  the  NBS  barium  titanate  accelerome¬ 
ter  have  been  constructed  differing  only  In  dimensions. 
The  small  3/8  In.  -dlam  Model  3  Is  found  mosl  generally 
useful  at  NBS  where  It  Is  used  for  monitoring  vibration 
sources  and  for  measuring  vibrations  In  comparatively 
small  structures.  Experimental  results  to  date  show 
that  the  sensitivity  transverse  lo  the  axis  Is  less  than 
one-fifth  the  sensitivity  along  the  axis.  Temperature 
effects  upon  sensitivity  of  "piezoelectric"  barium  ti¬ 
tanate  are  reported  as  less  than  5%  from  -60*C  lot 
70* C.  The  lower  limit  Is  not  yel  known,  but  the  safe 
upper  limit  Is  about  90*  C.  Data  from  controlled  ex  - 
perlments  on  aging  effects  are  at  present  lacking.  Gen¬ 
eral  principles  of  vibration  pickups  are  discussed.  The 
barium  Utanale  accelerometer  In  the  form  described 
has  proved  highly  pracUcal  In  a  variety  of  vibration- 
measurement  appllcauons. 
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ELECTRICAL  NOISE  FROM  INSTRUMENT  CABLES 
SUBJECTED  TO  SHOCK  AND  VIBRATION,  by  T.  A. 
Peris.  Jan.  1953,  17p.  dlagrs.  tables.  (NBS  rept.  no. 
1388)  (Sponsored  jointly  by  Office  of  Naval  Research, 
[Air  Force  Office  of  Scientific  Research  under  CSO- 
640-55-9  J ,  and  Atomic  Energy  Commission) 

ATI-144492  Unclassified 

Also  published  In  Jour.  Appl.  Phys. ,  v.  23:  674,  June 
1952. 

Existing  Information  on  the  reduction  of  spurious  signals 
from  Instrument  cables  la  reviewed.  A  tentative  theory 
ts  formulated  to  account  for  the  known  data.  Subsequent 
experiments  confirm  this  theory  and  allow  the  formula¬ 
tion  of  a  detailed  mechanism  of  noise  generation  In 
cables.  The  noise  may  be  eliminated  for  practical  pur¬ 
poses  (reduced  by  a  factor  of  500  or  more  In  some  cases) 
by  having  continuous  electrical  conduction  between  both 
surfaces  of  the  Insulating  dielectric  and  the  adjacent  con¬ 
ductors.  A  simple  procedure  ts  outlined  to.  make  short 
lengths  of  this  cable  for  laboratory  use  and  an  Industrial¬ 
ly  applicable  method  Is  suggested.  There  appears  to  be 
no  ttmtt  on  how  smalt  the  diameter  of  such  cables  could 
be  made.  (Contractor's  abstract) 
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ELECTRON  INTERFEROMETER,  by  L.  Marton.  [  1952] 
[  2  j  p.  incl.  dlagrs.  (Sponsored  jointly  by  Office  of 
Naval  Research,  [  Air  Force  Office  of  Sclentiftc  Re¬ 
search  under  CSO-640- 55-9] ,  and  Atomic  Energy 
Commission)  Unclassified 


Published  In  Phvs.  Rev.,  v.  85:  1057-1058,  Mar.  15, 
1952. 

The  basic  principles  of  an  interferometer  operating 
with  electron  beams  are  discussed.  A  wide  beam  ts 
diffracted  by  thin  crystal  lamellae.  The  dimensional 
and  other  tolerances  of  the  lnstrumenl  are  well  within 
experimental  possibilities.  (C.  A. ,  1952:53691) 
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METHODS  OF  RESPIRATORY  GAS  ANALYSIS,  by  H. 

J.  Morowltz.  June  1952,  13p.  Incl.  table,  refs.  (NBS 
rept.  no.  2167)  (Sponsored  jolnlly  by  Office  of  Naval 
Research,  [Air  Force  Office  of  Scientific  Research 
under  CSO-640-55-9],  and  Atomic  Energy  Commis¬ 
sion)  AD  3989  Unclassified 

This  report  Is  a  survey  designed  lo  examine  the  exist¬ 
ing  methods  of  respiratory  gas  analysis  and  to  look  In¬ 
to  additional  physical  Instruments  and  techniques  which 
may  be  applicable  lo  the  problem.  The  following  meth¬ 
ods  seem  lo  contain  the  mosl  promise  or  lo  raerll  fur¬ 
ther  basic  study  to  ascertain  their  potentialities.  (1) 
Mass  spectrometry,  because  of  Us  versatility  In  hand¬ 
ling  a  wide  range  of  materials  should  prove  a  valuable 
tool  In  future  respiratory  analysis  work.  Its  disadvan¬ 
tages  tie  In  the  expense  of  the  equipment  and  the  pro¬ 
fessional  skill  required  to  operate  and  maintain  an  In¬ 
strument.  (2)  The  potentialities  of  critical  flow  meth¬ 
ods  used  In  conjunction  with  chemical  reactions  should 
be  Investigated.  If  sufficiently  short  response  times 
can  be  obtained,  this  technique  offers  a  wide  range  of 
possibilities.  (3)  Absorption  spectroscopy  Is  very 
satisfactory  when  absorption  occurs  In  a  workable 
range  of  spectrum.  The  study  of  new  sources  and  de¬ 
tectors  may  enhance  the  range  of  applicability  of  these 
techniques.  (4)  For  the  rapid  determination  of  oxygen, 
an  extension  of  paramagnetic  methods  should  In  theory 
provide  a  workable  method.  The  measurement  of  Ioni¬ 
zation  currents  should  also  be  Investigated  In  regard  to 
oxygen  measurement.  Both  possibilities  are  In  need  of 
further  experimental  work.  (5)  Emission  spectrometry 
offers  rapid  response  along  with  the  potentiality  of 
measuring  several  gases.  However,  basic  work  must 
be  done  on  discharge  phenomena  before  this  can  be  de¬ 
veloped  Into  a  routine  analytical  tool.  Obtaining  a  utl- 
llzable  emission  from  oxygen  has  thus  far  proven  a 
very  difficult  problem. 
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THERMALLY  OPERATED  GLASS  VALVE  TO  PRO¬ 
VIDE  VERY  SMALL  CONTROLLED  GAS  FLOW  RATES, 
by  R.  Forman.  June  27,  1952  L  1 2  J  p.  incl.  lllus. 
dlagrs.  (NBS  rept.  no.  1762)  (Sponsored  jointly  by 
Offtce  of  Naval  Research,  [  Air  Force  Office  of  Scientif¬ 
ic  Research  under  CSO-640-55-9)  ATI-168762 
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Information  Is  presented  on  the  developmenl  of  a  glass 
melal  valve  which  can  provide  small  controlled  vacuum 
leaks.  11  combines  the  advantages  of  a  glass  Instrument 
with  thal  of  reproducibility  over  a  deflnlU  range  of  leak 
rales.  A  number  of  possible  variations  In  the  design  of 
the  valve  suggest  themselves.  Replacement  of  the  nickel 
sleeve,  for  Instance,  wllh  a  melal  having  a  much  higher 
creep  strength  al  elevated  temperatures  would  have 
obvious  advantages.  Another  Interesting  design  change 
Is  the  use  of  piezoelectric  or  magnetostrlctive  proper¬ 
ties  of  materials  rather  than  thal  of  thermal  expansion 
for  opening  and  closing  the  valve. 
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THE  DEVELOPMENT  OF  A  SUBLIMING  CARBON 
DIOXIDE  ALTIMETER,  by  A.  S.  Iberall  and  S.  B. 
Garflnkel.  Mar.  30,  1953,  35p.  Ulus.  (NBS  repl.  no. 
2387)  (Sponsored  jointly  by  Office  of  Naval  Research, 

[  Air  Force  Office  of  Scientific  Research  under  CSO- 
640-55-9),  and  Atomic  Energy  Commission)  AD  9054 

Unclassified 

This  report  covers  the  results  of  an  InvesUgaUon  of  lhe 
feasibility  of  utilizing  the  vapor  pressure-lemperalure 
relationship  of  subliming  carbon  dioxide  snow  in  a  con¬ 
tinuous  stream  as  a  basis  for  a  wide  range  altimeter. 
Laws  are  formulated  governing  the  application  of  a  sub¬ 
liming  solid  for  obtaining  pressure-altitude  In  the  upper 
air  as  a  function  of  the  measured  temperature  of  the 
vapor  pressure  In  equilibrium  with  the  amblenl  air. 
(Contractor's  abstract) 
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A  BROADBAND,  LOW-LEVEL.  ERROR- VOLTAGE 
DETECTOR,  by  M.  L.  Kuder.  June  15,  1953,  9p.  lncl. 
dlagrs.  (NBS  rept.  no.  2603)  [  CSO-640-55-9J 
AD  17283  Unclassified 

An  error  -vollage  delector  Is  described  which  used  ordi¬ 
nary  germanium  diodes  In  a  circuit  of  unusual  zero- 
drift  stability,  and  which  Is  self-compensating  for  lhe 
temperature  coefficients  of  the  crystals.  The  crystals 
are  operated  at  a  high  carrier  potential  as  compared  to 
their  contact  potentials.  An  RF  chopper  principle  was 
used  In  place  of  the  conventional  (limited  bandwidth) 
mechanical  choppers.  Tests  showed  that  a  control  sig¬ 
nal  of  1  niv  would  produce  a  Alt  of  approximately  12 
ohm  In  about  3000  ohm  of  resistance  of  each  germanium 
diode.  This  condition  results  from  an  excitation  at  30 
me  and  an  experimentally  determined  optimum  ampli¬ 
tude  of  about  200  mv.  A  0.  4‘£  unbalance  of  the  bridge  Is 
obtained  which  produces  an  ou'put  of  about  0.  0008  v. 
Transformed  to  the  50- ohm  output,  this  provides  about 
0.  0001  v  lo  the  amplifier.  A  very  useful  output  control - 
signal  with  an  over-all  bandwidth  of  about  1  me  was  ob¬ 
tained  from  the  ampll'ter.  Production  of  a  useful  out- 
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pul  requires  a  gain  of  about  95  db.  The  zero  drift  did 
not  exceed  1  mv/day.  Possible  applications  of  the  de¬ 
lector  are  discussed. 
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EDDY-CURRENT  MUTUAL-INDUCTANCE  TRANS¬ 
DUCERS  WITH  HIGH- CONDUCTIVITY  REFERENCE 
PLATES,  by  H.  M.  Joseph  and  N.  Newman.  June  15, 
1953,  72p.  lncl.  dlagrs.  tables,  refs.  (NBS  rept.  no. 
2558)  (Sponsored  jointly  by  l  Air  Force  Office  of  Sci¬ 
entific  Research  under  CSO-640-55-9  J ,  Office  of 
Naval  Research,  and  Atomic  Energy  Commission) 

AD  15128  Unclassified 

The  design  considerations  of  mutual -Inductance  devices 
for  use  In  non-contacting  measurements  of  distance  are 
studied  with  special  emphasis  on  the  eddy-currenl  type 
utilizing  perfectly  conducting  reference  plates.  The 
force  on  the  plate  due  lo  the  exciting  current,  some 
typical  schematic  circuits  used  lo  deiecl  the  results, 
and  the  effects  of  rapid  motion  of  the  gauge  are  given. 
Since  actual  reference  plales  are  nol  perfectly  conduct¬ 
ing,  some  Indications  of  the  effecls  of  finite  conductivity 
and  limited  extent  of  reference  plales  are  Included. 
(Conlraclor's  abstract) 
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BIBLIOGRAPHY  AND  INDEX  ON  DYNAMIC  PRESSURE 
MEASUREMENT,  by  W.  G.  Brombacher  and  T.  W. 
Lashof.  Feb.  14,  1955,  124p.  lncl.  refs.  (NBS 
circular  no.  558)  (Sponsored  Jointly  by  Office  of  Naval 
Research,  [  Air  Force  Office  of  Scientific  Research 
under  CSO-640-55-9  J ,  and  Atomic  Energy  Commission) 
AC  11 5880  Unclassified 

This  circular  contains  a  bibliography  of  850  Items  on 
dynamic  pressure  measurement  and,  In  less  detail  on 
related  subjects  such  as  static  pressure  measurement 
and  general  Information  on  the  components  of  Instru¬ 
ments.  An  Index  of  the  bibliography  by  both  subject 
and  author  Is  Included. 
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A  SIMPLE.  OBJECTIVE  TEST  FOll  CABLE  NOISE 
DUE  TO  SHOCK,  VIBRATION  Olt  TRANSIENT  PllES 
SURES,  byT.  A.  Peris.  May  1955  [  1 7  j p.  lncl.  lllus. 
tables.  (NBS  rept.  no.  4094)  (Sponsored  jointly  by 
Office  of  Naval  Research  under  NAonr  21  48,  [  Atr 
Force  i  Office  of  Scientific  Research  under  CSO-640 
55-9,  and  Atomic  Energy  Commission)  AD  67143 

Unclassified 
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A  survey  was  made  of  methods  used  or  proposed  for 
objective,  reproducible,  notse -Index  tests  of  the  elec¬ 
trical  rotse  generated  tn  cables  subjected  to  shock,  vi¬ 
bration,  and  transient  pressures.  A  reproducible  test 
ts  described  by  J.  Hannon  (BuShlps  Memorandum,  Ser 
8I7A3-M-1S61A)  tn  which  a  suitable  weight  ts  clamped 
at  the  center  of  a  5- ft  length  of  test  cable  suspended  be¬ 
tween  supports  4  ft  apart.  The  cable  noise  ts  recorded 
when  the  cable  and  weight  are  released  from  a  position 
90°  from  the  vertical.  The  test  cable  ts  shunted  to  a 
tolal  capacitance  of  1000  picofarads,  the  Input  Imped¬ 
ance  of  the  first  preamplifier  Is  made  equal  to  10  meg¬ 
ohms,  and  the  over-all  frequency  response  of  the  am¬ 
plifying  and  recording  system  ts  chosen  flat  within 
±  15%  from  5  to  40  c.  The  notse  Index  was  taken  as 
the  number  of  ptcocoulombs  (or  millivolts)  peak-to- 
peak  recorded  tn  a  series  of  swings  of  the  cable.  The 
noise  figure  for  any  particular  sample  ts  repeatable 
within  ±  30%,  but  this  figure  may  vary  by  a  factor  of 
3  or  more  for  different  samples  of  the  same  cable. 
Tests  of  21  cables,  consisting  of  JAN  types,  commer¬ 
cial  cables  with  and  without  claimed  low-notse  proper¬ 
ties,  commercial  pre-production  samples  of  low-notse 
cables,  and  the  NBS  low-notse  cable  described  hy  Peris 
(Jour.  Appl.  Phys. ,  v.  23:674-680,  1952),  yielded 
notse  Indices  ranging  from  0.  f  to  1600.  After  simu¬ 
lated  severe  use,  the  range  of  noise  Indices  was  from 
0.  2  to  f  900,  with  the  notse  tn  one  of  the  cables  In¬ 
creased  by  a  factor  of  50.  A  possibly  significant  de¬ 
crease  was  noted  for  several  other  cables.  (ASTIA 
abstract) 
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SURVEY  OF  STRESS  STRAIN  RECORDERS  FOR  TEST 
fNG  MATERIALS,  by  R.  R.  Douche  a  d  D.  R.  Tate. 

May  1955,  20p.  lllus.  tables,  refs.  (NBS  rept.  no. 
4109)  (Sponsored  jointly  by  Office  of  Naval  Research 
under  NAonr  21-48,  [  Air  Force  j  Office  of  Scientific 
Research  under  CSO-640-55-9,  and  Atomic  Energy 
Commission)  AD  67f44  Unclassified 

A  discussion  Is  presented  on  the  principles  of  operation 
(mechanical,  electrical,  and  optical)  and  the  perform¬ 
ance  characteristics  of  stress- strain  recorders.  The 
recorders  Include  only  those  which  plot  simultaneously 
stress  vs  strain.  In  an  accuracy  study  of  stress-strain 
recorders,  3  widely  used  recorders  and  associated  ex- 
tensometers  were  subjected  to  performance  tests.  The 
results  of  the  performance  tests  could  not  be  considered 
an  evaluation  of  the  performance  of  all  recorders  of  the 
type  tested.  The  recorders  tested  conformed  reason¬ 
ably  well  with  ASTM  Spec  E83-52T  established  for  the 
evaluation  of  strain  measuring  devices.  The  errors 
In  strain  Indication  were  essentially  within  the  given 
tolerances.  The  recorders  described  were  considered 
suitable  for  obtaining  an  automatic  plot  of  the  stress- 
strain  diagram  of  specimens  under  certain  testing  con¬ 
ditions.  The  use  of  stress-strain  recorders  Is  limited 
under  extreme  conditions  of  high  temperature,  creep 
testing,  measuring  large  plastic  strains,  and  testing 
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specimens  of  unusual  shape  or  of  some  nonmetalltc 
materials. 
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IMAGE  PROCESSING,  by  L.  S.  G.  Kovasznay,  H.  M. 
Joseph,  and  N.  Newman.  June  1955,  31p.  lllus.  (NBS 
rept.  no.  4108)  (Sponsored  jointly  by  Office  of  Naval 
Research  under  NAonr  21-48,  [Air  Force  I  Office  of 
Scientific  Research  under  CSO-640-55-9,  and  Atomic 
Energy  Commission)  AD  68058  Unclassified 

A  scalar  function  of  two  Independent  variables  can  be 
visualized  as  an  Image.  Any  mathematical  operation 
can  be  regarded  as  a  modtftcatton  or  processing  of  the 
original  Image.  An  Important  class  of  modifying  oper¬ 
ators  can  be  realized  by  special  scanning  techniques 
without  using  a  rapid  access  memory  storage  device. 
Two  operators  so  far  explored  may  have  practical  Im¬ 
portance.  One  ts  contour  enhancement  which  has 
"deblurrtng"  effects  akin  to  aperture  correction  and 
"crtspening"  tn  television  practice;  the  other  Is  contour 
outlining  which  produces  a  line  drawing  from  a  picture 
with  continuous  tones.  The  general  concepts  developed 
may  also  permit  extension  of  the  method  to  analogue 
computers  for  certain  classes  of  partial  differential 
equations.  The  flexibility  and  adaptability  of  the  sys¬ 
tem  offer  practical  application  whenever  some  prede¬ 
termined  operation  Is  required  on  picture  material. 
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A  JERKMETER  FOR  BALLISTOCARDIOGRAPHY,  by 
T.  A.  Peris  and  C.  W.  Kissinger.  June  f955,  8p. 
lllus.  (NBS  rept.  no.  4122)  (Sponsored  jointly  by  Of¬ 
fice  of  Naval  Research  under  NAonr  21-48,  !  Air  Force, 
Office  of  Scientific  Research  under  CSO-640-55-9,  and 
Atomic  Energy  Commission)  AD  68046 

Unclassified 

"Jerk"  Is  defined  as  the  time  derivative  of  acceleration. 
Simple  methods  for  designing  jerkmeters  are  briefly 
discussed.  The  present  design  consists  of  a  low 
frequency  (20  cps)  piezoelectric  accelerometer,  the 
output  of  which  Is  electrically  differentiated.  The  re 
sponse  of  the  Instrument  Is  flat  wtthtn  •  7%  from  zero- 
frequency  to  f8  cps,  al  21“C,  but  changes  In  response 
up  to  33%  are  Introduced  In  the  range  between  fO  and 
18  cps  al  temperatures  between  12“C  and  32*C.  A 
ballistocardiogram  Is  shown,  with  simultaneous  dis¬ 
placement,  velocity,  acceleration  and  jerk  records. 
(Contraclor's  abstract) 
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National  Bureau  of  Standards,  Washington,  D.  C. 

A  RECORDING  MICROWAVE  HYGROMETER,  by  J. 
Sargent.  June  1955  [53]p.  tncl.  Ulus,  dlagrs.  tables, 
refs.  (NBS  repl.  no.  4257)  (Sponsored  jointly  by  Offtce 
of  Naval  Research  under  NAonr  21-48,  [  Air  Force] 
Office  of  SclenUflc  Research  under  CSO-640-55-9,  and 
Atomic  Energy  Commtsslon)  AD  71410 

Unclassified 

A  description  Is  given  of  a  mtcrowave  refractometer 
designed  to  measure  and  record  the  water-vapor  pres¬ 
sure  In  air  particularly  at  very  tow  vapor  pressures. 

At  tow  water-vapor  pressures  the  Instrument  has  a 
sensitivity  of  0. 005  mb,  with  a  four  decade  range  ex¬ 
tending  to  95  mb.  By  means  of  microwave  techniques 
the  difference  tn  refractive  tndex  between  dry  and 
humid  air  ts  determined  and  then  converted  to  vapcr 
pressure  by  an  empirical  formula.  The  Instrument  can 
be  readily  caUbrated  by  the  use  of  pure  gases  whose 
dielectric  constants  are  precisely  known.  Because  of 
the  auton.  c  null -balancing  technique  used,  the  cali¬ 
bration  h  a  exceptional  stability.  Test  results  Involving 
the  measurement  of  known  vapor  pressures  In  the 
ranges  of  0  to  0.  2  mb  and  0  to  20  mb  are  described. 
Possible  appltcaUons  of  this  Instrument  for  the  meas¬ 
urement  of  refracUve  tndex  vartatton,  and  tts  use  for 
quattty  control,  are  briefly  discussed. 
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DATA  PROCESSING  DEVICES  AND  SYSTEMS,  by  J. 
Stern,  R.  Greenstone,  and  J.  H.  Wrtght.  Sept.  1955. 
26p.  tnct.  tables,  refs.  (NBS  rept.  no.  4310)  (Spon¬ 
sored  jointly  by  Office  of  Navat  Research  under  NAonr 
21-48,  Air  Force  Office  of  Sclentlftc  Research  under 
CSO-640-55-9,  and  Atomtc  Energy  Commission) 

AD  71904  Unclassified 

The  information  In  this  compilation  takes  the  form  of 
descriptions  of  available  devices  and  systems  for  the 
processing  of  data  derived  from  physical  measurements. 
Coverage  ts  limited  to  a  sampling  considered  adequate 
to  ortent  the  reader  tn  data  handling  and  enable  him  to 
seek  more  detailed  Information  as  his  problem  dictates. 
Information  about  commercially  available  devices  ts 
taken  largely  from  manufacturers'  ttterature.  Included 
are  devices  for  automatically  transforming  data  from 
one  form  to  another,  for  tnstance,  conversion  of  analog 
to  digital  data,  conversion  of  magnetic  tape  data  to 
punched  cards,  conversion  of  data  plotted  on  graphs  to 
electrical,  magnetic  of  mechanical  stgnats.  Factors  In¬ 
volved  tn  selecting  compatible  elements  for  use  In  a 
data  processing  chain  are  Included. 

NB5.  2t  :01t> 

National  Bureau  of  Standards,  Washington,  D.  C. 


AND  MEASUREMENT  OF  TEMPERATURE;  INCOM¬ 
PLETE  EQUILIBRIUM,  by  C.  M.  Herzfeld.  Jr\n.  1956, 
14p.  refs.  (NBS  rept.  nc.  4420)  (Sponsored  jointly  by 
Offtce  of  Naval  Research  under  NAonr  21-48,  Air  Force 
Offtce  of  Sctcntlflc  Research  under  CSO- 640-  55-9,  and 
Atomic  Energy  Commtsston)  AD  85386 

Unclassified 

A  survey  was  made  of  problems  associated  with  tem¬ 
perature  measurement  during  the  a pp reach  to  equilibri¬ 
um.  Methods  are  described  for  measuring  temperature 
from  (1)  the  population  of  atomic  levels;  (2)  the  spectral 
Itme  reversal;  (3)  the  Doppler  line  width;  (4)  the  vibra¬ 
tional  spectra;  (5)  the  rotational  spectra;  (6)  optical 
pyrometers;  (7)  thermocouples;  and  (8)  the  velocity  of 
sound.  Additional  methods  tnclude  the  pneumatic,  the 
pyromelrtc-cone,  and  the  absolute  radtatlon-lntenslty 
methods.  The  survey  revealed  that  temperature,  tn  the 
equilibrium  sense  can  be  measured  with  an  accuracy 
which  depends  only  on  the  Intrinsic  Ui.ills  uf  the  appara¬ 
tus.  In  most  practical  situations,  T  (temperature)  Is 
not  well  defined,  but  one  or  several  T*  (quantities  which 
resemble  T)  can  often  be  found  which  can  be  measured 
and  defined  with  sufficient  accuracy.  In  situations  which 
are  too  complex  to  allow  definition  of  a  T*,  a  purely 
empirical  temperature- like  parameter  T'  *  may  exist 
wH'-l  rati  he  measured  and  ran  be  related  empirically 
to  ether  features  of  the  system. 
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CORRECTIONS  IN  HIGH  ACCURACY  FRESNEL  REGION 
MICROWAVE  INTERFEROMETRY,  by  E.  S.  Dayhoff. 
Feb.  t056  [  101 J  p.  Inct.  tllua.  tables,  refs.  (NBS 
rept.  no.  4514)  (Sponsored  jotntly  by  Offtce  of  Naval 
Research  under  NAonr  21-48,  Atr  Force  Office  of  Sci¬ 
entific  Research  under  CSO-640-55-9,  and  Atomic  En¬ 
ergy  Commtsston)  AD  87803  Unclassified 

tn  optlCat  Interferometry  the  wavelength  is  ordinarily 
so  small  compared  with  the  transverse  dimensions  of 
the  apparatus  that  no  account  need  be  taken  of  possible 
corrections  to  the  apparent  phase  velocity  due  to  dif¬ 
fraction  effects.  in  the  analogous  microwave  inter¬ 
ferometer,  where  propagation  is  only  quasi-opUcat, 
this  nappy  situation  does  not  exist  stnee  the  wavelength 
ts  not  so  small  that  diffraction  effects  of  low  order  are 
negligible.  The  attainment  of  high  absolute  accuracy  In 
phase  velocity  measurements  by  microwave  interfer¬ 
ometry  then  requires  a  thorough  study  of  the  tow  order 
corrections  to  measured  phase  velocity.  This  report  Is 
concerned  with  such  corrections  tn  the  case  where  (t) 
the  wavelength  ts  smatt  but  not  negtlglhle  compared 
with  the  dtmenslons  of  the  apparatus  and  (2)  the  radiating 
aperture  subtends  at  teast  one  Fresnet  zone  from  the 
mid  [>olnt  of  the  travelling  mirror.  An  expresaton  Is 
obtained  giving  the  correction  to  be  applied  to  the  ob¬ 
served  wavelength  in  terms  of  the  antenna  pattern  of  the 
radiator,  an  expe-tmentatty  observable  quantity.  A 
discussion  ts  also  en  of  the  sources  and  effects  of 
multiple  paths  of  pro,  ailon  as  they  would  Influence 
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phase  velocity  measurements.  Methods  (or  their  reduc¬ 
tion  and  correction  are  suggested.  (Contractor’s  ab¬ 
stract) 
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ELECTRONIC  ANALOG-TO-D1GITAL  CONVERSION, 
by  M.  L.  Kuder  and  L.  A.  Marzelta.  Mar.  31,  1956, 
27p.  lncl.  lllus.  (NBS  rept.-  no.  4647;  supersedes  NBS 
rept.  no.  1117)  [ CSO-640-55-9]  AD  111631 

Unclassified 

As  a  prelude  to  the  development  work  reported  herein, 
the  general  field  of  analog-to-dlgltal  conversion  was 
reviewed.  It  was  apparent  that  In  all  these  systems,  It 
Is  the  analog  elements  which  permit  errors  to  accrue 
In  the  parameter  conversions.  Therefore,  the  two  ele¬ 
ments  In  all  of  these  converter  systems  which  seemed 
worthy  of  the  most  attention  were  the  comparison- 
voltage  generator,  and  the  balance  detector.  The  latter 
element  Is  sometimes  referred  to  as  the  end-point  re¬ 
solver.  This  report  covers  some  unique  details  of 
these  two  critical  digitizing  elements,  as  well  as  sev¬ 
eral  schemes  for  their  utilization  In  high  speed  convert¬ 
er  systems.  Methods  for  digital  read-out  and  multi¬ 
channel  sampling  are  discussed.  The  high  sampling 
rates  can  result  In  upwards  of  500  complete  3-dlglt 
conversions  per  second. 
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ELECTRONIC  ANALOGUE  OF  SUPERSONIC  FLOW,  by 
L.  S.  G.  Kovasznay  and  N.  Newman.  Dec.  1956  [  43 ]  p. 
lncl.  Ulus,  dlagrs.  refs.  (NBS  rept.  no.  4893)  (Spon¬ 
sored  jolr.lly  by  Air  Force  Office  of  Scientific  Research 
under  CSO-640-55  9,  Office  of  Naval  Research  under 
NAonr  21-48,  and  Alomlc  Energy  Commission) 

AD  139062  Unclassified 

Supersonic  flow  of  a  perfect  fluid  obeys  a  second  order 
nonlinear  partial  differential  equation  termed  a  "quasi  - 
Unear  hyperbolic  equation. "  The  principal  tool  for 
solving  such  equations  Is  the  method  of  characteristics. 
An  electronic  analogue  device  has  been  constructed  that 
simulates  the  method  of  characteristics  not  only  In  the 
case  when  the  characteristics  are  fixed  (linearized 
equation)  bul  also  when  the  location  of  the  characteristics 
depends  on  the  solution  Itself  (nonlinear  equations).  In 
the  latter  case,  however,  the  simplest  type  of  nonlinear¬ 
ity  was  chosen  purely  for  electronic  convenience.  The 
electronic  equipment  Is  built  around  a  cathode  ray  lube 
(lying  spol  scanner  and  Is  so  arranged  thal  lhe  scan 
lines  form  lhe  characteristics  of  lhe  differential  equa¬ 
tion.  The  boundary  conditions  are  fed  Into  the  machine 
as  an  opaque  mask  and  the  solution  (flow  patlern)  Is  ob¬ 
tained  as  an  linage  on  a  second  cathode  ray  lube  (moni¬ 
tor).  The  experiment  has  served  only  lo  demonstrate 
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feasibility  of  the  approerb  and  has  not  been  carried  be¬ 
yond  that  stage.  (Contractor's  summary) 
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SOME  ASPECTS  OF  THE  TWO-FLUID  MODEL  OF 
SUPERCONDUCTIVITY  (Abstract),  by  E.  Maxwell 
and  P.  M.  Marcus.  Jan.  22,  1953  [  2  ]  p.  [CSO-670- 
53-8]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Cambridge,  Mass.,  Jan.  22-24,  1953. 

Published  In  Phvs.  Rev.,  v.  90:  346-347,  Apr.  15, 
1953. 

The  two-fluid  model  of  a  superconductor  has  derived 
added  support  from  the  recent  observation  that  the 
threshold  curves  for  a  family  of  superconducting  Iso¬ 
topes  are  geometrically  similar  curves,  a  fact  consist¬ 
ent  with  the  model.  This  is  true  for  any  two- fluid 
model  In  which  the  normal  fluid  alone  contributes  en¬ 
tropy.  The  detailed  shape  of  the  threshold  field  curve 
Is  determined  by  the  particular  form  chosen  for  the 
entropy  (or  for  the  free  energy)  of  the  Superconducting 
state.  One  specific  form  (a  -model)  was  proposed  by 
Gorter  and  Caslmlr  (Physlk.  Z. ,  v.  35:  963,  1934)  on 
heuristic  grounds,  another  by  Koppe  (Ann.  Physlk, 
v.  1:405,  1947).  Precise  measurements  on  Sn,  Hg, 
Tl,  and  In  support  the  critical  field  equations  calcu¬ 
lated  from  the  a -model: 


where  a  is  a  parameter  characteristic  of  each  super 
conductor.  (Contractor's  ahslracl) 
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TWO  FLUID  MODELS  OF  SUPERCONDUCTIVITY 
WITH  APPLICATION  TO  ISOTOPE  EFFECTS,  by  P. 

M.  Marcus  and  E.  Maxwell.  I  1953  1  [  26 i  p.  lncl. 
dlagrs.  refs.  (NBS  rept.  no.  2496)  (Sponsored  jointly 
by  Olflce  of  Naval  Research  and  [  Air  Force)  Office  of 
Scientific  Research  under  CSO-670-53- 8)  AD  11494 

Unclassified 

Also  published  In  Phvs.  Rev.,  v.  91:  1035-1042,  Sepl. 
1,  1953. 

A  general  form  of  the  two  fluid  model  of  a  supercon¬ 
ductor,  which  Includes  all  previous  forms,  Is  sel  up 
and  the  underlying  assumptions  examined  In  the  light 
of  lhe  lattice  vibration  theory  of  superconductivity. 
Thermodynamic  relations  are  derived  and  their  con 
slstency  with  the  observed  Isotope  effects  indicated. 
Specialization  lo  the  u- model  of  Caslmlr  and  Gorier 
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permits  ftttlng  recent  prectse  critical  fteld  data  and 
evaluation  of  the  parameler  a  charactertztng  dtfferent 
superconductors.  Comparison  ts  made  wtth  Koppe's 
form  of  the  two  fluid  model,  which  ts  shown  not  to  fit 
att  the  data,  and  slmpltfted  and  limiting  forms  of  hts 
equations  are  gtven.  (Contractor's  abstract) 
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THRESHOLD  FIELD  PROPERTIES  OF  SOME  SUPER¬ 
CONDUCTORS,  by  E.  Maxwell  and  O.  S.  Lutes.  Feb. 
23,  t954  [  32]  p.  inct.  Ulus,  tables.  (NBS  rept.  no. 
3t46)  ([AF  JOSR-TN-54-45)  vCSO-670-53-8) 

AD  30277  Unctasstfted 

Also  published  In  Phvs.  Rev.,  v.  £5:333-338,  July  1 5, 
1954. 

Some  reftned  measurements  of  the  crlUcat  ftetd  curves 
for  Un,  thalltum,  tndtum,  and  mercury  have  been  com¬ 
pleted  and  the  results  compared  wtth  the  spectftc  pre¬ 
dictions  of  the  Gorter-Caslmlr  and  the  Koppe  versions 
of  the  two-ftutd  model  of  superconductivity.  Netther 
version  ts  completely  adequate,  although  each  has  potnts 
tn  tt$  favoi.  The  Koppe  predtctlon  of  a  universal  crttl- 
cal  fteld  curve  for  all  superconductors  ts  not  vertfted. 
The  Gorter-Caslmtr  a- model  has  greater  flexibility 
than  the  Koppe  model  and,  although  It  ts  capable  of 
gtvlng  a  fair  description  of  the  critical  field  data,  tt  ts 
In  some  respects  also  Inconsistent  with  the  data.  The 
tsotope  effect  In  thalltum  has  been  observed  anti  is  con¬ 
sistent  wtth  the  half-power  taw.  (Contractor's  abstract) 
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FACTORS  AFFECTING  THE  PRECtSION  AND  ACCURA¬ 
CY  OF  AN  ABSOLUTE  NOISE  THERMOMETER,  by 
E.  W.  Hogue.  July  t954,  62n.  Incl.  dlagrs.  (NBS  tept. 
no.  347 1 )  (Sponsored  Jointly  by  Offtce  of  Naval  Rose-arch, 
[  Atr  Force  Office  of  Sclenttfic  Research  under  CSO-  670- 
53-8  ],  and  Atomic  Energy  Commtss'  AD  46864 

Unclassified 

Evaluation  was  made  of  factors  affeettng  the  precision 
and  accuracy  of  an  absolute  thermometer  which  uses 
thermally  generated  notse  tn  conductors  as  a  measure 
of  temperature.  An  accuracy  of  at  least  0.  1%  Is  re¬ 
quired  for  measurements  to  be  useful  as  a  primary 
standard  from  1000  -  K  and  up.  Consideration  was  -  /en 
to  a  thermometer  destgned  by  Garrison  and  Laws*  . 

(Rev.  Sctcnt.  Instruments,  v.  20:  785-794,  t949)  which 
had  synchronous  rectifier  and  an  electronic  Integrator 
added  to  the  original  circuit.  The  precision  of  meas¬ 
urement  depended  upon  the  sensitivity  of  the  circuit  to 
small  differences  In  the  average  amplitude  of  the  notse 
fluctuations.  Study  Indicated  that,  even  with  a  perfectly 
disturbance -free  synchronous  switch  system,  an  obser¬ 
vation  time  of  8  mtn  was  required  for  each  adjustment 


of  the  standard  resistor  toward  noise  balance  near  the 
balance  potnt  of  0.  t%  temperature  measurement  pre- 
ctston.  Notse  balance  stabtllty  sufflctenl  for  0. 05% 
prectston  could  not  be  achieved. 


NBS.  22:005 

National  Bureau  of  Standards,  Washington,  D. 

SUPERCONDUCTING  TRANSITIONS  IN  TIN  WHISKERS, 
by  O.  S.  Lutes  and  E.  Maxwell.  Mar.  t5,  1955  [3]p. 
tnct.  dlagrs.  [  AFOSR-TN-55-15t  ]  [  CSO- 670-53-8] 

Unclasstfled 

Presented  at  meeting  of  the  Amer  Phys.  Soc., 
Washington,  D.  C. ,  Apr.  28-30,  t955. 

Published  In  Phvs.  Rev.,  v.  97:  17t8-1720,  Mar.  1 5, 

1 955. 

The  superconducting  resistance  transitions  of  several 
ttn  whtskers  have  been  observed  In  the  Itqutd-hellum 
temperature  range.  The  results  are  compared  wtth 
those  for  larger  wires  and  stgnlftcant  differences  are 
found.  In  particular  the  transitions  tn  a  transverse 
magnetic  field  are  discontinuous  at  temperatures  sub¬ 
stantially  lower  than  the  zero- fteld  transition  tempera¬ 
ture.  This  result  differs  from  that  for  larger  wires, 
which  show  tntermedtate  resistance  at  these  tempera¬ 
tures.  (Contractor's  abstract) 


NBS.  22:006 

National  Bureau  of  Standards,  Washington,  D.  C. 

HYSTERESIS  tN  SUPERCONDUCTING  TIN  WHISKERS 
I  Abstract),  by  O.  S.  Lules  and  E.  Maxwell.  [Oct. 
t955  ]  [lip.  ([  AFJOSR-TN-55-J95)  [CSO-670-33 
8]  l  'r.c'.io*  tiled 

Presented  at  N.  S.  F.  Conference  on  Low  Temperature 
Physics  and  Chemtstry,  Baton  Rouge,  La.,  Dec.  29, 
1955. 

The  superconducting  transitions  of  tin  whiskers  oriented 
parallel  to  a  magnetic  fteld  show  size  effects  with  re¬ 
spect  to  both  critical  field  and  hysterests  behavior.  In 
addition  the  hysteresis  ts  observed  to  have  a  strong 
temperature  dependence.  The  whisker  dtameters 
ranged  from  0.7  to  2.  7  mtcrone.  For  the  smallest 
whisker  the  critical  field  was  greater  that  that  of  bulk 
tin  by  a  factor  of  2.  9  at  3.5*K.  For  the  largest  whiik- 
er  this  ratto  wag  reduced  to  1.2.  Even  for  the  tatter 
the  critical  fields  near  T c  were  considerably  greater 
Ilian  predicted  by  the  London  theory.  The  hysteresis 
exhibited  by  all  the  whiskers  was  negllgtbly  small  above 
3.  S'K.  tn  the  case  of  the  largest  whisker  In¬ 
creased  to  20  per  cent  at  2.  2,K,  but  for  the  smallest 
whisker  tt  was  only  2  per  cent  at  the  same  temperature. 
The  shape  of  the  resistance  transition  aoneirs  So  de¬ 
pend  on  the  amount  of  hvx'ercsis  observed,  being  nearly 
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discontinuous  when  the  hysterests  ts  sizable  but  some¬ 
what  spread  out  when  the  hysterests  ts  small,  t.e., 
near  Tc.  (Cortractor's  abstract) 


NBS.  22:007 

National  Bureau  ol  Standards,  Washington,  D.  C. 

SUPERCONDUCTIVITY  OF  MICROSCOPIC  TIN  FILA¬ 
MENTS,  by  O.  S.  Lutes.  Nov.  9,  1958  [38]p.  tncl. 
Ulus,  dtaers  refs.  (NB3  lepi..  no.  4931)  (AFOSR-TN- 
55-529)  (CSO-670-53-8)  AD  11C348  Unr-S'Stfted 

Also  published  In  Phvs.  Rev.,  v.  105:  1451-1458, 

Mar.  1,  1957. 

An  experimental  determination  has  been  made  o<  the 
magnetic  fields'  necessary  to  tnduce  the  superconduct¬ 
ing  transition  tn  mtcroscoptc  tin  filaments  called 
"whtskers. "  For  temperatures  near  the  zero-fteld 
transition  temperature,  T£,  the  results  are  unambigu¬ 
ous,  and  in  this  regton  the  crttlcal  ftelds  are  significant¬ 
ly  higher  than  those  of  a  bulk  superconductor.  At  lower 
temperatures,  the  crttlcal  Held  curve  splits  tnto  two 
parts,  the  upper  curve  gtvtng  the  field  for  destruction 
of  superconductivity  and  the  lower  curve  the  fteld  for 
restoration.  The  temperature  dependence  of  the  crttt- 
cal  field  Is  compared  wtth  the  predictions  of  the  London 
and  Glnsburg- Landau  theortes  of  superconductivity.  It 
ts  found  that  the  London  theory  ts  Inadequate  to  de¬ 
scribe  the  data  over  the  whole  useful  range,  whereas  the 
Glnsburg-Landau  theory  provtdes  a  satisfactory  fit.  The 
disappearance  of  hysterests  occurs  at  a  temperature 
for  which  2. 0  <  h,./!^  <  2. 4.  »>hcr«  h,./^  ts  the  ratio 
of  whisker  to  bu  12  critical  fields.  This  Is  tn  reasonable 
agreement  with  the  Glnsburg- Landau- Sllln  condttion  for 
the  onset  of  second  order  transitions.  An  effective  val¬ 
ue  of  Kq.  the  penetration  depth  at  0*K,  Is  dertved  from 
the  data  lor  each  whisker.  XQ  shows  a  strong  depend¬ 
ence  on  the  normal  electrtcal  conductivity,  as  estimated 
from  the  change  tn  resistance  at  the  transition.  At  long 
mean  free  path,  lhe  results  are  In  agreement  with  those 
obtained  from  bulk  spectmen  measurements,  but  at 
short  mean  tree  path  the  present  X0  values  are  higher 
(Contractor's  abstract) 


NBS.  23.00t 

National  Bureau  ol  Standards,  Washington,  D.  C. 

DETERMINATION  OF  SINUSOIDAL  ACCELERATION 
AT  PEAK  LEVELS  NEAR  THAT  OF  GRAVITY  BY  THE 
"CHATTER"  METHOD,  by  C.  W.  Kissinger.  Sept.  t954 
i  29  p.  lncl.  lllus.  dlagrs.  labte.  (NBS  rept.  no.  3339) 
(Sponsored  jointly  by  Air  Force  Office  of  Srlentlltc  Re¬ 
search  under  CSO-670-53- 10,  Office  cf  Nava!  Research 
unucr  NAonr  21-48,  Alomlc  Energy  Ccmmlsslon,  and 
Bureau  of  Aeronautics)  AD  48270  Unclassified 

An  accelerometer  u  described.  In  which  a  loose  mass 
bounces,  or  "challer, "  when  lhe  peak  acceleration  ol  a 
vertical  sinusoidal  motion  exceeds  the  acceleration  due 


to  gravity.  The  device  is  useful,  for  example,  tn  set¬ 
ting  the  acceleration  level  of  vibration  generators  used 
tn  the  calibration  of  vtbration  ptekups.  A  theoretical 
relation  ts  dertved  between  the  amount  by  which  peak 
acceleration  exceeds  t  1  g,  and  the  point  tn  the  cycle 
at  which  the  loose  mass,  after  having  separated,  again 
contacts  that  part  of  the  accelerometer  on  which  tt  was 
resting.  Ustng  this  relation  tn  conjunction  wtth  the  ac¬ 
celerometer  desertbed,  acceleration  levels  from  about 
1.01  g  to  1.04  g  may  be  set  with  an  accuracy  of  approx¬ 
imately!  0.  5%  at  frequencies  up  to  60  cps,  and  wtth 
somewhat  decreased  accuracy  to  about  150  cps.  In  the 
accelerometer  desertbed,  a  clamptng  screw  ts  pro¬ 
vided,  by  means  of  which  the  chatter  of  the  loose  mass 
may  be  prevented  when  desired.  This  allows  the  ac¬ 
celerometer  to  be  used  as  a  self-caltbrating  secondary 
standard  for  levels  of  acceleration  other  than  +  lg,  and 
at  frequencies  up  to  about  1200  cps.  (Contractor's 
abstract) 


NBS.  23:002 

National  Bureau  of  Standards,  Washington,  D.  C. 

INTERIM  REPORT  ON  RG-138U  (.040  x  .080  INCH) 
WAVEGUIDE  COMPONENTS,  by  E.  S.  Dayhoff.  Sept. 
1954,  lOp.  lllus.  dlagrs.  (NBS  rept.  no.  3679)  (Spon¬ 
sored  jotntly  by  [  Atr  Force  Office  of  Scientific  Re¬ 
search  under  CSO-670-53-10) ,  Office  of  Naval  Re¬ 
search  under  NAonr  21-48,  and  Atomtc  Energy  Com¬ 
mission)  AD  46566  Unclassified 

A  brtef  description  ts  given  of  the  present  status  of 
two  types  of  waveguide  components  for  use  In  the 
100,  000  me  tnterferometer.  The  ftrst  ts  a  crystal 
rectifier  harmonic  generator  which  converts  K-band 
power  at  a  lev  '  of  a  few  hundred  mtlltwatts  to  tts  fourth 
harmonic  frequency.  The  second  ts  a  hybrtd  tee  junc¬ 
tion  Construction  Information  and  sample  performance 
are  given  as  far  as  possible.  (Contractor's  abstract) 


NDS.  24:00t 

National  Bureau  of  Standards,  Washington,  D.  C. 

ELASTIC  MODULI  OF  INDIUM  ANTIMONIDE,  by  R.  F. 
Potter.  Apr.  24,  1956  [  26 1  p.  tncl.  dlagrs.  tables, 
refs.  (NBS  rept.  no.  4356)  (AFOSIt-TN-56- 142) 
(CSO-670  53-12)  AD  86020  Unclassified 

Also  published  In  Phys.  Rev.,  v.  t03:  47-50,  July  1, 
1956. 

Ustng  the  composite  resonator  technique,  the  elastic 
moduli  of  InSb  have  been  measured  as  a  function  of 
temperature  between  77v  and  700“K.  The  results  give 
good  agreement  wtih  lhe  Born-Smith  dynamic  latilce 
theory.  If  nearest  retghbor  Interactions  alone  are  con 
sldered.  The  mein  Debye  characteristic  temperature, 
20l‘K,  Is  evalu  "ed  using  Sutton's  method.  High 
temperature  behavior  of  lhe  constants  Is  discussed. 
(Contractor's  abstract) 
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NBS.  24:002 

National  Bureau  of  Standards,  Washington,  D.  C. 

INDIRECT  TRANSITIONS  IN  INDIUM  ANTIMONIDE,  by 
R.  F.  Potter.  [  1856]  [2]p.  lnct.  diagrs.  refs. 
[CSO-670-53-12]  Unclassified 

Published  In  Phvs.  Rev.,  v.  103:  861-862,  Aug.  15, 
1956. 

An  Interpretation  of  published  Infrared  absorption  data 
for  InSb  Is  made.  It  Is  proposed  that  the  absorption  be¬ 
yond  the  main  optical  edge  is  due  to  Indirect  transitions 
involving  both  optical  mode  and  low-energy  acoustical 
mode  phonons.  (Contractor's  abstract) 


NBS.  25:001 

National  Bureau  of  Standards,  Washington,  D.  C. 

DESIGN  FEATURES  OF  A  MAGNETIC  DRUM  MEMORY 
FOR  THE  NATIONAL  BUREAU  OF  STANDARDS  WEST¬ 
ERN  AUTOMATIC  COMPUTER  (SWAC),  by  R.  Thorensen, 
Apr.  30,  1952,  7p.  (NBS  rept.  no.  1635)  [CSO-670-54- 
7 1  Unclassified 

Presented  at  Electronic  Computers  Symposium,  Calif. 

U. ,  Los  Angeles,  Apr.  30-May  2,  1952. 

A  magnetic  drum  memory  has  been  designed  for  the 
SWAC  havlnga  capacity  of  over  6000  binary  digit  word. 
Primary  consideration  has  been  given  to  simplicity  of 
design  together  with  maximal  efficiency  In  transfer  of 
P  formation  between  the  new  magnetic  drum  memory 
a  «l  existing  electrostatic  memory.  A  system  Is 
■d  In  which  the  waiting  time  for  access  to  the 
memo  Is  almost  completely  eliminated.  This  system 
Is  being  instructed  of  less  than  a  dozen  different  types 
of  basic  single-tube  plug-ln  units.  These  units  have 
been  developed  to  a  high  degree  of  stability  under  a 
variety  of  conditions  of  loading  and  aging.  It  is  esti¬ 
mated  that  the  entire  magnetic  drum,  Involving  ampli¬ 
fiers,  selection  matrices,  and  control  equipment  neces¬ 
sary  for  the  tle-ln  with  the  SWAC  will  contain  only  250 
vacuum  tubes. 


NBS.  25:002 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  MAGNETOSTRICTION  MAGNETOMETER,  by  T.  A. 
Peris.  May  1952,  17p.  lncl.  diagrs.  tables,  refs. 

(NBS  rept.  no.  1632)  (Sponsored  jointly  by  Office  of 
Naval  Research,  [Air  Force  Office  of  Scientific  Re¬ 
search  under  CSO-670-54-7  ] .  and  Atomic  Energy  Com¬ 
mission)  ATI  154524  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.,  Wash¬ 
ington,  D.  C.,  May  1-3,  1952. 


Several  Interesting  magnetic  effects  have  been  observed, 
Including  large  changes  In  the  magnetostrlctively  ex¬ 
cited  vibration  amplitude  of  long  rods  with  changes  In 
the  externally  applied  steady  magnetic  field.  It  was 
found  that  these  changes  in  amplitude  could  not  be  ac¬ 
counted  for  by  Independently  observed  changes  In  the 
resonant  frequency  and  damping  of  the  rod,  but  rather 
were  related  to  changes  In  slope  of  the  curve  of  mag¬ 
netostriction  vs.  Intensity  of  magnetization.  Proposed 
Investigations  are  described,  Including  a  specimen- 
stabilized  oscillator,  a  determination  of  the  most  favor¬ 
able  annealing  procedure,  and  the  possible  use  of  fine 
wires  rather  than  long  rods.  (Contractor's abstract) 


NBS.  25:003 

National  Bureau  of  Standards,  Washington,  D.  C. 

STRESS-INDUCED  NOISE  IN  CABLES  (Abstract),  by 
T.  A.  Peris.  [  1952]  [  1 J  p.  (Sponsored  jointly  by 
Office  of  Naval  Research,  [  Air  Force  Office  of  Scien¬ 
tific  Research  under  CSO-670-54-7],  and  Atomic  En¬ 
ergy  Commission)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  31,  Feb.  1-2,  1952. 

Published  in  Phys.  Rev. ,  v.  86:  613,  May  15,  1952. 

Stress- induced  cable  noise  interferes  with  the  trans¬ 
mission  of  signals  In  many  different  types  of  measure¬ 
ment,  control,  detection,  and  communication.  The 
present  Investigation  was  undertaken  In  connection  with 
the  design  and  evaluation  of  very  small  barium  tltanate 
transducers  for  acceleration  and  pressure  measure¬ 
ments.  A  quantitative  theory  of  the  mechanism  of  noise 
generation  predicts  a  trlboelectrlc  separation  of  charge 
as  a  result  of  Intermittent  contact  between  the  Insulat¬ 
ing  dielectric  and  either  of  a  pair  of  conductors.  The 
necessary  redistribution  of  charge  produces  a  current 
pulse  through  the  terminate  network.  Quantitative 
predictions  of  this  theory  are  verified  by  a  series  of 
simple  experiments.  Stress-induced  noise  is  practically 
eliminated  In  cables  having  conductive  coatings  both  In¬ 
side  and  outside  of  the  Insulating  dielectric.  Compari¬ 
son  of  such  an  experimental,  light,  flexlb'e,  coaxial 
cable,  0.07  In.  od,  with  a  standard  microphone  cable 
of  similar  dimensions,  shows  a  reduction  In  signals 
caused  by  twisting  and  squeezing  by  a  factor  of  at  least 
loo.  There  appear*  to  he  tk>  ItnAtattori  on  atrangemviA 
and  number  of  conductors,  or  on  size  and  flexibility  of 
cables  made  by  this  method.  An  industrially  applicable 
method  of  construction  will  be  suggested.  (Contractor's 
abstract) 

NBS.  25:004 

National  Bureau  of  Standards,  Washington,  D.  C. 

TRANSIENT  RESPONSE  OF  UNEAR  SYSTEMS  (Ab¬ 
stract),  by  J.  F.  Koenig.  [  1952]  [l  p.  (Sponsored 
jointly  by  Office  of  Naval  Research,  [  Air  Force  Office 
of  Scientific  Research  under  CSO-670-54-7  j,  and 


AbhtLKl Phys.  Rev.,  v.  87:  230,  July  1, 
1952. 
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Alondc  Energy  Commission)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C. ,  May  1-3,  1952. 

Published  in  Phvs.  Rev.,  v.  87:  231,  July  1,  1952. 

In  the  design  of  an  nth  order  linear  syslem  11  Is  desired 
that  the  transient  response,  for  given  Initial  conditions, 
be  of  a  specified  form.  Crtlerla  are  presented  for  ob¬ 
taining  specified  transient  responses,  for  various  Ini¬ 
tial  conditions,  In  linear  systems  described  by  nth  order 
characteristic  equations.  The  author's  results  are  pre¬ 
sented  In  the  form  of  theorems  which  relate  the  roots 
and  coefficients  of  the  characteristic  equation  lo  the 
transient  response,  for  various  Initial  conditions.  One 
of  the  theorems  gtves  the  conditions  on  the  roots  of  the 
nth  order  characteristic  equation  such  that  there  will  be 
no  overshoot  for  a  step  function  Inpul  lo  the  linear  sys¬ 
lem.  Closely  related  work  recently  reported  by  Z.  S. 
Bloch  Is  summarized.  (Contractor's  abstract) 


NBS.  25:005 

National  Bureau  of  Standards,  Washington,  D.  C. 

INSTRUMENTATION  LITERATURE  AND  ITS  USE.  A 
GUIDE  AND  SOURCE  LIST,  by  J.  F.  Smith.  Oct.  1952, 
129p.  refs.  (In  cooperation  with  Library  of  Congress, 
Technical  Information  Dlv. )  (Sponsored  jointly  by  Offtce 
of  Naval  Research,  [  Air  Force  Office  of  Scientific  Re¬ 
search  under  CSO-670-54-7] ,  and  Atomic  Energy  Com¬ 
mission)  AD  6956  Unclassified 

This  report  undertakes  lo  It'll  users  of  Instrumentation 
literature  whal  sources  to  consult,  and  how  to  find  lhe 
shortest  sure  path  through  these  sources  lo  ary  desired 
Information.  Most  of  the  recipients  are  Interested 
Government  research  and  development  agencies,  or 
their  contractors.  Hence,  some  attention  Is  given  lo 
Government  technical  reports  and  unpublished  records 
In  Government  files.  Problems  of  security  classifica¬ 
tion  are  discussed  briefly,  bul  this  report  Is  concerned 
with  unclassified  or  declassified  matter. 


NBS.  25:006 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  DIAPHRAGM-TYPE,  CAPACITANCE-TYPE.  MICRO¬ 
MANOMETER  FOR  VERY  LOW  DIFFERENTIAL  PRES¬ 
SURES,  by  T.  A.  Peris,  W.  H.  Faechele,  and  D.  S. 
Goalwln.  Jan.  1953  [  1 3  J  p.  incl.  lllus.  dUgrs.  refs. 
(NBS  rept.  no.  2165)  (Sponsored  jointly  by  Offtce  of 
Naval  Research,  t  Air  Fo~ce  Office  of  Scientific  Re¬ 
search  utvter  CSO-670-54-7  j ,  and  Atomic  Energy  Com¬ 
mission)  AD  '.650  Unclassified 

A  series  of  calibration  tests  shows  that  a  thin  diaphragm 
may  be  combined  with  a  capacitance- type  pickup  and 
Resonant  Bridge  Carrier  System  to  provide  a  method 
of  measuring  differential  pressures  which  may  be  as 
low  as  0.  001  <o  1  micron  Hg,  (Contractor's  abstract) 


NBS.  25:007 

National  Bureau  of  Standards,  Washington,  D.  C. 

ON  THE  ZEROS  OF  POLYNOMIALS  AND  THE  DEGREE 
OF  STABILITY  OF  LINEAR  SYSTEMS,  by  J.  F.  Koenig. 
Jan.  13,  1953  [  7  ]  p.  Incl.  lllus.  tables,  refs.  (In  co¬ 
operation  with  Illinois  U.  Electrical  Engineering  Re¬ 
search  Lab. )  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  [Air  Force  Office  of  Scientific  Research  under 
CSO-670-54-7 ] ,  and  Atomic  Energy  Commission) 

Unclassified 

Published  In  Jour.  Appl.  Phys.,  v.  24:476-482,  Apr. 
1953. 

A  method  Is  presented  for  finding  zeros  of  the  nth  de¬ 
gree  real  or  complex  polynomial  as  Its  coefficients  (or 
their  parameters)  are  varied.  Several  new  theorems 
are  presenled.  The  method  Is  based  on  new  theorems, 
some  concerning  determinant,  and  on  known  theorems. 
II  Is  applied  lo  characteristic  equations  of  linear  phys¬ 
ical  systems  with  or  without  feedback.  Root  trajec¬ 
tories  In  the  complex  plane  can  be  visualized  without 
plotting  them  from  "root  trajectory  diagrams"  which 
show  curve  families  for  real  or  complex  roots  of  a 
polynomial  equation  in  a  plane  having  two  coefficients 
of  the  polynomial  equation  as  coordinates.  The  dia¬ 
grams  can  be  used  In  the  converse  manner  to  deter¬ 
mine  lhe  coefficient  values  corresponding  lo  a  desired 
dominant  complex  pair  or  real  root.  (Contractor’s 
abstract) 

NBS.  25:008 

National  Bureau  of  Standards,  Washington,  D.  C. 

CATHODE-RAY-OSCILLOGRAPH  BEAM  INTENSIFI¬ 
CATION,  by  J.  H.  Park  and  H.  N.  Cones.  Feb.  1953 
[19]p.  Incl.  lllus.  dlagrs.  (NBS  repl.  no.  2281) 
(Sponsored  jointly  by  Office  of  Naval  Research,  [  Air 
Force  Office  of  Scientific  Research  under  CSO-670- 
54-7],  and  Atomic  Energy  Commission)  AD  3986 

Unclassified 

/.  method  his  been  developed  for  momentarily  Intensi¬ 
fying  the  electron  beam  obtained  from  a  cold-cathode 
discharge  lube.  This  momentary  Intensification  Is 
about  fifty  times  Us  steady  stale  value.  The  utlllzaUon 
of  this  method  of  beam  lntenslficaUon  for  obtaining  very 
high  writing  speeds  with  a  CRO  has  been  described  In 
R.  P.  No.  2231.  This  Intensification  phenomena  Is  not 
dependent  lo  any  very  great  extent  on  the  gas  used  In 
lhe  discharge  tube.  The  material  surrounding  the  dis¬ 
charge  at  and  near  the  cathode  must  be  a  dielectric 
such  as  glass  and  not  a  conductor  If  Intensification  by 
superposed  small  pulses  ts  to  be  obtained.  When  full 
voltage  is  suddenly  applied  lo  the  discharge  lube  an 
Intensified  beam  Is  obtained  al  times,  bul  results  are 
usually  not  repeatable.  A  satisfactory  theoretical  ex¬ 
planation  for  thts  beam  tnlensiflcaUon  phenomena  was 
not  obtained.  Such  an  explanation  will  probably  noi  be 
attained  until  the  steady  state  mechanism  of  the  dis¬ 
charge  In  a  high-voltage  cold- cathode  tube  Is  complete¬ 
ly  understood.  Although  such  discharge  tubes  have 
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been  tn  use  for  over  thirty  years  there  Is  still  no  ex¬ 
perimentally  verified  theory  for  explaining  their  behavior. 
Continued  studies  of  exactly  what  happens  when  full  volt¬ 
age  ts  suddenly  applied  to  the  electrodes  might  eventual¬ 
ly  yield  a  satisfactory  theory.  The  most  Important  ob¬ 
jective  of  this  work  which  was  to  learn  enough  about  the 
Intensification  phenomena  so  that  tt  could  be  used  to  ob¬ 
tain  very  high  writing  speeds  with  the  CRO  has  been 
achieved.  The  CRO,  with  Intensification,  has  already 
been  used  tn  an  Investigation  of  Insulator  puncture  using 
surges  with  rates  of  voltage  rise  up  to  11, 000  kv  per 
microsecond.  It  ts  now  being  used  to  study  front  of 
wave  measurements  on  rapidly  rising  voltage  surges. 
(Contractor's  summary) 


NBS.  25:009 

National  Bureau  of  Standards,  Los  Angeles,  Caltf. 

AN  IMPROVED  CATHODE  RAY  TUBE  STORAGE  SYS¬ 
TEM,  by  R.  Thorensen.  Feb.  6,  1953,  I6p.  tncl.  lllus. 
(NBS  rept.  no.  2275)  [CSO-670-54-7]  Unclasstfled 

A  short  review  ts  made  of  the  principle  of  storing  digital 
Information  as  charge  patterns  on  the  phosphor  screens 
of  cathode  ray  tubes  tn  the  dot-dash  storage  system,  both 
uiiJei  .lurmut  ope.atliig  uoislltluiis  and  as  attested  by  spot 
Interaction  or  spillover.  An  Improved  storage  system 
is  described  which  enhances  discrimination  between  dot 
and  dash  types  of  signal  by  retardation  of  the  Inspection 
pulse  and  modification  of  the  storage  patterns  of  the  two 
signals.  Positioning  of  the  roster  to  give  minimum  am¬ 
plitude  for  the  negative  peak  of  the  dash  signal  Improved 
storage  characteristics  on  some  flaw  areas  of  the  phos¬ 
phor  screen  although  flaw  areas  were  noted  which  would 
not  store  signals  tn  either  system.  Tests  on  single  cath¬ 
ode  ray  tube  units  Indicated  the  Improved  system  to  be 
superior  to  the  conventional  system  with  respect  to  spill¬ 
over  and  reststance  to  flaws. 


NBS.25.ulu 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  BARIUM -TITA  NATE  ACCELEROMETER  WITH  WIDE 
FREQUENCY  AND  ACCELERATION  RANGES,  by  T.  A. 
Peris  and  C.  W.  Kissinger.  Apr.  1953,  lv.  tncl.  lllus. 
dlagrs.  refs.  (NBS  rept.  no.  2390)  (Sponsored  Jointly 
by  Office  of  Naval  Research,  i  Air  Force  Office  of  Sci¬ 
entific  Research  under  CSO-870-54-7] ,  and  Atomic  En¬ 
ergy  Commission)  AD  14154  Unclassified 

A  barium- tttanate  accelerometer  wtth  wide  frequency 
and  acceleraUon  ranges  has  been  designed,  built  and 
tested.  It  combtnes  small  stze  and  mass,  a  range  of 
i  50, 000  g,  a  natural  frequency  of  90,  000  cps,  good 
shteldtng,  very  low  cable  notse,  small  transverse  re¬ 
sponse  and  several  other  destrable  characteristics.  A 
number  of  factors  Influencing  senslUvtty,  such  as  effects 
of  stze  of  crystals,  method  of  polarization,  shock,  vl- 
braUon,  method  of  mounting,  temperature  and  agtng 
still  remain  to  be  more  fully  Investigated.  In  connecUon 


wtth  performance  tests  on  this  accelerometer,  several 
experimental  techniques  were  developed  or  Improved, 
particularly  for  the  determination  of  transverse  re¬ 
sponse  and  for  obtaining  accurate  calibration  at  high 
levels  of  acceleration.  (Contractor’s  abstract) 


NBS.  25:011 

National  Bureau  of  Standards,  Washington,  D.  C. 

MULTICHANNEL  PULBE-HEIGHT  ANALYZER  USING 
A  STORAGE  TUBE  (Abstract),  by  J.  A.  Cunningham. 
Apr.  30,  1953  [l]p.  [CSO-670-54-7] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C. ,  Apr.  30-May  2,  1953. 

Published  in  Phvs.  Rev.,  v.  91:  437,  July  15,  1953. 

A  simple  and  reliable  electronic  pulse-hetght  analyzer 
permitting  the  use  of  many  channels  has  been  developed 
for  pulsed  accelerator  applications.  The  voltage  pulses 
to  be  analyzed  are  Introduced  to  the  vertical  plates  of 
a  selected  3  JPI  CRO  tube,  on  whose  outer  face  a  wire 
screen  ts  mounted.  During  the  accelerator  off-tlme,  a 
sawtooth  sweep  voltage  is  applied  to  the  same  deflection 
plates.  The  output  pulses  of  the  storage  tubes  are  then 
analyzed  during  the  sweep.  The  time  differences  be¬ 
tween  the  sweep  start  and  the  output  pulses  determine 
the  heights  of  the  original  Input  pulses.  A  simple  time 
gate- scaler  device  enables  the  use  of  a  large  number  of 
channels-  Tests  on  spectrum  analyses  have  proven  the 
following  distinct  advantages:  (t)  voltage  pulses  whose 
peak  values  were  maintained  for  a  period  as  short  as 
0.05  microsecond  have  been  analyzed.  The  minimum 
time  response  of  the  storage  tube  has  not  yet  been 
checked.  (2)  Time  differences  and  thus  pulse-height 
measurements  are  Independent  wtthln  0. 1%  of  analyzer 
supply  voltage  changes  of  t5%.  (3)  Wtth  the  available 
storage  tubes  tt  Is  easily  practical  to  obtain  100  chan¬ 
nels.  A  large  ratio  ol  the  resolving  power  to  the  num¬ 
ber  of  channels  being  used  permits  a  small  error  due 
to  boundary  effects.  (Contractor's  abstract) 


NBS.  25:012 

National  Bureau  of  Standards,  Washington,  D.  C. 

THE  SWAC-DESIGN  FEATURES  AND  OPERATING  EX¬ 
PERIENCE,  by  R  D  Huskey,  R.  Tbutensetv  and  others. 
June  15,  1953,  t4p.  inch  dtagrs.  (NBS  rept.  258t) 
[CSO-670-54-7]  Unclassified 

Also  published  in  Proc.  Inst.  Radio  Engineers,  v.  41: 
t294- 1299,  Oct.  1953. 

The  SWAC  ts  an  ultra-high-speed  digital  computer  uti¬ 
lizing  a  Williams  tube  memory,  an  auxiliary  magnetic 
drum  memory  and  a  punched  card  Input- output  system. 

A  general  description  of  the  functional  organization  of 
the  computer  is  given  together  with  a  brief  discussion 
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of  the  various  commands  and  the  manner  In  which  they 
are  executed.  Some  of  the  special  engineering  features 
of  the  computers  are  described,  in  particular,  those  re¬ 
lating  lo  the  electrostatic  and  magnetic  drum  memories. 
In  addition,  a  short  survey  of  the  types  of  problems 
solved  by  the  computer  during  the  last  year  is  presented 
(Contractor's  summary) 


NBS.  25:013 

National  Bureau  of  Standards,  Washington,  D.  C. 

PROCEEDINGS  OF  SYMPOSIUM  ON  BARIUM  TITANATE 
ACCELEROMETERS,  HELD  IN  WASHINGTON,  D.  C. , 
MAY  14-15,  1953,  comp,  by  T.  A.  Peris.  Aug.  1953, 
228p.  lncl.  lllus.  (NBS  repl.  no.  2654)  (Sponsored 
jointly  by  Office  of  Naval  Research,  [  Air  Force  Office 
of  Scientific  Research  under  CSO-670-54-7],  and  Atomic 
Energy  Commission)  AD  17137  Unclassified 

The  Symposium  was  divided  into  the  following  sections: 

(1)  properties  of  barium  tltanate  and  tltanate  mixtures; 

(2)  design  factors  and  performance  tests  for  BaTlOj 
accelerometers;  and  (3)  Instrumentation  associated  with 
BaTlOj  accelerometers. 


NBS.  25:014 

National  Bureau  of  Standards,  Washington,  D.  C. 

AN  INTEGRATING  AND  DIFFERENTIATING  BAR- 
MAGNET  VELOCITY  METER  FOR  USE  IN  BALLISTO¬ 
CARDIOGRAPHY,  by  T.  A.  Peris  and  C.  W.  Klsclnger. 
Sept.  1953  [  23  ]  p.  lncl.  lllus.  dlagrs.  table,  refs. 

(NBS  rept.  no.  2733)  (Sponsored  jointly  by  Office  of 
Naval  Research.  [  Air  Force  Office  of  Scientific  Re¬ 
search  under  CSO-670-54  7j,  and  Atomic  Energy  Com¬ 
mission)  AD  17138  Unclassified 

Also  published  In  Rev.  Sclent.  Instruments,  v.  25:  983- 
988,  Oci.  1954. 

An  integrating  and  differentiating  bar-magnel  velocity 
meter  is  described.  Design  criteria  are  presented  for 
Integrators  and  differentiators  to  meet  given  specifica¬ 
tions  of  frequency  response.  In  the  design  of  the  dif¬ 
ferentiator,  use  is  made  of  a  small  amount  of  resonance 
magnification  in  a  suitably  damped  series- resonant  cir¬ 
cuit  Test  procedures  are  described  in  detail  for  deter¬ 
minations  of  frequency  response,  sensitivity,  and  linear 
range  of  the  instrument.  Detailed  examples  are  given  of 
sensitivity  adjustment  and  installation  procedures  for 
use  of  this  instrument  In  ballistocardiography,  In  ac¬ 
cordance  with  suggestions  by  J.  E.  Smith,  M.D. ,  Chief 
Medical  Standards,  Civil  Aeronautics  Administration. 

A  "60  cps  Hum  Compensator"  ts  used  to  cancel  out  any 
objectionable  60-cycle  pickup  from  the  power  line. 
(Contractor's  abstract) 


NBS.  25:01 5 

National  Bureau  of  Standards,  Washington,  D.  C. 

SURVEY  OF  MILLIMICROSECOND  OSCILLOGRAPHY, 
by  J.  H.  Park.  Sept.  1953,  18p.  lllus.  refs.  (NBS 
rept.  no.  1 769)  (Sponsored  jointly  by  Office  of  Naval 
Research,  [Air  Force  Office  of  Scientific  Research  un¬ 
der  CSO-670-54-7],  and  Atomic  Energy  Commission) 
AD  17180  Unclassified 

CRO  methods  and  instruments  for  recording  high-speed 
transient  voltages  in  the  m p  sec  time  range  are  re¬ 
viewed.  Factors  affecting  the  accuracy  of  high-speed 
recording  with  CRO’s  included  the  beam  intensity  or 
writing  speed,  deflection  error  resulting  from  electron- 
beam  transit  time,  errors  resulting  from  deflecting 
plaie  circuit,  sweep  generators,  and  signal  amplifiers. 
Comparative  data  are  presented  for  available  high¬ 
speed  oscillographs  and  CRT's. 


NBS.  25:016 

National  Bureau  of  Standards,  Washington,  D.  C. 

DOCUMENTATION  IN  INSTRUMENTATION,  by  W.  A. 
Wild  hack,  J.  Stern,  and  J.  F.  Smith.  Apr.  1954 
[  25  ]  p.  lncl.  Ulus.  refs.  (NBS  repl.  no.  3276)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  [Air  Force 
Office  of  Scientific  Research  under  CSO-670-54-7), 
and  Atomic  Energy  Commission)  AD  30276 

Unclassified 

The  problem  of  documentation  of  the  literature  of  in¬ 
strumentation  has  been  studied.  The  problem  is  ana¬ 
lyzed  into  a  number  of  phases.  A  partial  solution  lo 
the  problem  is  proposed  and  its  treatment  of  each  of 
the  phases  Is  discussed.  An  experimental  application 
of  the  proposed  system  is  described.  An  appendix  pro¬ 
vides  a  description  of  devices  which  have  been  devel¬ 
oped  for  punching  reference  serial  number  codes  into 
subject  cards  and  for  subsequently  translating  the  re¬ 
sulting  perforations  back  into  serial  number  identifica¬ 
tion  of  the  references.  Sufficienl  information  is  given 
lo  permit  the  reader  to  build  these  devices.  (Contrac¬ 
tor's  abstract) 


NBS.  25:017 

National  Bureau  of  Standards.  Radiation  Physics  Lab. , 
Washington,  D.  C. 

A  MULTI-CHANNEL  PULSE  HEIGHT  ANALYZER  US¬ 
ING  A  CR  STORAGE  TUBE,  by  J.  A.  Cunningham. 

Apr.  1954  [  16ip.  lncl.  lllus.  dlagrs.  (NBS  rept.  no. 
3258)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Air  Force  Office  of  Scientific  Research  under  [  CSO- 
670-54-7J,  and  Atomic  Energy  Commission)  AD  30275 

Unclassified 

The  pulBe  height  analyzer  described  in  this  paper  has 
been  designed  for  use  with  pulsed  accelerators  such  as 
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the  50  mev  betatron  and  the  180  mev  synchrotron  at  the 
National  Bureau  of  Standards.  The  analyzer  utilizes 
the  technique  of  storing  the  voltage  pulses  during  the 
short  output  duration  of  the  accelerators  and  then  ana¬ 
lyzing  the  Information  during  the  dead  time.  Pulse 
heights  were  converted  Into  time  intervals  by  means  of 
an  ordinary  3KP1  cathode  ray  tube  used  as  a  storing  de¬ 
vice.  Simple  time  gates  permitted  the  construction  of 
a  relatively  compact  multi-channel  analyzer.  (Contrac¬ 
tor's  abstract) 


NBS.  25:018 

National  Bureau  of  Standards,  Washington,  D.  C. 

HIGH-RANGE  ACCELEROMETER  CALIBRATIONS,  by 
T.  A.  Peris  and  C.  W.  Kissinger.  June  1854  [  26  ]  p. 
lncl.  lllus.  dlagrs.  table.  (NBS  rept.  no.  3288)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  [  Air  Force 
Office  of  Scientific  Research  under  CSO-670-54-7] , 
and  Atomic  Energy  Commission)  AD  36647 

Unclassified 

Ttie  need  for  calibrations  at  high  levels  of  acceleration 
Is  discussed.  The  theory  is  presented  for  a  method  of 
obtaining  such  calibrations  by  Impact  methods,  using 
an  electrical  Integrator.  The  method  does  not  require 
a  knowledge  of  either  the  pulse  shape  or  the  pulse  width, 
although  the  latter  is  limited  from  both  above  and  be¬ 
low  by  practical  considerations  related  to  the  Integrator 
and  to  the  -ccelerometer  under  test.  Three  actual  test 
schemes  are  described,  including  the  use  of  a  simpie 
ballistic  pendulum,  an  air  gun,  and  an  Inclined  trough. 
Preliminary  data  are  also  presented  on  a  method  for 
obtaining  linearity  data  from  steady-state  resonant  vi¬ 
brations  at  levels,  so  far,  up  to  1080  g.  The  steady- 
state  tests  established  the  linearity  of  one  of  the  NBS 
33-14  accelerometers  within  ±  2%  up  to  1080  g,  and 
were  used  for  calibration  of  a  commercially  available 
piezoelectric  accelerometer  within  *  4%  up  to  665  g. 

The  results  of  the  transient  hlgh-g  tests  on  one  of  the 
NBS  33-14  accelerometers  showed  that  It  becomes 
strongly  nonlinear  at  -48,000  g,  while  It  has  good  line¬ 
arity  to  at  least  *  40,  000  g  and  -30,  000  g. 


NBS.  25:018 

National  Bureau  of  Standards,  Washington,  1).  C. 

STABILITY  OF  NONUNEAR  FEEDBACK  CONTROL 
SYSTEMS,  by  J.  F.  Koenig.  Aug.  1854,  18p.  tncl. 
dtagrs.  refs.  (NBS  rept.  no.  3618)  (Sponsored  jointly 
by  Office  of  Naval  Research,  1  Air  Force  )  Office  of 
Scientific  Research  under  [  CSO-670-54-7  j ,  and  Atomic 
Energy  Commission)  AD  47005  Unclassified 

A  general  method  based  on  a  continued- fraction  expan¬ 
sion  of  the  coefficients  of  a  complex  differential  equa¬ 
tion  Is  presented  for  the  determination  of  the  stability 
of  nonlinear  feedback  control  systems.  Each  nonlinear 
system  ts  expressed  mathematically  as  a  characteristic 


equation  having  complex  coefficients.  The  method  de¬ 
termines  whether  all  roots  have  negative  real  parts  as 
required  for  stability.  The  method  is  applied  to  2  re¬ 
lay  servomechanisms  with  hysteresis.  The  deviation 
of  a  general  method  to  obtain  stability  boundary  curves 
is  Illustrated  by  its  application  to  a  relay  servomech¬ 
anism  with  hysteresis.  A  parametric  stability  dia¬ 
gram  shows  the  distance  any  stable  nonlinear  system 
Is  from  Instability  in  terms  of  any  3  parameters  of  the 
system.  The  continued-fraction  theorems  of  Frank 
(Bull.  Amer.  Math.  Soc.,  v.  52:  144-157,  1846)  are 
applied  to  the  determination  of  the  stability  of  Induction 
motors  with  series  capacitors. 


NBS.  25:020 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  BASIC  METHOD  OF  DETERMINING  THE  DYNAMIC 
CHARACTERISTICS  OF  ACCELEROMETERS  IN  RO¬ 
TATION,  by  W.  A.  Wlldhack  and  R.  O.  Smith.  Rev. 
Mar.  1855,  4p.  lncl.  lllus.  (Paper  no.  54-40-3) 
(Sponsored  jointly  by  Office  of  Naval  Research,  [  Air 
Foret- J  office  of  Scltntlflt  Research  under  [080-670- 
54  -  7 ) ,  and  Atomic  Energy  Commission)  AD  118806 

Unclassified 

The  earth's  gravitational  field  furnishes  a  rorvenlent 
sinusoidal  forcing  function  for  a  vibrating  system 
(e.  g. ,  an  accelerometer)  rotating  In  a  vertical  plane. 
The  centrifugal  field  decreases  the  restoring  force  on 
the  vibrating  mass.  Resonance  occurs  at  lower  fre¬ 
quencies  and  with  greater  amplitudes  than  In  the  case 
of  excitation  by  linear  vibration.  The  response  ratio 
(vibration  amplltude/statlc  displacement  caused  by 
gravity)  1b  greater  than  unity  for  all  damping  ratios 
up  to  unity.  The  resonant  frequency  for  zero  damping 
occurs  at  0. 707  times  the  natural  undamped  frequency. 
From  measurements  of  the  maximum  response  ratio, 
and  of  the  frequency  at  which  this  ratio  decreases  to 
unity,  one  may  determine  both  the  damping  ratio  and 
the  undamped  natural  frequency  of  any  system  whose 
damping  ratio  Is  less  than  unity.  The  response  equa¬ 
tion  for  the  rotational  excitation  ts  given,  and  the  solu¬ 
tions  are  presented  In  graphic  form.  Experimental  test 
results  obtained  by  this  method  are  Included.  (Contrac¬ 
tor's  abstract) 


NBS.  25:021 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  METHOD  FOR  STEADY -STATE  ACCELEROMETER 
CALIBRATIONS  UP  TO  i  4000  g  AND  TEST  RESUL1S 
ON  TWO  ACCELEROMETERS,  MODEL  A314-T  MANU¬ 
FACTURED  BY  THE  GULTON  MANUFACTURING 
COUP.,  METUCHEN,  N.  J..  by  T.  A.  Peris,  C.  W. 
Ktsstnger,  and  D.  It.  Paquette.  Mar,  1855,  17p.  tncl. 
tllus.  tables.  (NBS  rept.  no.  3924)  (Sponsored  jointly 
by  Ordnance  Corps. ,  Office  of  Naval  Research,  Atr 
Force  Office  of  Scientific  Research  under  CSO  670-54- 
7  ,  and  Atomic  Energy  Commission)  AD  77944 

Unclassified 
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Two  Gulton  accelerometers,  Model  A-314,  Serial 
Nos.  280  and  281  have  been  calibrated  by  a  new  steady- 
slate  method  al  peak  accelerations  up  lo  ±  2200  g.  With¬ 
in  the  accuracy  of  the  method  (the  average  scalier  of 
the  sensitivity  data  was  ±  1. 5%),  the  two  accelerome¬ 
ters  were  linear  up  to  the  highest  acceleration  tested. 
Another  Gulton  accelerometer  of  a  similar, possibly 
somewhat  less  rugged,  type  (Model  A-314),  was  found 
lo  be  linear  within  ±  2%  up  lo  ±  4000  g.  The  average 
sensitivity  al  room  temperature  of  the  accelerometers, 
Serial  280  and  281,  as  received,  was  1. 16  ±  .01  mv/g 
and  1. 19  ±  .01  mv/g,  respectively,  In  excellent  agree¬ 
ment  with  the  values  given  by  the  manufacturer.  Inci¬ 
dental  data  were  also  presented  on  temperature  depend¬ 
ence  of  capacitance  and  voltage  sensitivity,  over  a 
small  range  of  temperatures,  on  cable-loading  and 
mounting- strain  effects,  and  on  transverse  response  of 
the  two  Model  A-314T  accelerometers.  Resonanl- 
frequency  data  were  Included  for  the  accelerometer 
Model  A-314. 


NBS.  25:022 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  BARIUM-TITANATE  ACCELEROMETER  WITH  WIDE 
FREQUENCY  AND  ACCELERATION  RANGES.  DATA 
OBTAINED  SINCE  APRIL  1953,  by  T.  A.  Peris  and  C. 

W.  Kissinger.  June  1955  [35]p.  lnel.  lllus.  tables. 

(NBS  rept.  no.  2190a)  [  Sponseiw*  Jointly  by  OUU'c  ul 
Naval  Researcy  under  NAonr  21-28,  Air  Force  Office 
of  ScienUflc  Research  under  CSO-670-54-7,  and  Alomlc 
Energy  Commission]  AD  68070  Unclassified 

The  additional  Investigations  performed  with  the  NBS 
33-14  accelerometer  are  described  together  with  the 
modifications  which  are  Incorporated  In  the  models 
NBS  33-17,  18,  and  19  accelerometers.  A  special  test 
jig  was  designed  and  built  In  which  single  crystals  could 
be  Investigated  under  different  orlentaUons  and  under 
asymmetrical  loading  with  a  controlled  orientation  with 
respect  to  both  the  crystal  and  the  base  of  the  test  jig. 

The  cable  connection  to  the  body  of  the  accelerometer 
was  modified  to  eliminate  the  set  screw  and  cable  shim. 
The  new  connector  consists  of  a  compression  nut  and 
lead  washer  which  fit  Into  a  tapped  hole  In  the  side  of 
the  accelerometer  body.  Attempts  were  made  to  verify 
experimentally  the  predicted  lowering  of  the  resonant 
frequency  by  shock  exclUng  the  test  accelerometer 
white  ti.fiUfited  In  an  <rC  g  emaU  steel  tluek.  The  ob 
served  mounted  resonant  frequencies  varied  only 
slightly  with  the  mass  which  loaded  lhe  crystals  and 
were  all  between  40  and  50  kc.  A  steady-state  frequency- 
response  test  was  performed  with  the  NBS  33-17  accel¬ 
erometer  by  comparison  with  the  output  of  a  sensitive 
displacement  measuring  system.  The  accelerometer 
was  mounted  on  a  sleel  ptate  which  was  attached  to  the 
end  of  a  piezoelectric  vibration  generator.  Four  addl- 
Uonat  accelerometers  were  also  mounted  on  the  sleet 
plate  at  90*  Intervals  In  the  plane  transverse  to  the  dt- 
recUon  of  vlbraUon  as  a  means  of  measurtng  the  trans¬ 
verse  motion. 


NBS.  25:023 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  LARGE  BARIUM-TITANAl’F.  ACCELEROMETER 
FOR  SHOCK- VELOCITY  MEASUREMENTS,  by  T.  A. 
Peris  and  C.  W.  Kissinger.  June  1955,  9p.  lllus. 

(NBS  rept.  no.  4121)  (Sponsored  jointly  by  Office  of 
Naval  Research  under  NAonr  21-48,  [Air  Force]  Of¬ 
fice  of  Scientific  Research  under  CSO-670-54-7,  and 
Atomic  Energy  Commission)  AD  68484 

Unclassified 

The  Instrument  has  sufficient  charge  sensitivity  to 
permit  Integration  with  a  passive  nelwork  and  still 
retain  output  voltage  so  that  an  Impulsive  change  of 
velocity  of  5  fps  can  be  recorded  with  good  amplitude 
on  any  high- Impedance  10-mv  recorder.  To  achieve 
the  highest  possible  resonant  frequency,  the  accelerom¬ 
eter  base,  the  BaTK>3  disks,  and  the  loading  mass 
must  be  In  contact  over  their  entire  mating  surfaces  so 
that  the  assembly  will  acl  as  a  compression  spring. 

When  the  accelerometer  Is  mounted  on  a  heavy  object 
lhe  theoretical  resonant  frequency  should  be  about  0. 7 
times  the  unmounted  resonant  frequency;  this  assumes 
perfect  coupling  between  the  base  of  the  accelerometer 
and  the  surface  to  which  It  Is  mounted.  With  a  reason¬ 
ably  Hat  i..  juhtiiig  surface  and  3  mounting  bolts  tightened 
with  a  40-  to  70- lb- ft  torque,  the  resonant  frequency  of 
the  accelerometer  with  commercially  flat  crystals  Is 
4900  e  when  K  Is  mounted  a;  i  22-lb  mass  and  4600  € 
on  a  62-lb  mass.  These  frequencies  are  about  10% 
lower  than  those  theoretically  expected  from  the  un¬ 
mounted  resonant  frequency  together  with  the  loading 
mass  and  total  weight  of  the  accelerometer.  By  extra¬ 
polation,  the  resonant  frequency  of  the  accelerometer 
when  mounted  on  an  Infinite  mass  should  be  about 
4400  c.  The  advantages  and  disadvantages  of  the  pres¬ 
ent  integrating  accelerometer  over  the  selsmlc-type 
velocity  meter  are  discussed. 


NBS.  25:024 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  CALORIMETER  FOR  MEASURING  THE  POWER  IN 
A  HIGH-ENERGY  X-RAY  BEAM,  by  J.  McElhlnney, 

B.  Zendle,  and  S.  Doraen.  June  1,  1955  L  8  j  p.  Inch 
lllus.  dlagrs.  tables.  (Research  paper  no.  2642) 
(Sponsored  jointly  by  Otftce  o!  N*v*l  l'tsearth,  Air 
Force  Office  of  Scientific  Research  under  [  CSO-670- 
54-7],  and  Atomic  Energy  Commission)  AD  116371 

Unclassified 

AIbo  published  In  Jour.  Res.  Nat'l.  Bur.  Standards, 
v.  56:  9-16,  Jan.  1956. 

The  design  and  calibration  of  a  calorimeter  to  measure 
the  power  In  x-ray  beams  having  peak  energies  between 
1  and  180  million  electron  volts  are  described.  The 
calorimeter  Included  two  thermally  balanced  lead  cyl¬ 
inders,  4  centimeters  In  diameter  by  7.  5  centimeters 
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long,  one  trradtated  by  an  x-ray  beam.  The  lead  cylin¬ 
der  was  large  enough  to  absorb  almost  completely  the 
x-ray  beam.  The  absorbed  energy  resulted  In  an  un¬ 
balance  of  temperature  of  the  two  cyltnders,  whtch  was 
measured  by  the  change  In  resistance  of  embedded 
thermistors.  Calibration  of  the  calortmeter  conststed 
tn  observing  the  temperature  rtse  due  to  a  measured 
quantity  of  electric  energy  dtsstpated  tn  the  same  cyl¬ 
inder.  The  results  are  gtven  for  ftve  calibration  runs, 
each  ustng  about  70  mtcrowatts  of  power  for  approxi¬ 
mately  20  mtnutes.  The  probable  error  of  the  mean 
was  about  ±  1  percent.  Separate  reports  of  measure¬ 
ments  of  x-ray  beam  powers  at  1.  4  and  36  mtlllon  elec¬ 
tron  volts  are  tn  preparation.  (Contractor's  abstract) 


NBS.  25:025 

National  Bureau  of  Standards,  Washington,  D.  C. 

FREQUENCY  RESPONSE  OF  SECOND-ORDER  SYS¬ 
TEMS  WITH  COMBINED  COULOMB  AND  VISCOUS 
DAMPING,  by  T.  A.  Peris  and  E.  S.  Sherrard.  Apr. 

3,  1956  [20]p.  incl.  dlagrs.  (Research  paper  no. 

2693)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Air  Force  Office  of  Scientific  Research  under  [  CSO- 
670-54-7],  and  Atomic  Energy  Commission)  AD  112811 

Unclassified 

Also  published  In  Jour.  Res.  Nat’l.  Bur.  Standards, 
v.  57:  45-65,  July  1956. 

Curves  obtained  with  an  analog  computer  are  presented 
for  the  magnification  factor  versus  frequency  ratio  of 
second-order  systems  with  combined  coulomb  and  vls- 
eo«s  damping.  The  fanges  of  the  par  linear  &  are 
follows:  vtscous  damptng  ratio  from  0. 05  to  5.  0,  tn 
15  steps;  coulomb  damptng  ratio  from  0  to  0.  9,  tn  11 
steps;  and  frequency  ratio  from  0  to  2.  0.  Boundaries 
between  regtons  wtth  0,  1,  and  2  stops  per  half-cycle 
are  also  shown.  (Contractor's  abstract) 


NBS.  26:001 

National  Bureau  of  Standards,  Washington,  D.  C. 

MICROWAVE  SPE'  TROSCOPY  OF  LABILE  MOLE- 
GULES.  1.  TRANaTluN  TYPES,  FREQUENCIES,  AND 
INTENSITIES,  by  R.  J.  Kurland  and  O.  E.  Mann.  Mar. 
1956,  43p.  Incl.  dlagrs.  tables,  refs.  (NBS  rept.  no. 
4649)  (AFOSR-TN-56- 241 )  (CSO-580-56-19)  AD  88361 

Unclassified 

The  available  data  lot  a  number  of  labile  diatomic  and 
some  trtatomte  molecules  have  been  revtewed  and  sum¬ 
marized  tn  order  to  classtfy  thetr  expected  mtcrowave 
spectra  by  type,  frequency,  and  tntenstty.  Estimates 
are  given  for  and  ,  -  type  multtplet  transtttons  as 
welt  as  for  the  pure  rotational  spectra  expected  to  (all 
tn  a  readtly  accessible  regton  of  the  mtcrowave  spec¬ 
trum.  Some  dtscusston  ts  also  gtven  of  methods  of 
preparation  of  certatn  unstable  spectes  suttable  for 
microwave  tnvesttgattons.  (Contractor's  abstract) 


NBS.  26:002 

National  Bureau  of  Standards,  Washington,  D.  C. 

THE  FIELD  EMISSION  X-RAY  MICROSCOPE,  by  R.  A. 
Schrack.  July  13,  1956,  lv.  tncl.  tllus.  dlagrs.  refs. 
(NBS  rept.  no.  4775)  (AFOSR-  [  T  ]R- 56-  27)  [  CSO- 
680-56-19]  AD  90012  Unclasslfted 

The  ftrst  utilization  of  fteld  emission  electron  source 
in  an  electron  optical  system  was  accomplished  In  this 
x-ray  shadow  mtcroscope.  The  mtcroscope  was  con¬ 
structed  prtnctpally  of  glass  and  brass.  The  separate 
parts  are  fttted  together  wtth  rubber  O-rtng  seals  and 
stopcock  grease.  Ustng  a  20  l/sec  glass  oil  dlffuston 
pump  and  a  liquid  N  cold  nap,  an  opeiatlng  vacuum  of 
better  than  5  x  10'®  mm  Hg  was  obtained  In  2  hr.  A 
strong  field  created  at  the  surface  of  a  very  small  point 
by  applying  a  potential  of  about  10,  000  v  to  125  q  W 
wire,  allows  the  emission  of  electrons.  The  electrons 
are  focused  by  an  electrostatic  electron  lens  Into  a 
small  area  on  a  thin  target  of  Au.  X-rays  are  produced 
by  the  electron  Impact  (Bremmstrahlung)  In  a  very 
small  volume  li,  the  target.  The  generated  x-rays  are 
transmitted  through  the  target  and  used  to  produce  a 
sh;idow  Image  on  photographic  film.  The  HV  pulse  sup¬ 
plies  the  electron  lens  through  a  phase-compensated 
voltage  divider  which  allows  adjustment  of  the  focal 
length  of  the  electron  lens  to  produce  focusing  condi¬ 
tions  at  all  times  during  the  electron  emission  pulse. 
The  W  field  emitter  Is  raised  to  20001>K  to  remove  C 
contamination,  and  is  operated  at  about  1400°Kto  pre¬ 
clude  contamination.  Design  requirements  for  the 
lens  system  indicated  a  3-element  univoltage  electro¬ 
static  lens.  Results  showed  the  best  photographs  taken 
wtth  the  *  trdt  rose  ope  indicated  at  eesolntton  on 
the  order  of  5u. 


NBS.  26:003 

National  Bureau  of  Standards,  Washington,  D.  C. 

A  FIELD  EMISSION  X  RAY  PROJECTION  MICRO¬ 
SCOPE  (Abstract),  by  R.  A.  Schrack,  R.  C.  Placlous, 
and  L.  Marton.  [I956j[l]p.  [  CSO- 680- 56-19] 

Unclasstfted 

Presented  at  meeting  ul  the  Amir.  Phys.  SoC. , 
Washington,  D.  C. ,  Apr.  26-28,  1956. 

Published  In  Dull.  Amer.  Phys.  Soc.,  Series  II,  v.  1: 
167,  Apr.  26,  1956. 

Elections  lrum  a  Held  emission  source  are  locused  by 
an  electron  opttcal  system  to  a  small  spot  to  produce  a 
small  bremsstrahlung  source  for  x-ray  projection 
mtcroscopy.  A  ftne  tungsten  potnt  ts  operated  as  a 
fteld  emtsston  source  at  elevated  temperature,  termed 
T  -F  emtsston  by  Dyke  and  hts  collaborators.  The 
elevated  temperature  maintains  a  clean  tungsten  sur¬ 
face  tn  a  dynamic  vacuum  system  operattng  at  a  pres 
sure  of  2  x  10- 7  mm  Hg.  The  voltage  supply  Is  pulsed 
60  rps  wtth  a  ten  percent  duty  cycle.  The  pulse  current 
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13  about  100  microamps  for  10-kv  pulse  voltage.  About 
3  x  10' 3  of  the  total  current  Is  focused  to  a  spol  to  pro¬ 
duce  x-rays.  Exposure  time  for  a  density  of  1  Is  about 
10  min  for  the  above  current  and  voltage  and  fast  no¬ 
screen  x-  ray  film  without  cover.  Details  on  target  and 
resolution  are  presented.  (Contractor's  abstract) 


NBS.  27:001 

National  Bureau  of  Standards,  Washington,  D.  C. 

EXCITATION  AND  SEPARATION  OF  PURE  HIGH-ORDER 
MODES  IN  LARGE  HIGH-Q  CAVITIES,  by  C.  T.  Zhan 
and  W.  G.  Schweitzer,  Jr.  Apr.  5,  1956  [  9  j  p.  lncl. 
dlagrs.  (Bound  In  Its  NBS  repl.  no.  5673;  AFOSR- 
TR-56-94;  AD  136740)  (CSO-680-57-9)  AD  136740(a) 

Unclassified 

Also  published  In  Jour.  Appl.  Physics,  v.  27:  929-937, 
Aug.  1956. 

In  order  to  extend  the  range  of  cavity  resonance  tech¬ 
niques,  a  successful  method  has  been  developed  lor  the 
suppression  of  undeslred  modes  of  a  densely  populated 
cavity  spectrum.  It  Is  based  on  the  nodal  properties  of 
the  usual  simple  solutions  of  the  wave  equation.  The 
analytic  continuation  of  any  such  solution  may  be  re¬ 
garded  as  a  master  mode  pallern  which  defines  an  In¬ 
finite  variety  of  elemenlary  cavities  or  cells  all  having 
one  frequency  In  common.  These  properties  provide 
the  basis  for  a  novel  principle  In  the  design  of  cavity¬ 
coupling  systems.  By  suitable  choice  of  a  "complex" 
of  these  elemenlary  cells,  devices  can  be  obtained  with 
remarkable  transducing,  tillering,  or  suppressing  prop¬ 
erties.  An  experimental  lesl  of  the  foregoing  Ideas  has 
been  made  In  which  11  was  possible  lo  excite  a  well- 
separaled  very  high  order  TEomv  mode  In  a  large  cyl¬ 
indrical  cavlly,  al  a  frequency  of  20,  GOO  me.  The  ob¬ 
served  Q  for  lhls  preferred  mode  was  of  the  order  of 
one  million.  As  an  additional  lesl  quantitative  experi¬ 
ments  have  been  performed  on  a  special  lype  of  com¬ 
plex  cavity  In  which  the  number  of  elemenlary  cells 
could  be  varied.  (Contractor's  abstract) 


NBS.  28:001 

National  Bureau  of  Standards,  Washington,  D.  C. 

PHOTOEMISSION  FROM  SILVER  INTO  SODIUM  CHLO¬ 
RIDE,  THALLIUM  CHLORIDE,  AND  THALLIUM  BRO¬ 
MIDE,  by  W.  T.  Turner.  [Dec.  2,  1955,  [  8  j  p.  lncl. 
dlagrs.  refs.  (AFOSR  TN-55-444)  (CSO-670- 53- 19) 

AD  140140  Unclassified 

Published  In  Phys.  Rev. ,  v.  101:  1653-1660,  Mar.  15, 
1950. 

The  photoelectric  work  function  for  the  transfer  of  elec¬ 
trons  from  a  metal  dlrerlly  Into  an  Insulating  crystal  has 
been  Investigated  for  Ag  on  samples  of  NaCI,  T1CI,  and 
TIBr.  The  results  obtained  do  noi  confirm  lhe  existence 
of  lhls  piocess  In  the  samples  studied  allhough  lhe  ap- 
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paralus  had  a  current  sensitivity  of  1  x  10" 17  amp. 
Moil  and  Gurney  have  suggested  that  the  work  function 
of  the  meial-lnsulalor  contact  would  be  less  than  lhe 
vacuum  work  function  of  the  metal  by  an  amounl  equal 
lo  the  electron  affinity  of  the  Insulator.  Previous  ex¬ 
perimental  evidence  supporting  this  picture  of  the  con¬ 
tact  appears  less  conclusive  In  the  Ughl  of  the  results 
of  lhls  investigation.  During  lhe  investigation  of  the 
T1  halides,  phoioslgnals  were  observed  far  beyond  the 
intrinsic  edge  (0.  38p  for  T1C1  and  0. 46p  for  TIBr  al 
-lSCC).  Intrinsic  Irradiation  al  low  temperature  ap¬ 
preciably  enhanced  the  long-wavelength  pholoresponse. 
The  enhanced  response  could  be  bleached  by  heating 
lhe  sample  lo  room  lemperalure.  II  was  established 
lhal  the  pholoresponse  was  a  property  of  the  crystal 
rather  lhan  phoioemlssion  from  Ag  Into  lhe  crystal. 
(Conlraclor's  abstract) 


NRC.  01:001 

National  Research  Council.  Biology  Council,  Washington, 
D.  C. 

SYMPOSIUM  ON  EMBRYONIC  NUTRITION,  Brown 
Univ.  (July  23-24,  1956),  ed.  by  D.  Rudnick.  Univ. 
of  Chicago  Press,  1958,  ll3p.  lr.cl.  dlagrs.  lables, 
refs.  (The  Developmental  Biology  Conference  Series, 
1956;  sponsored  in  pari  by  Air  Force  Office  of  Scien¬ 
tific  Research  under  M1PR-680-56- 52) 

Unclassified 

The  eventual  goal  of  chemical  embryologists  is  lo  dis¬ 
cover  how  the  growing  embryo  converts  food  energy  ln- 
lo  the  differential  morphology  of  ils  species.  The  pres¬ 
ent  slate  of  knowledge,  however,  as  summarized  In 
this  conference,  permits  descriptions  of  measurements 
rather  lhan  of  the  mechanisms  Involved.  The  6  papers 
presented  are  considered  lo  contain  Important  contri¬ 
butions  lo  the  slore  of  Information  on  nulrltional  re¬ 
quirements  and  metabolism  of  the  embryo,  enzyme 
formation  and  activity,  proleln  synthesis  and  the  use  of 
anligens  as  tracers.  Their  specific  tilles  are:  embry¬ 
onic  energy  exchange;  metabolic  pallerns  In  lhe  sea- 
urchin  embryo;  yolk  utilization  In  fishes;  antigens  as 
tracers  of  embryonic  synthesis;  nulrlenl  necessities  In 
chick  development;  and  enzymes  —  formation  and 
growth. 


NRC.  01:002 

National  Research  Council.  Biology  Council,  Washington, 
D.  C. 

SYMPOSIUM  ON  REGENERATION  IN  VERTEBRATES, 
Brown  Univ.  (July  23-24,  1956),  ed.  by  C.  S.  Thorlon. 
Univ.  of  Chicago  Press,  1959,  108p.  lncl.  lllus.  dlagrs 
refs.  (The  Developmental  Biology  Conference  Series, 
1956;  sponsored  In  pari  by  Air  Force  Office  of  Scientif¬ 
ic  Research  under  MIPR-680-56- 52)  Unclassified 

This  field  has  known  greal  advances  In  research  and 
methodology.  The  6  papers  of  the  symposium 
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concentrated  on  those  vertebrate  structures  whtch  have 
been  most  tntenslvely  studied  —  the  eye,  the  tatl,  and 
the  llmbt.  The  participants  ir.  Uw  conference  also  dls 
cussed  the  Influence  of  nerves  and  hormones  on  regen¬ 
eration  and  Irradiation  as  a  tool  for  studying  the  rela¬ 
tionship  between  the  local  and  organismlc  aspects  of  the 
regenerating  system.  The  following  presentations  were 
offered:  regeneration  of  the  retina,  Iris  and  lens;  the 
<kv«Utptner4  of  nesodermal  axial  structure  a  in  regener¬ 
ation  and  embryogenests;  the  cellular  basis  of  Itmb  re¬ 
generation;  the  Influence  of  nerves  on  regeneration;  the 
role  of  hormones  In  regeneration;  and  the  effect  of  x- 
rays  on  regenerative  capacity. 


NRC.  01:003 

National  Research  Council.  Biology  Council,  Washington, 

D.  C. 

INTERNATIONAL  SYMPOSIUM  ON  CYT  AFFERENT  LA  - 

TION,  Brown  Unlv.  (July  27- 3t,  1 9CF ' ,  Mi.  by  D. 
Rudnlck.  Unlv.  of  Chicago  Press,  t9£c,  148p.  tncl. 
tllus.  dtagrs,  tables,  refs.  (The  Deve’opmental  Biology 
Conference  Sertes,  1956;  sponsored  tn  part  by  Atr  Force 
Office  of  Sctenttftc  Research  under  MIPR-680-56-52) 

Unclassified 

The  participants  In  this  conleience  uiscussed  i/todil- 
ferentiatlon  from  many  viewpoints:  the  constancy  of 
cellular  Identity,  as  contrasted  with  tendencies  to  re¬ 
vert  to  earlier  forms  or  adapt  to  environmental  change; 
latitude  of  expression  of  cells  In  keeping  up  environment; 
cellular  behavior  In  a  culture;  cellular  structure  as 
governed  by  Rs  chemistry  and  the  milieu  of  ether  cells 
around  tt.  The  conference  consisted  of  5  discussions 
parttetpated  tn  by  a  chatrman  and  6  to  tO  panel  members. 
The  specific  titles  were:  rytodlflrrmlUll.  n  andgrnir 
endowment;  chemical  and  morphological  Indices  of  cyto- 
dlfferentlatlon;  special  Instances  of  cytodlfferentlatlon 
Including  myogenesls  and  flbrogeneals:  the  Internal 
mtlteu  tn  cytodlfferenttatton;  and  cancer,  growth,  and 
cytodtfferentlatton.  A  brief  review  of  evaluation  and 
perspectives  follows. 


NRC.  01:004 

Nattonal  Research  Counctl.  Btology  Council,  Washington, 
D.  C. 

CONFERENCE  ON  ENVIRONMENTAL  INFLUENCES  ON 
PRENATAL  DEVELOPMENT,  Bar  Harbor,  Me.  (Aug. 
2-4,  1956),  ed.  by  B.  Mtntz.  Unlv.  of  Chtcago  Press, 
t95B,  87p.  tncl.  tllus.  dlagrs.  tables,  refs.  (The 
Developmental  Btology  Conference  Sertes,  1 956;  spon¬ 
sored  In  part  by  Air  Force  Offtce  of  Sctentlftc  Research 
under  Ml  PR -680- 56- 52)  Unclasstfted 

Prenatal  development  ts  Influenced  to  some  extent  by 
both  genetics  and  environment.  Whether  environmental 
factors  accelerate  or  retard  growth,  cause  anomalies, 
and  produce  temporary  or  long  term  effects  depends  up¬ 
on  complex  timing  and  upon  the  Interaction  of  the  matur¬ 
ing  systems  in  the  embryo.  In  this  conference  rep-re 


sensatlve  cases  tn  whtch  alteration  of  the  embryo  has 
been  effected  In  utero  by  subjecting  the  mother  to  x- 
ray?,  dietary  limitations  or  vitamin  deficient  It  6  were 
discussed.  The  discussion  topics  were:  experimental 
alteration  of  morphogenesis;  specificity  of  teratogenic 
agents;  extragenlc  factors  causing  variations  In  develop¬ 
ment;  Interaction  between  the  early  embryo  and  its 
environment;  multiplicity  of  effects  of  teratogenic 
agsnls-  nutrUlui  al  require  rre-ds  for  n  orpltger^shg- 
interaction  of  areas  of  growth;  and  developmental  rela¬ 
tionships  and  interactions  In  time  and  space. 

NRC.  01:005 

National  Research  Council.  Biology  Council,  Washington, 
D.  C. 

CONFERENCE  ON  IMMUNOLOGY  AND  DEVELOP¬ 
MENT,  Bar  Harbor,  Me.  (Aug.  7-9,  1956),  ed.  by  M. 
V.  Edds,  Jr.  Unlv.  of  Chicago  Press,  1958,  59p.  lncl. 
tables,  rets.  (The  Development  Biology  Cordeteiiee 
Series,  1956;  sponsored  in  part  by  Air  Force  Office  of 
Scientific  Research  under  M1PR-G80-5G-52) 

Unclasstfied 

The  participants  tn  this  conference  discussed  how  the 
techniques  of  Immunology  can  be  used  to  demonstrate 
specificity  at  all  levels  —  molecular,  tissue,  and  organ. 
While  recommending  that  their  method  be  used  In  con¬ 
junction  with  other  experimental  pi ocedures,  they 
pointed  out  the  value  of  Immunology  In  studying  the  fate 
of  specific  substances  under  experimental  controls,  Its 
function  In  changing  the  course  of  development  by  ad¬ 
ministration  of  tissue  extracts,  Its  role  In  wound  heal¬ 
ing,  and  Its  importance  In  the  analysis  of  the  immuno¬ 
chemical  properties  cf  the  cell  tn  prvtetr.  synthesis. 
Finally,  they  speculated  as  to  the  probable  future  uses 
of  immunological  methods  for  studying  nucleic  acid  and 
nurleo- proteins.  The  dlsrusslon  topics  were:  clarifi¬ 
cation  and  definition  of  terms;  progressive  transforma¬ 
tions  of  Individual  molecular  species;  eusentialness  of 
antigens  in  growth  and  development;  localization  and 
cytotoxtctty;  acquired  tolerance;  homografts;  prolonga¬ 
tion  of  graft  survival;  effect  of  anttsera  on  tumors; 
effects  of  ttssues  and  antisera  on  normal  tissue;  cell 
surface  reactions  during  development;  and  antigen- 
antibody  systems  tn  tnvertebrates. 


NRC.OLOOG 

Nattonal  Research  Counctl.  Biology  Counctl,  Washington, 
D.  C. 

CONFERENCE  ON  PHYSIOLOGY  OF  INSECT  DEVE1. 
OPMENT,  MacDonald  College,  Canada  (Aug.  14- tC, 
IU5G),  ed.  by  F.  t.,  Campbell.  Unlv.  of  Chtcago  Press. 
t959,  lG7g>.  tncl.  Ulus,  dia.-rs.  tables,  refs.  (The 
Developmental  Liotogy  Conference  Series,  t95C;  spon¬ 
sored  in  part  by  Air  Foice  Office  of  Scientific  Research 
under  MIPU-GilO- 5G- 52)  Unclassified 

This  was  the  only  one  of  the  conference  sertes  to  deal 
principally  with  one  class  of  antinals.  It  was  not  tn 
tended  to  be  an  entomological  conference  but  rather  one 
that  would  pay  particular  attentton  to  insects  in  relation 
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to  general  problems  of  developmental  biology.  The  ob¬ 
jectives  of  the  conference  were  to  achieve  such  benefits 
as:  a  fresh  exposition  of  the  basic  problems  In  the  field; 
resolution  of  larger  problems  Into  tangible  and  practical¬ 
ly  approachable  Issues;  clarification  of  concepts,  terms 
and  facts;  Identification  of  areas  where  Information  Is 
lacking  or  Inadequate  and  notions  of  how  such  areas 
could  be  profitably  Investigated.  The  conference  was 
comprised  of  sessions  on  the  following:  embryology; 
larval  development  and  tissue  culture;  metamorphosis 
and  diapause;  histolysis  and  tumors;  and  regeneration. 


NRC.  01:007 

National  Research  Council.  Biology  Council,  Washington, 

D.  C. 

CONFERENCE  ON  DYNAMICS  OF  PROLIFERATING 
TISSUES,  Upton,  N.  Y.  (Sept.  5-8,  1958),  ed.  by  D. 
Price.  Unlv.  of  Chicago  Press,  1958,  98p.  tncl.  lllus. 
dlagrs.  tables,  refs.  (The  Developmental  Biology  Con¬ 
ference  Series,  1956;  sponsored  In  part  by  Air  Force 
Office  of  Scientific  Research  under  MIPR-680- 58-52) 

Unc  lasslfled 

Proliferating  tissues  may  be  part  of  the  over-all  growth 
of  an  organism  or  of  local  growth;  they  may  provide  re¬ 
placement  of  worn-out  parts,  as  In  molting  or  shedding, 
or  may  constantly  renew  adull  Ussues,  such  as  skin  and 
blood.  A  tissue  must  reproduce  Itself  as  well  as  carry 
out  Its  specific  function;  In  both  cases  Its  dynamics  are 
affected  by  Its  physical  and  chemical  environment.  In 
this  conference  the  variables  Involved  In  proliferation 
and  dlfferenUaUon,  requirements  and  upsetting  factors, 
rates  and  ratios,  and  the  different  methods  for  studying 
Ussue  growth  and  function  were  discussed.  The  follow¬ 
ing  specific  topics  were  discussed:  renewal  systems; 
methods  for  estimating  the  rate  of  proliferation;  methods 
for  estimating  production  and  deUvery  of  white  blood 
cells;  methods  for  estimating  cell  loss;  examples  of  re¬ 
newal  systems;  factors  influencing  the  rate  of  cell  pro¬ 
duction  and  cell  loss  In  renewal  systems;  blood  cell- 
producing  organs:  and  factors  Influencing  blood  cell 
production. 

NRC.  01:008 

National  Research  Council.  Biology  Council,  Washington, 
D.  C. 

SYMPOSIUM  ON  ENDOCR1NES  IN  DEVELOPMENT, 
Shelter  tatand,  N.  Y.  (Sept.  11-13,  1956),  ed.  by  R.  L. 
Watterson.  Unlv.  of  Chicago  Press,  1959,  142p.  lncl. 
lllus.  dlagrs.  tables,  refs.  (The  Developmental  Biology 
Conference  Series,  1956;  sponsored  tn  part  by  Air  Force 
Oftlce  of  Scientific  Research  under  MIPR-880- 56-52) 

Unclassified 

The  objective  of  this  conference  was  to  re-examine  the 
various  aspects  of  the  relation  between  endocrlnes  and 
development.  Including  the  nature  of  the  reactions  which 
hormones  release  In  the  terminal  receptors  In  light  of 


NRC.  01:007  -  NRC.  01:010 


the  recent  advances  In  the  purification,  crystallization 
and  synthesis  of  hormones.  The  conference  consisted 
of  12  presentations  as  follows:  Introduction;  ontogeny 
of  selected  endocrine  glanus  —  thyroid,  adrenals,  go¬ 
nads,  p  rathyrolds;  endocrine  organs  ol  arthropods; 
ontogeny  of  selected  endocrine  receptors;  conditioning 
effect  on  end  organs;  ontogeny  of  selected  hormone- 
dependent  receptors;  synergistic  action  of  hormones; 
Integration  of  the  endocrine  system;  and  mode  of  action 
of  hormones. 


NRC.  01:009 

National  Research  Council.  Biology  Council,  Washington, 
D.  C. 

■SYMPOSIUM  ON  MITOGENESIS,  Lemont,  Ill.  (Sept. 
24-26,  1956),  ed.  by  H.  S.  Ducoff  and  C.  F.  Ehret. 
Unlv.  of  Chicago  Press,  1959,  114p.  lncl.  lllus.  dlagrs. 
tables,  refs.  (The  Development  Biology  Conference 
Series,  1956;  sponsored  In  part  by  Air  Force  Office  of 
Scientific  Research  under  MIPR-C80-56-52) 

Unclassified 

This  conference  concerned  Itself  with  the  Initiation  of 
mitotic  division  rather  than  with  mitosis  Itself.  One  of 
the  principal  concerns  In  studying  mltogenesls  Is  to 
attempt  to  discover  what  makes  cells  divide  both  In 
normal  growth  and  In  abnormalities  such  as  cancer. 

The  following  specific  topics  were  discussed:  premi¬ 
totic  growth;  amltosls;  growth  promoters  and  Inhibitors; 
elements  of  mitosis;  the  mitotic  spindle;  the  time  ele¬ 
ment  and  synchronization;  mitotic  triggers  and  endoge¬ 
nous  stimuli  of  mitosis;  cell  Interactions  and  environ¬ 
mental  factors:  dlfferenUaUon  and  division;  origin  of 
diversity;  degrees  of  dlfferenUaUon;  and  radlaUon  sen- 
slUvlty  of  division  versus  dlfferenUaUon. 


NRC.  01 .010 

NaUonal  Research  Council.  Biology  Council,  Washington, 
D.  C. 

SYMPOSIUM  ON  WOUND  HEALING  AND  TISSUE  RE¬ 
PAIR,  New  York  (Oct.  2-4,  1956),  ed.  by  W.  B. 
Patterson.  Unlv.  ol  Chicago  Press,  1959,  83p.  lncl. 
lllus.  dlagrs.  refs.  (The  Developmental  Biology  Con¬ 
ference  Series,  1956;  sponsored  In  part  by  Air  Force 
Office  of  SclenUflc  Research  under  MIPR-680-56-52) 

Unclassified 

Healing  starts  at  the  moment  a  wound  Is  Inflicted  and 
continues  until  a  state  of  Ussue  Integrity  Is  reached. 

The  various  aspects  of  healing  discussed  at  this  con¬ 
ference  Included:  the  process  simplified,  as  studied  In 
lower  animals;  techniques  by  which  the  cellular  changes 
of  tissue  reconstruction  can  be  observed;  the  biochemis¬ 
try  of  healing,  both  at  the  cellular  level  and  as  the  body 
as  a  whole  reacts  with  endocrine  acUvlty  and  metabolic 
change;  and  an  analysis  of  certain  abnormalities  of 
healing.  The  conference  consisted  of  7  presentations 
as  follows:  biological  aspects  of  wound  healing;  cellu¬ 
lar  components  of  Uie  wound;  the  ground  subsiance; 
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wound  healing  and  sulfur  metaboltsm;  systemic  factors 
acting  on  the  healing  wound;  the  healtng  of  bone;  and 
abnormal  healing. 


NRC.  02:001 

National  Research  Counctl.  Commtttee  on  Solids, 
Washington,  D.  C. 

STRUCTURE  AND  PROPERTtES  OF  SOLID  SURFACES. 
A  CONFERENCE  ARRANGED  BY  THE  NATtONAL  RE¬ 
SEARCH  COUNCtL,  LAKE  GENEVA,  WISCONSIN, 
SEPTEMBER  1952,  ed.  by  R.  Gomer  and  C.  S.  Smith. 
Chicago,  Univ.  of  Chtcago  Press,  t953,  49tp.  lncl. 
ttlus.  dlagrs.  tables,  refs.  (AF  1 8(600)354) 

Unctasstfled 


of  Ltttrow  mtrror  rotation,  which  are  presented  on  the 
second  trace  of  the  oscilloscope.  The  radicals  are 
generated  by  flash  photolysts  tn  one  meter  quartz  ab¬ 
sorption  cell.  This  spectrometer  ts  capable  of  scan¬ 
ning  the  3u  band  of  ammonia  in  r’aout  4  msec  wtth 
essentially  no  loss  tn  resolution  from  conventional  slow 
speed,  narrow  band  scanning,  tn  about  2  msec  with 
slight  loss,  and  tn  less  than  one  msec  wtth  somewhat 
greater  resolution  loss.  The  results  of  ustng  this  In¬ 
strument  to  search  for  the  3|i  bands  of  NH2,  CH3,  and 
CH2  are  presented. 


Naval  Supersonic  Lab. ,  Cambrtdge,  Mass,  see 

Massachusetts  Inst,  of  Tech.  Naval  Supersonic  Lab. , 
Cambridge. 


An  attempt  Is  made  to  ftnd  some  common  denominators 
for  some  of  the  dtverse  problems  existing  In  the  field  of 
surface  studies.  Fourteen  papers  are  presented  which 
cover  the  following  main  categories:  (t)  thermodynam¬ 
ics  and  theories  of  surface  forces;  (2)  the  structure  of 
a  surface  and  means  of  determining  It;  (3)  growth  proc¬ 
esses  of  and  on  surfaces;  and  (4)  processes  on  surfaces 
which  leave  them  relatively  unaltered.  The  book  opens 
with  a  concise  and  crttical  revtew  of  the  thermodynamics 
of  surfaces  and  the  potentialities  of  the  thermodynamtc 
approach.  Each  paper  ts  followed  by  a  discussion  which 
tnterrelates  the  common  aspects  of  the  4  categories 
mentioned.  A  combtned  author  and  subject  tndex  ts  In¬ 
cluded. 


NOL.  0t:00t 

Naval  Ordnance  Lab. ,  Corona,  Calif. 

AN  tNFRARED  RAPID  SCANNING  SPECTROMETER 
AND  tTS  USE  IN  THE  MEASUREMENT  OF  THE  SPEC¬ 
TRA  OF  SHORT-LIVED  MOLECULES  (Abstract),  by 
K.  N.  Tanner  and  R.  L.  King.  [  t956J  [  t  J  p.  [  M1PR- 
670-55-40)  Unclassified 

Presented  at  Symposium  on  Molecular  Structure  and 
Spectroscopy,  Ohio  State  U. ,  Columbus,  June  1 1  - 1 5, 
t956. 

Published  In  Symposium  on  Molecular  Structure  and 
Spectroscopy.  Abstracts,  1956.  p.  57. 

A  rapid  scanning  tnfrared  spectrometer  has  been  de¬ 
signed  and  constructed  to  search  for  certatn  fundament¬ 
al  bands  of  the  free  radicals  NHj,  CH3,  and  CH2.  The 
monochromator  uses  the  same  off-axis  parabola  design 
as  the  l’erkln- Elmer  Mod.  12,  but  the  Llttrow  mirror 
has  been  replaced  by  a  Llttrow -Wadsworth  combination 
In  which  the  Llttrow  mirror  rotates  continuously.  The 
detector  Is  a  cooled  lead  tellurlde  photoconductlve  cell. 
The  spectrum  Is  presented  on  a  double  beam  oscillo¬ 
scope.  An  "optical  vernier'  system  synchronizes  the 
oscilloscope  sweep  and  also  generates  a  set  of  Itnear 
fiduciary  marks,  each  corresponding  to  about  4  minutes 


NEB.  0t:00t 
Nebraska  U. ,  Lincoln. 

ON  CONDITIONS  FOR  THE  STABILITY  OF  SOLUTIONS 
OF  PENDULUM-TYPE  EQUATIONS,  by  J.  C.  Ltlloand 
G.  Setfert.  Nov.  8,  t954,  6p.  (Rept.  no.  1) 

([  AFJOSR-TN-54-312)  (AF  1 8(600) 1 1 1 2)  AD  53t9t 

Unclassified 

Also  publtshed  In  lour.  Appl.  Math,  and  Phys.  (ZAMP), 
v.  6:  239-243,  1955. 

The  equation  ti  ♦  af(0)U  =  g(8),  where  f(0)  and  g(U) 
are  twtce  differentiable  functions  of  pertod  2rr  tn  6, 

.2* 

1(0 )  >  0,  ,  g(u)d0  >  0,  and  g(0)  has  stmpte  zeros, 

“  0 

baa  for  sufficiently  small  u  a  solution  U(t)  such  that 
0  =  y(ii)  Is  a  non-negative  function  of  period  2"  In  C. 

It  Is  also  known  that  If  no  such  solution  exists,  each 
solution  of  this  equation  tends  to  some  ftxed  value  0j, 
a  zero  of  g(j  ),  as  t  — >  ♦  00.  I.i  this  note,  bounds  on 
a  critical  value  ac  are  obtained,  this  critical  value 
being  such  that  a  <  ac  tmpltes  the  existence  of  a  period¬ 
ic  y(0),  whtle  u  >  uc  implies  nonexistence  of  such  a 
y(0 ).  (Contractor's  abstract) 


NEB.  0t:002 
Nebraska  U. ,  Lincoln. 

ON  STABtUTY  QUESTIONS  FOR  PENDULUM-TYPE 
EQUATIONS,  byG.  Setfert.  Mar.  3t,  t955,  t4p.  lncl. 
dlagr.  (Rept.  no.  2)  (( AF  jOSR-TN-55-92)  (AF  18- 
(600)1112)  AD  70032  Unclassified 

Also  published  In  Jour.  Appl.  Math,  and  Phys.  (ZAMP), 
v.  7:  238-247,  t956. 

The  differential  equation  o  ♦  f(  .  u)  -  g(  ),  where  f 
and  g  are  functions  having  continuous  derivatives 
everywhere,  c  >  0,  f(  ♦  2^  .  u )  -  f(  ,  e ),  g(  t  2" ) 
r  g(  ),  and  g(  )  =  0  has  simple  roots.  Is  considered. 
Conditions  are  given  under  which  each  solution  coincides 
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with  or  asymptotically  approaches  a  periodic  solution; 
here  periods  0  and  are  allowed  II  a  solution  ol  period 
zero  Is  interpreted  as  a  constant  and  solution  of  period 
are  solutions  Q(t)  for  which  0  (t)  ->  0O,  a  finite  con¬ 
stant,  for  t  -»  +co  and  t  ->  -uj.  Conditions  are  also 
given  under  which  solutions  exist  which  are  not  asymp¬ 
totically  stable  in  the  sense  given  above.  A  special 
example  is  given  to  illustrate  the  possibility  of  satisfy¬ 
ing  all  conditions  given  above  such  that  f(0,  a)  has 
negative  values  for  each  a  >  0.  (Contractor's  abstract) 


NEB.  01:003 
Nebraska  U. ,  Ltncoln. 

STABILITY  OF  SOLUTIONS  OF  PENDULUM-TYPE 
EQUATIONS,  by  G.  Setfert  and  J.  C.  Ltllo.  May  31, 
1955,  6p.  (Rept.  no.  3)  ([  AF]OSR-TN-55- 158)  (AF  18- 
(600)1112)  AD  65891  Unclasstfted 

The  behavtor  as  t  — »  t  +ix..  of  soluttons  t)(t)  of  a  differ¬ 
ential  equation  of  the  type  0+  f(H,  a)9  =■  g(0),  where  f 
and  g  have  continuous  derivatives  wtth  respect  to  0 
everywhere,  f  ts  continuous  tn  a,  g(0)  has  zeros,  all 
of  which  are  stmple,  and  f(G  +  2rx,  a)  =  f ( 0 ,  a),  g  (0  ♦ 
2n)=  g(0)  hold  for  all  0,  is  studted.  Conditions,  In¬ 
volving  prtmartly  the  dependence  of  f  on  the  parameter 
a,  under  which  all  solutions  exhlhlt  types  of  stabtllty 
as  t  — >  +oo  are  dertved.  The  existence  and  behavtor 
of  certain  types  of  pertodtc  solutions  of  this  equation 
which  affect  stability  questions  are  also  studted  with 
respect  to  expltctt  condttlons  on  f  and  g.  (Contractor's 
abstract) 


NEB.  01:004 
Nebraska  U. ,  Ltncoln. 

ON  PENDULUM-TYPE  EQUATIONS  AND  ROTATED 
VECTOR  FIELDS,  by  G.  Seifert.  Aug.  20,  1955,  8p. 
(Rept.  no.  4)  ([  AF  jOSR- [  TN]  •  55-217)  (AF  18(600)- 
1112)  AD  75906  Unclasstfted 

The  behavior  as  t  — >  ♦  ...  of  solutions  0  (t)  of  0  ♦ 
f(0 ,  u)i<  =  g(  0 ),  where  f  and  g  have  continuous  deriva¬ 
tives  with  respect  to  everywhere,  f  is  continuous  tn 
u,  g(j)  has  zeros,  all  of  whtch  are  stmple,  and 
f(u  ♦  2ti,  a)  «  f(u,  u),  g(u  ♦  2 o )  =  g(j)  hold  for  ali  v, 
is  ftrst  studted  Condtttons,  involving  prtmarlly  the  de¬ 
pendence  of  f  on  the  parameter  a,  under  which  all  solu¬ 
tions  exhibit  types  of  stability  as  t  — >  »  ,■  are  derived. 
The  existence  and  behavior  of  certain  types  of  periodic 
solutions  of  this  equation  which  affect  stabtllty  questions 
are  also  studted  with  respect  to  explicit  conditions  on  f 
and  g.  In  the  second  part  of  this  project,  systems  were 
considered  (i  s  P(x,y,  u  ),  jl  -  Q(x,  y,  u  ))  where  P  and 
Q  sattsfy  Llpschltz  conditions  in  x  and  y,  have  continu¬ 
ous  derivatives  P  and  Q  a,  and  P  Q 

i  0 
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for  (x,  y)  tn  a  domain  D  and  a  tn  an  interval  1,  the 
equaltty  holding  for  at  most  an  Isolated  set  of  points  tn 
D;  the  critical  potnts  of  the  system  are  tsolated  and  In¬ 
dependent  of  a.  It  was  found  that  cycies  of  the  system, 
whtch  were  asymptotically  stable,  vary  monotonlcally 
and  continuously  at  values  of  a  for  which  such  cycles 
exist.  A  result  concerning  the  existence  of  other  cycles 
for  a  system  having  an  unstable  critical  point  and  a 
cycle  surrounding  tt  is  obtained  and  application  of  this 
ts  made  to  the  existence  of  cycles  for  systems  artsing 
from  second  order  equations  of  the  foini  x  +  f(x,  k)k  + 
g(x)  =  0.  (Contractor's  abstract) 


NEL.  01:001 

Nelson,  W.  C.,  Ann  Arbor,  Mtch. 

[  PREPARATION  OF  MONOGRAPH  ON  WIND  TUNNELS 
FORAGARD]  by  W.  C.  Nelson.  Ftnai  rept.  Feb.  16, 
1955,  2p.  (AFOSR-TR-55-6)  (AF  18(600)953) 

Unclassified 

A  list  of  11  reports  recetved  by  the  author  whtch  Is  to 
Incorporated  tnto  an  AGARDograph  monograph  on 
wind  tunnel  destgn,  operation,  and  test  techniques  along 
wtth  his  comments  on  each  paper  is  presented. 
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[  New  Hampshire  U. ,  Durham) 

RECURSIVE  REAL  NUMBERS,  by  H.  G.  Rice.  [  1953  l 
[  1 2  J  p.  (Technical  rept.  no.  1)  (AF  18(600)480) 

AD  25697  Unclasstfted 

Also  oubllsl.eo  In  Proc.  Amer.  Math.  Soc.,  V.  5:  784- 
791,  Cct.  1054. 

Four  equivalent  definitions  are  gtven  for  the  concept  of 
recursive  real  numbers.  A  proof  ts  presented  that  tf 
a0>  *1>  *2>  •••  I*  a  recursively  enumerable,  recursive¬ 
ly  convergent  sequence  of  rational  numbers  wtth  the 
ilmtt  a,  and  b  is  any  rational  number  where  bia,  then 
there  exists  an  effective  method  for  deciding  whether 
b  >  a  or  b  '  a.  However,  there  exists  no  effeettve 
general  method  for  dectdtng,  gtven  2  recurstve  reai 
numbers  a  and  b,  whether  or  not  a  =  b.  The  recurstve 
real  numbers  are  demonstrated  to  form  a  fteid,£,  and 
the  set  £(l )  ts  stated  to  be  algebraically  closed.  How¬ 
ever,  the  analog  of  the  Bolzano-Weterstrass  theorem, 
that  every  bounded  recursively  enumerable  set  of  num¬ 
bers  of  c  has  a  limit  point  in  £.  does  not  hold.  (AST1A 
abs'.-act) 


NHU.  01:002 

[  New  Hampshire  U.,  Durham. 

RECURSIVELY  ENUMERABLE  SEQUENCES,  by  H.  G. 
Rice.  [  1953  j  I  28  j  p.  (Technical  rept.  no.  2)  (AF  18- 
(600)480)  AD  17839  Unclassified 
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Recursively  enumerable  (RE)  convergent  sequences  of 
sets  of  nonnegative  Integers  are  studied.  The  sets  are 
drawn  from  the  class  of  recursive  sels,  and  from  other 
classes  ge derated  from  the  recursive  sels  by  adjoining 
limits  of  sequences.  The  main  theorem  connects  the 
structure  obtained  with  the  Borel  class  structure  gen¬ 
erated  over  the  recursive  sets  by  RE  sums  and  products. 
Concepts  which  appear  as  generalizations  of  recursive 
characteristic  function  and  recursive  enumerating  func¬ 
tion  are  Introduced  to  prove  this  theorem.  Similar  con¬ 
cepts  are  applied  to  sequences  of  functions  to  obtain  a 
sfruclure  with  analogies  to  the  Baire  classification. 
Properties  of  cerlaln  Boolean  algebras  are  discussed. 

An  application  to  real  numbers  Is  developed.  (ASTIA 
abstract) 


NHU.  01:003 

New  Hampshire  U. ,  Durham. 

INVESTIGATIONS  IN  RECURSION  THEORY,  by  H.  G. 
Rtce.  Final  repl.  Jan.  28,  1954,  8p.  ([  AF  j  OSR-TR- 
54-4)  (AF  18(600)480)  AD  52943  Unclassified 

The  work  reported  may  he  grouped  under  3  headings. 

1.  Recursive  Real  Numbers.  The  definitions  of  Specker 
are  used,  with  general  In  place  of  primitive  recursive 
functions.  The  recursive  real  numbers  form  a  field 
closed  under  recursively  convergent  sequences.  The 
recursive  complex  field  Is  algebraically  closed.  De¬ 
cision  procedures  for  and  "  <"  are  discussed,  n. 

The  Structure  Over  the  Recursive  Sets-  a  theorem  is 

given  connecting  recursively  enumerable  (RE)  se¬ 
quences  of  sets  with  RE  unions  and  Intersections. 

Some  properties  of  the  resulting  structure  are  discussed, 
and  some  applications  made  to  reduction  of  decision 
problems.  A  Baire- like  classification  of  functions  is 
displayed,  m.  Recursive  DUtlneulShabUlty.  The  con¬ 
cept,  due  to  McNaughton,  Is  mentioned  and  a  conjecture 
Is  stated.  (Contractor's  abstract) 


New  York  State  Coll,  of  Ceramics,  N.  Y.  atf  Alfred  U. 
New  York  State  Coll,  of  Ceramics,  N.  Y. 

New  York  U. ,  N.  Y. 

N6ort-10503  and  N6ort-1102,  Project  Squid  see  under 
Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID)  Ugm  Mis.  PHI.  11:113- Pill.  11:125. 
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New  York  U.,  N.  Y. 

El.ECTltON- ELECTRON  SCATTERING,  by  M.  H. 
Shainos.  Jan.  1-Mar.  31,  1954.  5p.  tncl.  dtagr. 
(Project  no.  H-357  10-13)  (AFOSH-TH-54- 15) 

(AF  18(600)950)  Unclassified 

This  status  report  describes  the  progress  during  the 
period  Jan.  1,  1954  to  Mar.  31,  1954  on  the  experi¬ 


ment  designed  to  examine  the  low  energy  scattering  of 
free  electrons  by  free  electrons. 


New  York  U.  Coll,  of  Engineering,  N.  Y. 

N6orl-1102  and  [  N6orl- 10503  ] ,  Project  Squid  see 
under  Princeton  U.  James  ForresUt  Research  Center, 
N.  J.  (Project  SQUlDl  item  no.  PR1. 11:126. 
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New  York  U.  Coll.- of  Engineering,  N.  Y. 

PURE  QUADRUPOLE  SPECTRUM  OF  METHYL  IODIDE 
VAPOR,  by  F.  Sterzer  and  Y.  Beers.  Jan.  15,  1954, 
lp.  [  Report  no.  289.  1  j  ([  AF  J  OSR-TN-54-9) 

(AF  18(600)968)  Unclassified 

Presented  at  meeling  of  the  Amer.  Phys.  Soc. , 

Detroll,  Mich.,  Mar.  18-20,  1954. 

Published  In  Jour.  Chem.  Phys.,  v.  22:  2094,  Dec. 

1954. 

In  a  symmetric  top  molecule,  transitions  can  take  place 
between  quadrupoie  hyperflne  levels  of  the  same  J  and 
K  provided  that  K  -  0.  Because  of  Its  large  quadrupoie 
coupling  constant,  CHjl127  has  several  lines  of  this 
lype  wtlh  computed  Intensities  sufficient  for  observation 
In  the  uhf  region.  Using  the  spectrometer  reported  pre¬ 
viously,  we  have  observed  the  following  lines:  J  =  K  = 

3,  F  =  11/2— »  9/2,  444.  76  *  0. 10  mc/sec;  J  s  K  = 

4,  F  =  13/2  — »  11/2,  481.05  ±  0. 10  mc/sec;  J  = 

K  =  5,  F  =  15/2  -+  13/2,  503.05  i  0.  15  mc/sec.  The 
Identities  of  the  first  two  lines  were  confirmed  from 
Stark  splittings.  These  measured  frequencies  are  per- 
fertly  consisted  wtlh  the  quadrupoie  coupling  constant 
obtained  from  microwave  rotational  spectra  If  second 
order  theory  ts  employed. 


NYU.  02:002 

New  York  U.  Coll,  of  Engineering,  N.  Y. 

THE  LINE  WIDTH  PARAMETER  OF  HDO  AT  LOW 
FREQUENCIES,  by  Y.  Beers,  G.  llerrmann,  and  F. 
Sterzer.  Aug.  12,  1954,  4p.  (ltept.  no.  289.2) 

([  AFiOSlt-TN-54-204)  (AF  18(600)968)  AD  40179 

Unclassified 

The  relative  line  width  parameters  of  the  6j  — )  6j 
and  3a  — >  3j  tines  at  respectively  394.  56  mc/sec 
and  826.64  mc/sec  was  determined  as  1.0  t  0.1,  and 
the  absolute  value  of  the  parameter  of  these  lines  was 
measured  as  0.41  cm' 1  at  one  atmosphere.  The  latter 
value  Is  tn  good  agreement  with  work  by  Strand  be  r): 
(Jour.  Chem.  Phys.,  v.  17:901,  1941))  In  the  conven¬ 
tional  microwave  region.  Therefore  no  basts  was 
found  to  support  any  hyp<  -thesis  that  the  discrepancy  be 
tween  calculated  and  measured  values  of  the  absorption 
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of  radiation  In  the  atmosphere  by  water  Is  due  to  a 
variation  In  the  line  width  parameter.  (Contractor's 
abstract) 


VAPORS,  by  F.  Slerzer  and  Y.  Beers.  Apr.  28,  1955 
[30]p.  lncl.  dlagrs.  tables,  refs.  (Rept.  no.  289.5) 
([  AF  ]OSR-TN-55-109)  (AF  18(600'968)  AD  63422 

Unclassified 
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New  York  U.  Coll,  of  Engineering,  N.  Y. 

THE  DISCREPANCY  IN  THE  ROTATIONAL  CONSTANTS 
OF  BROMOFORM,  by  G.  Herrmann.  Aug.  25,  i954  ,  4p. 
(Rept.  no.  289.3)  (t  AF  j  OSR-TN-54-218)  (Sponsored 
jointly  by  Office  of  Naval  Research  under  Nonr-62100  and 
LAir  Force)  Office  of  Scientific  Research  under  AF  18- 
(600)968)  AD  43894  Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  22:2093,  Dec. 


In  the  determination  of  the  rotational  constants  of  bromo- 
form  a  large  unexplained  discrepancy  was  found  between 
the  results  of  Williams  and  Gordy  (Jour.  Chem.  Phys. , 
v,  20:  1524,  1952)  working  In  the  K-band  and  of  Kojlma 
et  al.  (Jour.  Chem.  Phys. ,  v.  20:  804,  1952)  In  the  S- 
bard.  In  the  present  experiment  an  attempt  was  made 
to  repeat  the  S-band  measurements  of  Kojlma  with  a 
spectrometer  having  a  greater  sensitivity.  This  sensi¬ 
tivity  has  been  verified  by  measurements  on  other  mol¬ 
ecules.  No  bromoform  lines  could  be  observed,  and 
It  must  be  concluded  that  they  are  too  weak  to  be  de¬ 
tected.  Therefore  the  results  of  Kojlma  must  be  re¬ 
jected  as  being  due  to  some  spurious  effect.  (Contrac¬ 
tor’s  abstract) 


15,  1955. 


.Phys.  Rev.,  v.  100:  1174-1180,  Nov. 


The  theory  of  LS  =  0,  AF  =  *  1  transitions  of  symmet¬ 
ric  top  molecules  having  a  nucleus  with  a  large  quadru¬ 
ple  momenl  on  the  axis  Is  presented  first.  Then,  the 
manner  In  vhlch  the  gaseous  state  spectrum  converge 
on  the  pure  quadrupote  solid  slate  spectrum  as  J  be¬ 
comes  Infinite  Is  discussed  In  detail.  An  experiment 
Is  described  In  which  6  quadrupole  lines  of  CH3I  and  1 
of  CF3I  were  observed  In  the  region  between  290  and 
520  mc/sec.  The  experiment  yielded  values  of  the 
quadrupole  coupling  constants  of  -  1933.  99  ±  0.  25  me/ 
sec  and  -  2142.5  *1.8  mc/sec,  respectively,  for 
CH3I  and  CFiI.  These  values  are  In  agreement  with 
previous  values  obtained  elsewhere  from  rotational 
transitions.  (Contractor's  abstract) 


NYU.  02:006 

New  York  U.  Coll,  of  Engineering,  N.  Y. 

LOW  -FREQUENCY  ROTATIONAL  SPECTRUM  OF  HDO, 
by  S.  Wetsbaum,  Y.  Beers,  and  G.  Herrman.  Sept. 
1955  [5jp.  lncl.  tables,  refs.  (Sponsored  jointly  by 
Air  Force  Office  of  Scientific  Hesea.Th  u.-der  AF  18- 
(600)968)  and  Office  of  Naval  Research) 

Unclassified 
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New  York  U.  Coll,  of  Engineering,  N.  Y. 

THE  J  =  0  — t  I  ROTATIONAL  TRANSITION  OF  TR1- 
FLUOHOIODOMETHANE,  by  F.  Sterxer.  Aug.  25,  1954, 
3p.  lncl.  table.  (Rept.  no.  289.4)  ( l  AF  j OSlt-TN- 54 
220)  (AF  18(600)968)  AD  43893  Unclassified 

Also  published  In  Jour.  Chem.,  v.  22  :  2094.  Dec.  1954; 
Erratum.  Jour.  Chem.  Phys.,  v.  23:  762,  Apr.  1955. 

From  the  measurements  of  the  J  -  0  — »  1  transition 
of  CF3I,  values  of  the  rotational  constant  and  Iodine 
quadrupole  coupling  constant,  respectively,  of  1523.42 
»  .  15  mc/sec  and  of  -2143.8  •  2  mc/sec  were  obtained. 
These  values  are  In  good  agreement  with  the  results  ob¬ 
tained  by  Sheridan  and  Gordy  In  the  K-band.  In  the  pres¬ 
ent  work,  unusually  large  corrections  due  to  second  or¬ 
der  perturbation  theory  had  to  be  employed.  From 
measurements  of  the  Stark  effect,  a  value  of  1.0  * 

0.  t  x  10  18  esu  cm  was  obtained  for  the  dipole  moment. 
(Contractor's  abstract) 


Published  In  Jour.  Chem.  Phys.,  v.  23:  1601-1605, 

Sept.  1055. 

In  the  region  between  475  and  3500  mc/sec  one  P- branch 
and  five  Q-branch  lines  In  the  spectrum  of  HDO  were 
completely  measured  and  Identified.  These  data  con¬ 
tributed  materially  to  an  evaluation  of  the  structural 
constants  of  the  molecule.  From  the  data  obtained  by 
this  and  other  microwave  spectroscopy  projects,  Ihe 
principal  moments  of  Inertia  were  computed,  respec¬ 
tively,  as  having  the  values  of  1.  1982,  3.0862,  and 
4.  3887  In  units  of  gm  cm2  x  10‘ In  addition,  Ihe 
shape  of  the  33  — >  33  line  at  824.  64  mc/sec  was  ex¬ 
tensively  studied.  Al  low  pressure  the  wings  of  the  line 
were  shown  to  be  wider  than  Is  consistent  with  the 
Lorentx  line  shape  probably  due  to  the  presence  of  satel¬ 
lite  lines  arising  from  the  hyperflne  splitting  of  the  en¬ 
ergy  levels  by  the  quadrujxde  moment  of  the  deuteron. 
The  observed  effects  are  consistent  with  a  quadrupole 
coupling  constant  of  272  <  90  kc/sec  with  respect  to 
an  axis  along  the  O  -  L'  bond.  (Contractor’s  abstract) 
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Ne»  YorkU.  Coll,  of  Entlneering.  N.  Y. 

PURE  OLADItUTOLE  SPECTRA  OF  CH3I  AND  CF3I 


New  YorkU.  Coll,  of  Engineering,  N.  Y. 

THE  INVERSION  SPECTRUM  OF  ND3,  by  G.  Herrmann. 
June  28,  1956,  GOp.  lncl.  dlagrs.  tables,  refs.  (Rept. 
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no.  289.6)  (AFOSR-TN-56-291)  (AF  18(600)968) 

AD  90003  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.,  New 
York,  Jan.  30-Feb.  3,  1956. 

Also  published  In  Bull.  Amer.  Phys.  Soc.,  Series  n, 
v.  1:  13,  Jan.  30,  1956. 

The  Inversion  spectrum  of  the  ground  vibrational  stale 
of  ND3  has  been  Investigated  In  the  frequency  region 
from  1520  to  1600  me.  From  the  17  rotational  fine 
structures  observed,  8  were  Identified  from  their  hyper- 
fine  structure.  The  revised,  seml-emplrlcal  formula 
predicting  the  lines  yielded  the  values  a  -  5. 12  me 
and  b  =  2.62  me  for  lhe  fine  structure  constants,  and 
v  0  =  1591.44  me  for  the  unperturbed  ground  Inversion 
frequency.  Splitting  of  K  =  3  lines  was  observed  for 
J  =  3,  J  =  4,  and  J  -  5,  and  found  In  good  agreemenl 
with  theoretical  predictions  based  on  Infrared  dala. 
Nitrogen  satellites  were  observed  In  the,  1, 1;  2,  2;  3,  3; 

4,  3;  and  5,  3  lines.  Separations  were  within  10  kc  of  cal¬ 
culated  values.  A  best  fll  was  oblalned  by  assigning  lhe 
N  quadrupole  moment  the  value  (eQq)N  =  4080  *  3  kc 
which  Is  slightly  smaller  than  Us  value  tn  NHj,  and  the 
magnetic  coupling  constant  a,  the  value  2  *  2  kc.  The 
hyperflne  structure  of  K  =  1  lines  was  observed  for  J  = 

1,  J  =  2,  and  J  =  3.  Thts  hyperflne  structure  is  a  re¬ 
mit  of  the  UfUng  of  the  K  degeneracy  by  Interactions 
arising  from  the  deuterons.  Line  shapes  were  brought 
tnlo  agreement  with  theory  by  the  method  of  contour  fit¬ 
ting.  The  structure  was  found  lo  depend  primarily  on 
the  deuteron  quadrupole  coupling  constant  which  was  as¬ 
signed  lhe  value  (eQq)Q  =  200  ±  20  kc  and  on  the  magnet¬ 
ic  parameter  i  ,  (representing  coupling  of  deuleron  mag¬ 
netic  moments  with  molecular  rolaUon)  which  wan  as¬ 
signed  lhe  value  1  =-l.  9  ±  0.  5  kc.  In  deriving  the  quad - 
rupcle  moments,  the  usual  assumpUon  of  cylindrical 
symmetry  about  bo.,  ^s  was  made.  The  value  of  ,eQq)D 
Is  In  agreement  «.**i  values  obtained  In  other  molecules. 
The  value  of  t  U  smaller  by  a  factor  of  2  than  the  value 
derived  theoretic  illy  from  known  values  of  the  magnetic 
r-irslants  In  NH3  (Cu-vlrarUtr's  abstract) 


NYU.  02:008 

New  York  U.  Coll,  of  Engineering,  N.  Y. 

DIRECT  t  TYPE  DOUDUNG  TRANSITIONS  IN  CICN, 
by  L.  Yarntus.  Oct.  t8,  1956  1  5  j  p.  tncl.  dtagr.  tables. 
(Kept.  no.  289.8)  (AFOSfl  TN-56  505)  (AF  1 8( 600)968 ) 
AD  1 10320  Unclassified 

Also  published  in  Phys.  Rev.,  v.  105:  928  929,  Felt,  t, 
1957. 

Direct  t  type  doubling  transitions  have  been  observed 
la  CI35Ct2Nt4  for  J  17,  t8,  t9  and  23.  A  formula 
haj  been  constructed  tor  the  1  -  line  doubling  constant: 
q  7.467467  1 .  327  x  10‘ 5J(J  t  1).  The  absolute  value 

of  the  asymmetry  parameter  •  was  determined  lobe 
0.0101  •  0.0004.  (Contractor’s  abstract) 


NYU.  02:009 

New  York  U.  Coll,  of  Engineering,  N.  Y. 

HYPERF1NE  STRUCTURE  IN  THE  jf-TYPE  DOUBLING 
SPECTRUM  OF  HCN,  by  L.  Yarmus.  July  1,  1956.  6p. 
incl.  dtagr.  tables,  refs.  (Repl.  no.  289. 7)  (AFOSR- 
TN-56-506)  (AF  18(600)968)  AD  110321 

Unclassified 


15,  1956. 


,  Phys.  Rev.,  v.  104:365-367,  Oct. 


Abstract  published  In  Bull.  Amer.  Phys.  Soc.,  Series 
II,  v.  1:  13,  Jan.  30,  1956. 

Direct  jC-type  transitions  for  HCN  have  been  observed 
for  J  =  1,  2,  3,  4,  and  5.  Values  oblalned  of  the  asym¬ 
metry  parameter  q  -  -  0.  082  *  0.  005  and  the  magnetic 
coupling  constant  Ci  =  13  ±  5  kc/sec  are  In  good  agree¬ 
menl  with  previous  work.  For  N14  lhe  value  eqmQ  = 

-  4.  81  ±  0. 02  mc/sec  Is  5%  higher  than  thal  obtained 
In  the  ground  vibrational  state.  This  change  tn  eqmQ 
can  be  explained  by  a  decrease  In  the  hybridization  of 
the  o  bond.  (Contractor’s  abstract) 


NYU.  03:001 

New  York  U.  Coll,  of  Engineering,  N.  Y. 

A  PRACTICAL  APPROACH  TO  THE  PROBLEM  OF 
STALL  FLUTTER,  by  C.  -T.  Wang,  R.  J.  Vaccaro, 
and  D.  F.  De  Santo.  June  1955  [12 ip.  tncl.  dlagrs. 
tables.  (Repl.  no.  354-1)  ([  AF  JOSR-TN-55-98) 

(AF  18(600)1372)  AD  86237  Unclassified 

A  method  Is  presented  by  which  lhe  real  pari  of  the 
dynamic  moment  coefficient  may  be  obtained  from  a 
Butter  test  w.  »  ab.gte  blade  u»ctHattf.g  tn  turator.  alotit 
In  the  stall  region.  The  data  may  be  used  to  predict 
the  critical  flutter  velocity  and  frequency  of  a  blade 
with  lhe  same  gecanetmal  ft  -peril**  jfcc Mating  will, 

2  degrees  of  freedom  and  having  arbitrary  elastic  and 
Inertial  properties.  The  method  could  possibly  be  ap 
piled  to  cantilever  blades  by  using  either  a  representa¬ 
tive  section  or  a  Rayleigh- type  analysis.  Flutter  ex¬ 
periments  were  carried  out  In  the  7-  by  10 -  ft  wind 
tunnel  by  using  the  NACA  0012  airfoil  section  and  an 
airfoil  section  with  a  circular-arc  mean  chamber  tine 
of  25*  Included  angle  and  NACA  0007  thickness  distri¬ 
bution.  The  Reynolds  number  range  (or  the  tests  was 
about  1  to  3  x  105. 
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New  York  U.  Coll,  of  Engineering,  N.  Y. 

FLUTTER  VELOCITY  AND  AMPtJTUDE  PREDICTIONS 
ON  ISOl.ATED  BLADES  IN  STALLED  FLOW  BY 
SNGLE-DEGHEE-OF  FREEDOM  ANALYSIS,  by  11.  J. 
Vaccaro.  Jan.  1957  .  (06  p.  tncl.  Ulus,  dlagrs.  tables. 
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(Rept.  no.  354-2)  (AFOSR-TN-56-592)  (AF  18(600)- 
1372)  AD  115019  Unclassified 

The  stall  flutter  problem  for  isolated  compressor  blades 
is  Investigated  by  experli.wnlal  m%a:u,  will  .cut  :r.  attempt 
at  application  of  Information  from  the  classical  theory. 
Consequently,  significant  aerodynamic  data  are  sought 
in  the  stall  region.  A  method  Is  proposed  whereby  air¬ 
forces  may  be  computed,  using  the  equations  of  motion, 
from  a  single  degree  of  flutter  test.  These  airforces 
take  the  form  of  a  real  and  an  imaginary  part  of  the 
moment  coefficient  versus  k  for  given  values  of  Initial 
angle  of  attack,  elastic  axis  location,  and  airfoil  shape. 
Prediction  of  flutter  speeds  and  frequencies  and  esti¬ 
mates  of  torsional  amplitudes  of  cantilever  blades  In¬ 
stalled  flow  can  then  be  made. 


NYU.  04:001 

New  York  U.  Coll,  of  Engineering,  N.  Y, 

NEGATIVE  ION  EFFECT  IN  HALOGEN  QUENCHED 
GEIGER  COUNTERS,  by  H.  Sherman.  Aug.  8,  1956,  lv. 
lncl.  dlagrs.  tables,  refs.  (AFOSR-TR-56-32)  (AF  18- 
(600)1460)  AD  95807  Unclassified 

Using  pulsed  x-rays  as  a  source  of  Ionization,  measure¬ 
ments  of  time  lags  have  been  made  in  Geiger  counters 
filled  with  the  following  gases:  Ne  and  CI2'.  Ne,  A,  and 
CI2;  A  and  I2:  Ne  and  I2;  and  Kr  and  I2-  The  values  of 
time  lags  observed  range  from  13  to  0.  3m  sec  depend¬ 
ing  upon  the  concentration  of  halogen  gas  In  the  counter 
and  the  overvoltage.  It  Is  shown  that  the  delays  cannot 
be  due  to  negative  Ions,  but  are  probably  caused  by  the 
relatively  long  time  that  tt  takes  lur  the  halogen  mole¬ 
cules  to  de- excite  the  noble  gas  metastables  formed  In 
the  avalanche.  Assuming  that  negative  tons  are  formed 
In  the  counters,  Shlnohara  and  Akulsu  (Jour.  Set.  Res. 
Inst.  (Tokyo),  v.  47:80,  1953)  have  gtven  a  quantitative 
description  of  the  variation  In  counter  efficiency  as  a 
function  of  the  radial  distance  of  the  Ionizing  even!  from 
the  central  wire.  Using  a  collimated  beam  of  x-rays  to 
excite  the  counter,  the  above  theory  has  been  tested,  and 
good  agreement  of  theory  and  experiment  has  been  found. 
In  particular,  It  has  been  shown  that  the  formation  of 
negative  Ions  may  sharply  reduce  the  efficiency  of  a 
counter  near  the  cathode.  An  extension  of  the  above 
theory  Indicates  that  another  effect  of  negative  Ions  ts 
to  Increase  the  plateau  slopes  of  these  counters.  De¬ 
tailed  observations  of  plateau  slopes  support  this  con¬ 
clusion.  (Contractor’s  abstract) 
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New  York  U.  Coll,  of  Engineering,  N.  Y. 

PHOTO  THERMOEl-ASTtCtTY:  AN  EXPLORATORY 
STUDY,  by  G.  Gerard  and  A.  C.  Gilbert.  May  1956 
i  3?  ip.  lnci.  tilus.  diagrs.  tables.  (Technical  rept. 
no.  SM  56  11)  (tAF  OSll  TN  56-237)  (AF  18(600)- 
1471)  AD  88357  Unclassified 


The  optical  and  physical  properties  of  the  photoelastic 
plastic,  Paraplex  P-43  were  determined  from  70‘  to 
-40“  F.  This  caslable  polystryrene  resin  is  free  from 
the  time-edge  effect  and  can  be  cemented  with  relative 
eise.  The  techniques  a  wl  equipment  described  were 
developed  to  obtain  the  modulus  of  elasticity,  the  ma¬ 
terial  fringe  value,  and  the  thermal  expansion  coeffi¬ 
cient  as  a  function  of  temperature.  Procedu-  's  are 
recommended  for  the  embedding  of  thermocouples  In 
P-43  that  do  not  cause  disturbances  Ir  the  observed 
fringe  pattern.  Satisfactory  correlation  was  obtained 
between  the  observed  and  the  theoretically  determined 
fringe  distributions  in  disk  and  long  beam  models  which 
were  representative  of  the  Interference  and  the  thermal 
gradient  type  of  thermal  stress  fields,  respectively. 
For  short  beams,  severe  end  effects  were  observed 
which  extended  for  a  distance  about  equal  to  the  beam 
depth.  During  the  Initial  stages  of  sudden  temperature 
application,  the  thermal  stress  field  at  the  upper  edge 
and  free  end  regions  were  Independent  of  the  beam 
dimensions. 
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New  York  U.  Coll,  of  Engineering,  N.  Y. 

NOTE  ON  PHOTOTHERMOELASTICITY,  by  G.  Gerard 
and  A.  C.  Gilbert.  [  1956 J  [ljp.  lncl.  Ulus. 

[  AF  18(600)1471  ]  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  23:  702- 
703,  July  1956. 

Investigation  has  been  made  into  the  use  of  photoelastic 
tecb.WqutB  Vo  ielern.l!.e  thermal  stresses  arising  Iron, 
transient  temperature  gradients.  Since  photoelasUc 
materials  generally  creep  when  exposed  to  elevated 
temperatures,  the  temperature  gradient  was  established 
by  refrlgeraUon.  The  temperature  gradient  was  applied 
to  the  upper  surface  of  a  beam,  and  fringe  photographs 
were  taken  of  the  model  In  a  polarise  ope  al  successive 
time  Intervals.  Thermocouples  were  used  to  monitor 
the  temperature  distribution.  The  flrsl  picture  was 
taken  at  lime  of  maximum  fringe  order.  The  succeed¬ 
ing  pictures  laken  showed  that  the  fringe  order  de¬ 
creased  as  the  temperature  gradients  became  less 
severe. 
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New  York  U.  [  tnst.  of  Mathematical  Sciences  j  N.  Y. 

INFINITE  DETERMINANTS  IN  THE  THEORY  OF 
MATHIEU'S  AND  HILL'S  EQUATIONS,  by  W.  Magnus. 
Feb.  1953,  37p.  refs.  (Research  rept.  no.  Bit  1) 

(AF  18(600)367)  AD  9954  Unclassified 

Also  published  In  Pacific  .'our.  Math.,  v.  5  941-951, 
1955. 

The  existence  of  even  or  odd  solutions  of  Mathteu’s 
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equation  with  period  it  or  2rr  depends  on  the  vanishing 
ol  certain  Infinite  determinants.  These  determinants 
were  expressed  In  terms  of  the  values  of  the  even  or 
odd  solutions  at  X  =  tl/2,  *lie.e  X  Is  the  l.ldtpfc.idenl 
variable.  The  method  applied  uses  theorems  about  the 
order  of  growth  of  the  solutions  with  respect  to  both  x 
and  the  parameters.  A  representation  of  the  sola  ions 
as  a  finite  Fourier  Integral  was  also  derived  by  the 
melhod.  An  Indication  Is  given  as  to  how  far  the  results 
can  be  extended  to  the  case  of  more  general  equations 
of  Hill's  type.  The  periodic  solutions  of  the  Inhomogen¬ 
eous  Mathleu  equations  were  constructed  by  using  an  In¬ 
version  formula  for  certain  Infinite  malrices.  The  con 
nectlon  between  Hill's  equation  and  the  construction  of 
transparent  layers  Is  reviewed. 


NYU.  06:002 

New  York  U.  [Inst,  of  Mathematical  Sciences  j  N.  Y. 

THE  SCOPE  OF  THE  IMAGE  METHOD,  by  J.  B.  Keller. 
Apr.  1953,  lOp.  lncl.  lllus.  (Research  rept.  no.  BR-2) 
(AF  18(600)367)  AD  11888  Unclassified 

Also  published  In  Communications  on  Pure  and  Appl. 
Math.,  v.  6:  505-512,  Nov.  1953. 

The  Image  method  Is  defined  for  regions  In  Euclidean 
n-space  bounded  by  planes,  and  all  the  regions  to  which 
It  applies  are  determined  for  every  boundary-condition 
choice.  The  boundary  conditions  considered  Include 
G  =  0,  JG/Jn  =  0,  and  8G/dn  ♦  hG  =  0,  where  G  repre¬ 
sents  Green's  funclio:)  and  h  is  a  constant.  The  method 
is  also  applicable  lo  differential  equations  on  the  surface 
of  a  sphere  and  to  regions  bounded  by  great  circles.  All 
the  regions  on  the  sphere  to  which  lhe  method  applied 
are  obtained.  The  main  difficulty  In  extending  lhe  meth¬ 
od  to  Hlemann  surfaces  Is  the  construction  of  lhe  Green's 
function  for  full  space.  An  extension  Is  also  possible  lo 
regions  bounded  by  an  even  number  of  pair-wise  parallel 
planes  with  the  boundary  condition  of  periodicity.  For 
certain  regions  only  a  finite  number  of  images  occur, 
and  the  sums  used  In  defining  the  Green’s  function  are 
finite.  Convergence  of  the  sums  musi  be  examined  for 
other  cases. 
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New  York  U.  I  Inst,  of  Mathematical  Sciences  ,  N.  Y. 

ALGEBRAIC  ASPECTS  IN  THE  THEORY  OF  SYSTEMS 
OF  LINEAR  DIFFERENTIAL  EQUATIONS,  by  W. 
Magnus.  June  1953,  35p.  refs.  (Research  rept.  no. 
Bft  3)  (AF  18(600)367)  AO  11714  Unclassified 


non- commutative  ring,  and  analytic  criteria  are  de¬ 
rived  for  the  existence  of  solutions  of  systems  of  linear 
differential  equations  In  terms  of  a  finite  number  of 
quadratures.  The  lange  ol  Vatidtly  Is  ulovuaaeu  lul  Hit 
representation  of  solutions  in  the  form  of  an  exponential 
function  of  a  matrix.  The  case  corresponding  to  a 
aecoiid-oTdtr  diHtTttrtial  equation  la  studied  In  detail. 
(ASTIA  abstract) 


NYU.  06:004 


New  York  U.  Inst,  of  Mathematical  Sciences,  N.  Y. 


EIGENFUNCTION  EXPANSIONS  ASSOCIATED  WITH  A 
NON- SELF -ADJOINT  DIFFERENTIAL  EQUATION,  by 
B.  F rledman  and  L.  I.  Mlshoe.  Jan.  1954,  29p.  (Re¬ 
search  rept.  no.  BR-4)  ([  AFjOSR-TN-54-24) 

(AF  18(600)367)  AD  18195  Unclassified 


Pacific  Jour.  Math.,  v.  6:  249-270, 


1956. 


Consideration  Is  given  to  the  problem  of  expanding  a 
function  of  bounded  variation  In  terms  of  the  eigenfunc¬ 
tions  of  a  non-self-adjolnt  differential  system,  u"  + 
q(x)u  ♦  a  [  p(x)u  -  u‘  J  =  0,  where  u(0)  =  u(l)  =  0.  Re¬ 
strictions  which  were  previously  Imposed  were  elimi¬ 
nated.  A  proof  Is  given  of  the  theorem:  Lei  F(x)  be  a 
function  of  bounded  variation  for  0  <.x  <_  1  and  let 
un(x)  be  the  eigenfunctions  of  the  system  X  B)u  =  0, 

u(0)  =  u(l)  =  0,  where  A  Is  the  operator  4  q(x)  and 

where  B  is  the  operator  -  -S-  *  p(*).  Further,  let 
vn(*)  0,6  eigenfunctions  of  the  system  adjolnl  to 

(A  4  >B)u  *  0,  u(0)  =  u(l)=  0:  and  let  C(*  )e  lgt  be  the 
Wronsklan  of  lhe  equation  (A  4  >  B)u  -  0.  If 


F(04  )  4  exp  '  - 


pdt  F(l-)  =  0(1),  then  the  series 


un(*> 


jt  ,  PDVnt? )*v'n(‘)  ,d'e- 
F(c)  I - 


(II)  con- 


-o  C’(>n) 

verges  to  F(x)  at  every  point  where  F(x)  Is  continuous 
In  0  <  x  -  I.  A1  all  olher  points,  the  series  converges 
to  '  ,F(x  4  0)  4  '>F(x  -  0).  If  F(x)  does  nol  satisfy  the 
boundary  conditions  I,  then  the  series  U  converges  to 


'<iF(x  1  0)  4  '  rF(x  -  0)  - 'Aexpf  ^pdi  F(0r  )  4 

o 


exp  -  *  pdt  F(1  )|. 
o 
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I  Communications  on  Pure  and  Appl. 
Math.,  v.  7:649-673,  Nov.  1954. 


A  discussion  Is  presented  of  the  connection  belween  the 
Baker  Hausdorff  formula  and  systems  of  linear  differ¬ 
ential  equations.  A  proof  ts  given  of  an  algebraic 
theorem  which  characterizes  l.te-elements  In  a  free 


New  York  U.  Intel,  of  Mathematical  Sciences,  N.  Y. 

THE  BEHAVIOR  OF  THE  SOLUTIONS  OF  AU=  F(x,  U) 
IN  THE  NEIGHBORHOOD  OF  A  I>OfNT,  by  M.  Muller. 
Mar.  1954,  18p.  (Research  rept.  no.  BH-5) 

('.  AF  OSH-TN  54  52)  (AF  18(600)367)  AD  32487 

Unclassified 
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Also  published  In  Communications  on  Pure  and  Appl. 
Math.,  v.  7:  505-515,  Aug.  1954. 

The  solution  of  the  equation  Au  +  k2U  =  0,  where  the 
function  k2  Is  bounded  and  not  necessarily  analytic  and 
A  Is  the  p-dtmenslonal  Laplaclan,  Is  shown  to  vanish 
Identically  If  It  vanishes  at  a  potnt  more  strongly  than 
any  power  of  the  distance  from  that  point.  An  analogous 
theorem  Is  proved  for  the  equation  Au  =  F(x,  u),  where 
F  satisfies  a  Llpschltz  condition.  (Contractor's  abstract) 
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New  York  U.  Inst,  of  Mathematical  Sciences,  N.  Y. 


Oct.  1954,  20p.  (Research  rept.  no.  BR-8) 

([  AF]OSR-TN- 54-308)  (AF  18(600)367)  AD  50774 

Unclassified 

Also  published  in  Proc.  Amer.  Math.  Soc.,  v.  6:  88C- 
890,  Dec.  1955. 

A  Fourier  theorem  Is  proved  whtch  establishes  a  one- 
to-one  correspondence  between  n  x  n  matrices  depend¬ 
ing  on  a  real  parameter  and  n  x  n  matrices  depending 
on  the  elements  of  a  variable  hermltlan  matrix  and 
satisfying  certain  differential  equations.  The  analogue 
of  the  Plancherel  formula  Is  shown  to  be  true  of  this 
Fourier  theorem. 


INFINITE  DETERMINANTS  ASSOCIATED  WITH  HILL'S 
EQUATION,  by  W.  Magnus.  June  1954,  16p.  (Rept. 
no.  BR-6)  ([  AF]OSR-TN-54-141)  (AF  18(600)367) 

AD  40175  Unclassified 

Also  published  In  Pactftc  Jour.  Math. ,  v.  5,  Suppl.  2: 
941-951,  1955. 

The  analytic  character  of  the  transcendental  function 
whose  zeros  determine  the  pertodlc  solutions  of  Hill's 
equation  Is  Investigated.  This  Is  done  by  a  study  of 
the  elements  of  the  factors  of  the  lnftnlle  determinant 
which  occurs  In  this  transcendental  function.  (Contrac¬ 
tor's  abstract) 
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New  York  U.  insl.  of  Mathematical  Sciences,  N.  Y. 

DETERMINATION  OF  COEFFICIENTS  OF  CAPACI¬ 
TANCE  OF  REGIONS  BOUNDED  BY  COLUNEAR  SILTS 
AND  OF  RELATED  REGIONS,  hy  B.  Epstein.  Aug. 
1954,  13p.  lncl.  dlagrs.  table.  (Research  rept.  no. 
BR-7)  ([AFlOSR  -TN-54-195)  (AF  18(600)387) 

AD  43984  Unclassified 


NYU. 06:009 

New  York  U.  Inst,  of  Mathematical  Sciences,  N.  Y. 

A  CONVERGENT  ASYMPTOTIC  REPRESENTATION 
FOR  INTEGRALS,  by  J.  Franklin  and  B.  Friedman. 
Dec.  1954,  18p.  (Research  rept.  no.  BR-9) 
([AFjOSR-TN-54-342)  (AF  18(600)367)  AD  50658 

Unclassified 

Also  published  In  Proc.  Cambridge  Philos.  Soc. 
(England),  v.  53:  612-619,  1957. 

A  new  method  Is  presented  for  obtaining  an  asymptotic 
representation  for  tntegrals  of  the  form 


tf  f(x)  satisfies  certain  conditions  this  representation 
Is  also  convergent.  Numerical  calculations  seem  to 
show  that  the  first  term  of  the  representation  gives  a 
close  approximation  to  the  value  of  the  integral  for  a 
wide  range  of  values  of  p.  (Contractor’s  abstract, 
modified) 

NYU.  06:010 


Also  published  In  Quarl.  Appl.  Math.,  v.  14:  125-132, 
July  1956. 

A  number  of  formulas  are  derived  for  the  coefficients  of 
capacitance  of  a  domatn  which  consists  of  the  enltre 
plane  mtnus  any  finite  number  of  colltnear  silts.  11  Is 
shown  that  any  of  a  broad  class  of  domatns  possessing 
a  cerlatn  symmetry  property  Is  conformally  equivalent 
lo  such  a  "slll-domatn,  "  and  lhal  the  problem  of  de- 
lermtng  lhe  conformal  correspondence  Is  essentially  one 
of  mapping  slmply-connecled  domains  rather  than 
multtply -connected  ones.  As  an  tllustratton,  lhe  coef¬ 
ficients  of  capacitance  of  a  "bt-fttar  shielded  cabel" 
are  computed.  (Contractor's  abstract) 
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New  York  U.  Inst,  of  Mathematical  Sctences,  N.  Y. 

A  FOURIER  THEOREM  KOlt  MATRICES,  by  W.  Magnus. 


New  York  U.  Insl.  of  Mathematical  Sciences,  N.  Y. 

LIE  ALGEBRAS  ARISING  FROM  SYSTEMS  OF  UNEAR 
DIFFERENTIAL  EQUATIONS,  by  M.  J.  Heilman.  1954, 
lOp.  (AF  18(600)367)  Unclasstfled 

The  n  x  n  matrix  A(t),  a  (unction  of  t,  Is  used  lo  study 
the  characteristics  of  a  general  system  of  n  homogene¬ 
ous  linear  differential  equations  of  lhe  first  order  for  n 

unknown  functions  wtth  A'  -  as  tts  matrix  of  coef- 
dt 

flctents.  A  solutton  of  =  A'Y,  where  Y  ts  an  n  x  n 
dl 

matrix  whose  column  vectors  are  a  set  of  n  linearly 
dy  ,i 

Independent  solutions  of  - -  =  a  (t)y  A 

dt  _  1  v.n  w. 

(a  ),  v  t,  2,  ,  n.  Is  shown  to  be  most  simply 

0V'  exp  A,i),lf  the  commutator  relatton  Fa’R),  A(l)1 
A'  (t)  A(t)  -  A(l)  A ' ( t )  0  Is  valK.  If  HUS  ts  so,  a  test 

Is  provided  for  tntegrabtltty  In  1  ite  terms  which  works 
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In  some  non-lrlvlal  cases.  The  Lie  ring  is  relaied  to 
the  hypothetical  one  generated  by  the  matrices  Av. 
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New  York  U.  lnsl.  of  Mathematical  Sciences,  N.  Y. 

ON  THE  EXPONENTIAL  SOLUTION  OF  DIFFERENTIAL 
EQUATIONS  FOR  A  LINEAR  OPERATOR,  by  W.  Magnus. 
[1954]  [  25] p.  [AF  18(600)367]  Unclassified 

Also  published  in  Communications  on  Pure  and  Appl. 
Math.,  v.  7:649-673,  Nov.  1954. 

The  first  pari  of  the  paper  gives  a  proof  and  applications 
ol  a  characterization  ol  the  Lie  elements  In  a  tree  asso¬ 
ciative  algebra  R  with  n  free  generators  x, . xn 

over  a  field  fQ  with  zero  characteristic  applied  by 
Friedrichs  In  his  quantum- mechanical  investigations 
(same  Communications,  v.  6:  1-72,  1953).  An  element 
of  R  can  be  uniquely  written  as  a  linear  combination 

F(*l . V  ol  P°wer  pr«*ucls  x“  J  . . .  x^(vj  =/= 

Vj  7^-  •  •  ^  vm;  m  =  0,  1,  . . . )  with  coefficients  from 
fg  or,  In  an  extended  sense,  as  a  formal  power  series. 

A  Lie  element  of  R  Is  an  element  which  can  be  generated 

from  xj . xn  by  the  Lie  multiplication  [uv]  =  uv  - 

vu  and  linear  combinations.  Let  K'  be  an  Isomorphic 
replica  of  R,  and  R  the  direct  product  of  R  and  R'.  R 
Is  generated,  say  In  case  of  lwo  generators  xj  =  x, 

%2=  y  of  R,  from  four  generators  x,  y,  x',  y'  satisly- 
lng  the  conditions  xx'  =  x'x,  xy'  =  y'x,  yx'  =  x'y,  yy'  = 
y'y.  Friedrichs'  theorem  says:  F(x,  y)  Is  a  Lie  ele¬ 
ment  If  and  only  If  F(x  ♦  x',  y  ♦  y')  -  F(x,  y)  ♦  F(x’,y’;. 
The  author  gives  a  proof  of  the  theorem  and  applies  It 
lo  a  derivation  of  lhe  Baker- Hausdorff  lormula  which 
shows  thal  lhe  unique  solution  z  of  the  equation  e*eY  s 
ez  is  a  Lie  elemenl  ol  lhe  lree  algebra  generated  by  x 
and  y.  The  author  further  Investigates  a  continuous 
analogue  ol  the  Daker-Hausdorll  lormula:  lei  A(l)  be  a 
known  function  In  R  ol  a  real  parameter  1.  Assuming 
thal  a  differentiation  with  respect  lo  1  may  be  defined 
obeying  lhe  ordinary  laws  of  differentiation,  the  differ¬ 
ential  equation  dU/dl  =  AU  with  the  Initial  condition 
U(0)  =  I  may  be  considered.  The  problem  Is  lo  show 
that  the  solution  U(t)  can  be  written  in  the  lorm  U(l)  - 
expQ(l)  with  anH(t)  obtainable  from  A(l)  by  the  opera¬ 
tions  of  Lie  multiplication  and  integration  processes. 

A  lormula  is  obtained  satisfying  these  requirements 
(see  also  corresponding  considerations  in  Feynman, 

Phys.  Rev.,  v.  84:108-128,  1951).  The  convergence 
questions  connected  with  the  formula  are  then  discussed 
In  the  second  part  of  the  paper,  In  particular  for  the 
Unite  matrix  algebra  over  the  complex  field  and  various 
sulllctent  conditions  lor  convergence  are  obtained. 

(Math.  Rev.  abstract) 

NYU.  06:012 

New  York  U.  Inst,  ol  Mathematical  Sciences,  N.  Y. 

UE  ALGEBRAS  ARISING  FROM  SYSTEMS  Ol  LINEAR 
DIFFERENTIAL  EQUATIONS,  by  M.  J.  Heilman.  Mar. 
1955,  t3p.  (Research  rept.  no.  Bit-10)  (  AF  OSII- 


TN-55-76)  (AF  18(600)367)  AD  60948 

Unclassified 

11  Is  known  thal  (a)  If  the  commutator  of  A(l)  and  A'(t) 
vanishes,  or  (b)  If  the  commutator  of  A(lj)  and  A(l2) 
vanishes  for  all  li  and  12,  then  the  solution  of  the  Ini¬ 
tial-value  problem  for  the  system  of  linear  ordinary 
differential  equations  Y'  =  A(1)Y  can  be  written  as 
Y=  exp[A(l)J  .  Obviously,  condition  (b)  Implies  (a). 

In  this  study,  examples  are  Investigated  In  which  (a) 

Is  satisfied,  but  nol  (b).  This  may  happen  even  when 
A(l)  Is  a  matrix  of  polynomials,  and  even  when  A(l) 
cannot  be  transformed  Into  triangular  form.  The  pres¬ 
ent  work  extends  results  obtained  previously  by  W. 
Magnus  (Item  no.  NYU.  06:003).  (Contractor's  abstract) 


NYU.  06:013 

New  York  U.  Inst,  of  Mathematical  Sciences,  N.  Y. 

LINEAR  DIFFERENTIAL  EQUATIONS  IN  BANACH 
SPACES,  by  T.  Kalo.  June  1955,  12p.  (Research 
rept.  no.  BR-11)  ([  AF  JOSR-TN-55-176)  (AF  18- 
(600)367)  AD  66235  Unclassified 

Presented  at  Symposium  on  Partial  Differential  Equa¬ 
tions,  Calif.  U. ,  Berkeley,  June  20-Julyl,  1955. 

Also  published  In  Communications  on  Pure  and  Appl. 
Math.,  v.  9:479-486,  Aug.  1956. 

Also  published  In  Trans.  Symposium  on  Partial  Dif¬ 
ferential  Equations,  Calif.  U. ,  Berkeley  (June  20- July 
1,  1955),  N.  Y. ,  lnlersclence  Publishers,  Inc.,  1955, 
p.  181  188. 

A  differential  equation  of  the  form  du(t)/dl  =  A(l)u(l)  ♦ 
f(l)  In  a  Banach  space,  with  nonbounded  linear  opera¬ 
tors  A(l),  Is  Investigated.  Some  uniqueness  and  exist¬ 
ence  theorems  are  proved.  11  Is  hoped  thal  the  results 
may  be  applicable  lo  linear  partial  differential  equations 
of  parabolic  or  hyperbolic  type.  (Contractor's  abstract) 


NYU.  06:014 

New  York  U.  Insi.  of  Mathematical  Sciences,  N.  Y. 

AN  ABSTRACT  FORMULATION  OF  THE  METHOD  OF 
SEPARATION  OF  VARIABLES,  by  B.  Friedman.  July 
1955,  25p.  lncl.  dlagrs.  (Research  repl.  no.  Bit -1 2) 

(i  AF  jOSit-TN-55-219)  (AF  18(600)367)  AD  68272 

Unclassified 

Also  published  in  Proc.  Conlerence  on  Dllferentlal 
Equations,  Maryland  U. ,  College  Park,  Mar.  17-19, 
1955,  p.  209  226. 

The  concept  ol  (he  direct  product  ol  Hilbert  spaces  is 
used  to  show  that  the  Idea  ol  the  separation  of  variables 
leads  to  a  method  lor  solving  operator  equations  in 
which  (he  operator  is  a  sum  ol  (he  direct  products  ol 
operators  in  the  taclor  spaces.  A  discussion  ol  the 
manner  in  which  boundary  conditions  aitect  the  use  ol 
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separation  of  variables  shows  that  certain  boundary- 
value  problems  for  hyperbolic  equations  have  a  well- 
defined  solution.  A  contour  Integral  representation  for 
the  solution  of  some  partial  differential  equations  Is 
obtained  which,  by  suitable  deformation  of  the  contour, 
gives  alternative  representations  for  the  solution.  This 
representation  shows  that  the  Green's  function  for  a 
partial  differential  equation  may  be  written  as  the 
convolution  of  the  Green's  function  for  the  separated 
ordinary  differential  equations.  A  study  of  the  form  of 
the  solution  given  by  the  contour  representation  lndl- 
cates  the  manner  In  which  the  Sommerfleld  radiation 
condition  ensures  the  uniqueness  of  the  solution  of 
boundary -value  problems  for  Infinite  domains. 


NYU.  06:015 

New  York  U.  Inst,  of  Mathematical  Sciences,  N.  Y. 

AN  APPLICATION  OF  STURM-LIOUVILLE  THEORY 
TO  A  CLASS  OF  TWO-PART  BOUNDARY-VALUE 
PROBLEMS,  by  S.  N.  Karp.  Aug.  1955,  23p.  lncl. 
dlagrs.  (Research  rept.  no.  BR-I3)  ([AFj)oSR  TN- 
55-315)  (AF  18(600)367)  AD  74278  Unclassified 

Also  puhllshed  In  Proc.  Cambridge  Philos.  Soc. 
(England),  v.  53:  368-381,  Pt.  2,  1957. 

A  simple  solution  of  a  general  problem  Involving  a 
bifurcated  waveguide  Is  presented.  The  purpose  of  the 
work  Is  to  explain  a  new  and  simple  method  of  solving 
such  problems  and  to  exhibit  an  organic  connection 
between  Sturm-Llouvllle  *heory  and  the  theory  of  2- 
part  boundary  value  problems.  (Contractor's  abstract) 


NYU.  06:016 

New  York  U.  Inst,  of  Mathematical  Sciences,  N.  Y. 

ASYMPTOTIC  SOLUTIONS  OF  MAXWELL'S  EQUATIONS 
INVOLVING  FRACTIONAL  POWERS  OF  THE  FREQUEN¬ 
CY,  by  M.  Kline.  Oct.  1955  L  20  j  p.  lncl.  dlagrs.  refs. 
(Research  repl.  no.  BR-14)  ([  AF  OSR-TN-55-396) 

(AF  18(600)367)  AD  82977  Unclassified 

Also  published  In  Communications  on  Pure  and  Appl. 
Math.,  v.  8:595-614,  Nov.  1955. 

A  pulse  solution  of  Maxwell's  equations  Is  the  electro¬ 
magnetic  field  resulting  from  a  source  having  a  Heavi¬ 
side  unit  function  time  behavior.  The  corresponding 
steady -state  solution  Is  the  field  originating  from  the 
same  source  but  having  a  harmonic  time  behavior.  This 
mathematical  study  relates  the  singularities  of  the  pulse 
solution  (discontinuities  of  E,  H,  or  their  time  deriva¬ 
tives)  with  respect  to  the  time  variable  to  the  steady- 
state  field.  It  shows  that  the  steady-state  field  can  be 
expressed  as  a  sum  of  fields  each  determined  by  a  sin¬ 
gularity  of  the  pulse  solution.  In  particular,  the  asynip 
(otic  expansion  ol  the  steady -state  field  in  powers  of 
1/u),  wherew  Is  the  harmonic  frequency,  Is  determined 


completely  by  the  behavior  of  the  pulse  solution  In  the 
neighborhood  of  Its  singularities.  The  singularities 
permitted  In  this  study  Include  Infinities  of  any  one  of 
the  successive  time  derivatives  of  the  pulse  field  vec¬ 
tors  E  and  H  and  give  rise  to  asymptotic  series  in 
fractional  powers  of  l/'n.  The  principal  theorem  gen¬ 
eralizes  an  earlier  result  In  which  only  the  zeroth  and 
positive  Integral  powers  of  1  /■«  occurred  in  the  asymp¬ 
totic  series.  (Contractor’s  abstract) 


NYU.  06:017 


New  York  U.  Inst,  of  Mathematical  Sciences,  N.  Y. 

A  NEW  METHOD  FOR  SOLVING  FREDHOLM  INTEGRAL 
EQUATIONS,  byC.  Muller.  Nov.  1955  [  6  J  p.  (Re¬ 
search  rept.  no.  BR-15)  ([  AF  JOSR-TN-55-397) 

(AF  18(600)367)  AD  82979  Unclassified 

Also  puhllshed  In  Communications  on  Pure  and  Appl. 
Math.,  v.  8:  635-640,  Nov.  1955. 

The  "method  of  maximum  gradient"  which  originally 
applied  to  systems  of  linear  algebraic  equations  Is  ex¬ 
tended  to  Hilbert  spaces.  It  is  shown  that  this  method 
gives  a  convergent  series  for  the  solutions  of  a  class 
of  linear  operator  equations  which  Include  the  Fredholm 
equation.  (Contractor's  abstract) 


NYU.  06:018 

New  York  U.  Inst,  of  Mathematical  Sciences,  N.  Y. 

OPERATORS  WITH  A  CLOSED  RANGE,  by  B. 

Friedman.  Dec.  1955  [l2]p.  (Research  rept.  no.  BR- 
16)  (I  AFjOSR-TN-55-398)  (AF  18(600)367)  AD  82978 

Also  published  In  Communications  on  Pure  and  Appl. 
Math.,  v.  8:  539-550,  Nov.  1955. 

Linear  operators  with  closed  ranges  are  studied  in 
Hilbert  space,  it  Is  proved  that  If  a  (possibly-bounded) 
operator  L  and  Its  adjoint  L*  have  closed  ranges,  then 
so  does  the  operator  L<  D,  where  D  is  any  dyad  opera¬ 
tor,  l.e. ,  D  Is  defined  as  D  :  ;•  J  x),  where  a( 

and  b(  ,  1  =  1,  ....  k,  are  elements  of  the  Hilbert  space. 
This  result  Is  used  to  give  a  simple  proof  of  the  "al¬ 
ternative"  theorem  for  (1)  systems  of  n  simultaneous 
equations,  and  (2)  equations  of  the  form  x  ♦  Cx  =  a, 
where  C  Is  any  linear  cornptete'y  continuous  operator. 
(Contractor's  abstract) 

NYU.  06:019 

New  York  U.  Inst,  of  Mathematical  Sciences,  N.  Y. 

EXPONENTIAL  SOLUTIONS  OF  SECOND  ORDER  SYS¬ 
TEMS,  by  A.  Shenltzer.  Apr.  1956,  lip.  (Research 
rept.  no.  Bit- 17)  (AFOSR-TN- 56-  172)  (AF  18(600) 

367)  AD  86595  Unclassified 


605 


AIR  FORCE  SCIENTIFIC  RESEARCH 


NYU.  08:020  -  NYU.  07:002 


It  ts  shown  (or  a  2  x  2  matrix  depending  analyttcally 
on  a  parameter  t  that  the  vanishing  o(  all  Lie  functionals 
of  an  order  exceeding  a  gtven  but  arbttrartly  large 
number  tmpltes  the  vantshtng  of  the  second-order  Lie 
functional.  Some  relations  of  Heilman  for  the  coeffi¬ 
cients  of  a  matrtx  whtch  is  analytic  tn  t  and  has  certatn 
vanishing  Lie  functionals  are  generalized.  (Contractor's 
abstract) 


NYU.  06:020 

New  York  U.  Inst,  of  Mathematical  Sciences,  N.  Y. 

ADDITIONAL  THEOREMS  FOR  THE  FUNCTIONS  OF 
THE  PARABOLOID  OF  REVOLUTION,  by  H.  Hochstadl. 
May  1956,  22p.  (Research  rept.  no.  BR-I8)  (AFOSR- 
TN-56-I90)  (AF  18(600)367)  AD  87063 

Unclassified 

Also  publtshed  In  Pactftc  Jour.  Math.,  v.  7:  1365-1380, 
1957. 

The  functions  of  the  parabolotd  of  revolution  are  defined, 
and  expanstons  or  addttton  theorems  are  gtven  which  re¬ 
sult  from  a  translation  of  the  axes  along  the  axis  of 
symmetry,  a  translation  of  the  axes  perpendicular  to 
the  axis  of  symmetry,  and  a  rotation  of  coordinates. 
Infinltestmal  transformations  are  also  discussed. 

(ASTIA  abstract) 


NYU.  06:021 

New  York  U.  Inst,  of  Mathematical  Sctences,  N.  Y. 

ON  THE  FUNCTIONS  OF  THE  PARABOLIC  CYLINDER, 
by  D.  I.  Epstetn.  June  1956,  24p.  (Research  rept.  no. 
BR- 19)  (AFOSR-TN-  56-270)  (AF  18(600)367) 

AD  88990  Unclasstfted 

An  addition  theorem  Is  ot.mr.ed  lor  the  separated  aulu 
lions  of  the  reduced  wave  equation  In  parabolic  cylinder 
coordinates;  It  Is  based  on  the  property  that  the  reduced 
wave  equation  Is  Invariant  under  tranalaUcna  and  rota¬ 
tions  of  the  coordinate  system.  An  tnteresltng  feature 
of  the  theorem  ts  that  lhe  baste  set  of  the  separated 
solutions  that  are  regular  and  one -valued  everywhere 
ts  spltt  tnto  two  dlsjotnl  subsets  such  that  the  additton 
theorem  for  the  funettons  of  one  set  tnvotves  functions 
of  lhat  set  only.  A  brief  dlscusston  ts  devoted  io  the 
problem  of  expandtng  any  separated  one -valued  regular 
solutton  tn  terms  of  the  solutions  belongtng  lo  the  baste 
set.  Certatn  tniegrals  which  artse  tn  dtffraction  prob¬ 
lems  and  tnvolve  funettons  of  the  parabolic  cylinder  are 
evatuated  asymptoltcally  for  large  values  of  a  parameter. 
The  parameter  tn  question  ts  the  rectprocat  wavelength 
of  lhe  tnetdent  eiectromagnettc  fteld.  (Contractor's 
abstract) 


THEORY,  by  I.  J.  Epstetn.  Oct.  1956,  3Ip.  (Re¬ 
search  rept.  no.  BR- 20)  (AFOSR-TN- 56-489) 

(AF  18(600)367)  ADII0302  Unclasslfted 

The  problem  of  dtffraction  of  a  plane  wave  by  actrcular 
aperture  tn  a  place  screen  has  been  treated  by  Levine 
and  Schwtnger,  who  reduced  tt  to  a  system  of  tnltnltely 
many  Itnear  equattons.  This  system  has  been  modtfted 
by  Bouwkamp,  and  Magnus  has  proved  that  Bouwkamp's 
system  Is  equtvatent  to  a  Fredholm  Integral  equatton  of 
the  second  kind.  If  a  =  ka,  where  k  ts  the  wave  num¬ 
ber  of  the  Incident  wave  and  a  denotes  the  radtus  of  the 
circular  aperture,  then  the  coefficients  of  Bouwkamp' s 
system  depend  on  a.  Thetr  asymptotic  behavior 
for  a  — t  Is  Investigated  and  expliett  expressions  for 

the  ftrst  few  ierms  are  stated  tn  thts  report.  The  In¬ 
tegral  equation  equivalent  to  Bouwkamp's  system  de¬ 
generates  tnto  an  tntegral  equation  of  the  first  kind  as 
a  — >  oo  .  The  solution  of  the  degenerate  tntegral  equa¬ 
tton  can  be  gtven  expltcttly,  and  a  perturbation  method 
yields  some  formulas  for  the  solution  of  the  orlgtnal 
equatton  If  u  ts  large. 


NYU.  07:001 

New  York  U.  Phystcs  Dept. ,  N.  Y. 

PERSISTENT  INTERNAL  POLARIZATION,  by  H.  P. 
Kallmann.  Annual  rept.  Oct.  15,  1954-Oct.  14,  1955. 
Jen.  1953,  78p.  tncl.  dtagrs.  tables,  (Progress  rept. 
no.  5)  (AFOSR-TN- 56- 49)  (AF  18(600)1004)  AD  81041 

Unclasslfted 

The  behavior  of  perststent  tnternal  polarization  (PIP) 
tn  various  powder  samples  Is  Investigated.  Two  meth¬ 
ods  are  developed  for  producing  samples  havtng  re¬ 
producible  values  of  polarization  under  all  conditions, 
the  PIP  of  whtch  can  be  predicted.  The  laws  of  itght 
release  and  of  spontaneous  decay  are  considered,  and 
lhe  dependence  of  PIP  on  the  thickness  of  the  sample 
Is  determined.  As  *  resell  o!  Hits  study,  *  i.iewne  ul 
Increasing  considerably  the  polarization  unit  area  has 
been  found.  A  charge  of  over  10‘7  coulombs/eq  cm 
has  been  observed  with  a  decay  of  only  25(  In  24  hr 
(Contractor's  abstract,  modtfted) 


NYU.  07:002 

New  York  U.  Phy.Mlcs  Dept. ,  N.  Y. 

HOLE  MOTION  IN  ANTHRACENE  CRYSTALS,  by  H.  P. 
Kallmann  and  M.  Silver  [  1956  i  3p.  lncl.  tables. 

[  AF  18(600)1004  1  Unclasslfted 

Published  In  Proc.  of  meeting  on  "Fluorescence  and 
Photoconductivity"  Garnlsch- Partenklrchen  (Germany), 
Aug.  1956.  ' 


NYU.  06.022  The  rectifying  effect  observed  previously  tn  Inorganic 

photoconductive  crystals  and  powders  when  these  sub- 

New  York  U.  Inst,  of  Mathematical  Sciences,  N.  Y.  stances  are  exctled  tn  a  thtn  layer  adjacent  lo  one  of 

the  electrodes  has  been  explained  on  the  assjmptton 

ON  A  FREDHOLM  EQUATION  IN  DIFFRACTION  that  the  electron  ts  the  prtmary  carrier  of  charge 
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since  the  current  was  larger  when  the  excited  layer  was 
next  to  the  negative  electrode.  Sentner  observed  the 
reverse  effect  In  organic  crystals.  The  conclusion 
being  that  holes  are  the  primary  carrter  of  charge  here. 
These  experiments  have  a  limitation  that  the  electrodes 
may  have  an  unknown  effect  on  the  entire  process.  This 
paper  describes  experiments  In  which  the  effects  of  the 
electrodes  are  eliminated  by  measuring  the  rate  of 
production  and  light  release  of  the  Internal  polarization. 
Stnce  only  the  Internal  polarization  Is  observed,  there 
Is  no  effect  of  electrodes  on  the  process.  These  meas¬ 
urements  confirm  the  conclusion  that  the  positive  holes 
are  the  more  mobile  charge  carriers.  (Contractor's 
abstract) 


Norman  Bridge  Lab.  of  Physics,  Pasadena,  Caltf.  see 
Caltfornla  Inst,  of  Tech.  Norman  Bridge  Lab.  of 
Phystcs,  Pasadena. 


NAA.  01:001 

North  America  Aviation,  Inc.,  Downey,  Calif. 

ON  THE  BOUNDARY  LAYER  WITH  VARIABLE 
PRANDTL  NUMBER,  by  E.  R.  van  Driest.  Sept.  1, 
1954,  17p.  dlagrs.  tables,  refs.  [  AFOSR-TN-54-259  ] 

[  AF  18(600)786  ’  Unclasstfled 

In  supersonic  flight,  the  heating  of  air  vehicles  due  to 
friction  in  the  boundary  layer  Is  becoming  more  and 
more  acute,  primarily  for  structural  reasons.  However, 
the  relation  between  aerodynamic  heating  and  fluid  fric¬ 
tion  ts  a  strong  function  of  the  Prandtl  number,  which 
ts  a  measure  of  the  relative  capacttles  of  the  flutd  to 
transport  locally  momentum  and  energy.  The  Prandtl 
number  ordinarily  vartes  across  the  boundary  layer, 
and  will  be  considered  In  this  paper  to  be  due  to  turbu¬ 
lent  as  well  as  laminar  motion.  Whether  the  boundary 
layer  be  laminar  or  turbulent,  the  variable  Prandtl 
number  appears  tn  the  recovery  and  Reynolds-analogy 
factors  which  arise  tn  the  mathematical  analysts  of  the 
rate  of  heat  transfer  to  or  from  the  boundary  layer.  It 
ts  the  object  of  this  paper,  therefore,  to  derive  first 
the  general  expressions  for  the  recovery  and  Reynolds- 
analogy  factors  valid  for  both  laminar  and  turbulent 
flow  and,  then  to  calculate  numertcal  results  for  experi¬ 
mental  and  destgn  purposes.  (Contractor's  abstract) 


NAA.  01:002 

North  American  Avtatlon,  Inc.,  Downey,  Calif. 

THE  LAMINAR  BOUNDARY  LAYER  WITH  VARIABLE 
FLUID  PROPERTIES,  by  E.  R.  van  Driest.  Jan.  19, 
1954,  46p.  tncl.  dlagrs.  (Ilept.  no.  AL-1866)  (AF  18- 
(600)786)  AD  40547  Unclassified 


presented  for  flat  plates  subjected  to  a  large  'ange  of 
Mach  number  In  the  Isothermal  atmosphere  and  In 
heated  wind  tunnels  at  supply  temperatures  from  0° 
to  2000°F.  The  NBS-NACA  gas  tables  were  used. 
Experimental  data  on  recovery  factor  are  compared 
with  the  theory.  Boundary- layer  stability  Is  calculated. 
(Contractor's  abstract) 


NAA.  01:003 

North  American  Aviation,  Inc.,  Downey,  Calif. 

THE  TURBULENT  BOUNDARY  LAYER  WITH  VARIA¬ 
BLE  PRANDTL  NUMBER,  by  E.  R.  van  Driest.  Apr. 
2,  1954,  34p.  lncl.  Ulus.  refs.  (Rept.  no.  AL-1914) 
(AF  18(600)786]  AD  49814  Unclasstfled 

The  general  theory  for  the  soluUon  of  the  energy  equa¬ 
tion  for  laminar  boundary  layers  with  variable  Prandtl 
number  ts  applied  directly  to  the  turbulent  case  In  or¬ 
der  to  extend  the  von  Kirmin  analogy  between  heat 
transfer  and  fluid  fricUon  to  Include  a  turbulence 
Prandtl  number  other  than  unity  and  a  realtsUc  sheer 
distribution  other  than  constant  across  the  turbulent 
portion  of  the  boundary  layer.  The  calculaUon  of  heat- 
transfer  coefficients  for  high  and  low  speeds  Is  dis¬ 
cussed,  Including  apptlcaUon  to  Uquld  metals.  The 
general  heat-transfer  theory  Is  compared  with  data  for 
the  supersonic  flew  of  air  over  a  flat  plate  In  a  wind 
tunnel.  (Contractor's  abstract) 


NAA.  01:004 

North  American  AvlaUon,  Inc. ,  Downey,  Caltf. 

RESEARCH  ON  STABILITY  AND  TRANSITION  OF 
LAMINAR  BOUNDARY  LAYER  (Unclassified  title),  by 
E.  R.  van  Driest  and  J.  C.  Botson.  Mar.  17,  1955, 
Sip.  lncl.  lllus.  tables,  refs.  (Rept.  no.  AL-2110) 
([AF  JOSR-TN-55-234)  (AF  18(600)786) 

Sec  ret 


NAA.  01:005 

North  American  AvtaUon,  Inc.,  Downey,  Calif. 

EXPERIMENTS  ON  A  20-INCH  10-DEGREE  (APEX 
ANGLE)  CONE  IN  THE  12- INCH  SUPERSONIC  WIND 
TUNNEL  OF  THE  JET  PROPULSION  LABORATORY, 
by  E.  R.  van  Driest  and  J.  C.  Bolson.  Technical  rept. 
Sept.  1,  1955,  66p.  tncl.  Ulus,  dtagrs.  tables.  (Rept. 
no.  AL- 21 96)  [  AFOSR-TN- 55-465  j  (AF  18(600)786) 
AD  77387  Declasstfted 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  24- 
885-899,  Dec.  1957. 


The  laminar  boundary  layer  analysts  of  Crocco  Is  ex¬ 
tended  to  Include  vartable  Prand.l  number.  Accurate 
calculaUons  on  skln-frtcUon  and  heat  transfer  coeffi¬ 
cients  and  on  recovery  and  Reynolds- analog  factors  are 


Tests  were  conducted  In  the  12- tn.  continuous  super 
sonic  wind  tunnel  of  the  Jet  Propulsion  Laboratory, 
California  InsUtute  of  Technology,  to  determine  the  ef 
fects  of  surface  cooling  on  laminar  boundary- layer 
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stabtttzatlon  at  supersonic  speeds.  The  effects  of  coot- 
tng  were  Investigated  at  test- section  Mach  numbers  of 
1.97,  2.81,  and  3. 84  with  an  tnternalty  cooted  20-tn. 

10“  (apex  angte)  smooth  cone  tn  the  presence  of  3  tevels 
of  supply- stream  turbutence  (0.4,  2,  and  9%)  and  several 
slngte-etement  roughnesses  at  fixed  axial  locatton. 
Transition  data  were  obtatned  optically  by  means  of  a 
magnlfted-Schlleren  system.  The  resutts,  for  the  range 
of  Mach  number  Investigated,  tndtcate  that:  (1)  transi¬ 
tion  on  a  smooth  cone  can  deftnltety  be  delayed  by  sur¬ 
face  cooltng;  (2)  transttlon  promoted  by  etther  suppty- 
stream  turbutence  or  surface  roughness  can  atso  be  de¬ 
layed  by  surface  coottng  depending  upon  the  degree  of 
turbulence  or  relative  roughness  respectively;  and  (3) 
the  adverse  effects  of  Increased  turbutence  and  rough¬ 
ness  decrease  with  tncreastng  Mach  number.  (Contrac¬ 
tor’s  abstract) 


NAA.  01 :006 

North  Amertcan  Avtatlon,  Inc. ,  Downey,  Caltf. 

BOUNDARY  LAYER  STABILIZATION  BY  SURFACE 
COOLING  IN  SUPERSONIC  FLOW,  by  E.  R.  van  Drtest 
and  J.  C.  Botson.  [  1955]  [lip.  tncl.  lttus.  [  AF  18- 
(600)786]  Unctasstfted 

Published  In  Jour.  Aeronaut.  Sciences,  v.  22:  70, 

Jan.  1955. 

Experimental  studtes  are  betng  conducted  upon  the  ef¬ 
fect  of  surface  cooling  upon  the  stabilization  of  super¬ 
sonic  tamtnar  boundary  tayers  under  watl-to-locat-free- 
stream  temperature  ratios  normally  encountered  onty 
In  transtent  fltght.  A  20“  (tncluded  angte)  6  tn.  cone  Is 
cooled  Internally  by  Introduction  of  gaseous  ntlrogen,  the 
prtme  coolant  being  ltquld  nttrogen.  By  this  method, 
steady  surface  temperatures  at  any  level  down  to  about 
-300°F  can  be  attained.  The  studies  are  being  carried 
out  tn  a  3‘A-  i  3'A-  In.  continuous- flow  supersontc 
wind  tunnel  operattng  In  a  Mach  number  range  of  2.45 
to  3.  70  al  Reynolds  numbers  up  to  10® /tn.  with  70' F 
suppty  temperature.  Alth?ugh  the  Reynolds  numbers 
of  lhe  cone  are  nol  targe,  the  expertmenls  can  be  qulle 
Instructive,  espectutly  tn  the  study  of  roughness  effects. 


NAA.  01:007 

North  American  Aviation,  Inc. ,  Downey,  Calif. 

EXPERIMENTS  ON  A  SIX-INCH  CONE  tN  THE  NAA 
3  'A  X  3  'A  INCH  SUPERSONIC  WIND  TUNNEL  (Unclac 
sifted  title),  by  E.  R.  van  Driest  and  J.  C.  Bolson. 
lnlertm  technical  repl.  Mar.  17,  1955,  51p.  tnct.  ltlus. 
(Hept.  no.  AL-  2110)  (AF  18(600)786)  AD  62270 

Sscrel 


NAA.  01  008 

North  American  Aviation,  Inc.  ,  Downey,  Calif. 

THE  PROBLEM  OF  AERODYNAMIC  HEATING,  by  E. 


R.  van  Drtest.  May  1,  1956,  70p.  tncl.  dtagrs.  refs. 
(Rept.  no.  AL-2303)  [AF  18(600)786]  Unctasstfled 

The  ortgin  as  well  as  some  of  the  consequences  of  aero- 
dynamtc  heating  are  dtscussed.  Particular  emphasis 
Is  placed  on  estabttshlng  what  ts  fairly  wett  understood 
concerning  the  phenomenon  and  the  catcutatlon  of  the 
rate  of  transfer  of  heat  from  the  air  Into  the  surface  of 
a  high-speed  vehlctc.  Important  areas  of  future  re¬ 
search  are  Indicated.  Boundary- tayer  controt  by  sur¬ 
face  cooltng  and  tls  effect  upon  the  performance  and 
structural  destgn  of  aircraft  are  tnctuded.  (Contractor’s 
abstract) 
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NCU.  01:001 

North  Carolina  U.  [  Dept,  of  Chemistry]  Chapel  Hill. 

PRINCIPLES  OF  PRECISION  COLORIMETRY.  A 
GENERAL  APPROACH  TO  PHOTOELECTRIC  SPEC¬ 
TROPHOTOMETRY,  by  C.  N.  Retltey  aid  C.  M. 
Crawford.  Nov.  1954  [  38 i p.  tncl.  dlagrs.  tabtes. 
(Repl.  no.  Chem.  no.  1-CNR)  (l  AF  iOSH-TN-54  364) 
(AF  18(600)1160)  AD  59506  Unclassified 

Also  published  In  Anal.  Chem.,  v.  27:716-725,  May 
1B55. 

An  Inquiry  has  been  made  Into  the  effect  of  slit  width, 
sensitivity,  and  dark  current  knob  settings  on  speclro- 
photometrlc  precision  with  a  view  toward  the  develop¬ 
ment  of  Improved  hlgh-preclslon  methods.  An  expres 
slon  for  the  relative  error  Is  derived,  and  the  condl 
tions  for  Its  minimization  are  discussed  under  assump¬ 
tions  sufficiently  general  to  Include  and  extend  previous 
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technlanes  Four  methods  are  distinguished,  of  which 
2  are  new.  One  of  the  new  methods  gives  the  besl  pre¬ 
cision  .^talnable,  using  2  reference  solutions  and  other 
conditions  selected  to  make  this  statement  true.  The 
selection  procedure  Is  described.  The  other  new  melh- 
od  Is  applicable  lo  lrace  analysis,  and  represents  a 
compromise  when  solutions  sufficiently  concentrated  to 
permit  optimum  conditions  are  not  available.  Both 
methods  promise,  In  their  respective  applications,  sub¬ 
stantial  Improvement  In  precision  over  former  methods 
al  small  eilra  cost  In  time  and  effort.  (Contractor's 
abstract,  modified) 


NCU.  01:002 


North  Carolina  U.  [  Depl.  ofChemlslry]  Chapef  Hifl. 


CHRONOPOTENTIOMETRIC  TfTRATfONS,  by  C.  N. 
Rellfey  and  W.  G.  Scribner.  Feb.  1955  [  23  J  p.  lncl. 
dlagrs.  (Rept.  no.  Chem.  no.  2-CNR)  ([  AF  JOSR-TN- 
55-63)  (AF  18(600)1160)  AD  58135  Unclassified 


[Anal.  Chem.,  v.  27:  1210-1215,  Aug. 


A  new  method  of  end  point  detection  based  upon  chrono- 
polentlometry  Is  described.  The  relationship  between 
chronopolentlometrlc  and  potentlomelrlc  tltrlmetry  Is 
discussed,  as  well  as  the  possible  types  of  Utratlon 
curves  and  the  factors  which  govern  the  sensitivity  of 
the  method.  Allhough  chronopotentlograms  of  a  perma¬ 
nent  sorl  are  more  easily  obtained  with  a  recorder, 
variable  transition  limes  for  tllratlons  can  be  measured 
simply  and  conveniently  with  only  a  "B"  bauery,  varia¬ 
ble  resistor,  pH  meter,  and  a  slop  watch.  The  method 
is  Illustrated  by  lhe  lllrallon  of  ferric  Ion  with  ceric  Ion, 
copper  Ion  with  versene,  arsenlle  Ion  wllh  iodine,  and 
the  successive  Utrallon  of  a  mixture  of  slannous  and  fer¬ 
rous  Ions  with  ceric  Ion.  The  method  has  the  advantages 
of  the  amperomelrlc  method,  bul  seems  especially  ap¬ 
plicable  lo  the  tllrallon  of  small  volumes  or  concentra¬ 
tions,  and  In  situations  where  stirring  is  undesirable. 
(Contractor's  abstract) 


NCU.  01:003 


Norlh  Carolina  U.  I  Dept,  of  Chemlslry  1  Chapel  Hllf. 


COULOMETRIC  TfTftATfON  OF  IRON  (HI)  WITH  ELEC- 
THOLYTfCALLY  GENERATED  IRON  (ff)  ETHYLENE- 
DfA M1NETETRAACETATE,  by  R.  W.  Schmid  and  C.  N. 
Hellley.  Aug.  1955  [  f  2  ] P-  lncl.  dlagrs.  lable,  refs, 
(ftept.  no.  Chem.  no.  4  CNIt)  ( i  AF  OSR-TN  55-314) 
(AF  18(600)1160)  AD  76006  Unclassified 


Alsp  published  In  Anal.  Chem. 
1956. 


v.  28:  520-522,  Apr. 


Conditions  are  described  for  coulometrlc  titrations  with 
eleclrolytlcally  generated  Fe(fl)-EDTA  (ethylenedlamlne - 
tetraacetate;.  Automatic  and  manual  titrations  of 
Fe(lll)  gave  satisfactory  results.  The  redox  system 
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Fe(n/III)-EDTA  and  Fe(n/m)  was  Investigated  poten- 
tlomelrlcally  to  select  optimum  conditions.  (Contrac¬ 
tor's  abstract) 


NCU.  01:004 


Norlh  Carolina  U.  Dept,  of  Chemistry,  Chapel  Hill. 


AMPEROMETRIC  TfTRATfON  OF  TWO-  AND  THREE- 
COMPONENT  MIXTURES  OF  METAL  IONS  WITH 
EDTA,  by  C.  N.  Rellley,  W,  G.  Scribner,  and  C. 
Temple.  Aug.  f955  [21jp.  lncl.  dlagrs.  tables. 

(Rept.  no.  Chem.  no.  3-CNR)  ([  AF  JOSR-TN-55-342) 
(AF  18(600)1160)  AD  75459  Unclassified 


Also  published  In  Anal.  Chem.,  v.  28:450-454,  Apr. 
1956. 


The  combined  use  of  cathodic  diffusion  current  of  metal 
Ions  and  anodic  diffusion  current  of  EDTA  (ethylenedl- 
aminetetraacetate)  under  controlled  pH  conditions  made 
possible  the  successful  amperometrlc  titration  of  multi¬ 
component  mixtures.  In  this  way  the  successive  lltra- 
Uon  of  a  blsmuth-lead-calclum,  Iron-manganese,  or 
copper-calcium  mixture  was  effected.  The  results  of 
an  experimental  survey  of  the  stability  of  lhe  15  com¬ 
mon  metal  Ions  with  EDTA  at  pH  2,  4,  and  9. 1  Indicate 
the  feasible  titration  of  each  under  certain  conditions. 
Cobalt  (II)  ethylenediamlnelelraacelaie  was  found  to 
give  an  anodic  wave  with  a  half-wave  potential  of 
♦  0. 140V  vs  SCE  Independent  of  pH  from  4.  5  to  10.  5. 

The  stability  constant  of  cobalt(m)  ethylenedlamlneietra- 
aceiaie  was  then  computed  to  be  1040- '  (u  =  0.1).  Two 
new  polarographlc  methods  for  determining  stability 
constants  are  described  and  their  limitations  are  dis¬ 
cussed.  (Contractor’s  abstract) 


NCU.  0f:005 


North  Carolina  U.  Depl.  of  Chemistry,  Chapel  Hill. 


COULOMF.TRIC  TITRATIONS  WITH  ELECTRICALLY 
GENERATED  EDTA,  by  C.  N.  Rellley  and  W.  W. 
l’orierfleld.  Oci.  1955  [  f  8  i  p.  lncl.  dlagrs,  lable. 
(Rept,  no.  Chem.  no.  5-CNR)  ([  AF  j  OSR-TN- 55- 343) 
(AF  18(600)1160)  AD  754  58  Unclassified 


[Anal.  Chem.,  v.  28:443-447,  Apr. 


An  Investigation  was  undertaken  lo  lesl  the  feasibility  of 
extending  the  application  of  coulometrlc  lllratlons  Into 
complexlmetry.  I!  a  general  method  for  the  coulometrlc 
generation  of  elhylenedlamlnetetraacetlc  acid  (EDTA  or 
H^Y)  could  be  found,  11  would  be  highly  probable  that 
the  coulometrlc  method  could  be  used  for  the  successful 
titration  of  lhe  alkaline  earths,  rare  earths,  and  melal 
Ions  such  as  Mn2'  ,  Fe2*  ,  Co2*  ,  Nl2'  ,  Cu2’  ,  Ca2, . 
Zn2,  ,  Cd2,  ,  Hg2'  ,  Pb2«  ,  Al2* ,  In3*  ,  Th4*  ,  Pd2'  , 


The  solution  of  lhe  problem  required  the  dls- 


covery  of  a  mode  of  generating  EDTA  wllh  f00%  curre  ,t 
efficiency,  and  the  development  of  a  compatible  and 
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sensitive  endpolnl  detection  device.  Successful  coulom- 
etrlc  titration  of  Ca,  Cd,  Zn,  and  Pb  ions  was  accom¬ 
plished  by  the  Indirect  electrical  generation  of  EDTA 
released  upon  reduction  of  mercuric  EDTA  chelate  at 
an  Hg  pool.  The  pertlnenl  equilibrium  conditions  are 
summarized  in  a  potential-vs-pH  diagram  which,  in 
conjunction  with  polarograms  for  kinetic  effect,  gives 
information  concerning  the  solution  conditions  desired. 
Extension  of  the  method  to  the  titration  of  other  metal 
ions  appears  feasible. 


NCU.  01:006 

North  Carolina  U.  Dept,  of  Chemistry,  Chapel  Hill. 

A  RAPID  ELECTROCHEMICAL  METHOD  FOR  THE 
DETERMINATION  OF  METAL  CHELATE  STABILITY 
CONSTANTS,  by  R.  W.  Schmid  and  C.  N.  Rellley. 

1  1956]  [  1 9  J  p.  lncl.  dlagrs.  table,  refs.  (Rept.  no. 

Chem.  no.  6-CNR)  (AFOSR-TN-56-213)  (AF  18(600)- 
1160)  AD  87529  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  78: 
5513-5518,  Nov.  5,  1956. 

An  outline  Is  presented  of  a  proposed  potentlomelrlc 
method  fqr  the  rapid  and  simple  determination  of  stabil¬ 
ity  constants  of  1:1  metal  chelates  (1  mol  of  chelating 
agent  reacting  with  1  mol  of  melal  Ion)  under  equilib¬ 
rium  conditions.  Determinations  were  made  of  the 
stability  constants  of  various  metal  ions  with  the  che¬ 
lating  agent,  ethylenedlaminetetraacetlc  acid  (EDTA), 
for  comparison  with  constants  obtained  by  the  original 
and  modified  Bjerrum  methods  (Bjerrum,  Metal  Am- 
mlne  Formation  In  AautSug  Sslutlaa,  P.  Haase  and  Son, 
Copenhagen,  1941;  and  Helv.  Chlm.  Acta,  v.  34:  1492, 
1951)  and  the  polarographlc  method  (Chem.  Revs. ,  v. 
29:  1,  1941).  For  a  solution  of  EDTA  and  a  mercuric  - 
EDTA  complex,  a  stability  constant  of  1022-1  was  cal¬ 
culated  between  pH  4  and  8.  One  EDTA  ion  reacted  with 

2  different  metal  tons  when  at  least  one  of  the  metal 
Ions  was  Hg*  ♦  ;  the  blmelal  complex  formed  more  easi¬ 
ly  at  lower  pH's.  The  method  falls  with  metal  chelate 
complexes  whose  cations  hydrolyze  easily,  and  with 
metal  chelates  which  have  relatively  negative  oxidation 
potentials. 


NCU.  01:007 

North  Caroltna  U.  Dept,  of  Chemtstry,  Chapel  Hill. 

A  NEW  INDICATOR  FOR  THE  COMPLEXOMETUIC 
TITRATION  OF  CALCIUM  AND  MAGNESIUM,  by  G. 

I’.  Hildebrand  and  C.  N.  ltetlley.  L  1956 j  [l8:p.  tncl. 
dtagrs.  tables,  refs.  (Rept.  no.  Chem.  no.  7-CNlt) 
(AKOSH-TN  56-408)  (AF  1 8 ( 600 ) 1 1 60 )  AD  96217 

Unclassified 

Also  published  In  Anal.  Chem.,  v.  29:  258-264,  Feb. 
1957. 

An  tmproved  luethod  ts  descrtbed  for  tttratlng  Ca  wtth 
ethylenedtamtnetetraacettc  actd  (EDTA)  after  Mg  ts 


precipitated  as  MgOH  by  the  addition  of  KOH  (pH  *si2 
to  13).  Calcon  (Helv.  Chlm.  Acla,  v.  31:  678,  1948) 
was  considered  to  be  applicable  for  tllratlon  of  Ca  In 
the  presence  of  Mg  at  high  pH  (12.5).  The  color  change 
with  calcon  (Color  Index  202)  Is  sharp  from  pink 
through  purple  lo  pure  blue.  The  continuous  variation 
method  was  used  lo  determine  the  ratio  of  dye  lo  metal 
Ion  In  Ca  complex  with  calcon.  At  pH  12.25,  the  stabil¬ 
ity  of  the  dye  In  the  complex  was  poor.  As  the  time  in¬ 
creased,  the  solutions  which  contained  appreciable 
amounts  of  the  complex  decreased  in  absorbance  to 
give  an  over-all  effect  of  increasing  the  value  of  n, 
where  n  is  the  number  of  dye  molecules/Ca+ +.  After 
standing  for  30  min,  the  n  value  increased  from  1.07 
lo  1.09,  and  after  90  min  to  1.19.  Data  Indicated  a  1:1 
ratio  between  the  Ca*  +  and  the  dye  for  the  complex  at 
pH  12.25.  The  values  for  the  Ionization  constants  of  the 
dye  were  calculated  from  the  absorbance-vs-pH  curve, 
and  the  stability  constants  of  the  metal-dye  complexes 
were  determined.  Methods  for  determining  Ca  and  Mg 
are  described. 


NCU.  01:008 

North  Caroltna  U.  Depl.  of  Chemistry,  Chapel  Hill. 

A  NEW  COMPLEXON  FOR  THE  TITRATION  OF  CAL¬ 
CIUM  IN  THE  PRESENCE  OF  MAGNESIUM,  by  R.  W. 
Schmid  and  C.  N.  Rellley.  [  1956 J  [  15 jp.  lncl.  dlagrs 
tables,  refs.  (Rept.  no.  Chem.  no.  8-CNR)  (AFOSR- 
TN-56-409)  (AF  18(600)1160)  AD  96218 

Unclassified 

Also  published  In  Anal.  Chem.,  V.  29:  264-268,  Feb. 
1357. 


The  complexometrtc  determination  of  Ca  and  Mg  has 
found  wtde  application  tn  the  analysis  of  HjO,  lime¬ 
stones,  soils,  and  physiological  studies.  A  procedure 
Is  proposed  which  avoldB  a  chemical  separation  of  the 
2  elements  by  employing  a  tllrant  which  will  selectively 
complex  Ca.  The  lllratlons  of  various  samples  were 
designed  tn  a  block  to  detect  statistically  any  possible 
Influence  of  Mg  on  the  results  of  the  Ca  titration  wtth 
ethyleneglycol-bls-(? -amlnoethylether)-N,  N'  tetra- 
accttc  actd  (l).  Tttratlons  were  carrted  out  at  5  con¬ 
centration  levels  of  Ca  (1.5,  2.5,  4.0,  6.0,  and  10.0 
mg).  For  each  level,  the  titrations  were  carrted  out 
In  dtfferent  concentrations  of  Mg  present  (1:0,  1:1, 

1:2,  1:5,  and  l:t0).  The  amount  of  Mg  ts  designated  as 
the  molar  ratio  of  Mg  to  Ca.  The  presence  of  Mg  tn 
the  range  Investigated  does  not  have  any  stgnlftcant 
tnfluence  on  the  results  obtained  for  titration  of  Ca 
wtth  1,  but  a  variation  of  slightly  more  than  5%  between 
the  levels  of  amount  01  Ca  was  found.  This  ts  probably 
caused  by  the  dlff  -rtece  tn  accuracy  obtained  when 
vartous  amounts  of  tltrant  volume  are  used.  The  error 
for  a  single  Ca  tttratton  was  *0.83%  wtth  95%  confi¬ 
dence  Itmtts,  the  average  error  being  *0.30%.  The 
vatues  found  for  Mg  were  obtained  by  difference.  The 
average  error  of  *  0.7%  ts  about  twtee  as  targe  as  the 
average  error  tn  the  Ca  titration. 
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NCU.  02:001 

North  Carolina  U.  [Dept,  ol  Mathematics]  Chapel  Hill. 

ON  A  CLASS  OF  LINEAR  DIFFERENTIAL  SYSTESM, 
by  W.  M.  Whyburn.  June  1955,  19p.  (Rept.  no.  1) 

([  AF  JOSR-TN-55-136)  (AF  18(600)1139)  AD  65674 

Unclassified 

Also  published  In  Rev.  de  Clenclas  (Lima,  Peru),  v.  60: 
43-59,  1958. 

A  study  Is  made  of  linear  differential  systems  of  type: 

Y'  ♦  P(x)Y  -  YQ(x)  -  R(x),  A,Y(a)A2t  B,Y(b)B2  = 

C,  where  capital  letters  represent  n  x  n  matrices. 
Systems  of  this  form  arise  In  studies  of  adjoint  relation¬ 
ships,  and  In  applied  problems.  While  these  might  be 
replaced  by  systems  of  more  conventional  form,  where 
the  matrices  Involved  are  of  order  n2,  definite  advan¬ 
tages  are  gained  by  direct  treatment.  This  study  In¬ 
dicates  some  of  these  advantages  and  displays  resolvent 
roles  played  by  systems  of  types:  U'  ♦  P(x)U  =  0, 
AjU(a)  ♦  BjUfb)  =  0;  V'  -  VQ(x)  =  0,  V(a)A2  -  V(b)B2  = 

0.  (Contractor's  abstract) 


NCU.  02:002 

North  Carolina  U.  [Dept,  of  Mathematics]  Chapel  Hill. 

DIFFERENTIAL  SYSTEMS  WITH  BOUNDARY  CONDI¬ 
TIONS  AT  MORE  THAN  TWO  POINTS,  by  W.  M. 
Whyburn.  [  1955]  21p.  refs.  [  AF  18(600)1139] 

Unclassified 

Published  In  Proc.  Conference  on  Differential  Equations, 
Maryland  U. ,  College  Park  (Mar.  17-19,  1955),  1956, 

p.  1-21. 

Differential  systems  are  discussed  which  consist  of  a 
sel  of  n  first  order  ordinary  dlfferen  lal  equations  In 

y^x),  (1  =  1 . n),  together  with  boundary  conditions 

that  may  Involve  the  values  of  these  functions  al  more 
than  lwo  points  of  a  fixed  Interval  X:  a  <]  x  i  b.  For 
systems  Involving  "Initial"  values  al  more  than  one  point 
there  Is  given  a  brief  survey  of  known  results;  In  the 
case  of  a  svstem  of  lhe  form 

(•)  yp’  -  fn(*.y).  yt'  =  M*.y)  +  et(x.y)y(  + 1  (i=  i)  ••••, 

n  -  1).  In  y  r  (y 2 ,  •  •  ,  y  )  the  author  employs  a  theorem 
of  R.  Conll  (Ann.  Math.  Fura  Appl.  ,  v.  35:  155-182. 
1953)  to  establish  various  results  concerning  the  de¬ 
pendence  of  solutions  on  the  Initial  points  and  Initial 
values.  There  Is  established  also  an  existence  theorem 
Tor  a  system  Involving  a  sel  of  differential  equations 
somewhat  more  genera!  than  (•)  and  Initial  values  at 
more  than  one  point.  A  survey  Is  presented  of  the 
literature  on  systems  consisting  of  a  set  of  Unear 
differ  >  dal  equaUons  and  boundary  conditions  Involving 
the  values  of  the  y,(x)  at  the  endpoints  of  X  and  also 
at  the  points  of  a  given  subset  of  a  <  x  <  b  of  suitable 
character,  with  special  attention  to  the  case  of  dis¬ 
continuous  solullons  restricted  by  Interface  condlUons. 
(Math.  Rev.  abstract) 


NCU.  02:003 

North  CaroUna  U.  [Dept,  of  Mathematics]  Chapel  Hill. 

A  NON-UNEAR  BOUNDARY  VALUE  PROBLEM  FOR 
SECOND  ORDER  DIFFERENTIAL  SYSTEMS,  by  W. 

M.  Whyburn.  [  1955]  [l4]p.  (AF  18(600)1139) 

Unc  iasslfled 

Published  In  Pacific  Jour.  Math.,  v.  5:  147-160,  Mar. 
1955. 

The  author  proves  the  existence  of  sets  of  characteristic 
numbers  for  nonUnear  systems  of  the  form  dy/dx  = 

K(x,  y,  z;  X)z,  dz/dx  =  g(x,  y,  z;X)y  with  the  boundary 
conditions  ^(a,  X)  =  o,  jf(a,  X)  =  f((b,  X),  where  ^(x,  X)  = 
Y(x,  X)z(x,  X)  -  b(x,  X)y(x,  X),  fS(i,  X)  =  d(x,  X)z(x,  X)  - 
p(x,  X)y(x,  X),  p(x,  X)  does  not  change  sign,  5 (a,  X)  ±  o 
and  A  (X)  «  d(a,X  )6(a,X )  -  p  (a,X  )  ^a,  X)  ±  o  and  gives 
oscillation  theorems  for  the  associated  solutions.  The 
method  used  and  the  results  obtained  generalize  and 
extend  those  given  In  an  carUer  paper  of  the  author 
(Trans.  Amer.  Math.  Soc.,  v.  30:848-854,  1928). 
(Math.  Rev.  abstract) 


NCU.  02:004 

North  CaroUna  U.  [Dept,  of  Mathematics]  Chapel  Hill. 

IMPROVED  APPROXIMATIONS  TO  DIFFERENTIAL 
EQUATIONS  BY  DIFFERENCE  EQUATIONS,  by  W.  R. 
Mann,  C.  L.  Bradshaw,  and  J.  G.  Cox.  Jan.  1956, 
lip.  incl.  tables.  (Rept.  no.  2)  (AFOSR-TN-56-57) 
(AF  18(600)1139)  AD  81049  Unclassified 

Also  published  In  Jour.  Math,  and  Phys. ,  v.  35:  408- 
415,  Jan.  1957. 

The  purpose  of  this  mathematical  study  Is  to  Illustrate 
a  method  for  approximating  differential  equations  with 
difference  equaUons  more  closely  than  Is  done  with  the 
usual  finite  difference  approaches,  but  without  Introduc¬ 
ing  higher  order  differences.  The  method  involves 
using  a  "star"  having  no  greater  thickness,  In  the  dlrec- 
Uon  of  any  one  Independent  variable,  than  the  order  of 
the  dlfferenUal  equaUon  being  approximated.  Using 
such  a  star,  further  reducUon  In  truncaUon  error  Is 
achieved  by  properly  adjusUng  the  "weights”  with  which 
lhe  various  points  enter.  The  study  Is  taken  up  largely 
with  an  illustration  of  the  usefulness  of  the  method  In 
lhe  solution  of  a  2- region,  2-dlmenslonal,  1-group  re¬ 
actor  problem  which  is  simple  enough  to  be  solved  ana¬ 
lytically.  Numerical  data,  obtained  on  lhe  CrtiACLfc  ol 
the  Oak  Ridge  National  Laboratory,  enable  a  compari¬ 
son  to  be  made  of  the  analytical  solution  for  the  buckling 
with  values  obtained  by  the  ordinary  difference  methods 
and  those  obtained  by  the  refined  process  presented. 

The  results  show  that  the  refined  process  gives  signifi¬ 
cantly  greater  accuracy  than  the  ordinary  difference 
methods,  and  the  host  to  increased  labor  ts  compara 
lively  small. 
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NCU.  03:001 


North  Carolina  U.  Dept,  of  Mathematics,  Chapel  Hill. 

ON  THE  THEOREMS  OF  LEDFF.MAHN  4NP  rvSTROWSKI 
ON  POSITIVE  MATRICES,  by  A.  Brauer.  Feb.  1957 
[  14 ] p.  (Technical  rept.  no.  3)  (AFOSR-TN-56-338) 
(AF  18(603)38)  AD  95214  Unclassified 


June  1957. 


1  Duke  Math.  Jour.,  v.  24:  265-rM, 


Let  A  be  a  positive  matrix,  R  the  greatest  and  r  the 
smallest  sum  of  the  elements  of  a  row.  It  was  proved 
by  Frobenlus  that  the  greatest  positive  characteristic 
ro  it  cu  of  A  satisfies  the  Inequalities  r  1R.  This 
:  esull  was  Improved  by  Ledermann  and  by  Ostrowskl 
who  obtained  bounds  for  u>  as  function  of  R,  r,  and  the 
smallest  element  m  of  A.  In  this  paper,  the  best  pos¬ 
sible  bounds  for  <o  as  function  of  R,  r,  and  m  are  ob¬ 
tained.  These  results  are  further  Improved  by  replac¬ 
ing  m  by  the  elements  of  the  main  diagonal  and  the  mini¬ 
ma  of  the  off-dlagonal  elements  of  certain  columns. 
Moreover,  the  result  of  Frobenlus  thatoi  Is  greater 
than  or  equal  to  the  greatest  element  of  the  main  diagon¬ 
al  Is  Improved.  (Contractor’s  abstract) 


NCU.  03:002 

North  Carolina  U.  Depl.  of  Mathematics,  Chapel  Hill. 

A  NEW  PROOF  OF  THEOREMS  OF  PERRON  AND 
FROBENIUS  ON  NON-NEGATIVE  MATRICES.  1.  POSI¬ 
TIVE  MATRICES,  by  A.  Brauer.  May  1957,  17p.  refs. 
(Technical  rept.  no.  4)  (AFOSR-TN-56-576)  (AF  18- 
(603)38)  AD  110398  Unclassified 


Sepl.  1957. 


L  Duke  Math.  Jour.,  v.  24:  367-378, 


The  theorem  of  Perron  and  Frobenlus  Is  considered 
which  states  that  a  positive  matrix  A  has  a  positive 
characteristic  rool  u>  which  Is  simple  and  greater  than 
lhe  moduli  of  all  the  other  characteristic  roots  of  A. 

The  coordinates  of  a  characteristic  vector  belonging  lo 
«  are  chosen  as  positive  numbers.  The  proof  gives  a 
simple  method  to  compute  u>  and  the  coordinated  of  a 
characteristic  vector  belonging  lo  without  determining 
lhe  characteristic  equation.  The  roots  (|z  <  u:  greatest 
positive  rool)  are  shown  to  lie  In  the  Interior  or  on  the 
boundary  of  the  oval  of  Cassini  (t  -  au||  z  -  aji  |  <_ 

(«  -  *u)('jj  -  a.i)  with  au  and  ajj  the  lwo  smallest  ele¬ 
ments  of  the  main  diagonal  of  A. 


NCU.  04:0C1 


i  diagonal  of  A. 


North  Carolina  '■  U.  j.  Inst,  of  Statistics,  Chapel  Hill. 

PARTIALLY  BALANCED  INCOMPLETE  BLOCK  DE¬ 
SIGNS  WITH  TWO  ASSOCIATE  CLASSES  AND  THREE 
REPUCATIONS,  by  W.  H.  Clathworthy.  June  1952, 
136p.  tncl.  tables,  refs.  (Mimeograph  series  no.  54) 
(AF  18(600)83)  Unclassified 


The  object  of  this  Investigation  Is  to  completely  enumer¬ 
ate  the  arithmetically  possible  connected  partially  bal¬ 
anced  Incomplete  block  designs  with  two  associate 
classes  and  three  replications,  and  either  to  give  con¬ 
structions  for  the  new  designs  having  3  <  k  <  10  or 
else  prove  them  Impossible.  This  objective  has  been 
achieved.  It  was  hoped  that  this  Investigation  would 
result  In  several  new  designs,  thus  making  available 
to  the  experimenter  a  large  number  of  designs  from 
which  he  could  choose  the  most  appropriate  one  for  his 
particular  experiment.  As  It  turned  out,  there  are  only 
three  new  designs  with  r  =  3  and  all  other  designs  were 
shown  lo  be  Impossible.  Several  closely  related  to 
those  under  Investigation  were  either  solved  or  proved 
Impossible. 


NCU.  04:002 

North  Carolina  [  U.  ] .  Inst,  of  Statistics,  Chapel  Hill. 

ASYMPTOTIC  SOLUTIONS  OF  COMPOUND  DECISION 
PROBLEMS,  by  J.  F.  Hannat.  Apr.  23,  1953,  77p. 
lncl.  refs.  (Mimeograph  series  no.  68)  (AF  18(600)83) 

Unclassified 

Robbins  Introduced  the  Idea  of  a  compound  decision 
problem  and  showed  that  In  the  case  where  the  compo¬ 
nent  decisions  were  between  N(-l,  1)  and  N(l,  1)  there 
exists  a  decision  function  L  whose  risk  approaches  the 
risk  of  the  best  "simple"  decision  function  based  on  a 
knowledge  of  the  proportion  of  component  problems  In 
which  the  true  distribution  Is  N(l,  1).  In  Chapter  1  this 
result  was  generalized  to  lwo  (arbitrary)  fully  specified 
populations  and  strengthen  the  conclusion  by  the  re¬ 
placement  of  "simple"  by  "Invariant.  "  In  Chapter  II  a 
theorem  was  proved  which  made  this  strengthening  pos¬ 
sible,  obtaining  Its  proof  by  a  Density  Central  Limit 
Theorem  (DCLT)  for  n-concave  densities  which  was 
applied  to  the  generalized  binomial  (GB).  In  Chapter  III 
the  exact  distribution  was  found  of  the  statistic  D„  and 
was  used  to  obtain  an  elementary  derivation  of  the 
asymptotic  distribution  (originally  obtained  by  Kolmo- 
goroff). 


NCU.  04:003 

North  Carolina  U.  Inst,  of  Statistics  [  Chapel  Hill  J . 

ON  A  HEURISTIC  METHOD  OF  TEST  CONSTRUCTION 
AND  ITS  USE  IN  MULTIVARIATE  ANALYSIS,  by  S.  N. 
Roy.  [June  1953]  [  19jp.  refs.  (Reprint  series  no. 
38)  [AF  1 8(600)83  j  Unclassified 

Published  In  Ann.  Math.  Stat. ,  v.  24:  220-238,  June 
1953. 

In  this  paper  lwo  closely  related  heuristic  principles 
of  lest  construe  lion  called  Type  1  and  Type  D  methods, 
of  which  Type  H  Is  Identified  with  lhe  usual  likelihood 
ratio  method,  are  noticed  as  underlying  most  of  lhe 
classical  lests  of  hypothesis,  simple  or  composite,  on 
means  of  univariate  normal  populations  and  on  total  or 
partial  correlations  or  regressions  In  the  case  of 
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multinomial  vartates.  In  these  situations  the  two  meth¬ 
ods  are  found  to  lead  to  Identical  tests  having  properties 
which  happen  to  be  very  good  tn  certatn  cases  and  mod¬ 
erately  good  tn  others.  For  certain  types  of  composite 
hypotheses  an  extene'on  ts  then  made  of  the  Type  I  meth¬ 
od  which  ts  applted  to  construct  tests  of  three  dtfferent 
classes  of  lypetK^ca  on  n  ultlrorr.  it  populations  (so 
as  to  cover,  between  them,  a  very  large  area  of  multi¬ 
variate  analysis),  yielding  In  each  case  a  test  In  general 
different  from  the  corresponds  am)  cunnl  lik<dlhuxl 
ratio  test.  In  each  case,  however,  the  two  tests  happen 
to  come  out  Identical  for  some  degenerate  "degrees  of 
freedom.  "  In  contrast  to  the  likelthood  ratio  rest  tt  ts 
found  that  In  these  cases,  for  general  "degrees  of  free¬ 
dom,”  the  corresponding  Type  I  test  is  much  easter  to 
use  on  small  samples,  because  ol  the  relatively  greater 
simplicity  of  the  corresponding  small  sample  distribu¬ 
tion  problem  under  the  null  hypothesis.  In  each  case  a 
lower  bound  of  the  power  function  of  the  Type  I  test  is 
also  given  (against  ail  relevant  alternatives),  anyttdhg 
Itke  which,  so  far  as  the  author  ts  aware,  would  be  far 
more  dtfftcult  to  obtatn  for  the  Type  n  tests  tn  these 
sttuattons.  In  thts  paper  the  general  approach  to  the 
two  methods  ts  enttrely  of  a  heurtstlc  nature  except  that, 
under  fairly  wtde  condtttons,  a  lower  bound  to  the  power 
functions  for  each  of  the  two  types  of  tests  ts  tndteated 
to  be  readtly  available,  which,  however,  ts  much  too 
crude  or  wide  a  bound  tn  general.  (Contractor's 
abstract) 


NCU.  04:004 

North  Carotlna  U.  Inst,  of  Statistics  [  Chapel  Hill] . 

ON  THE  CONSTRUCTION  OF  GROUP  D1VISH1LE  IN¬ 
COMPLETE  BLOCK  DESIGNS,  by  R.  C.  Bose,  S.  S. 
Shrtkhande,  and  K.  N.  Bhattacharya.  [June  1953] 

[  29]  p.  tncl.  tables,  refs.  (Reprtnt  sertes  no.  37) 

(AF  1 8(600)83)  Unclasstfted 

Published  In  Ann.  Math.  Stai. ,  v.  24:  167-195,  June 
1953. 

It  has  previously  been  demonstrated  that  all  partially 
balanced  Incomplete  block  (PBIB)  destgns  wtth  two 
assoctate  classes,  can  be  dtvtded  tnto  a  small  number 
of  typi’H  arrnrdtng  fn  the  nature  of  the  association  rela¬ 
tions  among  the  treatments.  One  simple  and  Important 
type  Is  the  group  divisible  (GD).  The  combinatorial 
properties  of  GD  designs  have  been  studied.  Here  meth 
ode  are  given  fur  construe Ung  GL  designs.  These  d« 
stgns  are  Itkely  to  prove  useful  tn  agricultural,  genettc, 
and  tndustrtal  experiments.  (Contractor's  abstract, 
modtfted) 


NCU.  04:005 

North  Carotlna  .  U.  .  Inst,  of  Statistics,  Chapet  Hill. 

RESOLVABLE  INCOMPLETE  BLOCK  DESIGNS  WITH 
TWO  REPLICATIONS,  by  R.  C.  Bose  and  K.  R.  Natr. 


NCU.  04:004  -  NCU.  04:007 


June  1,  1953,  42p.  *ncl.  tables.  (Mtmeograph  sertes 
no.  69)  (AF  18(600)83)  Unclasstfted 

Incomplete  block  destgns  become  most  useful  when  the 
number  of  treatments  or  varieties  ts  very  large.  This 
paper  constders  two-repllcate  destgns  only.  There  are 
two  main  groups  ol  Incomplete  block  deslgru  already 
Investigated,  namely,  the  balanced  Incomplete  block 
designs  due  to  Yates  (1936)  and  the  partially  balanced 
iQCompb'tr  tljurk  (PBIB'  d^vlg""  (Weliqkvl  by  the  auth¬ 
ors  (1939)  and  whose  definition  was  sltghtly  modtfted 
by  Nair  and  Rao  (1942). 


NCU.  04:006 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill. 

TWO-STAGE  PROCEDURES  FOR  ESTIMATING  THE 
DIFFERENCE  BETWEEN  MEANS,  by  S.  6.  Glmrye 
and  H.  Robbtns.  Aug.  1953,  15p.  tables.  (Mtmeograph 
sertes  no.  80)  (AF  1 8(800)83)  AD  17840 

Unclasstfted 

Also  published  in  Btometrlka.  v.  41:  146-152,  June 
1954. 

Two  populations  Pt  (t  -  1,  2)  wtth  unknown  means  6- 
and  variances  J ^  are  gtven,  and  the  difference  0  j  - 
0  2  ts  to  be  estimated.  If  the  mean  (Xt  j  ♦  Xj  2  ♦  •  •  • 
v  Xt  n)/n  of  a  sample  from  Pt  ts  denoted  by  tj(n),  then 

tl<nl)  ~  h2<n2>  ts  unbtased  estimate  of  0  j  -  02  with 
vartance  ^(cJjVnj).  Assumtng  the  cost  of  sampltng  to 

be  a  known  tlnear  function  of  the  number  of  observa¬ 
tions,  the  cost  of  taking  nj  observations  from  Pj  and 
n2  from  P2  ts  a^j  ♦  a2n2  ♦  >j.  If  there  ts  a  pre¬ 
scribed  upper  bound  A0  to  the  cost  of  sampltng,  nj  and 
nj  are  subject  to  the  restriction  atnj  ♦  a2nj  fc.  A  =  AQ- 
a3.  When  the  ratio  a  j/ uj  on  which  the  expression  for 
the  optimum  values  depend  ts  not  known,  a  2- stage  pro¬ 
cedure  for  estimating  0j  -  02can  be  used,  taking  a 
sample  of  mt  ♦  mj  observations,  mt  from  Pj,  then  us- 
tng  estimates  of  j  t  obtained  from  this  preltmtnary 
sample  to  distribute  the  remaining  observations  between 
P(.  The  performance  of  thts  estimation  procedure  was 
ItweeUgMeti.  The  t'-j  **i  assumed  U>  be  normal,  and 
the  variance  of  the  2- stage  estimate  was  evaluated.  It 
was  shown  that  as  mj,  raj,  and  A  approach  eo  In  a 
certain  way,  the  ratio  of  this  variance  to  the  minimum 
variance  V^A)  tends  to  utilty.  Tti*  asymptotic  result 
for  more  general  populations  was  also  proved.  (ASTIA 
abstract) 


NCU.  04:007 

[  North  Caroltna  U.  1  Inst,  of  Statistics  t  Chapel  Hill  ] . 

TABLES  OF  PARTIALLY  BALANCED  DESIGNS  WITH 
TWO  ASSOCIATE  CLASSES,  by  R.  C.  Bose,  W.  H. 
Ctatworthy,  and  S.  S.  Shrtkhande.  July  29,  1953,  459p. 
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lnd.  lables.  (Mimeograph  series  no.  77)  (AF  18(600)- 
83)  AD  18641  Unclassified 

Also  published  as  Norlh  Carolina  Agricultural  Experi¬ 
ment  Station,  Technical  Bulletin  no.  107.  Norlh 
Carolina  Slale  Coll. ,  Raleigh,  N.  C. ,  Aug.  1954,  255p. 

The  classification  ot  these  designs  Is  lhal  given  by  Bose 
and  Shlmamolo  (Jour.  Amer.  Slatisl.  Assoc.,  v.  47: 
151-184,  1952)  lnlo  5  classes:  group  divisible,  simple, 
triangular,  latln  square  type  and  cyclic  designs.  One 
chapter  Is  devoled  lo  each  ol  these  classes  and  the 
analysis  of  each  Is  discussed  and  llluslraled  by  examples. 
The  lables  llsl  all  known  designs  of  lhls  type  lor  which 
r  c.  10,  3  <_  k  1 10,  where  r  Is  the  number  ot  replica¬ 
tions  and  k_the  block  size.  The  work  should  be  ol  greal 
value  lo  research  workers  In  many  fields.  (Malh  Rev. 
abstract) 


NCU.  04:008 

North  Carolina  [  U.  ] ,  !nsl.  of  Statistics,  Chapel  Hill. 

SEQUENTIAL  PROCEDURES  IN  PROBIT  ANALYSIS, 
by  T.  V.  Narayana.  Special  rept.  Ocl.  1953,  108p. 
tncl.  dlagrs.  tables,  rets.  (Mimeograph  series  no.  82) 
(AF  18(600)83)  AD  25735  Unclassified 

Studies  were  made  on  the  problem  of  estimating  the 
dose  corresponding  to  the  median  effective  dose  (ED50) 
from  a  series  of  tesls  for  quanlal  responses;  the  case 
when  ohservallons  are  taken  on  Individuals  ralher  than 
on  groups  of  Individuals  Is  considered  essentially.  A 
r^sum^  is  given  of  lhe  results  of  Mood  and  Dixon  (Jour. 
Amer.  Slal.  Assoc.,  v.  43:  109-126,  1948).  A  sto¬ 
chastic  approximation  pittas  of  HuIU.ia  aud  Muiirw  Is 
considered  with  reference  to  the  problem.  Considera¬ 
tion  Is  given  to  the  application  of  the  Mood  and  Dixon 
method  torankits  where  tolerance  Is  supposed  to  be 
rectangularly  distributed  rather  than  normally.  Studies 
were  made  of  2  alternative  techniques  of  procedure  (the 
1-rule  and  the  3- rule)  which  aim  at  concentrating  test¬ 
ing  near  the  mean.  The  1-rule  takes  Into  account  at 
the  n,h  ctacrvxUor.  «U  ot  the  peevVous  ubservMkms  on 
the  level  on  which  the  n1^  trial  was  made.  The  total 
number  of  successes  and  failures  on  this  level  Is  used, 
together  with  the  result  of  the  nth  observation,  to  de¬ 
cide  where  the  next  trail  Is  made.  The  3- rule  Is  similar 
to  the  1-rule,  but  takes  Into  account  the  results  of  all 
previous  observations  on  any  particular  level  as  well  as 
of  the  observations  on  the  2  neighboring  levels  In  de 
elding  where  the  next  trial  Is  made.  The  performances 
of  the  Mood  and  Dixon  method,  1-rule,  and  3 -rule  are 
compared  In  small  samples.  The  asymptotic  properties 
of  the  Mood  and  Dixon  method  and  the  1  and  3  rules  are 
Investigated.  The  actual  asymptotic  probability  distri¬ 
bution  was  obtained  for  (1)  ranklt  analysis  and  (2)  a 
truncate;!  normal  population.  Methods  of  analyzing  data 
obtained  v  the  1-  and  3- rules  In  samples  of  moderate 
sizes  are  considered. 


NCU.  04:009 

North  Carolina  U.  Insl.  of  Statistics  [Chapel  Hill], 

SIMULTANEOUS  CONFIDENCE  INTERVAL  ESTIMA¬ 
TION,  by  S.  N.  Roy  and  R.  C.  Bose.  [Dec.  1953]  [24jp. 
(Reprint  series  no.  43)  (AF  18(600)83)  Unclassified 

Puhllshed  In  Ann.  Math.  Slal.,  v.  24:  513-536,  Dec. 
1953. 

This  paper  discusses  (In  sedlon  1)  a  sel  of  sufficient 
conditions  under  which  slmullaneous  confidence  Interval 
estimation  Is  possible.  In  section  2  some  univariate 
examples  are  considered.  Sections  3  lo  6  are  concerned 
with  multivariate  applications.  Section  3  gives  the 
nolation  and  preliminaries  for  multivarlale  applications. 
Section  4  gives  confidence  bounds  on  linear  functions  of 
means  for  multivarlale  normal  populations.  Sections 
5  and  6  give  respectively  confidence  bounds  on  certain 
functions  of  the  elements  of  population  covariance 
matrices  and  population  canonical  regressions,  from 
which  a  chain  of  simpler  consequences  would  follow  by 
lhe  application  of  a  set  of  malrlx  theorems.  This  has 
been  parity  Indicated  In  lhls  paper. 


NCU.  04:010 

North  Carolina  U.  [lnst.  of  Statistics,  Chapel  Hill  J. 

SOME  NOTES  ON  THE  APPLICATION  OF  SEQUENTIAL 
METHODS  IN  THE  ANALYSIS  OF  VARIANCE,  by  N.  L. 
Johnson.  Nov.  1952,  16p.  Inch  tables,  refs.  (AF  18- 
(600)83)  Unclassified 

1  uUlal.t.xl  in  Am..  Math.  St«t. ,  v.  24.  644-623,  Dev. 
1953. 

Sequential  tests  of  linear  hypotheses  In  the  systematic 
linear  model  are  studied.  Methods  of  overcoming  dif¬ 
ficulties  In  the  construction  of  tests  when  there  Is  a 
random  model  are  considered.  (Contractor's  summary) 


NCU.  04:011 

North  Carolina  [1J.  ].  Inst,  of  Statistics  [Chapel  Hill]. 

ON  A  CLASS  OF  DECISION  PROCEDURES  FOR  RANK 
INC  MEANS,  by  K.  C.  Seal.  Special  rept.  June  1954, 
109p.  lncl.  lables,  refs.  (Mimeograph  series  no.  109; 
CIT  rept.  no.  13)  ('AF  OSR-TN-54  234)  (AF  18(600) 
83)  AD  51378  Unclassified 

Also  published  In  Ann.  Math.  Stat. ,  v.  26:  387-398, 

Sept.  1955. 

An  Infinite  class  of  multiple  procedures  Is  suggested  for 
ranking  means  of  (n  *  1)  normal  populations  with  a  com¬ 
mon  but  unknown  variance.  The  object  Is  to  select  a 
group  of  populations  from  (n  ♦  l)  populations  on  the  ba¬ 
sis  of  samples  of  equal  size,  one  from  each  population, 


614  • 


".'"■sTfljjT  <7  J  11  ;  r  ,  y 


AIR  FORCE  SCIENTIFIC  RESEARCH 


l 

i 


such  that  the  least  upper  bound  ol  the  probability  of  an 
incorrect  choice  is  a  preassigned  number  irrespective 
of  the  unknown  population  means.  Consideration  i« 
given  to  an  infinite  class  of  decision  rules  that  satisfy 
this  fundamental  requirement,  and  thal  also  possess 
the  properties  of  unbiasedness  and  of  gradation.  The 
problem  of  choosing  one  member  from  this  infinite  class 
that  has  further  desirable  properties  is  also  investigated. 
(ASTI A  abstract) 


NCU.  04:012 

North  Carolina  [U.  ].  Inst,  of  Statistics,  Chapel  Hill. 

A  GEOMETRICAL  CONFIGURATION  WHICH  IS  A  PAR¬ 
TIALLY  BALANCED  INCOMPLETE  BLOCK  DESIGN, 
by  W.  H.  Clathworlhy.  [  1 954 3  [fljp.  incl.  tables. 

(AF  18(600)83)  Unclassified 

Published  in  Proc.  Amer.  Math.  Soc. ,  v.  5:47-55, 
Feb.  1954. 

It  will  be  6hown  that  a  geometrical  configuration  con¬ 
sisting  of  certain  suitably  chosen  lines  of  the  finite 
projective  geometry  PG(3,  s)  may  be  Interpreted  as  the 
partially  balanced  Incomplete  block  design  having  pa¬ 
rameters 

v  =  b  =  (s4  -  l)/(s  -  I),  Xj  =  I,  n,  =  s(s  ♦  I), 
r  =  k  =  s  +  1,  X2  =  0,  n2  =  s3, 

(1.1)  ?!  (PjV'-^V 

where  s  =  pn  >  1,  pa  prime  and  n  a  positive  integer. 
The  design  of  (1. 1)  corresponding  to  s  =  2  was  con¬ 
structed  by  Bose  and  Shlmamoto  by  another  method. 

All  other  designs  of  (1. 1)  are  new.  (Extracted  from 
rept. ) 


sz(s  -  1) 
S2-  I 

S2(S  -  1)  J' 


NCU.  04:013 

Norlh  Carolina  U.  [lnst.  of  Statistics,  Chapel  Hill  . 

SEQUENTIAL  PROCEDURES  IN  CERTAIN  COMPONENT 
OF  VARIANCE  PROBLEMS,  by  N.  L.  Johnson.  !  1954 
10:p.  incl.  tables.  (Mimeograph  series  no.  65) 

(AT  18(600)83)  Unclassified 

Published  in  Ann.  Math.  Stat. ,  v.  25  357-366,  June 
1954. 

The  primary  purpose  of  this  paper  is  to  discuss  certain 
sequential  procedures  for  discriminating  between  two 

f  values  for  the  ratio  of  variance  components  tn  a  simple 

one-way  classification.  In  order  to  clarify  the  preseu 
tatlon  ot  the  three  procedures  dtscussed,  they  will 
first  he  applied  (tn  section  2)  to  the  problem  of  dlscrtm- 
tnatton  between  two  values  for  the  ratto  of  variances  tn 


NCU.  04:012  -  NCU.  04:015 


two  dtstlnct  normal  populations.  The  arguments  in 
section  3  closely  parallel  those  in  section  2,  and  the 
form  of  the  two  sections  has  been  made  as  similar  as 
possible,  to  emphasi  te  this  parallelism.  Section  4 
contains  some  formulae  used  in  calculating  approximate 
average  sampting  numbers  presented  in  the  earlier 
sections.  (Contractor’s  abstract) 


NCU.  04:014 

North  Carolina  [U.  ].  [lnst.  of  Statistics]  Chapel  Hill. 

ASYMPTOTIC  SOLUTIONS  OF  THE  COMPOUND  DE¬ 
CISION  PROBLEM  FOR  TWO  COMPLETELY  SPECI¬ 
FIED  DISTRIBUTIONS,  by  J.  F.  Hannan  and  H. 
Robbins.  July  20,  1954  [  15]  p.  (AF  18(600)83) 

AD  101219  Unclasstfied 

Also  published  in  Ann.  Math.  Stat.,  v.  26:  37-51, 

Mar.  1955. 

The  present  study  considers  the  class  of  problems 
where  the  components  tnvolve  decision  between  any  two 
completely  specified  distributions,  with  the  risk  taken 
to  be  the  weighted  probability  of  wrong  decision.  For ' 
all  sufficiently  large  n,  decision  functions  are  found 
whose  risks'  are  uniformly  close  to  the  envelope  risk 
function  of  "invariant" decision  functions. 


NCU.  04:015 

Norlh  Carolina  U.  lnsl.  of  Statistics,  Chapel  Hill. 

A  USEFUL  THEOREM  IN  MATRIX  THEORY,  by  S.  N. 
Roy.  [  1954]  [4]p.  (Reprint  series  no.  53)  [AF  18- 
(600)83  J  Unclassified 

Published  In  Proc.  Amer.  Math.  Soc.,  v.  5:  635-638, 
Aug.  1954. 

If  A  and  B  are  any  two  matrices,  the  theorem  of  this 
article  stales  that  the  square  of  the  absolute  value  of 
any  characteristic  root  X  of  AB  Is  greater  [lessi  than 
or  equal  to  the  product  of  the  minimum  [  maximum  J 
characteristic  root  of  AA*  by  the  minimum  [  maxtmum  , 
characteristic  root  of  BB*.  A  short  proof  Is  the  fol¬ 
lowing.  First,  if  F  Is  hermltian,  and  x  ts  a  variable 
unit  vector,  ax*  =  1,  the  minimum  of  xFx*  is  equal  to 
the  minimum  characteristic  root  pj  of  F. 

(F;  U-dlag  (  pj .  pn).U*, 

UU*  =  1  — ♦  xFx*  =  y,p  jy,  *  . . .  ynPnyn 

with  y  =  xU,  yy*  =  1.  Second,  the  minimum  character¬ 
istic  root  of  (Aii)(AB)*  is  less  than  or  equal  to  the 
square  of  the  absolute  value  of  any  characteristic  root 
X  of  AB.  (zz*  -  1,  z(AB)  =  Xz— *  z(AB)(AB)*z* 

XX;  apply  first  statement  with  F  -  (AB)(AB)*.  ).  Third, 
the  characteristic  roots  of  (AB)(AB)*  and  A*ABB*  are 
the  same.  Fourth,  the  minimum  characteristic  root  of 
the  product  of  two  hermltian  matrtces,  as  A*A,  BB*, 
is  greater  than  or  equal  to  the  product  of  the  respective 
minimum  characteristic  roots  of  the  factors.  (Math, 
ltev.  abstract) 
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NCU.  04:016 

North  Carolina  U.  Inst.  o(  Statistics,  Chapel  Hill. 

SOME  FURTHER  RESULTS  IN  SIMULTANEOUS  CON¬ 
FIDENCE  INTERVAL  ESTIMATION,  by  S.  N.  Roy. 

[  1954]  [  10]  p.  (Reprint  series  no.  58)  [AF  18(600)- 
83]  Unclassified 

Published  In  Ann.  Math.  Stat. ,  v.  25:  752-761,  Dec. 


Let  and  £2  denote  the  dispersion  matrices  of  two 
p-varlate  normal  populations.  Simultaneous  confidence 
bounds  are  gotten  for  all  the  characteristic  values  of 
X,  and  of  Consider  a  (p  +  q)- variate  normal 

population  (p  <_q),  and  let  £n,  ^12  stand  respec¬ 

tively  for  the  dispersion  submatrix  of  the  first  p  vartate, 
the  last  q,  and  that  between  the  p-set  and  the  q-set. 
Simultaneous  confidence  bounds  are  gotten  for  all  bi¬ 


linear  compounds  of  (3  = 


the  p  x  q  matrix  of 


regression  of  the  p-set  on  the  q-set.  All  bounds  have 
confidence  coefficients  greater  than  or  equal  to  a  pre- 
asslgned  level.  This  paper  is  a  continuation  of  another 
by  the  author  and  R.  C.  Bose  [  Ann.  Math.  Stat. , 
v.  24:  513-536,  1953].  (Math.  Rev.  abstract) 


NCU.  04:017 

North  Carolina  [U.  ].  Inst,  of  Statistics,  Chapel  Hill. 

SOME  PROBLEMS  OF  OPTIMUM  SAMPLING,  by  P.  N. 
Somerville.  Apr.  15,  1953,  78p.  lncl.  tables,  refs. 
(Mtmeograph  sertes  no.  66)  (AF  18(600)83) 

Unclassified 


l  Blometrlka,  v.  41:420  429,  Dec. 


Thts  research  attempts  to  apply  some  of  Wald's  theory 
of  statistical  dectslon  functions  and  tn  particular  mlnl- 
max  methods  to  problems  of  optimum  sample  sizes. 


ties  in  terms  of  covering  wrong  values  of  the  deviations. 
(ASTIA  abstract) 


NCU.  04:019 

North  Carolina  [U.  ].  Inst,  of  Statistics,  Chapel  Hill. 

UNBIASED  ESTIMATION  OF  FUNCTIONS  OF  THE 
BINOMIAL  PROPORTION,  by  S.  K.  Mitra.  Feb.  1, 
1955,  17p.  (Mimeograph  series  no.  122;  CIT  rept. 
no.  18)  ([  AF]OSR-TN-55-51)  (AF  18(600)83) 

AD  56935  Unclasstfied 

Explicit  characterizations  are  given  for  the  class  of 
estimable  functions  (EPF)  of  the  parameter  p  in  the 
btnomlal  population  and  the  subclass  G  of  EPF'c  pos¬ 
sessing  uniformly  minimum  variance  unbiased  esti¬ 
mators  (UMVUE).  The  EPF's  not  possessing  UMVUE, 
the  explicit  expression  for  the  unbiased  estimator  with 
minimum  variance  at  some  p'cft(the  paiameter  space) 
is  given.  The  subclass  G*  of  G  of  EPF's  possessing 
unreasonable  UMVUE  has  been  considered  when  ft = 

[  0, 1  j .  Such  estimators  are  necessarily  inadmissible 
in  the  Waldian  sense,  with  any  loss  function  which  In¬ 
creases  wtth  the  absolute  error.  No  attempt  Is  made, 
however,  either  to  prove  or  disprove  the  admissibility 
of  reasonable  UMVUE  (in  general)  in  such  a  case  ex¬ 
cept  for  !(p)  =  p  with  loss  function  proportional  to 
squared  error,  when  It  is  shown  that  the  reasonable 
UMVUE  for  p  ts  admissible  also.  (Contractor's 
summary) 


NCU.  04:020 

North  Carolina  [  U.  ] .  Inst,  of  Statistics,  Chapel  Hill. 

ON  MINIMUM  VARIANCE  ESTIMATION  OF  LOCATION 
AND  SCALE  PARAMETERS,  by  S.  K.  Mitra.  Feb. 
1955,  14p.  (Mimeograph  series  no.  126;  CIT  rept.  no. 
17)  ([  AF ]OSR-TN-55-77)  (AF  18(600)83)  AD  56934 

Unclassified 


NCU.  04:018 

North  Caroltna  [  U.  ] .  Inst,  of  Statistics,  Chapel  Hill. 

A  REPORT  ON  SOME  ASPECTS  OF  MULTIVARIATE 
ANALYSIS,  by  S.  N.  Roy.  Dec.  30,  1954,  lv.  refs. 
(Mtmeograph  sertes  no.  121;  CIT  rept.  no.  15) 

(1  AFjOSR-TN-55-25)  (AF  18(600)83)  AD  54346 

Unclasstfied 


It  ts  shown  that  uniformly  mtnlmum  variance  unbiased 
estimators  (UMVUE)  of  location  and  scale  parameters, 
when  they  exist,  satisfy  Pitman's  configurational  con 
dltlon  (Btometrlka,  v.  30:  391-421,  1938).  As  an  Illus¬ 
tration  the  case  of  rectangular  population  with  range 
dependtng  on  location  and  scale  parameters  has  been 
considered  tn  some  detail. 


NCU  04:021 


The  scope  of  the  dlscusston  ts  restricted  to  ftxed 
sample  stze  2-dectston  problems,  In  which,  for  a  pre- 
asstgned  level  a  or  a  confidence  coefftctent  l-u,  the 
tnterest  Is  centered  on  obtaining:  (1)  a  slmtlar  region 
test  of  the  hypothests  H0  whtch  has  some  kind  of  rea¬ 
sonably  good  property  against  the  whole  class  of  rele¬ 
vant  compostte  alternatives  H(ifl)  or  (2)  a  set  of  simul¬ 
taneous  confidence  bounds  on  devtattons  from  H0  wtth 
confidence  bounds  whtch  have  some  kind  of  good  proper- 


North  Carolina  ill.  1.  Inst,  of  Statistics,  Chapel  Hill. 

ON  INVERTING  A  CLASS  OF  PATTERNED  MATRICES. 
PART  1,  by  S.  N.  Roy  and  A.  E.  Sarhan.  Feb  23, 
1955,  23p.  (Mimeograph  sertes  no.  123;  CIT  rept.  no. 
16)  ([AF]OSR  TN-55-78)  (AF  1 8( 000)83)  AD  56936 

Unclasstfied 


and  2,  June  1956. 


,  Btometrlka,  v.  43:227-231,  Pts.  1 
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Consideration  Is  given  to  the  Inversion  ol  a  class  ol 
patterned  matrices  that  come  up  In  different  fields  of 
statistics,  Including  least  squares  solutions  relating  to 
problems  like  estimation  of  population  parameters  by 
ordered  or  unordered  observations,  analysis  of  vari¬ 
ances  and  covariance,  response  surfaces,  etc.  In 
order  to  make  It  available  even  to  those  who  have  little 
background  of  matrix  theory  and  other  parts  of  mathe¬ 
matics  but  who  still  need  to  Invert  such  matrices,  the 
treatment  Is  made  as  simple  and  elementary  as  possible, 
with  appropriate  Illustrative  examples  from  the  differ¬ 
ent  fields  of  application.  The  actual  matrices  dis¬ 
cussed  do  not  by  any  means  exhaust  the  list  of  all  pat¬ 
terned  matrices  that  might  be  useful  In  the  various 
sectors.  They  are  merely  Illustrative  and  other  ma¬ 
trices  will  be  discussed  In  a  sequel  to  this  note,  to  be 
called  Part  n,  which  will  be  based  on  the  same  tech¬ 
nique,  as  Is  Indicated  and  used  here.  In  this  technique, 
use  Is  made  of  the  facts  that:  (1)  a  nonsingular  square 
matrix  Etu  a  uriquc  l  wr»-  and  (il)  tor  tlu.  cliau  if 
patterned  matrices  considered  here  It  Is  possible  to 
guess  a  form  for  the  Inverse  with  a  few  unknown  (and 
thus  flexible)  parameters  which  could  then  be  deter¬ 
mined  by  equating  to  the  Identity  matrix  the  product  of 
the  original  matrix  and  the  Inverse  that  Is  guessed.  At 
the  moment,  the  guess  Is  just  Intuitive  but  It  Is  believed 
that  is  s  deeper  general  calculus  behind  the  whole  thing, 
which  may  come  to  light  In  the  near  future,  thus  making 
the  inversion  of  such  matrices  an  entirely  trivial  prob¬ 
lem. 


NCU.  04:022 


North  Carolina  L  U.  J .  Inst,  of  Statistics,  Chapel  Hill. 


A  GENERALIZATION  OF  ANALYSIS  OF  VARIANCE 
AND  MULTIVARIATE  ANALYSIS  TO  DATA  BASED  ON 
FREQUENCIES  IN  QUALITATIVE  CATEGORIES  OR 
CLASS  INTERVALS,  by  S.  N.  Roy  and  M.  A.  Kasten- 
baum.  June  1,  1955,  27p.  (Mimeograph  series  no.  131 ; 
CIT  rept.  no.  19)  ([  AF  JOSR-TN-55-167)  (Sponsored 
jointly  by  [  Air  Force]  Office  of  Scientific  Research  un¬ 
der  AF  18(600)83  and  U.  S.  Public  Health  Service  under 
HTS  5065(c))  AD  70214  Unclassified 


li  l  hr  Mtuallin  Indicated  by  I  hr  title  a  p-varUle  body 
of  data  arranged  In  a  q-way  classification  will  formally 
look  like  a  body  of  data  arranged  In  a  (p  ♦  q)-way  table, 
but  the  fundamental  distinction  between  a  so-called 
"variate"  and  a  so-called  "way  of  classification"  Is  that 
along  the  direction  ol  a  ''variate,  "  the  marglnat  frequen¬ 
cies  are  stochastic  variates,  while  along  a  "way  cf  clas¬ 
sification,"  the  marginal  frequencies  arc  fixed  or  pre¬ 
scribed.  The  hypotheses  of  "no  total  correlation,  " 

"no  multiple  correlation,  "  "no  partial  correlation,  " 

"in.  dHiutdtal  tumdatton,  "  "m.  main  effeH,  "  "no  ttitet" 
action,  "  etc. ,  are  translated  Into  hypotheses  on  the 
structure  of  the  probabilities  over  the  different  cells  or 
categories,  and,  with  large  sample  assumptions,  these 
hypotheses  are  tested  by  y*  with  appropriate  degrees  of 
freedom.  No  exact  test  In  terms  of  the  original  multi¬ 
nomial  distribution  Is  attempted  In  this  paper.  (Con¬ 
tractor's  summary) 
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North  Carolina  !  U.  ] .  Inst,  of  Statistics,  Chapel  Hill. 


PAIRED  COMPARISON  DESIGNS  FOR  TESTING  CON¬ 
CORDANCE  BETWEEN  JUDGES,  by  R.  C.  Bose. 

June  22,  1955,  14p.  lncl.  tables,  refs.  (Mimeograph 
series  no.  134|  CIT  rept.  no.  20)  ([  AF  JOSR-TN-55- 
214)  (Sponsored  jointly  by  [Air  Force]  Office  of 
Scientific  Research  under  AF  18(600)83  and  Division 
of  Research  Techniques,  London  School  of  Economics 
and  Political  Science)  AD  75941  Unclassified 


and  2,  June  1956. 


\  Blomefrlka,  v.  43:  113-121,  Pts.  1 


Further  consideration  Is  given  to  the  problem  suggested 
by  M.  G.  Kendall  (Further  Contributions  to  the  Theory 
of  Paired  Comparisons.  Biometrics,  v.  11,  1955)  con- 
c>  rol'jg  designs  wtlrh  -night  prow  useful  lor  testing 
concordance  between  judges.  Certain  designs,  called 
linked  paired  comparison  designs,  are  defined  to  en¬ 
sure  symmetry  between  objects  and  judges.  Certain 
Inequalities  between  the  parameters  are  obtained.  Two 
special  classes  of  these  designs  have  been  studied,  and 
explicit  design  for  small  values  of  n  (the  number  of  ob- 
J«lb  to  b*  compared)  xr«  presetted. 


NCU.  04:024 

North  Carolina  [U.  ].  Inst,  of  Statistics,  Chapel  Hill. 


THE  RATIO  OF  VARIANCES  IN  A  VARIANCE  COM¬ 
PONENTS  MODEL,  by  W.  A.  Thompson.  July  1953, 
15p.  (Mimeograph  series  no.  74)  (AF  18(600)83) 

Unclassified 


Also  published  in  Ann.  Math.  Stat. 
June  1955. 


v.  26:  325-329, 


In  section  1  a  lemma  Is  proved  which  may  sometimes 
be  used  to  find  the  class  of  all  statistics  whose  distri¬ 
butions  are  Independent  of  the  nuisance  parameters.  In 
section  2  this  lemma  Is  then  applied  to  the  general  In¬ 
complete  block  variance  components  model  to  find  the 
r  i»sa  of  alatUUr*  wtk  w  ill  si  ri'iutlims  depend  only  o' 
X,  the  ratio  of  the  two  variances  Involved.  Section  3 


then  finds  a  test  of  the  hypothesis  X  <  X.  versus 
X  >  Xj.  (Contractor's  summary) 


NCU.  04:025 

North  Carolina  U.  [Inst,  of  Statistics,  Chapel  Hill  j. 


SOME  CLASSES  \Jf  PARTIaLLY  BALANCED  BEShsNS, 
by  R.  C.  Bose  and  W.  H.  Clathworthy.  [  1955  j  i  21  ,  p. 
lncl.  tables.  (AF  18(600)83)  Unclassified 


Published  In  Ann.  Math.  Stat.,  v.  26:  212-232,  June 
1955. 


The  paper  deals  wlih  PBID  (partially  balanced  Incomplete 
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block)  designs  with  two  associate  classes  and  k  >  r  2, 
with  Xj  =  1  and  X2  =  0.  It  is  shown  how  the  parameters 
for  all  such  designs  depend  on  the  three  Integral  param¬ 
eters  k,  r,  and  t,  which  satisfy  the  restrictions  that 
(1)  1  1 1  <  r,  (11)  rk(r  -  1)  (k  -  1  }/t(k  ♦  r  -  t  -  1)  is  a 
positive  integer.  For  the  particular  case  r  =  3  it  is 
shown  that  all  designs  with  t  =  2  or  3  necessarily  exist, 
tut  11 1  -  1,  then  the  cily  possible  value  of  k  >  r  is  k  = 

5.  The  designs  with  t  -  2  are  well  known  lattice  designs 
and  those  with  t  =  3  are  duals  of  certain  balanced  incom¬ 
plete  block  designs.  The  design  tor  k  -  %  it  ccn&ieuMed, 
the  only  construction  in  the  paper.  Other  results  are 
a  less  demanding  definition  oi  PBEB  designs  with  two 
associate  classes,  and  a  lemma  and  five  corollaries 
concerning  the  block  structure  of  PBIB  design  with  two 
associate  classes  having  Xj  =  1  and  X2  =  0,  with 
Pj , 1  =  k  -  2  (but  with  no  special  assumption  about  the 
refettonsMp  between  1  and  k;.  (Matt,.  Re*,  absiiact; 


NCU.  04:026 

North  Carolina  lu.  J .  Inst,  of  Statistics,  Chapel  Hill. 


Also  published  in  Blometrlka.  v.  43:  361-376,  Dec. 

1956. 

The  concepts  of  a.  previous  study  (item  no.  NCU. 04:022) 
are  extended  to  a  systematic  exposition  which:  (1)  is 
based  on  a  clear  distinction  between  a  variate  and  a  way 
of  classification  which  results  from  differing  experi¬ 
mental  situations  arid  aanvpling  stliemej,  [1)  sets  up  dif¬ 
ferent  probability  models  for  the  different  situations: 
and  (3)  poses  different  types  of  hypotheses  dependent  on 
the  tflrttwe  of  the  eUuittor.  a--  a  tnuUlvarUu  toiaiysU, 
analysis  of  variance,  or  a  mixed  type.  The  discussion 
is  illustrated  by  the  case  of  2  analogous  null  hypotheses 
under  2  different  probability  models.  These  eventually 
have  the  same  x2  with  the  same  distribution  under  the 
respective  null  hypotheses,  but  their  asymptotic  powers 
differ.  Examples  from  multivariate  analysis  are  pre  - 
stntfcd  tc  shim  x2  additivity  it.  a  probaiMitAVt  and 
asymptotic  sense.  The  concept  of  interaction  in  the 
analysis  of  variance  is  discussed  in  terms  of  random¬ 
ized  block  experiments  in  which  ranking  procedures  may 
change  from  block  to  block. 


% 


CDHTRIBUTIONE  TO  THE  STATISTICAL,  ANALYSIS 
OF  CATEGORICAL  DATA,  bv  S.  K.  Mitra.  Dec.  1955, 
146p.  (Mimeograph  series  no.  142;  CIT  rept.  no.  22) 
(AFOSR-TN- 56-43)  (AF  18(600)83)  AD  80555 

Unclassified 

The  problems  considered  in  this  mathematical  study  are 
of  2  types:  (1)  multivariate  analysis  in  which  samples 
from  1  population  are  categorized  according  to  several 
characteristics;  and  (2)  analysis  of  variance  in  which 
samples  from  several  populations  are  categorized  ac¬ 
cording  to  1  and  the  same  characteristic.  Hypotheses 
applicable  to  each  of  these  situations  are  posed  and 
tested.  Chapter  I  gives  a  heuristic  Justification  for  the 
various  frequency  x2-tests.  Chapter  II  discusses  2 
theorems  in  minimum  X2  and  their  applications.  Chapter 
III  investigates  the  property  of  asymptotic  independence 
of  test  criteria  in  several  cases  of  simultaneous  testing 
in  multivariate  analysis.  Chapter  IV  considers  factorial 
multinomial  experiments,  their  analysis,  and  a  multi- 
decision  problem  involving,  in  a  restricted  situation, 
the  choice  of  the  "best"  (in  some  sense)  among  several 
populations.  The  final  chapter  presents  some  applica¬ 
tions  of  the  asymptotic  power  functions  (in  the  Pitman 
sense)  for  the  various  types  of  X2-tests  treated  (Con¬ 
tractor's  abstract,  modified) 


NCU.  04.027 

North  Carolina  [  U.  J .  Inst,  of  Statistics,  Chapel  Hill. 

AN  INTRODUCTION  TO  SOME  NONPARAMETRIC  GEN¬ 
ERALIZATIONS  OF  ANALYSIS  OF  VARIANCE  AND 
MULTIVARIATE  ANALYSIS,  by  S.  N.  Roy  and  S.  K. 
Mitra.  Nov.  1955,  35p.  refs.  (Mimeograph  series  no. 
139,  CTT  rept.  no.  (AFOSli-TN-56-44j  (AL  16- 
(600)83)  AD  80556  Unclassified 


NCU.  04:098 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill. 

ON  A  DECISION  RULE  FOR  A  PROBLEM  IN  RANKING 
MEANS,  by  S.  S.  Gupta.  May  1956,  104p.  incl.  tables, 
refs.  (Mimeograph  series  no.  150)  ([ AF  JOSR-TN-56- 
300)  (AF  18(600)83)  Unclassified 

The  author  proposes  and  studies  a  statistical  decision 
rule  for  the  following  situation.  An  experimenter  is  to 
select  one  or  more  populations  which  possess  some 
characteristic,  i.  e. ,  a  large  mean,  guaranteeing  that 
the  probability  of  Including  the  population  with  larges! 
mean  in  the  selected  group  is  at  least  (1  -  a),  where  a 
Is  a  small  pre-assigned  number.  The  decision  proce¬ 
dure  proposed  is  one  of  a  class  first  formulated  by  K. 

C.  Seal.  This  paper  explains  a  precise  procedure, 
examines  its  properties  and  the  statistic  on  which  it  is 
based,  and  illustrates  Its  application. 


NCU  04:029 

North  Carolina  [  U.  j .  Inst,  of  Statistics,  Chapel  Hill. 

FURTHER  CONTRIBUTIONS  TO  MULTIVARIATE 
CONFIDENCE  BOUNDS,  by  S.  N.  Roy  and  R. 
Gnanadeslkan.  Aug.  1956,  15p.  (Mimeograph  series 
no.  155)  (AFOSR-TN- 56-380)  (Sponsored  jointly  by 
Air  Force  Office  of  Scientific  Research  under  AF  18- 
(600)83  and  Research  Techniques  Unit,  London  School 
of  Economics  and  Political  Science)  AD  95816 

Unc  tasslfled 

Also  published  In  Blometrlka.  v.  44:  399-410,  Dec. 
1987. 

The  Implications  of  certain  results  obtained  in  earlier 
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papers  on  confidence  bounds  on  parametric  lunctions 
are  fully  worked  out.  This  leads  to  a  number  of  confi¬ 
dence  bounds,  expected  to  be  useful,  but  hitherto  un¬ 
noticed,  (t)  on  the  characteristic  roots  of  one  population 
dispersion  matrix  and  on  roots  connected  with  (11)  2 
population  dispersion  matrices,  (111)  the  regression 
matrix  ol  a  p-set  on  a  q-set,  ana  (tv)  multivariate  linear 
hypothesis  on  mean3,  Including,  In  particular,  the  prob¬ 
lem  ol  discriminant  analysts.  (ASTIA  abstract,  modt- 
fled) 


NCU.  04:030 

North  Carolina  [u.  ].  Inst,  ol  Statistics,  Chapel  Hill. 

MOMENTS  OF  ORDER  STATISTICS  FROM  A  NORMAL 
POPULATION,  by  R.  C.  Bose  and  S.  S  Gupta.  July 
1956,  13p.  tncl.  tables,  refs.  (Mimeograph  series  no. 
154)  (AFOSR-TN-56-501)  (AF  18(600)83)  AD  110316 

Unclassified 

The  problem  of  obtaining  the  moments  ol  (Xjg,  the  kth 
order  statistic  for  a  sample  of  size  n  lrom  a  normal 
population  N(0, 1),  Is  considered.  The  tth  moment  ol 
X(k),  n|(n,k),  can  be  expressed  tn  terms  ol  lower  mo¬ 
ments  of  order  t  -  2t,  (1=1,  2,  . . . ,  t/2  or  (t  -  l)/2  ], 

+  co 

and  the  Integral  r  pl+  i(x)e‘(t+  l)*2/2dx  where  Pt+  j(x) 

-on 

for  t  >  0  ts  dellned  by  P(f  j(x) 

=  k((t)  L  $kl(l  -$  )n'k  ;  $  ts  replaced  by  $(x) 

alter  differentiation  Pt(x)  Is  a  polynomial  of  degree 
(n  -  t)  In  $(x)  tl  n  <ml,  and  Is  zero  If  n  >  t.  Exact 
values  of  all  odd  order  moments  can  be  derived  when 
n  <_  5,  and  all  even  order  moments  when  n  <  6.  Tables 
ol  exact  moments  uj(n,  k)  lor  t  =  3  and  4  are  worked 
out.  In  general  the  integral  ts  numerically  evaluated  by 
the  Gauss-Jacobl  method  of  mechanical  quadrature 
(Szego,  Gabor,  Orthogonal  Polynomials.  New  York  City, 
American  Mathematical  Society  Colloquium  Publications, 
v.  23,  1939)  based  on  the  zeros  and  the  weight  factors 
ol  the  Hermlte  polynomials. 


NCU.  04:031 

North  Carolina  [  U.  J .  Inst,  ol  Statistics,  Chapel  Hill. 

CONTRIBUTIONS  TO  MULTIVARIATE  ANALYSIS  IN¬ 
CLUDING  UNIVARIATE  AND  MULTIVARIATE  VARI¬ 
ANCE  COMPONE  NTS  ANALYSIS  AND  FACTOR  ANAL 
YS1S,  by  H.  Gnanadestkan.  June  1356,  177p.  rels. 
(Mimeograph  series  no.  158)  (AF'OSR-TN-56-558) 

(AF  18(600)83)  AD  110378  Unclassllled 

The  development  ol  conlidence  bounds,  simultaneous 
and,  or  individual,  on  parameters  or  parametric  lunc- 
ttons  are  formed  as  natural  measures  of  departure 
lrom  certain  usual  null  hypotheses.  The  distributions 
ol  the  sampled  parent  populations  are  assumed  uni¬ 


variate  or  multivariate  normal  as  a  basis  for  the  devel¬ 
opment  ol  general  results  and  a  dtscusston  of  solutions 
of  various  problems  in  the  sectors  of  variance  compo¬ 
nents  (both  univnrlate  and  multivariate)  and  factor  anal¬ 
ysis. 


NCU.  04:032 

North  Carolina  [u.  ].  Inst,  of  Statistics,  Chapel  Hill. 

MULTIPLE  RANGE  TESTS  FOR  CORRELATED  AND 
HETEROSCEDASTIC  MEANS,  by  D.  B.  Duncan.  Dec. 
1956,  17p.  tncl.  dtagr.  refs.  (Mimeograph  series  no. 
161)  (AFOSR-TN-56-597)  (In  cooperation  with  Florida 
U.)  (Sponsored  jointly  by  Florida  Agricultural  Experi¬ 
ment  Station,  U.  S.  Public  Health  Service,  and  Atr 
Force  Office  of  Scientific  Research  under  AF'  18(600)83) 
AD  115024  Unclassified 

A  complete  method  for  the  extension  ol  the  multiple 
range  tests  ts  presented.  The  closeness  ts  Indicated 
between  the  properties  of  these  complete  tests  of  hetero- 
scedastic  and  correlated  means  and  the  properties  ol 
the  corresponding  tests  of  homoscedastic  and  uncorre- 
laled  means.  A  short-cut  skipping  principle  ts  also 
presented  which  ts  useful  tn  applying  multiple  range 
tests  to  a  large  number  of  treatment  means  or  totals. 

The  baste  rule  lor  complete  tests  is  stated  as  follows: 

(1)  any  subset  ol  p  means  is  homogeneous  tf  the  largest 
adjusted  difference  in  the  sub- set  falls  to  exceed  the 
critical  value  Rjj;  (2)  any  2  means  not  both  contained  in 
Ihe  same  homogeneous  subset  are  significantly  dtflerent; 
and  (3)  any  2  means  both  contained  tn  the  same  homogen¬ 
eous  subset  are  not  significantly  different.  Numerical 
examples  are  given  lor  the  test  ol  unequally  replicated 
means  and  for  the  lest  of  treatment  of  the  properties  ts 
is  made  In  dtscusstng  the  2- mean  stgnlllcance  levels 
and  the  higher-order  stgnlllcance  levels  and  power. 


NCU.  05:001 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill. 

BOUNDS  FOR  THE  DISTRIBUTION  FUNCTION  OF  SUM 
OF  INDEPENDENT,  IDENTICALLY  DISTRIBUTED 
RANDOM  VARIABLES,  by  W.  Hoefldtng  and  S.  S. 
Shrlkhande.  Oct.  1953,  31p.  (Mimeograph  series  no. 
84)  (AF  18(600)458)  AD  25736  Unclassllled 

Also  published  In  Ann.  Math.  Slat.,  v.  26:  439-449, 
Sept.  1955. 

The  problem  under  study  v  as  that  ol  obtaining  bounds 
lor  the  cumulative  distribution  lunctlon  ol  the  sum  ol  n 
Independent,  Identically  distributed  random  variables 
with  k  prescribed  moments  and  given  range.  For  n  =  2 
tne  best  bounds  are  attained  or  arbitrarily  closely  ap¬ 
proached  wtth  discrete  random  variables  which  take  on 
at  most  2k  *  2  values.  Explicit  bounds  are  obtained  lor 
the  case  ol  nonnegattve  random  variables  wtth  a  given 
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mein  for  n  =  2;  for  arbitrary  values  of  n,  bounds  are  ob¬ 
tained  which  are  asymptotically  best  In  the  tail  of  the 
distribution.  Some  of  the  results  are  considered  So 
contribute  to  the  more  general  problem  of  obtaining 
bounds  for  the  expected  value  a  given  function  of  In¬ 
dependent,  Identically  distributed  random  variables 
when  the  expected  values  of  certain  functions  of  the  In¬ 
dividual  variables  are  given. 


NCU.  05:002 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill. 

THE  EXTREMA  OF  THE  EXPECTED  VALUE  OF  A 
FUNCTION  OF  INDEPENDENT  RANDOM  VARIABLES, 
by  W.  Hoeffdlng.  Ocl.  1953,  16p.  (Mimeograph  series 
no.  83)  (AF  18(600)458)  AD  19999  Unclassified 

Also  published  In  Ann.  Math.  Stal. ,  v.  26:  268-275, 

Jan.  1955. 

The  problem  Is  considered  of  determining  the  least 
upper  (or  greatest  lower)  bound  for  lhe  expected  value 
EK(X. ,  . . . ,  X  )  of  a  given  function  K  of  n  random  vari¬ 
ables  Xj . Xn  under  the  assumption  that  X, . Xn 

are  Independent  and  each  X.  has  given  range  and  satisfies 
J(i) 

k  conditions  of  the  form  Egj  '(Xj)  =  c^j,  1  =  1,  . . . ,  k. 

It  Is  shown  that  under  general  conditions,  11  Is  necessary 
to  consider  only  discrete  random  variables  Xj  which 
take  on  at  most  k  >  1  values. 

NCU.  05:003 

North  Carolina  U.  Insl.  of  Statistics,  Chapel  Hill. 

ON  THE  RELATION  BETWEEN  ESTIMATING  EFFI¬ 
CIENCY  AND  THE  POWER  OF  TESTS,  by  R.  M. 
Sundrum.  Jan.  1954,  6p.  (Mimeograph  series  no.  90; 
C1T  repl.  no.  4)  [  AFOSR-TN-54-28J  (AF  18(600)458) 
AD  35248  Unclassified 

Also  published  In  Blomelrlka.  v.  41,  Pis.  3  and  4: 
542-544,  Dec.  1954. 

A  condition  Is  derived  for  the  case  of  normal  distribu¬ 
tions  for  the  validity  of  the  assumption  that  a  statistic 
which  has  a  high  efficiency  In  estimating  an  unknown 
parameter  also  gives  a  powerful  lesl  of  hypotheses 
about  that  parameter.  An  example  from  genetics  by 
Fisher  (Statistical  Methods  for  Research  Workers,  llth 
ed. ,  Oliver  ■’nd  Boyd,  Edinburgh,  1950)  Is  given  of  a 
failure  of  this  assumption.  A  presumption  In  favor  of 
using  the  more  efficient  estimator  Is  established  oy 
showing  that  the  derived  condition  falls  only  In  situations 
where  the  power  of  the  resulting  test  Is  less  than  one 
half. 

NCU.  05:004 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hli: 

A  FURTHER  APPROXIMATION  TO  THE  DISTRIBUTION 


OF  WILCOXON'S  STATISTIC  IN  THE  GENERAL  CASE, 
by  R.  M.  Sundrum.  Jan.  1954,  13p.  lncl.  table. 
(Mimeograph  series  no.  89;  CIT  repl.  no.  3)  [  AFOSR- 
TN-54-29 ]  (AF  18(600)458)  AD  35147 

Unclassified 

Also  published  in  Jour.  Roy.  Slat.  Soc.,  Series  B, 

V.  16:  255-260,  1954. 

General  expressions  are  derived  for  the  third  and 
fourth  moments  of  Wllcoxon's  (Biometrics,  v.  1:80, 
1945)  2-sample  lest  statistic.  This  Is  a  dlslrlbutlon- 
free  lesl  of  the  hypothesis  that  2  samples  (Xi,  X2,  . . . , 

Xm)  and  (Yj,  Y2 . Y„)  are  Independent  random 

samples  from  the  same  population.  The  lest  Is  based 
on  the  statistic 
m  n 

U  =  t  Z  djjj  where  dlk  =  1  If  Xj  <  Y^ 

1=1  k=l  =0  otherwise. 

The  third  and  fourth  moments  depend  on  relatively  few 
parameters.  The  general  expressions  contain  the  third 
and  fourth  moments  for  the  null  case  as  derived  by 
Mann  and  Whllney  (Ann.  Math.  Slat.,  v.  18:  50,  1947) 
and  Haldane  and  Smith  (Ann.  Eugenics,  v.  14:  117, 
1948)  as  special  cases.  A  short  table  Is  given  of  the 
values  of  these  parameters  under  normal  alternatives. 


NCU.  05:005 

North  Carolina  U.  Insl.  of  Statistics,  Chapel  Hill. 

ON  SOME  SIGN  TESTS  OF  RANDOMNESS  UNDER  HY¬ 
POTHESES  OF  UNEAR  TREND,  by  R.  M.  Sundrum. 
Mar.  1954,  13p.  lncl.  table.  (Mimeograph  series  no. 
96;  err  repl.  no.  5)  ( [  AF  JOSR-TN-54-70)  (AF  18- 
(600)4581  AD  35148  Unclassified 

General  expressions  are  obtained  for  the  third  and 
fourth  moments  of  a  sign  lest  of  randomness  proposed 
by  Moore  and  Wallis  (Jour.  Amer.  Stal.  Assoc.,  v.  38. 
153-164,  1943).  Two  additional  results  are  obtained: 

(1)  the  general  expressions  are  applicable  lo  lhe  mo¬ 
ments  of  a  bivariate  difference-sign  lesl  proposed  by 
Stuarl  (Jour.  Amer.  Slal.  Assoc.,  v.  47:  416-424, 

1952)  when  his  parameters  are  suitably  redefined;  and 

(2)  the  parameters  which  occur  In  lhese  expressions 

are  also  Involved  In  the  formula  for  the  variance  of 
another  test  of  randomness  based  on  the  number  of 
turning  points  proposed  by  Moore  and  Wallis  (A  Signifi¬ 
cance  Test  for  Time  Series.  National  Bureau  of  Eco¬ 
nomic  Research,  1941).  This  lesl  Is  based  on  the  sta¬ 
tistic  T  =  ".  T,,  where  Tj  --  1  If  (Xj  -  X^  j  - 

xl*  2)  <  0  =  0  otherwise.  The  results  of  Moore  and 
Wallis  for  the  null  case,  E(T)  =  ^  and  c2  (T)  = 

16n  -  29)/90,  were  generalized  to  certain  non- null 
cases  by  Levene  (Ann.  Math.  Stat. ,  v.  23:  34-56,  1952) 
In  an  asymptotic  form.  These  results  are  obtained  ex¬ 
actly.  The  values  of  the  parameters  occurring  In  these 
formulas  are  computed  for  some  special  cases. 

(ASTLA  abstract) 
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NCU.  05:006 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill. 

THE  EFFICIENCY  OF  TESTS,  by  W.  Hoeffdlng.  Apr. 
1954,  21p.  (Mimeograph  series  no.  99;  CIT  rept.  no. 
6)  ([  AFjOSR-TN-54-103)  (AF  18(600)458)  AD  35145 

Unclassified 


NCU.  05:009 

North  Carolina  U.  [Inst,  of  Statistics]  Chapel  Hill. 

DISTRIBUTION  OF  LINEAR  CONTRASTS  OF  ORDER 
STATISTICS,  by  J.  St.  Pierre.  [  1954  J  [  2  ]p.  [  CIT 
rept.  no.  14J  [ AFOSR-TN- 54-267]  [AF  18(600)4581 

Unclassified 


k 


Also  published  In  Ann.  Math.  Stat. ,  v.  26:  52-63,  Mar. 
1955. 

The  efficiency  of  a  family  of  tests  Is  defined.  Methods 
for  evaluating  the  efficiency  are  discussed.  The  asymp 
totic  efficiency  is  obtained  for  certain  families  of  tests 
under  assumptions  which  Imply  that  the  sample  size  Is 
large.  (Contractor's  summary) 


NCU.  05:007 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill. 

FURTHER  CONTRIBUTIONS  TO  THE  THEORY  OF 
PAIRED  COMPARISONS,  by  M.  G.  Kendall.  [June 
1954  J  30p.  lnci.  diagrs.  tables.  (Mimeograph  series 
no.  108;  CIT  rept.  no.  7)  ( t  AF  j  OSR-TN-54- 146) 

(AF  18(600)458)  AD  37805  Unclassified 

Also  published  In  Biometrics,  v.  11:43-62,  Mar.  1955. 

A  theory  of  parted  comparislons  is  discussed  In  which 
n  objects  are  presented  to  each  of  m  observers,  two  at 
a  time,  and  the  observer  states  which  of  the  two  he  pre¬ 
fers.  The  problem  is  to  select  k  <  n  objects  which  are 
most  preferred  In  some  sense.  Several  solutions  are 
considered  which  correspond  to  different  Interprets 
tlons  of  the  phrase  most  preferred.  The  theory  Is  Ulus 
trated  by  problems  such  as  scoring  a  chess  tournament 
la  which  the  scores  are  regarded  as  a  matrix.  Various 
means  of  reallocating  scores  are  presented  which  are 
equivalent  to  taking  successive  powers  of  the  matrix. 

A  proof  is  presented  that  the  process  of  repeated  power - 
lag  converges  to  a  limiting  ranking. 


NCU.  05:008 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill. 

SOME  RECENT  DEVELOPMENTS  IN  RANKING  METH¬ 
ODS,  by  M.  G.  Kendall.  July  1954,  30p.  refs.  (Mime¬ 
ograph  series  no.  112;  CIT  rept.  no.  9)  (  AF  OSR- 
TN  54-235)  (AF  18(600)458)  AD  44788 

Unc  tassliled 

A  brief  account  Is  presented  of  the  development  of  rank¬ 
ing  methods,  and  of  the  use  of  the  theory  of  continuous 
or  discontinuous  observable  variates.  The  rank  cor¬ 
relation  coefficient,  a,  Is  discussed.  The  present  treat- 
r  .ent  Is  concerned  with  the  following  subjects:  (1)  rank 
correlation  coefficients,  (2)  sampling  from  ranked  pop¬ 
ulations;  (3)  ranks  and  variate  values;  (4)  multivariate 
ranking  theory.  (5)  relationship  with  order  statistics; 
and  (6)  paired  comparisons. 


Presented  at  meeting  of  the  Institute  of  Math.  Statistics, 
Montreal  (Canada),  Sept.  10-13,  1954. 

Abstract  published  In  Ann.  Math.  Stat.,  v.  26;  806-807, 
Dec.  1954. 

Consider  n  4  1  Independent  normal  population  with  un¬ 
known  means,  m0,  mj,  ...,  mn,  respectively,  and 
with  a  common  known  variance  a2  =  1.  Suppose  a 
sample  of  size  N  Is  available  from  each  population;  and 
let  X(0j  >  X(j)  >  . . .  >  X(nj  be  the  ordered  sample 
means.  Consider  the  linear  contrasts  z  =  xj0j  - 

<lx(l>  *  - •  •  *  cnx(n)>  where  1  ?  =  lcl  =  >•  C1  £  °- 
(1=  1,  2,  ...,  n).  The  probability  density  function  of 
the  contrasts  z  Is  derived  under  the  null  hypothesis 
H-m.  =  mi  =  .  -  •  =  mn.  The  density  of  the  contrasts 
z  Is  also  obtained  In  the  case  of  three  populations,  un¬ 
der  the  hypothesis  <  m2  1  m0  <  +cu  •  Par' 

tlcular  hypotheses  are  considered  and  tables  are  given. 
Finally,  tne  particular  contrast  y  =  Xj0j  -X(j)  is  con¬ 
sidered  In  the  general  case.  (Contractor’s  abstract) 

NCU.  05:010 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill. 

MOST  ECONOMICAL  MULTIPLE-DECISION  RULES, 
by  W.  J.  Hall.  Aug.  1954,  160p.  lncl.  diagrs.  tables, 
refs.  (Mimeograph  series  no.  115;  CIT  rept.  no.  10) 

( l  AF  J  OSR-TN-54 -268)  (AF  18(600)458)  AD  44786 

Unclassified 

Also  published  in  Ann.  Math.  Stat.,  v.  29:  1079-1094, 
Dec.  1958. 

Multiple-decision  theory  Is  extended  to  the  following 
cases:  (1)  decision  rules  for  deciding  among  m  alter¬ 
natives  which  minimize  the  sample  size  subject  to 
bounds  on  the  m  probabilities  of  choosing  the  preferred 
atternatlve  or  of  choosing,  In  a  sense,  the  correct  al¬ 
ternative  under  the  prevailing  one  of  m  possible  situa¬ 
tions;  and  (2)  decision  rules  which  minimize  the  sample 
size  subject  to  bounds  on  each  of  the  probabilities,  less 
than  1  -  m  lr.  number,  of  making  Incorrect  decisions. 
Solutions  to  the  first  problem  are  likelihood- ratio  de¬ 
cision  rules,  and  solutions  to  the  second  problem  are 
unlikelihood- ratio  decision  rules.  Problems  of  both 
simple  and  composite  discrimination  are  considered, 
and  '■haracterlzatlon  and  existence  theorems  are  given. 

A  number  of  examples  are  treated  which  are  generali¬ 
zations  of  some  of  the  common  statistical  tests.  The 
theory  is  applicable  to  multlvarlaie  as  welt  as  univariate 
problems.  This  generality  enables  some  k-poputatlon 
problems,  such  as  deciding  vhich  of  several  populations 
has  the  largest  mean,  to  be  covered  by  a  consideration 
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of  a  set  of  k  observations  (or.e  from  each  unlvarlale 
population)  as  one  observation  from  a  k-varlate  popula¬ 
tion.  A  generalization  lo  a  mosl  economical  theory  of 
decision  functions  Is  considered  In  which  Ihe  maximum 
expected  cosl  Is  minimized,  subject  lo  bounds  on  lhe 
expecled  loss  function.  Some  particular  examples  of 
2-  and  3-declslon  rules  are  treated  In  an  appendix.  A 
nomograph  Is  given  for  explicitly  obtaining  such  rules, 
and  brief  tables  of  most  economical  sample  sizes  are 
computed  from  It. 


NCU.  05:011 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill. 

AN  OPTIMUM  PROPERTY  OF  BECHHOFER'S  SINGLE¬ 
DECISION  PROCEDURE  FOR  RANKING  MEANS  AND 
SOME  EXTENSIONS,  by  W.  J.  Hall.  Sept.  1954,  13p. 
(Mimeograph  series  no.  118;  C1T  repl.  no.  11) 

([  AF  jOSR-TN-54-279)  (AF  18(600)458)  AD  44787 

Unclassified 

The  procedures  of  Bechhofer  (Ann.  Malh.  Stat. ,  v.  25: 
16-39,  1954)  of  grouping  populations  according  to  ranks 
are  justified  for  the  case  when  lhe  population  variances 
and  the  sample  sizes  are  specified  as  equal  among  the 
populations.  The  analysis  shows  lhal  If  the  bounds  on 
the  distances  are  to  be  satisfied,  the  procedure  of 
Bechhofer  Is  lhe  most  economical  multiple-decision 
rule  as  defined  In  Hall's  Most  Economical  Multiple- 
Decision  Rules  (item  no,  NCU.  05:010).  Similar  results, 
with  some  limitations  are  obtained  for  problems  of 
ranking  other  population  parameters  and  for  a  distribu¬ 
tion- free  ranking  problem.  Difficulties  In  computing  the 
most  economical  sample  size  for  these  nonnormal  prob 
lems  arediscussed. 


NCU.  05:012 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill. 

SOME  PROPERTIES  OF  A  BAYES  TWO-STAGE  TEST 
FOR  THF  MEAN,  by  V  SMMntky  fur*  tsM,  I21g. 
lncl.  dlagrs.  tables,  refs.  (Mtmeograph  series  no. 

107)  [  AF  18(600)458  !  Unclassified 

The  author  examines  a  spectal  case  of  the  general  Bayes 
solution  to  Wald's  two- stage  decision  problem.  He  con¬ 
siders  general  properties  of  the  second  sample  size 
function,  for  a  normal  frequency  function,  and  both  the 
asymptotic  and  non-asympt<  Uc  properties  of  the  Bayes 
two- stage  test.  These  Include,  In  the  asymptotic  case, 
the  expansion  of  the  second  sample  stze  functton,  the 
exoected  value  of  the  second  sample  stze,  error  proba¬ 
bilities,  and  a  comparison  wtth  the  one- stage  test.  These 
topics  are  treated  In  detail,  and  at  some  length. 

NCU. 05.013 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Htll. 

ON  THE  DISTRIBUTION  OF  THE  NUMBER  OF  SUC¬ 


CESSES  IN  INDEPENDENT  TRIALS,  by  W.  Hoeffdlng. 
Apr.  1955,  13p.  (Mimeograph  series  no.  128;  C1T 
rept.  no.  13)  ([  AF  JOSR-TN-55-96)  (AF  18(600)458) 
AD  61149  Unclassified 

Also  published  in  Ann.  Math.  Stal.,  v.  27.  713-721, 
Sepl.  1956. 

Let  S  be  the  number  of  successes  in  n  independent  trial: 
and  lei  p.  denote  the  probability  of  success  in  the  j-th 
trial,  j  =  1 ,  1,  ...,  n  (Poisson  trials).  The  problem 
of  finding  the  maximum  and  the  minimum  of  Eg(S),  the 
expected  value  of  a  given  real-valued  function  of  S,  is 
considered  when  ES  =  np  is  fixed.  11  Is  well  known 
lhal  the  maximum  of  lhe  variance  of  S  Is  attained  when 
Pj  =  p2  =  . . .  =  p  =  p.  This  can  be  Interpreted  as 
showing  lhat  the  variability  In  lhe  number  of  successes 
Is  highest  when  the  successes  are  equally  probable 
(Bernoulli  trials).  This  Interpretation  Is  further  sup¬ 
ported  by  the  following  2  theorems  which  are  proved. 

If  b  and  c  are  2  Integers,  0  <_  b  np  <_c  <_  n,  the 
probability  P(b  <  S<  c)  attains  Us  minimum  If,  and 
only  if  Pj  =  j>2  ~~  ■  ■  ■  ~  P  ~  P  un*ess  b  =  0  and  c  -  n 
(Theorem  5).  If  g  is  a  smelly  convex  function,  Eg(S) 
attains  Its  maximum  If  and  only  If  Pj  =  P2  =  . . .  =  Pn  = 
p  (Theorem  31.  These  results  are  obtained  with  the 
help  of  2  theorems  concerning  lhe  exlrema  of  the  ex¬ 
pecled  value  of  an  arbitrary  function  g(S)  under  the  con¬ 
dition  ES  np.  Theorem  1  gives  necessary  conditions 
for  lhe  maximum  and  the  minimum  of  Eg(S).  Theorem 
2  gives  a  partial  characterization  of  the  set  of  points  at 
which  an  extremum  Is  attained.  Corollary  2.  1  states 
that  the  maximum  and  lhe  minimum  are  attained  when 
Pj,  p2,  -  pn  take  on  at  most  3  different  values,  only 
1  of  which  Is  dlsllncl  from  0  and  1.  Applications  of 
Tneorems  3  and  5  to  problems  of  estimation  and  testing 
are  given.  (Contractor's  abstract) 


NCU.  05:014 

North  Carolina  L.  Inst,  ul  Statistics,  Chapel  Hill. 

ON  A  CERTAIN  CLASS  OF  STOCHASTIC  APPROXIMA¬ 
TION  PROCESSES,  by  D.  L.  Burkholder.  May  1955, 
79p.  loci.  refs.  (Mimeograph  series  nu.  129;  CIT  rept. 
no.  14)  (  AK  OSH  TN-  55- 168)  (AF  18(600)458) 

AD  70213  Unclassified 

Also  published  In  Ann.  Math.  Stat.,  v.  27:  1044-  1059. 
Dec.  1956. 

Methods  are  Investigated  which  tn  certain  cases  will 
gtve  Information  about:  (1)  the  solutions  of  the  equation 
M(x)  -  a  0,  if  any  exist;  ami  (2)  the  location  of  the 
maximum  of  M,  tf  tt  exists.  M  is  a  function  from  the 
real  numbers  Into  the  real  numbers.  The  functton  ts 
not  assumed  to  be  known,  but  for  each  real  number  x 
there  ts  a  probability  distribution  functton  11  such  that 

v  ydH(y  x)  M(x).  The  literature  Is  surveyed  for 
Information  relevant  to  the  first  problem  for  the  case 
when  the  root  exists  uniquely.  Results  on  conver¬ 
gence  wtth  probability  1  are  given  for  the  case  where 
the  assumption  of  a  unique  root  ts  not  satisfied.  Blum': 
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resull  (Ann.  Math.  Stat. ,  v.  25:  382-386,  1954)  thal  the 
stochastic  approximation  process  {xn}  of  lype  A2  con¬ 
verges  to  0  wtlh  probability  1  Is  obtained  with  several 
of  his  conditions  relaxed.  Resulis  on  asymplolic 
normality  are  also  given  In  connection  with  problem  2. 
Stochastic  approximation  processes  of  type  Aj  are 
shviAn  lu  glw  lulut mattor,  about  the  location  ..,1  points  ul 
Inflection  of  M  under  certain  conditions.  Results  on 
convergence  with  probability  1  and  on  asymptotic  nor¬ 
mality  are  given  for  the  problem  of  locating  the  maxi¬ 
mum  of  a  probability  density  function. 


NCU.  05:015 

North  Carolina  U.  fnst.  of  Statistics,  Chapel  Hill. 

THE  ROLE  OF  ASSUMPTIONS  fN  STATISTICAL  DE¬ 
CISIONS,  by  W.  Hoeffdtng.  July  1955,  17p.  incl.  refs. 
(Mimeograph  series  no.  136;  CfT  rept.  no.  16) 

([  AF  jOSR-TN-55-263)  (Sponsored  jotnily  by  [Air 
Force)  Office  of  Scientific  Research  under  AF  18(600)- 
458  and  [  Office  of  Ordnance  Research  under  DA-04- 
200-ORD-355  J )  AD  75910  Unclassified 

Also  published  In  Proc.  Third  Berkeley  Symposium  on 
Mathematical  Statistics  and  Probabilliy,  California  U  , 
Dec.  1954,  and  June  and  July  1955,  p.  105-114. 

The  ftrsl  part  of  ihis  pape>-  ts  concerned  wlih  the  prob¬ 
lem  of  investigating  how  the  performance  of  a  decision 
rule  Is  affected  when  the  assumptions  under  which  It 
was  derived  are  violated,  with  emphasis  on  assumptions 
concert, l->g  the  clans  _il  distributions.  Cv.isetetnctB  A 
assuming  that  the  distribution  is  continuous  or  normal 
are  discussed.  The  second  part  deals  with  distinguish¬ 
able  sets  of  distributions,  a  concept  related  to  the  prob¬ 
lem  of  the  existence  of  unbiased  or  consistent  tests. 
Criteria  for  the  distlngulshabllity  of  2  sets  by  means  of 
a  test  based  on  finitely  many  observations  and  by  a  se¬ 
quential  test  art  consist red,  and  their  usts  ate  Illus¬ 
trated.  An  example  of  2  sets  which  are  distinguishable 
only  by  a  randomized  test  ts  given.  (Contractor's  ab¬ 
stract) 


NCU.  05:016 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill. 

ON  A  CLASS  OF  NON- PARAMETRIC  TESTS,  by  J.  R. 
Rosenblatt.  Aug.  1955,  106p.  Inch  tables,  refs. 
(Mimeograph  series  no.  138;  CfT  rept.  no.  15) 

(.AF  OStt-TN- 55-319)  (AF  18(600)458)  AD  75G02 

Unc  lasstfied 

A  class  of  nonparametrtc  statistical  decision  problems 
is  characterized  by  partition  of  a  set  of  possible  prob¬ 
ability  distributions  Into  sets  defined  by  the  value  of  a 
functional.  Particular  attention  Is  given  to  a  class  of 
functionals  of  the  form  E  ,(X;F),  where  X  ts  a  vector 
random  varlabl  with  distribution  F(x),  and  especially 
to  the  subclass  In  which  'he  function  r(x)  takes  only  the 
values  zero  and  1.  Certain  families  of  decision  proce¬ 


dures  are  considered,  which  are  based  on  functions  of 
the  observed  vaiues  of  X  which  depend  on  lhese  values 
only  through  the  function  v  (x).  Two  principal  types  of 
resulis  have  been  oblained.  (1)  Methods  are  developed 
for  determining  the  asymplotic  relative  efficiency  of  2 
families  of  decision  procedures  under  assumptions 

sucli  dial  Hit.  i.iellmdb  ai  t  applicable  It.  Hit  all'iiXlli/Ti 

described  above.  These  methods  are  applied  in  partic¬ 
ular  to  comparison  of  a  family  of  2- sample  tests  based 
on  the  Wilcoxon-Mann- Whitney  statistic  with  a  family 
of  tests  based  on  a  related  statistic  which  has  binomial 
distribution.  (2)  Certain  2- sample  decision  problems, 
for  which  E<t  (X)  is  the  probability  of  an  event,  are  In¬ 
vestigated.  Some  properties  of  the  related  families  of 
decision  procedures  art  i/tASlned  loi  small  iud  lai  gt 
finite  sample  sizes,  under  assumptions  which  Imply 
ihai  ihe  (nnnparamelrlc)  seis  of  alternatives  are  very 
large.  (Contractor's  absiraci) 


NCU.  05:017 

North  Carolina  U.  fnsl.  of  Statistics,  Chapel  Hill. 

A  NOTE  ON  TRUNCATION  AND  SUFFICIENT  STATIS¬ 
TICS,  by  W.  L.  Smiih.  Nov.  1955,  lOp.  (Mimeograph 
series  no.  140;  CfT  repl.  no.  17)  (AFOSR-TN-56-36) 
(AF  18(600)458)  AD  80547  Unclassified 

Also  published  In  Ann.  Math.  Stat.,  V.  28:  247-252, 

Mar.  1957. 

Generalizing  earlier  observations  by  Fisher  and 
HvttUtng,  lutj  (Ar..i.  MaH,.  Stat,,  v.  lu:  Yj*  III, 
1949)  showed  that  If  a  family  of  distributions  admits  a 
set  of  sufficient  statistics,  then  the  family  obtained  by 
truncation  to  a  fixed  set,  or  by  a  fixed  selection,  also 
admits  the  same  set  of  sufficient  statistics  (this  wording 
is  Tukey's:  a  precise  mathematical  statement  Is  given 
later).  Tukey's  proof  assumed  the  relevant  family  of 
probability  measures  lo  be  dominated  by  a  tiled  meas¬ 
ure  function,  and  made  use  of  the  factorization  theorem 
concerning  sufficient  statistics  tn  this  case,  "n  the 
present  short  note,  Tukey's  result  Is  first  reproved 
without  assuming  domination  (and,  hence,  without  ap¬ 
pealing  to  the  factortzatton  theorem).  Then  It  ts  shown 
that,  under  general  conditions,  If  a  sufficient  statistic 
has  one  or  more  of  the  properties  of  completeness, 
bounded  completeness,  or  mtnlmallty,  before  truncation, 
It  preserves  such  after  truncation.  The  treatment  is  on 
the  lines  of  the  abstract  discusston  of  sufficient  utatis- 
ttes  given  by  Halmos  and  Savage  (Ann.  Math.  Stat, , 
v.  20:225-241,  1949).  Familiarity  wtth  the  results 
given  tn  this  latter  paper  is  assumed.  For  deftnldons 
of  completeness,  bounded  completeness,  and  minimali¬ 
ty,  and  for  a  discusston  of  the  significance  of  these  con¬ 
cepts  reference  ts  made  to  Lehmann  and  Scheff/ 
(Shankhya,  v.  10:305-340,  1950).  (Contractor's  ab 
stract,  mudtfted) 
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DEPENDS  UPON  THE  PARAMETER,  by  W.  L.  Smith. 
Nov.  1955,  21p.  (Mimeograph  series  no  141;  CIT  repl. 
no.  18)  (AFOSR-TN- 56-37)  (AF  18(600)458)  AD  80548 

Unclassified 

This  mathematical  study  strengthens  a  theorem  con¬ 
cerning  the  faclorabtltty  of  lhe  probability  density  func¬ 
tion  presented  by  R.  C.  Davies  (Ann.  Math.  Stat. ,  v.  22: 
43-57,  1941).  Lei  jpqj  be  a  family  of  probability 
measures  defined  on  a  measurable  space  (X,  F x),  where 
P,  the  parameter,  Is  a  point  In  lhe  abstract  parameter 
space  O.  It  ts  assumed  that  }  ts  dominated  by  some 
fixed  e-ftnlle  measure  \,  and  lhat  fn  =  dUn/dX  repre¬ 
sents  some  fixed  version  of  the  probability  densities. 
(q",Xn,  Fjj)  ts  wrllten  for  lhe  n-producl  probability 
treasure  space  derived  In  the  usual  way;  evidently 
ff  fn(Xj)  Is  measurable  f£.  Furthermore,  It  Is  clear 
that  dy  is  dominaled  by  and  f"  =  d^n|/d>n  Is  written 

for  some  version  of  the  probability  densities  on  Xn.  If 
xn  =  (Xj,  x2 . xn)  ts  a  point  of  Xn,  then  {xn}ls 

wrlllen  for  the  flnlle  subset  of  X  which  consists  of  the 
n  prints  Xj,  Xj,  .  .,  x^  When  xf  and  x](^  ^  af|«ar  In 

the  same  context,  It  Is  understood  that  the  first  n  coor¬ 
dinates  of  xn+  j  are  the  coordinates  of  xn  (repeated 

sampling).  ThenxcXna  '-sett  (x  )  = 

.  n  .  -n  n'-n' 

i  :1"Tf  (x^  >  0  j.  This  set-valued  function  may  be 

considered  to  be  a  statistic  defined  on  Xn,  and  this 
study  t*  concwhetS  with  nece&stry  and  ruttttWnt  tvutH- 


number  of  objects  lo  be  compared,  and  some  large- 
sample  properties  of  the  tests  and  examples  to  clarify 
lhe  iesl  procedures  are  given. 


NCU.  05:020 

Norih  Carolina  U.  Insl.  of  Statistics,  Chapel  Hill. 

ON  RENEWAL  THEORY,  COUNTER  PROBLEMS  AND 
QUASI- POISSON  PROCESSES,  by  W.  L.  Smith.  Jan. 
1956,  31p.  refs.  (Mimeograph  series  no.  144) 
(AFOSR-TN- 56- 191)  (AF  18(600)458)  AD  87064 

Unclassified 

Also  published  In  Proc.  Cambridge  Philos.  Soc. 
(England),  v.  53:  175-193,  1957. 

The  standard  machinery  of  renewal  theory,  with  certain 
minor  additions,  Is  used  to  derive  without  recourse  to 
unnatural  boundary  conditions  the  asymptotic  results 
given  by  Hammersley  (Proc.  Cambridge  Philos.  Soc. 
(England),  v.  49:623-637,  1953).  Two  methods  of 
censoring  a  renewal  process  are  given.  The  flrsl  proc¬ 
ess  Is  designated  lhe  guarantee-censor  process.  Such 
a  pTui«.»s  uttUTTs  II  Hit  Tvnewals  tany  a  makcT’s 
guarantee  to  replace  without  charge  the  renewal  If  it 
needs  replacement  In  less  than  a  certain  number  of 
time  units  from  Its  moment  of  Installation.  The  sec¬ 
ond  process  Is  called  the  paralysis- censor  process  be¬ 
cause  it  corresponds  to  the  effect  of  an  automatic  self- 
paralysis  mechanism  In  a  counter  of  a  type  described 
by  Hammersley.  A  formula  for  the  variance  of  the 
narmbtr  o!  retorted  points  gv»ci.  by  Hammeirtey  lot 
the  guaranlee-censor  case  Is  shown  lo  be  erroneous. 
Correcl  formulas  for  lhe  case  of  the  paralysts-censor 
are  derived. 
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ANALYSIS  OF  PAIRED  COMPARISON  DESIGN  WITH 
INCOMPLETE  REPETITIONS,  by  J.  W.  Wilkinson. 

Apr.  1956,  81p.  lncl.  tables,  refs.  (Mimeograph  series 
iiu  147)  )AFuSt\-TN-56-189)  (Sponsored  jointly  by 
Air  Force  Office  of  Sctenttftc  Research  under  AF  18- 
(600)458  and  National  Research  Council  of  Canada) 

Unclassified 

Published  In  Btomelrlka,  v.  44:  98-113,  Pis.  1  and  2, 


A  method  of  paired  comparison  of  treatments  Is  fre¬ 
quently  used  when  quanlttattve  measurement  of  treat - 
menl  effects  Is  not  possible  or  practicable.  The  prob¬ 
lem  of  analysts  of  lhe  paired  comparison  designs  devel¬ 
oped  by  Bose  and  Kendall  was  studied.  Other  designs 
were  obtained  by  constructing  the  complementary  de¬ 
signs  corresponding  to  the  designs  given  by  Dose.  The 
destgns  have  a  high  degree  of  symmetry  as  Ihey  are 
balanced  by  numbers  of  comparisons,  objecis  compared, 
and  numbers  of  observers  on  given  comparisons.  Some 
test  procedures  for  examlng  lhe  relative  rating  of  the 


NCU.  05:021 

North  Carolina  U.  Inst,  ol  Statistics,  Ch:*nnl  Hill. 

ON  THE  EFFICIENCY  OF  CERTAIN  TESTS  FOR  2X2 
TADLES,  by  J.  H.  MacKay.  Apr.  1956,  124p.  refs. 
iMlmeogtaph  series  ho.  1V5|  (AFosli-'lN-bb-lai) 

(AF  18(600)458)  AD  87065  Unclassified 

The  following  topics  are  discussed:  (1)  choosing  be¬ 
tween  two  binomial  populations  when  the  sample  sixes 
are  equal  and  lhe  loss  function  ts  symmetrical;  (2) 
asymptotic  solutions  as  the  distance  between  lhe  al- 
lernatt'-es  tends  to  zero;  (3)  asymplollc  efficiency  of 
Ftsher-Tocher  tests  and  lhe  approximate  Cht  square 
lest;  and  (4)  aoymplotlc  solutions  as  lhe  error  probabil¬ 
ities  lend  lo  zero. 


NOR.  01:001 

Northwestern  U. ,  Evanston,  III. 

PROCEEDINGS  OF  THE  GAS  DYNAMICS  SYMPOSIUM 
ON  AEttOTHERMOCHEMISTRY,  AUG.  22,  23,  24,  1955, 
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ed.  by  D.  K.  Fleming.  1956,  284p.  incl.  lllus.  diagrs. 
tables,  refs.  (In  cooperation  with  American  Rocket  Soc. ) 
(AF  18(600)1536)  Unclassified 

Twenty-five  papers  delivered  at  the  Symposium  are  pre¬ 
sented  on  the  following  aspects  of  aerothermochemistry: 
combustion  of  condensed  phases,  nonsteady  combustion, 
laminar  flames,  turbulent  combustion,  flame  stabiliza¬ 
tion,  as  well  as  detonation  and  thermodynamics. 


NOR.  02:001 

Northwestern  U.  Dept,  of  Mathematics,  Evanston,  111. 

SOME  RATIONALITY  QUESTIONS  ON  ALGEBRAIC 
GROUPS,  by  M.  A.  Rosenllcht.  July  1956,  43p.  refs. 
(AFOSR-TN-56-318)  (AF  18(600)1571)  AD  94854 

Unclassified 

Also  published  In  Ann.  Math.  Pura  Appl. ,  v.  43:  25-50, 
1957. 

The  connected  linear  algebraic  group  over  the  field  of 
complex  numbers  G  is  defined  over  a  field  k  and  the 
perfect  arbitrary  field  k(G)  Is  k  -  Isomorphic  to  a  sub- 
fiald  of  a  transcendental  extension  of  k.  Rationality 
questions  dealing  with  solvable  algebraic  groups  are 
expressed  as  results.  The  propositions  formulated 
therefrom  evidence  that  much  Information  on  the  struc¬ 
ture  of  the  group  can  be  obtained  by  the  study  of  the 
type  of  field  extension  obtained  by  adjoining  the  charac¬ 
teristic  roots  of  a  generic  element  of  an  algebraic  group 
of  matrices  to  the  field  of  the  generic  element.  Fields 
of  definition  of  generalized  Jacobian  varieties  of  curves 
are  considered  and  an  example  Is  given  of  a  connected 
algebraic  group  whose  maximal  connected  linear  alge¬ 
braic  subgroup  Is  not  defl.ied  over  the  same  field. 


NOR.  02:002 

Northwestern  U.  Dept,  of  Mathematics,  Evanston,  111. 

SOME  BASIC  THEOREMS  ON  ALGEBRAIC  GROUPS,  by 
M.  [  A.  ]  Rosenllcht.  [  1956]  [43jp.  (AF  18(600)- 
1571)  Unclassified 

Published  In  Amer.  Jour.  Math.,  v.  78:  401-443,  Apr. 
1956. 

The  purpose  of  thts  paper  is  to  give  a  systematic  devel¬ 
opment  of  some  basic  results  In  the  theory  of  algebraic 
groups.  The  main  results  proved  are  structure  theo¬ 
rems  dealing  with  the  existence  in  an  algebraic  group  G 
of  a  normal  algebraic  subgroup  H  such  that  H  and  G  H 
are  of  specified  types.  The  most  Important  of  these  re 
suits,  announced  by  Chevalley  in  1953  and  first  proved  in 
print  by  Barcotti  (Ann.  Mat.  Pura  Appl.  ,  v.  35:  77  119, 
1955;  Atti  Accad.  Naz.  Lindei.  Rend.  Cl.  Sci.  Fis.  Mat. 
Nat.,  v.  18:43-50,  1955),  asserts  that  if  G  Is  connected 
then  there  exists  a  linear  H  such  that  G/H  is  an  Abelian 
variety.  The  first  two  parts  of  the  paper  develop  the 
necessary  concept  of  factor  group,  in  its  natural  setting 
of  transformation  spaces  and  orbit  varieties.  The  gen¬ 


eral  methods  stem  from  Nakano  (Mem.  Coll.  Sci.  Univ. 
Kyoto.  Ser.  A.  Math.,  v.  27:  55-66,  1952)  and  Weil 
(Amer.  Jour.  Math.,  v.  77:  355-391;  493-512,  1955), 
but  here  are  generalized  to  permit  reducible  varieties. 
The  third  part  deals  with  the  homomorphism  theorems. 
The  natural  group  isomorphism  G/H^(G/ N)/(H/N)  is 
shown  to  be  birational,  buth  the  natural  isomorphism 
H/{HnN)*=sHN/  N  is  not  always  so;  It  is,  however, 
rational  and  purely  inseparable.  Reformulating  Weil’s 
notion  of  ”isogeny"of  Abelian  varieties  in  a  way 
appropriate  to  arbitrary  algebraic  groups,  the  author 
obtains  a  result  somewhat  more  precise  than  the  fact 
that  H/(HaN)!411N/N  is  a  purely  inseparable  isogeny. 
This  permits  him  similarly  to  recapture  for  algebraic 
groups  the  Jordan- Holder- Schreier  theorem  via 
Zassenhaus’  lemma.  The  fourth  part  treats  connected 
algebraic  groups  which  are  solvable  (in  the  strong 
sense  that  the  factor  groups  of  some  normal  chain  are 
all  birationally  isomorphic  to  either  the  additive  or 
multiplicative  group  of  the  universal  field.  The  main 
result  here  is  that  if  V  is  a  transformation  space  for 
such  a  group  G  and  if  t:  V  —  W  denotes  the  canonical 
genertcally  surjective  rational  mapping  of  V  onto  the 
orbit  variety  W,  then  there  exisis  a  "cross- section," 
i.  e.  ,  a  rational  mapping  c:  W  — >  V  such  that  t  a  =  1. 
The  final  part  of  the  paper  develops  the  structure 
theorems  as  mentioned  above.  (Math.  Rev.  abstract) 


NOR.  03:001 

Northwestern  U.  Dept,  of  Metallurgy,  Evanston,  111. 

TRANSFORMATIONS  IN  DISORDERED  GOLD-COPPER 
ALLOYS,  by  G.  C.  Kuczynski,  M.  Doyama,  and  M.  E. 
Fine.  Mar.  1,  1956  [l9jp.  incl.  diagrs.  refs. 
(AFOSR-TN-  56-66)  (In  cooperation  with  Notre  Dame 
U. ,  lnd. )  (Sponsored  jointly  by  Air  Force  Office  of 
Scientific  Research  under  AF  18(600)1468  and  Office  of 
of  Naval  Research  under  i  N7onr-43908  ] )  AD  81058 

Unclassified 

Also  published  in  Jour.  Appl.  Phys. ,  v.  27:  651-655, 
June  1956. 

In  this  study,  measurements  were  made  of  the  specific 
heat,  temperature  coefficient  of  expansion.  Young's 
modulus,  and  yield  point  in  CujAu  alloys.  It  has  been 
established  that  this  alloy  undergoes  a  phase  transition 
between  550°  and  600°  C,  and  possible  another  one 
near  SSO^C.  The  temperature  of  the  SSO'-dOO'C 
transition  decreases  sharply  as  the  composition  of  the 
alloy  deviates  from  Cu3Au.  (Contractor's  abstract, 
modified) 


NOR.  03:002 

Northwestern  U.  Dept,  of  Metallurgy,  Evanston,  111. 

ACOUSTIC  RELAXATION  EFFECT  IN  Mn304,  by  M.  K 
Fin**  and  C.  Chiou.  Aug.  14,  1956  9  p.  Incl.  diagrs. 

(Ai  Lo'R-TN  -  56-312)  (AF  18(600)1468)  AD  94847 

Unclassified 


.  • 


025 


•  • 


!•  •  • 


•  •  • 


•  • 


A  .  fc.l,  A  .  -  A—  —  -i  -  «  -  -»  - 1  -'x 


AIR  FORCE  SCIENTIFIC  RESEARCH 


NOR.  03:003  -  NOT.  01:003 


Also  published  In  Phvs.  Rev.,  v.  105:  121-122,  Jan.  1, 
1957. 

Internal  friction  and  Young’s  modulus  for  specimens  of 
potycryslalllne  Mn304  rods  were  delermined  as  functions 
of  lempcralure  by  the  resonani  longitudinal  vibration 
method  using  piezoelectric  excllation  and  delecllon  of 
vibrations.  Specimen  1  was  slnlered  In  air  al  1100° 
and  1200°C.  Internal  friction  peaks  occur  near  75°C 
al  60  kc/sec,  and  near  105°C  al  180  kc/sec.  Specimen 
2A  was  slnlered  In  He  al  1100° C.  An  lnlernal  frlcllon 
peak  occurs  near  -10°C  al  50  kc/sec.  Specimen  B  was 
slnlered  additionally  In  air  al  1200° C  and  showed  a  sec¬ 
ond  peak  near  75°C  at  75  kc/sec.  Compared  wllh  In¬ 
ternal  friction  peaks  In  Fe3C>4  and  Nl-Fe  ferrlles,  lhose 
In  Mn304  are  quite  broad.  Young's  modulus,  plotted  as 
a  function  of  temperature  for  specimen  1,  showed  a 
rapid  decrease  on  heating  in  lhe  region  of  the  lnlernal 
friction  peak.  By  analogy  wllh  magnellle  and  Ni-Fe 
ferrlles,  the  lnlernal  frlcllon  peaks  In  are  allrl- 

buled  lo  a  slress- Induced  change  In  lhe  dlslrlbullon  of 
Mn*  *  and  Mn*  +  *  ♦  . 


NOR.  03:003 

Norlhweslern  U.  [  Depl.  of  Metallurgy j  Evanslon,  Ill. 

THE  STRENGTH  OF  AN  ALLOY  CONTAINING  ZONES, 
by  A.  Kelly  and  M.  E.  Fine.  Dec.  27,  1656,  ?p.  lets. 
(AFOSR-TN-56-581)  (AF  18(600)1468)  AD  115005 

Unclassified 

Also  published  in  Acta  Metallurglca,  v.  5:365-367, 

July  1957. 

Hough  estimates  are  made  of  the  stress  necessary  to 
force  a  dislocation  through  a  Guinler- Preston  zone  In 
an  Al  alloy  containing  2  atomic  %  Cu  and  In  an  Al  alloy 
containing  13  atomic  %  Ag.  The  values  found  are  sig¬ 
nificantly  less  than  those  calculated  using  a  model  for 
the  strength  of  a  precipitation  hardened  alloy  proposed 
by  Orowan.  It  Is  suggested  that  the  process  of  shearing 
the  it  ues  deter  rr.ltAs  the  Initial  Row  stress  in  these 
age-hardenlng  alloys.  (Contractor's  abstract) 


Northwestern  U.  Technological  lnsl. ,  Evanston,  111. 

N6orl- 10503,  Project  Squid  gee  Jitter  Prlncelon  U. 
James  Forrestal  Research  Center,  N.  J.  (Project 
SQUID)  Item  nos.  PHI.  11:127- PUL  11.130. 
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Notre  Dame  U.  Depl.  of  Mathematics  South  llend,  Ind. 

i  A  SURFACE  OF  SECTION  IN  THE  PROBLEM  OF 
STOHMEH  .  Surface  de  section  dans  le  probl&me  de 
Stflrmer,  by  It.  De  Vogelaere.  1954  t  10  p. 
i  AF  18(600)776  Unclassified 


Published  In  Bull.  Acad.  Roy.  de  Belgique,  Cl.  Scl. , 
Series  5,  v.  40:  705-714,  July  1954. 

The  author  sharpens  several  slaiemenls  of  Graef  (Bol. 
Soc.  Mai.  Mexicana,  v.  1:  1-31,  1944)  and  gives  a 
direct  proof  of  a  slaiemenl  called  P2.  By  means  of 
lhe  laller  he  then  deduces  the  existence  of  a  surface  of 
section  In  the  sense  of  Poincare  In  a  problem  of 
Slormer  (motion  of  an  eleclrlc  particle  In  lhe  field  of 
a  magnetic  dipole).  (Malh.  Rev.  abslracl) 


NOT.  01:002 

Noire  Dame  U.  Depl.  of  Mathematics,  South  Bend,  Ind. 

SOLUTIONS  OF  TRANSCENDENTAL  EQUATIONS  BY 
ITERATIONS,  by  R.  De  Vogelaere.  Nov.  1954,  22p. 
lncl.  dlagrs.  tables,  refs.  (Technical  repl.  no.  1) 

(AF  18(600)776)  Unclassified 

The  solution  of  a  nonalgebralc  equation  f(x)  =  0  Is  a 
very  common  problem  In  numerical  analysis.  If  a 
first  approximation  of  lhe  solution  Is  known,  a  very 
popular  class  of  methods  used  Is  Iteration  methods. 
Although  none  of  the  principles  given  In  this  study  are 
new,  11  was  fell  Interesting  lo  assemble  and  lo  compare 
lhe  dlffereni  method  commonly  used,  and  lhelr  criteria 
of  convergence,  fn  addition,  a  combination  of  lhose 
methods  well  suited  lor  electronic  digital  computers  is 
given  which  will  solve, in  general,  any  problem  of  this 
kind.  The  usefulness  of  the  point  of  view  here  taken  is 
made  clear  when  a  comparison  of  methods  is  made. 
First,  definitions  on  Iterations  are  attempted,  and  gen¬ 
eral  convergence  theorems  are  given. 


NOT  01:003 


Notre  Dame  U.  Dept,  of  Mathematics,  South  Bend,  Ind. 

ON  THE  STRUCTURE  OF  SYMMETRIC  PERIODIC 
SOLUTIONS  OF  CONSERVATIVE  SYSTEMS,  WITH 
APPLICATIONS,  by  R.  De  Vogelaere.  Dec.  1954,  Iv. 
lncl.  dlagrs.  tables,  refs.  (Technical  repl.  no.  2) 

(AF  18(600)776)  Unclassified 


In  studying  a  given  algebraic  curve,  11  Is  necessary  lo 
lnvesllgale  lhe  profterlles  of  such  a  curve  near  an  ordi¬ 
nary  point;  however,  lhls  does  nol  furnish  any  lnforma- 
Uon  on  the  behavior  of  the  curve  In  lhe  large.  The 
knowledge  of  the  singular  jxtlnts  will  furnish  one  of  lhe 
loots  for  such  a  study  In  lhe  large  and  lhe  classification 
of  these  points  lnlo  double  points,  lrlple  polnls,  cusps, 
elc. ,  will  be  of  utmost  Importance.  A  similar  sllua- 
llon  arises  In  lhe  sludy  of  differential  equations.  Con¬ 
sider  lhose  of  lhe  type 


d2x  _ 

d* 


UU.y), 


dt2  dy 


IM.y): 


2U(x,y). 
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NOT.  01:003  (Cont' d) 


Here  again  the  properties  of  existence  and  uniqueness 
of  a  solution,  or  of  the  behavior  near  a  solution  do  not 
give  any  information  on  the  manifold  of  solutions  in  the 
large.  Moreover,  the  complete  knowledge  of  one  solu¬ 
tion  for  an  infinite  time  gives  rise  to  a  new  difficulty 
except  for  periodic  solutions.  These  may  be  taken  as 
analogous  to  the  singular  point  of  an  algebraic  curve, 
and  their  knowledge  and  classification  may  furnish  a 
good  tool  to  advance  in  the  study  of  such  equations. 

Such  classification  is  considered  here,  and  is  made 
dependent  on  a  correspondence  of  solutions  of  the 
differential  equation  with  points  on  a  2-dimensional 
manifold.  Such  a  manifold  can  easily  be  constructed, 
in  general,  ll  there  exrsrs  a  surface  whrch  ts  crosseti 
by  all  the  trajectories.  This  surface  is  called  surface 
of  section  by  Poincare,  and  to  successive  intersections 
of  the  surface  of  section  by  the  trajectories  correspond 


successive  points  A  and  B  on  the  manifold.  The 
correspondence  of  B  to  A  defines  a  transformation  T 
of  the  manifold  into  itself,  and  the  problem  of  finding 
periodic  solutions  ot  the  differential  equations  is 
equivalent  to  the  determination  of  the  fixed  points  of 
transformation  T.  It  is  not,  unfortunately,  generally 
easy  to  obtain  a  simple  surface  o(  section.  Therefore, 
it  makes  sense  to  consider  the  similar  tiansformation 
that  can  be  deduced  from  the  successive  intersection 
of  part  of  a  surface  satisfying  less  stringent  conditions. 
This  transformation  furnishes  those  periodic  solutions 
which  cross  this  surface,  and  this  gives  at  least  a 
partial  answer  to  the  problem.  In  a  certain  number 
of  applications,  e.  g.  ,  tlie  bilu.i I  u  hall  problem  anu 
the  restricted  3  bodies  problem,  the  transformation  T 
is  the  product  of  2  involutions  MjMq.  This  paper  will 
restrict  itself  to  such  a  transformation. 
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001.01:001 

Odin  Associates,  Pasadena,  Calif. 

AN  AERO- THERMODYNAMIC  PROPULSION  METHOD, 
by  S.  Lai  and  I.  Mlchelson.  Sept.  1956,  81p.  Incl. 
dlagrs  tables,  refs.  (Rept.  no.  100-1)  (AFOSR-TN- 
56  523)  (AF  18(600)1501)  AD  110341  Unclassified. 

A  first-phase  study  Is  summarized  in  which  the  banlc 
aerodynamic  and  propulsion  properties  are  invest!  - 
gated  for  a  propulsive  system  in  which  friction  heating 
of  the  boundary  layer  is  utilized  for  the  vaporization 
and  superheating  of  an  internally  circulated  coolant- 
fuel.  For  supersonic  flow  within  the  earth's  atmos¬ 
phere,  there  is  a  double  benefit  from  such  an  arrange¬ 
ment:  reduction  to  within  tolerable  limits  of  peak  skin 
temperatures,  as  well  as  Improvement  of  propellant 
performance  as  compared  with  fuels  at  ordinary  tem¬ 
peratures.  The  aerodynamic  investigation  consists  of 
an  examination  of  heat  transfer  properties  of  boundary 
layers  on  three-dimensional  configurations  at  moderate 
and  high  Mach  numbers,  in  relation  to  skin  friction  of 
the  same  layers.  Computations  are  carried  out  for  the 
specific  impulse  of  sample  coolant-fuels.  In  the  absence 
of  reliable  data  on  heat  transfer  in  high  temperature 
hypersonic  flows,  as  weU  as  more  complete  analysis  of 
coolant-fuels  and  flight  plan  optimizations,  a  full  sys¬ 
tems  evaluation  analysis  is  not  attempted  in  the  present 
report,  but  is  planned  for  further  study  in  the  immediate 
future.  (Contractor's  abstract) 

ODI.  02:001 

Odin  Associates  [Pasadena,  Calif.  ] 

ON  COANDA  EFFECT,  by  1.  Mlchelson.  Mar.  30,  1956, 
41p.  incl.  refs.  (AF  18(600)1568)  Unclassified 

A  detailed  statement  of  the  essential  features  of  the 
"Coanda  Effect”  is  presented  in  a  definition  based  on 
a  study  of  the  literature,  independent  analysis,  and 
discussions  with  experts,  including  M.  Henri  Coanda. 

The  development  of  the  "Effect"  is  traced  historically 
through  the  work  of  Coanda  and  other  researchers. 
Examination  of  the  physics  of  the  relevant  processes 
leads  to  the  conclusion  that  turbulent  mixing  is  the 
essential  element.  It  is  stated  that  much  of  the  early 
work  in  the  field  did  not  consider  the  effects  of  turbu¬ 
lent  mixing.  The  basic  mechanisms  of  the  "Effect" 
are  described  and  discussed.  (Contractor's  abstract, 
modified) 


See  also  Pioneer  Industries.  Inc.  ,  item  no. 

PIO.  01:001 

OSU.  01:001 

Ohio  State  U.  Research  Foundation,  Columbus 

STUDY  OF  CLASS  FIELD  THEORY,  by  H.  D.  Mann. 
Final  rept  July  1-Sept.  30,  1953.  77p.  ([AF}OSR- 
TR  54  1)  (AF  18(600)595)  Unclassified 

This  report  presents  a  detailed  study  of  the  construction 


and  properties  of  the  class  fields  over  an  algebraic 
number  field. 

OSU.  01:002 

Ohio  State  U.  Research  Foundation,  Columbus. 

ON  AN  EXCEPTIONAL  PHENOMENON  IN  CERTAIN 
QUADRATIC  EXTENSIONS,  by  H.  B.  Mann.  [1954] 
[3]p.  [AF  18(600)595]  Unclassified 

Published  in  Canad.  Jour.  Math. ,  v.  6:  474-476,  1954. 

Let  £  be  an  algebraic  number  field  andftyn  be  a 
cyclic  extension  of  a  prime  degree  1.  Thenflwould 
contain  a  unit  Z  such  that  f;lP  c  I,  £10  ^2,  p  >  1. 

Th< s  is  possible  only  for  i  =  2  and  the  author  deter¬ 
mines  all  possible  cases.  (Math.  Rev.  abstract) 


OSU.  02:001 

Ohio  State  U.  [Research  Foundation ]  [Dept,  of 
Chemistry]  Columbus. 

OXIDATION  REACTIONS  AS  RELATED  TO  HYDRO¬ 
CARBON  STRUCTURE  AND  ENGINE  KNOCK,  by  C.  E. 
Boord,  K.  W.  Greenlee,  and  J.  M.  Derfer. 

[Apr.  1951]  25p.  incl.  tables,  refs  (AF  33(038)22959) 

Unclassified 

Presented  at  Symposium  on  Combustion  Chemistry  at 
the  119th  meeting  of  the  Amer.  Chem.  Soc. ,  Cleveland, 
Ohio,  Apr.  1951. 

The  free-radical  chain-reaction  mechanism  for  the 
oxidation  of  hydrocarbons  is  outlined  in  detail.  The 
point  of  attack  is  through  the  H  atoms  of  the  hydro¬ 
carbon.  The  initiation  is  assumed  to  involve  all  types 
of  H  (primary,  secondary,  and  tertiary)  in  the  order  of 
their  numbers  and  relative  reactivities.  The  propaga¬ 
tion  phase  involves  a  complex  sequence  of  step-wise 
reactions.  The  termination  phase  functions  in  the  same 
manner  as  in  other  chain  reactions.  The  3  factors  which 
unite  to  determine  the  velocity  of  the  combustion  and 
hence  the  critical  compression  ratio  are  the  in  it  ic"  on 
rate,  the  very  high  free-radical  formation  in  the  nro- 
pagation  phase,  and  the  peroxidation  of  tertiary  free- 
radicals.  On  the  basis  of  the  reaction  mechanism  de¬ 
scribed,  the  following  points  are  explained:  (1)  high 
critical  compression  ratios  for  paraffin  gases,  (2)  low 
critical  compression  ratios  for  the  higher  normal  par¬ 
affins,  (3)  the  high  values  for  highly  branched  paraffins, 
(4)  the  rail  of  critical  compression  ratio  with  increase 
in  intake  manifold  temperature,  (5)  the  basis  for  dual¬ 
fuel  ignition  in  the  gas-diesel  engine,  (6)  the  basis  for 
rich-mixture  performance,  (7)  high  critical  compres¬ 
sion  ratios  for  aromatic  hydrocarbons,  and  (8)  the  high 
blending  octane  numbers  of  mono-olefins. 

OSU.  02:002 

Ohio  State  U.  .  Research  Foundation  ]  Dept  of 
Chemistry]  Columbus, 

ISOLATION  OF  ALKYL  HYDROPEROXIDES  FROM 
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COMBUSTION  REACTIONS  OF  HYDROCARBONS  (Ab¬ 
stract),  by  E.  W.  Malmberg,  D.  L.  Fishel  and  others. 
[1953]  [2 ]p.  [AF  33(038)22959]  Unclassified 


Presented  at  meeting  of  the  Amer  them.  Soc. ,  Los 
Angeles,  Calif.  ,  Mar.  15-19,  1953. 

Published  In  123rd  meeting  of  the  Amer.  Chem.  Soc. 
Abstracts  of  Paoers,  1953,  p.  52-M-53-M 

Allcyl  hydroperoxides  play  an  Important  role  In  the  gen¬ 
erally  accepted  mechanism  of  noncatalytic  oxidation  of 
hydrocarbons;  to  date  no  proof  of  the  presence  of  these 
intermediates  has  been  reported.  In  the  present  inves¬ 
tigation,  chromatographic  and  other  chemical  studies 
have  been  made  on  known  organic  peroxy  compounds 
which  may  occur  in  combustion  products  of  hydrocar¬ 
bons;  these  classes  include  alkyl  hydroperoxides,  car- 
bonylhydrogen  peroxide  addition  products,  and  percar- 
boxylic  acids.  These  methods  were  applied  to  the  study 
of  intermediates  Isolated  from  the  reactions  which  occur 
in  a  hydrocarbon-air  mixture  when  subjected  to  the  com¬ 
pression  stroke  of  a  motored  engine,  in  a  turbulent 
flame,  and  in  a  heated  tube.  When  iso-octane  was  used 
as  a  fuel  in  the  engine  experiments,  four  major  chroma¬ 
tographic  zones  were  obtained  from  the  condensate ; 
their  chromatographic  properties  and  other  chemical 
data  gave  a  prelimtnarj  identification  as  alkyl  hydro¬ 
peroxides.  This  conclusion  was  confirmed  by  com¬ 
paring  the  polarographlc  properties  of  known  peroxides 
and  these  zones.  Carbonylperoxlde  addition  compounds 
and  percarboxylic  acids  were  eliminated  as  possibilities; 
the  peroxides  from  iso-octane  all  showed  the  half-wave 
reduction  potential  which  is  uniquely  characteristic  of 
alkyl  hydroperoxides.  Characteristic  alkyl  hydroperox¬ 
ide  zones  were  also  obtained  from  other  engine  samples, 
the  turbulent  flame,  and  the  heated  tube  reaction. 
(Contractor's  abstract) 


OSU.  02:003 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Chemistry) 
Columbus. 

A  CHROMATOGRAPHIC  STUDY  OF  CARBONYL  COM¬ 
POUNDS  PRESENT  IN  A  HYDROCARBON-AIR  FLAME, 
by  E.  W.  Malmberg.  June  30,  1953  [4]p.  incl.  tables, 
refs.  [Technical  rept.  no.  7[  (AF  33(038)22959) 

Unclassified 

Presented  at  meeting  of  the  Organic  Dlv.  of  the  Amer. 
Chem.  Soc.,  Atlantic  City,  N.  J. ,  Sept.  1952. 

Published  in  Jour.  Amer.  Chem.  Soc.,  v.  76:  980-983, 
Feb.  20,  1954. 

A  study  has  been  made  of  the  carbonyl  compounds  which 
are  present  in  a  hydrocarbon-air  flame.  The  experi¬ 
mental  methods  included  formation  and  chromatographic 
separation  of  the  2, 4-dinitrophenylhydrazone  derivatives 
In  addition  to  the  carbonyl  compounds  which  are  to  be 
expected  in  the  light  of  presently  accepted  mechanisms. 


a  number  of  synthesis  products  were  obtained,  com¬ 
pounds  in  which  the  length  of  the  carbon  chain  was  in¬ 
creased.  These  results  are  interpreted  in  terms  of 
the  free  radicals  which  must  have  been  present,  in¬ 
cluding  the  formyl  radical.  Three  products,  glyoxal, 
methylglyoxal,  and  formaldehyde,  were  found  to  be 
common  to  18  hydrocarbon  fuels.  Quantitative  analysis 
for  these  products  showed  no  correlation  with  the  type 
of  fuel.  This  fact  seems  to  indicate  that  the  differences 
in  the  burning  characteristics  of  hydrocarbons  lie  in  the 
earlier  stages  of  the  combusion.  (Contractor’s  abstract) 


OSU.  02:004 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Chemistry] 
Columbus. 

KINETICS  OF  OXYGEN  UPTAKE  BY  CYCLOHEXENE 
IN  THE  LIQUID  PHASE,  by  A.  T.  Touma  and  F.  H. 
Verhoek.  [1954]  5p.  incl.  dlagrs.  tables.  [AFOSR- 
TN-54-73]  (AF  33(038)22959)  Unclassified 

Published  in  Fifth  Symposium  (International)  on  Com- 
bustion,  Pittsburgh  U. ,  Pa.  (Aug.  30-Sept.  3,  1954), 

N.  Y. ,  Reinhold,  1955,  p.  741-745. 

The  oxidation  rate  of  cyclohexene,  both  as  a  pure  liquid 
and  in  benzene,  in  contact  with  oxygen-enriched  air  is 
studied.  Since  Pyrex  surfaces  affected  the  oxidation 
rate,  the  experiments  we.-e  conducted  in  Teflon-lined 
containers  over  a  temperature  range  of  15°  -40°C.  The 
data  show  that  the  oxidation  of  liquid  cyclohexene  is 
accounted  for  satisfactorily  by  the  mechanism  of  Bol- 
land  and  Gee  (Trans.  Faraday  Soc-. ,  v.  42:  236,  1936), 
with  second-order  hydroperoxide  decomposition  as  the 
initiating  step. 


OSU.  02:005 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Chemistry] 
Columbus. 

STUDY  OF  THE  OXIDATION  OF  HYDROCARBONS,  by 
J.  M.  Derfer,  K.  W.  Greenlee,  and  C.  E.  Boord. 

Final  lept.  Apr  12,  1951-Sept.  15,  1953.  Nov.  12, 
1954,  31p.  incl.  tables,  refs.  [AFOSR-TR  54 -  34  ] 

(AF  33(038)22959;  continued  by  AF  18(600)787) 

AD  50173  Unclassified 

The  following  investigations  which  were  conducted  under 
this  research  task  are  described  briefly:  synthesis  of 
hydrocarbons,  hydroperoxides,  and  intermediates;  study 
of  microdistillation  apparatus  and  techniques:  kinetics  of 
oxygen  uptake  by  cyclohexene  in  the  liquid  phase;  oxidation 
of  pentane;  the  cool-flame  oxidation  of  normal  hexane; 
initial  studies  of  precombustion  reactions;  development 
of  experimental  procedures  for  sampling  intermediate 
combustion  products  and  a  comparison  of  the  interme¬ 
diate-combustion  products  formed  in  an  engine  with  and 
without  ignition:  spectroscopy:  development  of  certain 
analytical  methods  and  the  application  of  the  methods  to 
the  study  of  the  oxidation  of  hydrocarbons:  the  investi¬ 
gation  of  carbonyl  compounds:  turbulent  flame 
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combustion  (Jour.  \mer.  Chem.  Soc. ,  v.  76:980,  1954); 
the  investigation  of  carbonyl  compounds:  preflame  re¬ 
actions  in  a  test  engine;  development  of  methods  for 
studying  alkyl  hydroperoxides  and  application  to  the  study 
of  oxidation;  development  of  methods  of  analysis  for  alco¬ 
hols;  development  of  methods  of  analysis  for  higher  ole¬ 
fins;  liquid  phase  oxidation  of  ethylcyclohexane;  polaro- 
graphic  Studies  uf  tiyd.'O'ic  bOu  oxidation  products;  aud 
thermodynamic  functions  for  some  molecules  occurring 
in  flames. 


OSU.  03:001 

Ohio  State  U.  [Research  Foundation]  [Dept,  of  Chemistry] 
Columbus. 

INVESTIGATION  OF  CARBONYL  INTERMEDIATES  IN 
THE  PREFLAME  REACTIONS  IN  AN  ENGINE  (Abstract), 
by  E.  W.  Malmberg,  J.  A.  Bobbitt  and  others.  [  1953 ] 
[l[p.  [AF  18(600)787;  continuation  of  AF  33(038)22959] 

Unclassified 

Pri  ai  nted  at  o;-i I  Int  of  th.»  Ami-’-  Chr  •*>.  See.  Chirarn 
m. ,  Sept.  6-11,  1953. 

Published  in  124th  meeting  of  the  Amer.  Chem.  Soc. 
Abstracts  of  Papers,  1953,  p.  39-0. 

The  carbonyl  compounds  which  form  in  the  well-known 
preflame  reactions,  reactions  which  occur  in  a  hydro¬ 
carbon-air  mixture  upon  adiabatic  compression  in  an 
engine  cylinder,  have  been  studied  with  n-heptane, 
n-pentane,  propane,  and  propene.  The  compounds 
were  isolated  as  dinitrophenylhyJ ,  a  zones  and  these  prod¬ 
ucts  wcifc  studied  .pialltaiiVvVy  ami  qptmtiteWfefy  ty 
application  of  chromatographic  methods.  Samples  were 
collected  from  the  exhaust  and  from  the  cylinder  at  vari¬ 
ous  times  during  the  compression  by  means  of  a  Cox 
valve.  Studies  were  made  both  with  the  engine  driven 
by  an  electric  motor  and  with  spark  ignition.  Qualita¬ 
tively,  the  carbonyl  products  which  are  formed  are  in 
accord  with  the  reaction  mechanism  based  upon  forma¬ 
tion  and  decomposition  of  alkyl  hydroperoxides.  Quan¬ 
titative  analyses  were  made  for  known  components  which 
accounted  for  80  to  85%  of  the  total  yield  of  hydrazones. 
The  quantitative  results  are  valuable  because  they  in¬ 
dicate  the  relative  importance  of  several  alternate  paths 
of  reaction,  and  because  they  have  justified  certain  pro¬ 
cedures  in  the  use  of  the  engine.  One  of  these  results  is 
a  very  good  indication  that  the  results  from  a  motored 
engine  without  autoignition  are  closely  comparable  to 
the  results  when  spark  Ignition  is  used.  (Contractor's 
abstract) 


OSU.  03:002 

Ohio  State  U.  [Research  Foundation]  [Dept,  of  Chemistry] 
Columbus. 

LIQUID  PHASE  OXIDATION  O F  ETHYLCYCLOHEXANE 
BY  MOLECULAR  OXYGEN  (Abstract),  by  J.  Hoffman 
andC.  E.  Boord.  [1953]  [  1  Jp-  [AF  18(600)787) 

Unclassified 


Presented  at  meeting  of  the  Amer.  Chem.  Soc. , 

Chicago,  HI.,  Sept.  6-11,  1953. 

Published  in  124th  meeting  of  the  Amer.  Chem.  Soc. 
Abstracts  of  Papers,  1953,  p.  34-0. 

The  oxidation  of  ethylcyclohexane  by  molecular  oxygen 
al  12u"C  and  alluoaphe.  it-  pitbsun  liaS  been  Studied. 
Runs  were  made  for  periods  of  24,  48,  and  100  hours 
by  slowly  bubbling  oxygen  into  the  hydrocarbon.  A 
yield  of  4  to  6%  of  hydroperoxides  at  48  hours  was  ob¬ 
tained.  This  appeared  to  be  a  mixture  of  secondary 
and  tertiary  hydroperoxides  as  evidenced  by  decomposi¬ 
tion  products.  At  the  end  of  24  hours,  ketones  were 
already  present  in  appreciable  amount  as  well  as  small 
amounts  of  fatty  acids.  At  the  end  of  about  30  hours 
carbon  dioxide  and  acetaldehyde  were  noted  in  the  ef¬ 
fluent  gases.  A  hydroperoxide  concentrate  of  better 
than  98%  purity  was  obtained  through  distUlation  and 
sodium  salt  formation.  This  appeared  to  be  mostly  a 
mixture  of  secondary  hydroperoxides.  Upon  distillation 
of  a  24-hour  sample  evidence  was  found  for  the  presence 
of  cyclohexanone,  methylcyclohexyl  ketone,  and  ethyl- 
ryrlnK  vv  rinnoi *. 1  A  100-hnnr  si was  hpsted  at 
120°C'  in  the  absence  of  oxygen  until  all  the  hydro¬ 
peroxide  had  decomposed.  A  good  yield  (based  on 
hydroperoxide)  ji  methylcyclohexyl  ketone  and  ethyl- 
cyclohexanone(s)  was  obtained.  The  hydroperoxides 
a  24  ..wUT  sai.,vU  Viit  dctuinvunLi  wMb  70% 
sulfuric  acid.  Cyclohexanone,  methylcyclohexyl  ketone, 
and  ethylcyclohexanone(s)  were  found  among  the  de¬ 
composition  products.  Water  extraction  of  a  24-hour 
sample  afforded  a  keto  acid  which  appeared  to  be 
mostly  a-ketocyclohexyl  acetic  acid.  Further  extrac¬ 
tion  with  aqueous  sodium  carbonate  gave  a  small 
amount  ol  a  mlxluie  ul  seveiailatty  adds  ol  variable 
and  unknown  composition.  (Contractor’s  abstract) 

OSU.  03:003 

Ohio  State  U.  [Research  Foundation]  Dept,  of  Chemistry, 
Columbus. 

HOW  DO  MOTOR- FUELS  BURN?  by  C.  E.  Boord. 

Oct.  27,  1953,  19p.  incl.  diagrs.  refs. 

[AF  18(600)787)  ]  Unclassified 

Published  in  O.  S.  U.  Engineering  Experiment  Station 
News,  v.  25:  9-16,  1953. 

The  theories  of  hydrocarbon  oxidation  are  reviewed, 
and  supporting  evidence  is  presented  to  show  why  vari¬ 
ous  hydrocarbons  behave  differently  when  used  as  fuels 
in  internal  combustion  engines.  The  oxidation,  although 
initially  involving  peroxidation,  actually  proceeds  by 
different  steps  in  each  case.  The  reactions  proceed 
each  at  its  own  characteristic  rate  and  produce  different 
later mediate  prudui-iit  Cumbiet  tun  velocities  de¬ 
pendent  upon  the  structure  of  the  hydrocarbon  and  the 
engine  conditions.  Studies  involving  every  phase  of  the 
problem  from  room  temperature  oxidation  to  the  most 
severe  engine  conditions  gave  strong  support  to  the 
peroxidation  theory.  Oxidation  products  were  Identified 
by  chromatographic,  polarographlc,  and  infrared  spec- 
trometrlc  techniques.  The  characteristic  differences  of 
typical  hydrocarbon  structures  have  not  been  determined. 


030  - 


AIR  FORCE  SCIENTIFIC  RESEARCH 


OSU.  03:004  -  OSU.  03:007 


OSU.  03:004 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Chemistry] 
Columbus. 

COMPARISON  OF  INTERMEDIATE-  COMBUSTION 
PRODUCTS  FORMED  IN  ENGINE  WITH  AND  WITH¬ 
OUT  IGNITION,  by  W.  C.  Davis,  M.  L.  Smith  and 
others.  Jan.  14,  1954  [10]p.  incl  diagrs. 

[  AFOSR-TN-54-20]  [  AF  18(600)787  ]  Unclassified 

Presented  at  annual  meeting  of  the  Soc.  of  Automotive 
Engineers,  Detroit,  Mich.,  Jan.  11-15,  1954. 

Published  in  SAE  Trans.,  v.  63:  387-395,  1955. 

Engine  combustion  tests  were  conducted  on  a  modified 
Coordinating  Fuel  Research  (CFR)  Engine,  type  F4, 
of  the  single -cylinder,  variable  compression  ratio  de¬ 
sign.  Precombustion  reactions  in  the  motored,  non¬ 
firing  engine  produced  the  same  carbonyl  compounds 
as  the  firing  engine.  The  carbonyls  from  gas  samples 
withdrawn  at  various  crank  angles  were  absorbed  in 
2,  4-dinitrophenylhydrazine-HCL,  and  identified  by 
chromatography.  The  yield  of  total  carbonyl  /°  of 
crank  angle  was  constant  to  -20°,  then  increased 
■ihar;  1  y  acres*  the  I  or  cenlf  r  !e  a  maximum  at  +10°. 
With  pentane  fuel,  the  carbonyls  sampled  were  formal¬ 
dehyde  and  acetaldehyde,  60  -  70%;  propionaldehyde, 
acrolein,  and  crotonaldehyde,  10  -  20%,  the  balance 
being  unidentified.  Heptane  gave  formaldehyde  and 
acetaldehyde,  each  in  yields  of  20  -  30%,  the  balance 
being  unidentified.  Isooctane  gave  formaldehyde  30  - 
40%),  isobutryaldehyde  15%,  actaldehyde  and  acetone, 
each  in  yields  of  5  -  10%,  the  balance  being  unidenti¬ 
fied.  It  was  noted  in  the  discussion  that  a  motored  en¬ 
gine  should  operate  at  higher  rpm  than  a  fired  engine 
for  comparable  data,  and  that  there  is  no  correlation 
between  carbonyl  yield  and  knock. 


OSH.  03:005 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Chemistry] 
Columbus. 

POLAROGRAPHIC  STUDY  OF  COOL- FLAME  OXIDA¬ 
TION  PRODUCTS  OF  HYDROCARBONS  by  W.  M. 
MacNevin,  P.  F.  Urone,  and  others.  [1954]  4p.  incl. 
alagrs.  tables.  [AfUSrt-  rN-54-'i2|  |Ar  iBtOuujtti?) 

Unclassified 

Published  in  Fifth  Symposium  (International)  on  Com¬ 
bustion,  Pittsburgh  U. ,  Pa.  (Aug.  30-Sept.  3,  1954), 

N.  Y. ,  ReinhoM,  1955,  p.  402-405. 

The  use  of  polarot, raphy  is  considered  in  this  combus¬ 
tion  study  of  oxidation  products  of  a- hexane,  2- methyl- 
pentane,  3-methylpentane,  and  2, 2-dimethyibutane  ob¬ 
tained  from  cool-flame  oxidation  experiments.  From 
experimental  analyses  conducted,  it  was  concluded  that 
the  polarographic  method  described  provides  a  relatively 
rapid  procedure  for  the  measurement  of  some  of  the 
oxidation  products  of  the  cool-flame  combustion  of  these 
hydrocarbons.  It  allows  the  measurement  of  10*5  to 


10*6  mole  of  reducible  substance  to  be  made;  however, 
it  is  reliable  only  in  that  the  identification  cf  the  con¬ 
stituents  in  totally  unknown  samples  should  be  further 
verified  with  chromatographic,  infrared,  or  other 
procedures  of  chemical  identification. 


OSU.  03:006 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Chemistry] 
Columbus. 

A  STUDY  OF  COOL  FLAMES  AND  ASSOCIATED  RE¬ 
ACTIONS  IN  AN  ENGINE,  by  E.  W.  Malmberg,  M.  L. 
Smith  and  others.  [1954]  8p.  incl.  diagrs.  tables, 
refs.  [AFOSR-TN-54-75]  [AF  18(600)787] 

Unclassified 

Published  in  Fifth  Symposium  (International)  on  Com¬ 
bustion,  Pittsburgh  U. ,  Pa.  (Aug.  30-Sept.  3,  1954), 
N.  Y.,  Reinhold,  1955,  p.  385-392. 

It  has  been  found  that  the  cool  flame  does  not  form  in 
one  section  of  the  engine  cylinder  and  move  relatively 
slowly  across  the  combustion  chamber  as  does  the  nor¬ 
mal  hot  flame.  11-C7HI6,  11-C5H12,  and  isooctane  were 
studied,  and  a  was  atat.rvtd  that  with  each  of  these 
compounds,  the  cool  flame  persists  for  about  30° -40° 
of  crank  angle.  For  the  n-paraffins,  the  cool  flame 
results  at  the  same  point  in  the  cycle  for  both  stoi¬ 
chiometric  and  lean  mixtures.  With  rich  mixtures, 
each  event  shifts  to  a  point  later  in  the  cycle.  With 
isooctane  as  the  fuel,  the  appearance  is  at  the  same 
time,  regardless  of  the  mixture  strength,  the  peak  in¬ 
tensity  is  greater  with  rich  mixtures,  and  the  point  of 
peak  intensity  occurs  earlier  in  the  cycle;  however,  for 
the  n-paraffins,  the  peak  intensity  appears  with  approx¬ 
imately  stoichiometric  mixtures.  The  peak  intensities 
of  the  n-paraffins  are  about  5-10  times  those  of  isooc¬ 
tane.  Evidently  the  point  in  the  cycle  at  which  the  cool 
Qame  appears  is  influenced  more  by  the  temperature 
and  pressure  in  the  cylinder  than  by  the  structure  of 
the  fuel  molecule.  The  rise  in  carbonyl  compounds  in 
the  cool-flame  reaction  parallels  the  integrated  amount 
of  light  produced.  The  chemical  study  of  preflame- 
feaetkxt  product  is  R.  agreement  With  peroxide  mech¬ 
anism  of  oxidation,  with,  however,  attack  occuring 
primarily  at  the  secondary  H  atoms.  The  presence  of 
acrolein  and  crotonal  as  primary  cool  flame  products 
may  be  explained  Dy  means  of  an  intramolecular  tree 
radical  reaction.  This  explanation  focusses  attention 
on  the  possible  importance  of  intramolecular  attack  in 
oxidation. 


OSU.  03:007 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Chemistry] 
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COMPARISON  OF  CARBONYL  PRODUCTS  FROM 
COOL-  FLAME  REACTIONS  IN  A  TUBE  AND  IN  AN 
ENGINE,  by  E.  W.  Malmberg.  ]  1955  [6]p.  incl. 

tables  [  AFOSR-TN-  55-  22  ]  i  AF  18(600)787  ] 

Unclassified 
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Published  in  Amer.  Chem.  Soc. ,  Div.  Petrol.  Chem. , 
General  Papers,  no.  33:  241-246,  Apr.  1955. 

The  carbonyl  yields  in  the  products  from  cool-flame 
reactions  In  flowing  systems  at  atmospheric  pressure 
and  in  "adiabatically"  compressed  hydrocarbon-air 
mixture*  'r  anotjred  or  find  erg  inf  were  d*t»rmlni.d 
qualitatively  and  quantitatively  for  the  following  fuels: 
diethyl  ether;  pentane;  hexane;  heptane;  2-methvlpentane; 
3-methylpentane;  2, 2-dimethylbutane;  and  cyclohexane. 
The  carbonyl  compounds  produced  in  the  stabilized  cool 
flame  and  the  cool-flame  reaction  in  an  engine  are  the 
same,  but  are  produced  in  different  ration.  The  rela¬ 
tive  importance  of  the  various  reactions  is  probably  in 
agreement  with  the  changes  to  be  predicted  from  a  con¬ 
sideration  of  the  pressure  change  and  the  molecularity. 


OSU.  03:008 

Ohio  State  U.  Research  Foundation.  fDept.  of  Chemistry  | 
Columbus. 

SEPARATION  OF  HYDROGEN  PEROXIDE  FROM  OR¬ 
GANIC  HYDROPEROXIDES.  APPLICATION  TO  POLAR- 
OGRAPHIC  ANALYSIS  OF  MIXTURES,  by  W.  M. 
MaeNcvm  and  P.  F.  Urot*.  Fti.  2,  1953  [2 ]p.  {1*1. 
diagrs.  table.  [AFOSR-TN-55-23]  [AF  18(600)787] 

Unclassified 

Presented  at  meeting  of  the  Analytical  Div.  of  the  Amer. 
Chem.  Soc. ,  Spring,  1955. 

Published  in  Anal.  Chem.,  v.  25:  1760-1761,  Nov. 

1953. 

The  polarugraphic  wave  for  H2O2  can  be  eliminated  by 
compleJuitg  it  with  Ti(IV)  ion,  added  as  11O2  disj'Jved 
in  N  HC'i,  followed  by  precipitation  of  the  complex  with 
NH4OH.  The  decrease  in  wave  height  before  and  after 
complexing  allows  H2O2  and  hydroperoxide  to  be  deter¬ 
mined,  Moduies  of  H2O2  and  3 -pi  111,  1 ,  , ft .-  butyl, 
3-cyclohexenyl,  cyclohexyl,  and  2,  5,  5-trimethy)- 
2-hexyl  hydroperoxide  have  been  analyzed  with  success, 
fani'e titrations  studied  Wife  of  thp  nvrlnr  of  10-4  W  1  ji 
the  solutions  measured  polarographioally. 

OSU.  03:009 

Ohio  State  U.  [Research  Foundation]  [Dept,  ol  Chemistry! 
Columbus. 

nFPAIiATinN  nr  snMF  SimSTiTTlTFn  AT.I.YL  HY¬ 
DROPEROXIDES  FROM  BROMIDES,  by  J.  Hoffman. 
[1955]  [2]p,  Incl.  tables.  (AFOSR-TN- 55-24) 

(AF  18(600)787)  Unclassified 

Presented  at  meeting  of  the  Organic  Div.  of  the  Amer. 
Chem.  Soc.,  Spring  1955. 

Also  published  In  Jour.  Org.  Chem.,  v.  22:  1747-1748, 
Dec.  TSS’L 

Substituted  allyl  hydroperoxides  may  be  prepared  iium 
substituted  allyl  bromides,  which  can  be  obtained  by  re¬ 


action  of  the  appropriate  olefin  with  N-bromosuccini- 
mide  and  treatment  of  these  bromides  with  potassium 
hydroxide- hydrogen  peroxide  in  an  aqueous  methanol 
medium  at  room  temperature.  Alpha-  and  J3-di*sobu- 
tylene  hydroperoxides  were  prepared  by  this  proceduie: 
2-neopentylallyl  hydroperoxide  from  2,  4, 4 -trimethyl- 1- 
(MtaM  and  2, 4, 1,  -trlmMhy  1  -2  -pr  t  If  ryl  hydro perexide 
from  2, 4, 4-trimethyl-2-pentene;  2-t-butylallyi  hydro¬ 
peroxide  was  likewise  prepared  from  2, 3, 3-trimethyl- 
1-butene.  Evidence  was  obtained  in  the  bromination  of 
2, 4, 4-trimethyl-2-pentene  for  a  85-90%  double-bond 
shift  to  the  a-posi'ton  with  attachment  of  the  bromine 
to  the  neopentyl  carbon  atom  as  indicated  by  compari¬ 
son  of  infrareo  spectrograms  of  the  bromide  and  the 
a-  and  p-dlisobutylene.  During  the  reaction  of  this 
bromide  with  alkaline  hydrogen  peroxide,  a  shift  of  the 
double  bond  bade  to  the  p  position  yielded  mainly  p  - 
diisobutylene  hydroperoxide.  The  infrared  spectrogram 
of  the  bromination  product  of  2, 4, 4- tri methyl  1-penteue 
Indicated  little  If  any  double-bond  rearrangement.  This 
bromide  on  reaction  with  alkaline  hydrogen  peroxide 
gave  a -diisobutylene  hydroperoxide.  Further  evidence 
for  the  position  of  the  double  bonds  In  these  two  hydro¬ 
peroxides  is  given. 


USU.JJiblO 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Chemistry] 
Columbus. 

THE  COOL- FLAME  COMBUSTION  OF  THE  ISOMERIC 
HEXANES,  by  P.  E.  ODerdorfer  and  C.  E.  Boora. 

[1955]  [3]p.  incl.  tables.  [AFOSR-TN-55-283] 

(AF  18(600)787]  Unclassified 

Presented  at  meeting  of  the  Petroleum  Div.  of  the 
Aniei.  Chem.  Soc.,  Minneapolis,  Mh.ui. ,  Sept.  11-16, 
1955. 

Published  in  Amer.  Chem.  Soc. ,  Div.  Petrol.  Chem. , 
deiltral  Pa  ho.  34.  lo3-185,  Sept.  1956. 

The  differences  in  the  cool-flame  combustion  of  the 
i>»xanes  are  particularly  significant  In  view 
of  the  known  differences  of  their  engine  behavior.  Cool- 
flame  rombustion  occurs  in  the  upper  range  of  low  tem¬ 
perature  oxidation.  It  is  pointed  out  that  alkylhydroper- 
oxides,  aldehydes,  and  olefins  are  almost  certainly 
precursors  of  gum  formation.  When  cool-flame  com¬ 
bustion  of  nexane  is  permittee!  to  operate  for  a  few  hr 
without  cessation,  a  sticky,  brownish  gummy  substance 
is  deposited  which  becomes  a  varnish-like  resin  after  a 

few  hr  Th<r  cnihstarv'e  is  very  efaail&r  tn  the  nrirlm rreS 

residues  found  on  !he  inner  walls  of  the  intake  manifold, 
piston,  and  entry  port  of  an  engine.  Tests  were  conducted 
using  hexane,  2-methylpentane,  3-methylpentane,  and 
2,  2-dimethylbutane.  Data  are  presented  showing  initial 
tube  temperatures,  maximum  temperatures,  and  AT 
(maximum  temperature  -  tube  temperature).  Also  in¬ 
cluded  are  the  carbon  balances  between  the  Intermediate 
combustion  products  and  hexane. 
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Ohio  State  U.  [Research  Foundation].  Dept,  of  Chemistry, 
Columbus. 

SYNTHESIS  OF  HYDROPEROXIDES  FROM  AROMATIC 
ALCOHOLS  AND  FROM  PHENYLOLEFINS  (Abstract), 
by  A.  D.  Boggs  and  C.  E.  Boord.  Aug.  26,  1955  [l]p. 
[AFOSR-TN-55-284]  (AF  18(600)787) 

Unclassified 

Presented  at  128th  meeting  of  the  Organic  Div.  of  the 
Amer.  Chem.  Soc. ,  Minneapolis,  Minn.,  Sept.  11-16, 
1955 

Hydroperoxides  were  prepared  by  reacting  a  CgHg  solu¬ 
tion  of  a  primary,  secondary,  or  tertiary  aromatic  alco¬ 
hol  or  a  conjugated  arylolefin  with  an  aqueous  solution  of 
H2O2  and  H2SO4.  The  hydroperoxide  concentrate  ob¬ 
tained  was  punned  by  a  combination  of  salt  formation 
and  distillation.  Some  of  the  hydroperoxides  prepared 
and  purities  obtained  were  a-methylber.zyl  (99.9%), 

1 , 2,  3,  4 -teti  auydi 0-  1-tiaplithyl  vluU'jt,/,  P  InvtliuXyijfciilyb 
(69%),  a ,  a-dimethylbenzyl  (97%),  1,  1-diphenylmethyl 
(100%),  p  methylhenzyl  (94%),  u - ethyl-p-methylbenzyl 
(90%),  1,  2-diphenyleihyl  (97%,),  and  henzyl  (87%). 


OSU.  03:012 

Ohio  State  U.  [Research  Foundation].  Dept,  of  Chemistry, 
Columbus. 

STUDIES  OF  THE  FORMATION  AND  PROPERTIES  OF 
THE  2,  4-DINITROBENZENESULFENYL  CHLORIDE 
ADDUCTS  OF  OLEFINS,  by  E.  W.  Malmberg  and 
F  CL  P  l*>r  'ug,  26,  LAi,  L',  (nrl.  tabkv 
I  A FOSR-TN- 55-285]  (AF  18(600)787) 

Unclassified 

Presented  at  128th  meeting  of  the  Organic  Div.  of  the 
Amrr  Them  Sop.  ,  Minneap.  Hs,  Minn,  Se^.  11-16, 
1955. 

Test  results  pertaining  to  the  formation  and  properties 
of  the  2,  4-dinHrobenzenesuUeiiyl  chloride  adducts  of 
i  trftr.s  wc  destrtbed  h.  the  LRuWttrs;  twppws:  (1)  Study 
of  the  reaction  of  the  formation  of  the  adducts,  (2)  the 
chromatographic  properties,  (3)  absorption  spectra, 

(4)  methods  for  detecting  trace  amounts  of  the  oiefins, 
and  (5)  a  study  of  oxidation  products. 


OSU.  03:013 

Ohio  State  U.  [Research  Foundation],  [Dept,  of  Chemistry] 
Columbus. 

A  NEW  SYNTHESIS  OF  NEOl’ENTYL  ALCOHOL,  by 
J.  Hoffman  and  C.  E.  Boord.  [1955]  [ 2 [p.  incl.  refs. 
[AF  18(600)787]  Unclassified 

Published  in  Jour.  Amer.  Chem.  Soc.,  v.  77:  3139- 
3140,  June  5,  1955. 


OSU.  03:011  -  OSU.  03.015 


H2O2  (30%)  (16C  g)  treated  with  vigorous  stirring  be¬ 
low  25°  with  35C  g  cold  95%  H2SO4,  the  mixture  treated 
during  1  hr  with  112.2  g  diisobutylene  at  6-8°,  stirred 
2  hrs  (the  temperature  has  to  be  kept  below  25°  to 
avoid  an  uncontrollable  reaction),  and  filtered  with 
suction  through  a  sintered-glass  funnel,  the  lower  acid 
layer  poured  onto  100  g  crushed  ice  and  350  cc  H2O, 
the  organic  layer  (70  g)  separated,  the  aqueous  layer 
diluted  with  an  equal  volume  of  saturated  aqueous 
(NH4)2SC>4  and  extracted  with  Et20,  the  combined  oily 
layer  and  Et20  extract  washed  with  aqueous  Na2CC>3, 
dried,  and  evaporated,  the  residual  crude  Me3CCH20H 
(I)  fractionated,  and  the  distillate  (37.  0  g),  boiling  at 
110-111°  redistilled  and  a  heart-cut  twice  sublimed  at 
0.  5  mm  gave  pure  I,  melting  at  54.  5-55.  5°;  the  or¬ 
ganic  layer  (10.  5  g)  remaining  from  the  original  mix¬ 
ture  and  containing  mostly  dlisobutylene  washed  with 
aqueous  Na2C03,  dried,  and  distilled  to  remove  the 
olefin,  and  the  residue  treated  with  2, 4-(C2N)2CgH3- 
NHNH2  gave  the  derivative  ol  Me3CCH2AC,  melting  at 
100. 5-101.  5°.  The  crystalline  Me2CO  peroxide  (27. 2  g) 
filtered  from  the  mixture  was  washed  with  H2O,  a 
small  amutait  ol  EtOH,  and  CgHg,  and  then  sublimed  in 
vacuo  at  room  temperature  gave  pure  crystalline  ma¬ 
terial,  melting  at  132-133°.  (C.A.  ,  1956:24131) 


OSU.  03:014 

Ohio  State  U.  [Research  Foundation].  Dept,  of  Chemistry, 
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PRE  FLAME  REACTIONS  OF  BLENDS  OF  HYDRO¬ 
CARBONS  Ill  A  MCTuHED  ENGINE,  Uy  E.  W. 
Malmberg,  M.  L.  Smith  and  others.  [1956]  [7 ]p. 
[Technical  rept.  no.  12]  [AFOSR-TN-56-29] 

[AF  16(650717]  IVlastJUM 

Presented  at  meeting  of  the  Petroleum  Div.  of  the 
Amer.  Chem.  Soc. ,  Spring,  1956. 

Published  in  Ar-  er_  Them.  Rnr.  ,  Div  Petrol  Chem  , 
General  Papers,  v.  1:  135-141,  1956. 

MLCR  (motored  limited  compression  ratio)  was  found 
to  be  linearly  related  to  PN  (performance  no. )  up  to 
10  J  PN.  MLCR  is  ijottroely  nialtd  to  Hit  cartx.nyl 
yield  for  pure  hydrocarbons.  Blends  of  heptane  with 
isooctane,  cyclohexane,  and  diisobutylene,  and  biends 
of  pentane  with  2-methylpentane,  cyclohexane,  and 
isopropyl  benzene  were  tested.  (C.A. ,  1958:8527h) 


OSU.  03:015 

Ohio  State  U.  [Research  Foundation].  [Dept,  of  Chemistry) 
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COOL  FLAMES  AND  THE  ORGANIC  REACTION  MECH¬ 
ANISMS  INVOLVED  IN  TUElit  FORMATION  (Abstract), 
by  C.  E.  Boord.  [1956]  [2]p.  (A  FOSR-TN-56-63] 

[A F  18(600)787)  AD  81055  Unclassified 

Presented  at  meeting  of  the  Amer.  Chen.  Soc. ,  Dalias, 
Texas,  bpr.  8-13,  1956. 
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Published  In  129th  meeting  of  the  Amer.  Cheni.  Soc. 
Abstracts  of  Papers,  1956,  p.  1-G-2-G. 

In  the  oxidation  of  hydrocarbons  the  substitution  product 
is  an  alkyl  hydroperoxide.  The  mechanism  is  rendered 
more  complex  by  virtue  of  the  fact  that  oxygen  is  diva¬ 
lent.  When  the  alkyl  hydroperoxide  has  been  fully  formed, 
only  one  half  of  the  oxidizing  power  of  the  oxygen  hao 
been  utilized.  Alkyl  hydroperoxides  are  therefore  un¬ 
stable,  the  stability  being  dependent  upon  the  structure. 
Tertiary  hydroperoxides  are  the  most  and  primary  hy¬ 
droperoxides  the  least  “table.  The  degradation  reaction, 
which  is  essentially  a  second  stage  in  the  oxidation,  may 
be  either  intra  or  intermolecular.  By  the  same  token 
the  degradation  may  be  either  mono-  or  bimolecular. 

The  rate  of  degradation  is  a  function  of  the  temperature 
and  is  readily  subject  to  catalysis.  Free  radicals  move 
in  the  direction  of  greater  stability.  Frequently  this 
results  in  a  dismutation  reaction  v/hicli  stabilizes  a 
portion  of  the  molecule  and  produces  a  smaller  free 
radical.  The  "stabilized  cool  flame”  tube  of  Barusch 
and  Payne,  as  modified  by  Oberdorfe-,  and  the  motored 
engine  provide  effective  techniques  for  separating  the 
primary  combustion  products.  Chromatography,  polar- 
ography,  and  spectroscopy  provide  excellent  techniques 
for  the  analysis  of  such  products.  These  techniques, 
when  they  have  been  perfected,  offer  strong  promise  of 
making  it  possible  to  follow  the  Course  of  the  ceinuus. 
tion,  step  by  step,  from  the  hydrocarbon  to  carbon 
dioxide  and  water.  (Contractor's  abstract,  modified) 


OSU.  03:016 

Ohio  State  U.  [Research  Foundation].  Dept,  of  Chemistry, 
Columbus. 

RELATIONSHIP  OF  COOL- FLAMES  AND  ENGINE  PER¬ 
FORMANCE  OF  HYDROCARBONS,  by  C.  E.  Boord. 
[1956]  21p.  incl.  diagrs.  tables,  refs.  CiFOSR-TN- 
56-187)  (A F  18(600)787)  AD  87060  Unclassified 

Cool-flame  studies  were  made  of  the  isomeric  hexanes. 
Each  hydrocarbon  was  characterized  by  a  minimum 
tube  temperature  at  which  a  cool-ilame  formed,  and  by 
a  maximum  or  peak  flame  temperature  characteristic 
of  each  hydrocarbon  at  its  minimum  tube  temperature. 
The  difference  between  these  2  temper  atures  was  desig¬ 
nated  as  the  temperature  differential  At.  These  tem¬ 
perature  intervals  stand  in  an  inverse  relationship  to 
the  knock  resistance  of  the  hydrocarbons.  Both  the  tem¬ 
perature  interval  (At)  and  the  performance  numbers 
vary  Inversely  as  the  number  of  methylene  groups. 
Cool-flame  engine  studies  showed  that  precombustion 
products  from  a  motored  engine  operating  without  igni¬ 
tion  were  identical  in  kind  with  those  obtained  from  the 
same  engine  with  spark  Ignition,  but  with  approximately 
10°  lag  in  crank  angle.  Test  results  indicated  that 
synergistic  mixtures  gave  low  carbonyl  yields,  and 
antagonistic  ones  produced  high  carbonyl  yields.  A  the¬ 
oretical  discussion  of  the  mechanism  by  which  hydro¬ 
carbons  burn,  and  the  oxidation  of  n-hexane  by  the  in¬ 
termolecular  path  are  given. 


OSU.  03:017 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Chemistry] 
Columbus. 

THE  AUTOMATION  OF  ETHYLCYCLOHEXANE,  by 
J.  Hoffman  and  C.  E.  Boord.  May  3,  1956  [2]p. 
[AFOSR-TN-56-196]  (AF  18(600)787)  AD  87069 

Unclassified 

Published  in  Jour.  Amer.  Chem.  Soc. ,  v.  78:  4973- 
4974,  Oct.  5,  1956. 

A  study  of  the  liquid  phase  oxidation  of  ethylcyclohexane 
by  molecular  oxygen  at  120°C  was  made  to  determine 
whether  all  ring  hydrogens  are  reactive  and  to  what  de¬ 
gree.  Oxidative  attack  was  discovered  to  be  general  for 
all  ring  hydrogens,  as  well  as  the  side-chain  second¬ 
aries.  Most  reactive  of  all  was  the  tertiary  hydrogen. 
The  secondary  ring  hydrogens  appeared  to  be  somewhat 
less  recctive  than  the  secondary  side-chain  hydrogens. 
The  least  reactive  (most  inert)  were  those  ring  hydro¬ 
gens  farthest  from  the  ethyl  group. 


OSU.  03:018 

Ot.k>  Plate  U.  Research  FcAVndattosi.  [Dept,  vf  Clien.istryl 
Columbus. 

STUDIES  ON  THE  GAS  PHASE  OXIDATION  OF  CYCLO¬ 
HEXENE,  by  G.  H.  Hembree  and  F.  H.  Verhoek. 

May  1956,  8p.  incl.  diagrs.  tables.  (Technical  note 
no.  1)  (AFOSR-TN-56-298)  (A F  18(600)787) 

AD  90010  Unclassified 

The  gas  phase  reaction  of  cyclohexene  and  oxygen  was 
studied  in  a  static  system  to  determine  the  rate- 
reaction  effect  of  the  following:  (1)  changes  in  oxygen 
pressure  at  constant  cyclohexene  pressure,  cyclohexene 
pressure  at  constant  oxygen  pressure,  the  ratio  of  re¬ 
actant  pressures  at  constant  total  pressure,  and  tem¬ 
perature,  and  (2)  added  inert  gas.  In  all  reactions  of 
cyclohexene  wit 6  an  equal  amount  (pressure)  or  an  ex¬ 
cess  of  oyyger,  the  pressure  decreased  slowly  to  a 
minimum  then  rose  rapidly  at  an  accelerating  rate, 
passed  through  a  maximum  rate,  and  then  increased 
slowly  to  a  steady  value.  The  reaction  of  a  7:1  oxygen: 
hydrocarbon  mixture  at  250°C  in  a  100  cc  flask  caused 
the  pressure  to  rise  rapidly  after  passing  through  the 
minimum;  the  total  change  In  pressure  was  more  than 
twice  as  great  as  that  in  the  slower  reaction;  this  was 
indicated  as  a  "cool  flame"  reaction.  The  addition  of 
N  to  a  cyclchexene-oxygen  reaction  mixture  did  not 
affect  the  Induction  period;  the  total  pressure  change 
and  maximum  rate  increased  only  slightly  above  that 
lor  a  similar  reaction  without  N.  When  varying  re¬ 
actant  pressure  ratios  at  a  total  pressure  of  200  m  m 
and  250°C,  the  maximum  rate,  the  reciprocal  of  the 
Induction  period,  and  the  total  change  in  pressure 
showed  a  maxima  hi  the  vicinity  of  the  3:1  oxygen, 
cyclohexene  mixture. 
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Ohio  State  U.  [Research  Foundation]  [Dept,  of  Chemistry] 
Columbus. 


CH3CgH2(N02)3  in  two  sets  of  four  each.  The  two  sets 
are  not  symmetry  connected.  Fourier  projections  on 
(001),  (010),  and  (100)  have  been  computed. 
(Contractor's  abstract) 


OXIDATIVE  STUDIES  ON  a -METHYLSTYRENE 
(Abstract),  by  J.  Hoffman.  [1956]  [l]p. 

[AF  18(600)787]  Unclassified 

Presented  at  meeting  of  the  Amer.  Chem.  Soc. , 
Atlantic  City,  N.  J. ,  Sept.  16-21,  1956. 

Published  in  130th  meeting  of  the  Amer.  Chem.  Soc. 
Abstracts  of  Papers,  1956,  p.  16-0. 


In  the  liquid  phase  oxidation  of  a -methylstyrene  hy 
molecular  oxygen  at  100°  a  large  amount  of  aceto¬ 
phenone  was  obtained,  along  with  a  smaller  amount  of 
a-methylstyrene  oxide.  Chromatographic  and  polaro- 
graphic  evidence  was  found  for  even  smaller  amounts 
of  a-methylstyrene  hydroperoxide  in  the  oxidate. 

When  a  sample  of  pure  a- methylstyrene  oxide  was 
oxidized  by  molecular  oxygen  for  20  hours  at  80°,  an 
almost  quantitative  yield  of  acetophenone  was  obtained. 

A  small  quantity  of  a  hydroperoxide  was  isolated  from 
this  oxidate  by  silicic  acid  chromatography.  This  ma¬ 
terial,  upon  further  heating,  yielded  acetophenone.  This 
indicates  that  a  hydroperoxide  derived  from  a-methyl¬ 
styrene  oxide  is  an  intermediate  in  the  oxidative  degra¬ 
dation  of  the  epoxide  to  acetophenone.  Carbon  to  carbon 
double  bond  scission  by  molecular  oxygen  (at  least  in 
the  case  of  a-methylstyrene)  appears  therefore  to  pro¬ 
ceed  through  an  epoxide  and  an  epoxide -hydroperoxide; 
the  latter  being  unstable  decomposes  to  the  final  product 
(acetophenone).  Evidence  for  a  similar  type  of  unstable 
intermediate  hydroperoxide  has  been  found  in  the  reac¬ 
tion  of  a-methylstyrene  oxide  with  alkaline  hydrogen 
peroxide  in  90%  methanol  at  -oom  temperature.  An  al¬ 
most  quantitative  yield  of  acetophenone  is  obtained. 

This  product  is  most  readily  explained  by  the  following 
reaction: 

c:i3  ho2-  ch3 

c6h5cn^ch2 - >c6h^9  -/ch2ooh  ->ch6h5coch3 

>  ch2ooh 

Similarly,  a-methylstyrene  oxide  is  cleaved  to  aceto¬ 
phenone  in  good  yield  when  refluxed  for  48  hours  with 
lithium  chloride  in  acetone. 


OSU.  04:002 

Ohio  State  U.  Research  Foundation.  [  Dept,  of 
Chemistry]  Columbus. 

THE  DERIVATION  OF  THE  CRYSTAL  STRUCTURE 
OF  TRINITROTOLUENE  FROM  THE  THREE- 
DIMENSIONAL  PATTERSON  (Abstract),  by  P.  G. 
Taylor.  [  1954  1  [  1  ]  p.  [  AFOSR-TN- 54-60  ] 

[AF  33(316)19]  Unclassified 

Published  in  Acta  Crystallographica,  v.  7:  650,  Oct. 

10,  1954. 

Published  in  Third  Congress  of  the  International  Union 
of  Crystallography,  Paris  (France),  July  21-28,  1954, 
p.  37. 

Samples  of  2:4:6  trinitrotoluene  were  found  to  crystal¬ 
lize  from  chloroform  at  room  temperature  in  an 
orthorhombic  cell  of  dimensions  14. 85  A,  19.  78  A, 

5.  c8  A,  containing  8  molecules.  The  space  group  was 

indicated  as  either  D  2J  or  C  |y.  The  Patterson 
synthesis  was  computed  in  3  dimensions  using  Cu  Ka 
diffraction  data.  From  an  examination  of  the  Harker- 
type  vectors,  it  could  be  deduced  that  noncentric 
space- group  C  2v  (Pba)  was  present.  Certain  fea¬ 
tures  of  the  Patterson  enabled  the  orientation  and  rela¬ 
tive  position  of  the  2  independent  molecules  to  be  de¬ 
duced.  The  position  of  the  carbon  rings  in  the  cell, 
and  the  positions  of  the  remaining  atoms  were  then 
arrived  at  by  use  of  Patterson  evidence  assisted  by 
trial  and  error  work.  Agreement  of  calculated  and  ob¬ 
served  structure  factors  indicates  that  the  structure  is 
correct,  but  it  cannot  be  determined  with  high  accuracy 
until  3-dimensional  refinement  work  is  undertaken. 
Some  interesting  modifications  in  the  bond  lengths, 
notably  those  of  the  carbon  ring,  appear  to  be  present. 
(Contractor's  abstract) 


OSU.  04:003 
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Ohio  State  U.  Research  Foundation.  [Dept,  of  Chemistry] 
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Ohio  State  U.  Research  Foundation.  [  Dept,  of 
Chemistry]  Columbus. 

STRUCTURE  DETERMINATION  OF  PICRVL  CHLO- 


THE  CRYSTAL  STRUCTURE  OF  ONE  FORM  OF 
TRINITROTOLUENE,  by  P.  G.  Taylor  and  P.  M. 

Harris.  July  20,  1954,  14p.  incl.  illus.  tables. 

(Technical  note  no.  2)  ([AF|OSR-TN-54-30) 

(AF  33(616)19)  AD  43724  Unclassified 

The  space  group  symmetry  P^;,  and  rough  structure  of 
one  form  of  trinitrotoluene  have  been  determined  almost 
entirely  from  a  three-dimensional  "Patterson",  or  vec¬ 
tor,  map.  The  unit  cell  contains  eight  molecules  of 

>  635  < 
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RIDE  by  R.  E.  Gluyas  and  P,  M.  Harris.  July  20, 
1954  [11  Ip.  incl.  diagrs.  table  (Technical  note  no.  1) 
[AFOSR-TN- 54-2 19]  (AF  33(616)19)  AD  43723 

Unclassified 

Picryl  chloride  has  been  found  to  have  a  monoclinic 
unit  containing  four  molecules  with  space  group  sym¬ 
metry  of  P^l/a.  Three  dimensional  "Patterson",  or 
vector,  maps  have  beer,  calculated,  leading  to  the 
orientation  of  a  typical  »  'lecule.  Parameters  (x,  z) 
have  been  detc:  mined,  a.,  *  ■  (DIO)  projection  has  been 


•  •  •  • 
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prepared.  Resolution  is  fairly  good  and  the  structure 
is  being  refined.  (Contractor's  abstract) 


OSU.  04:004 

Ohio  State  U.  Research  Foundation.  Dept,  of  Chemistry, 
Columbus. 

INVESTIGATION  OF  STRUCTURE  OF  CRYSTALS  OF 
NTTRO  ORGANIC  COMPOUNDS,  by  R.  E.  Gluyas  and 
P.  M.  Harris.  Final  rept.  Mar.  1955,  2p. 
[AFOSR-TR-55-8]  (AF  33(616)19)  AD  57441 

Unclassified 

A  brief  summary  is  given  of  the  work  conducted  under 
contract  AF  33(616)19  on  the  structures  of  crystalline 
aromatic  vitro  compounds.  The  structures  of  2, 4,  6- 
trinitrotoluene  (TNT),  and  of  picryl  chloride  (TNBC1) 
have  been  studied,  and  an  investigation  of  1, 3, 5- 
trinitrobenzene  (TNB)  has  been  initiated.  Results  have 
been  presented  on  the  orthorhombic  crystalline  modifi¬ 
cation  of  TNT  having  the  symmetry  Pea  and  8  stoi- 
chlor.Htrlc  mol/eell.  Complete  Ir.lencity  data  have  beer 
collected  on  orthorhombic  trinitrobenzene,  and  coeffi¬ 
cients  for  a  3-dimensional  Patterson  synthesis  have 
been  prepared.  It  is  pointed  out  that  "CNB  contains  16 
mol/  cell  with  the  symmetry  of  Pbca.  Structural  data 
have  also  been  presented  for  TVDC1.  This  crystal 
possesses  a  4-mol  monoclinic  cell  having  a  symmetry 
of  P2l/a. 

OSU.  05:001 

Ohio  State  U.  [Research  Foundation],  [Dept,  of  Chemistry] 
Columbus. 

THE  LAUE-ERAGG  SCATTERING  AND  CHARGE  DIS¬ 
TRIBUTION  IN  LITHIUM  METAL  (Abstract),  by 
P.  L.  Splitstunt  and  P.  M.  Harris.  [1995]  [2]p. 

[AF  18(600)769]  Unclassified 

Presented  at  the  13th  annual  Pittsburgh  Diffraction 
Conference,  Nov.  3-4,  1955. 

Using  a  Geiger-Muller  x-ray  spectrometer,  measure¬ 
ments  of  the  relative  crystal  structure  factors  have  been 
made  on  small  single  crystals  of  metallic  lithium  at 
300°  and  100°K.  These  measurements  were  spread 
over  some  seven  different  crystals  at  each  temperature. 
From  the  results  the  temperature  coefficient  of  the 
scattering  has  been  evaluated.  Comparison  of  the  form 
of  the  scattering  factor  of  liOiium  as  a  function  of  “4-k 
with  theoretical  values  from  Lowdin's  analytic  wave 
function  for  the  lithium  ion  and  of  McWeeny  for  the  litn  - 
ium  ion  and  of  McWeeny  for  the  lithium  atom  is  made. 
LBwiUr's  results  have  bet,'’  used  It  put  the  ’ 'relative" 
experimental  data  on  an  absolute  basis.  As  a  further 
test  direct  comparison  was  made  of  two  (different)  lith¬ 
ium  crystals  with  two  (different)  small  spheres  ground 
from  rock  salt  (NaCl).  The  results  are  compared  with 
measurements  of  James  and  Firth,  Renniger,  and  Brill 
et  al.  Calculations  of  the  charge  density  along  the  [100], 
[110],  and  [ill]  for  the  lattice  at  rest  show  no  signifi¬ 
cant  excess  charge  concentration  between  nearest  neigh¬ 
bors  at  (000),  (1/2  1/2  1/2)  as  is  suggested  by  some 


theoretical  models;  rather,  the  best  model  appears  to 
be  one  in  which  lithium  ions  are  immersed  in  i  con¬ 
tinuous,  uniform  charge  distribution  provided  by  the 
valence  electrons.  The  reproducibility  of  the  single 
crystal  measurements  is  shown  by  tabulated  results. 
(Contractor's  abstract) 


OSU.  05:002 

Ohio  State  U.  [Research  Foundation]  [Dept,  of  Chemistry] 
Columbus. 

THE  TRANSFORMATION  IN  SILVER  MERCURIC  IO¬ 
DIDE  AND  THE  STRUCTURE  OF  ONE  LOW  TEMPERA¬ 
TURE  FORM  (Abstract),  by  C.  E.  Olsen  and  P.  M. 
Harris.  [1955]  [2]p.  [AF  18(600)769] 

Unclassified 

Presented  at  the  13th  annual  Pittsburgh  Diffraction 
Conference,  Nov.  3-4,  1955. 

Single  crystals  of  Ag2HgI4  have  been  grown  from  solu¬ 
tion  and  have  hew.  investigated  using  Wtissenberg  and 
precess  jn  x-ray  diffraction  photographs  supplemented 
by  spectrometer  measurements.  This  work  indicates 
that  the  crystal  phase  (B)  grown  from  solution  has  a 
2-molecule,  body-centered  tetragonal  ceU  of  symmetry 
14  (almost  14  2m).  This  cell  has  Sq  -  6. 32  A  and 
c0  -  12.  64  A.  This  cell  differs  in  both  symmetry  and 
value  ul  c0  from  that  rt ported  ty  Kettlaar.  Patterson 
sections  disclose,  in  addition  to  Hg  at  000;  Ag  at  1/2, 
1/2,  0  and  1/2,  0,  1/4;  I  at  1/4,  1/4,  1/8;  3/4,  3/4, 

1/8;  1/4,  3/4,  3/8;  and  3/4,  1/4,  3/8  (aU  +  1/2,  1/2, 
1/2),  that  there  are  additional  vectors  corresponding 
to  silver  in  octahedral  sites  but  displaced  from  the 
center  of  site.  It  is  postulated  that  iodine  vacancies 
exist  due  to  replacement  of  Hgl2  by  AgL  These  pro¬ 
vide  a  mechanism  for  this  disorder.  Density,  com¬ 
position  and  dtioniulous  JuRctrlc  polarization  of  the 
crystal  support  this.  Further,  the  phase  produced  by 
cooling  the  disordered  high  temperature  (a)  form 
through  the  transition  temperature  is  an  apparently 
cubic  (B)  phase  having  eight  molecules  per  cell.  Single 
crystals  of  Cu2HgR  exhibit  a  one-molecule,  tetragonal 
cell  of  symmetry  P  4/n  me  and  dimensions:  Sq  z  4. 29  A 
and  c0  -  12  A.  This  is  different  from  the  cell  pro¬ 
posed  by  Ketelaar  from  powder  measurements.  (Con¬ 
tractor's  abstract) 
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Ohio  State  U.  Research  Foundation.  Dept,  of  Chemistry, 
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CHARGE  DISTRIBUTION  AND  CHARACTERISTIC  TEM¬ 
PERATURE  OF  METALLIC  LITHIUM  FROM  X-RAY 
SCATTERING  AT  300°  AND  100°K,  by  P.  L.  Spliistone 
and  P.  M.  Harris.  Apr.  1956,  25p.  incl.  illus.  diagrs. 
tables,  refs.  (Technical  rept.  no.  1)  (AFOSR-TN-56- 
235)  (Sponsored  jointly  by  Office  of  Naval  Research 
under  N6onr-22517  and  Air  Force  Office  of  Scientific 
Research  under  AF  18(000)769)  AD  88355 

Unclassified 
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The  Laue-Bragg  scattering  of  single  crystals  of  metallic 
LI  has  been  measured  at  100°  and  300°K.  These  results 
were  placed  on  an  absolute  basis  by  comparison  with 
Uieu.  ttieal  atomic  form  iactura  1  or  the  Li  tun  and  also 
were  compared  experimentally  with  rock-salt.  From 
these  results,  a  characteristic  temperature,  ®  =  325°K, 
was  derived.  Electron  density  computations  suggest  no 
appreciable  charge  concentration  between  nearest  neigh¬ 
bor  atoms.  According  to  the  accuracy  of  the  measure - 
ti-t.4*,  Ll  r. elal  rr  iy  U  well  repfeeeoted  by  the  simple 
model  of  Li  ions  immersed  in  a  uniform  charge  distri¬ 
bution  of  the  valence  electrons.  These  results  and  the 
implications  of  the  method  of  treatment  are  discussed, 
(contractor  s  aDstract) 


OSU.  06:001 

Ohio  State  U.  Research  Foundation.  De,  t.  of  Electrical 
Engineering,  Columbus. 

THE  ANALYSIS  AND  DESIGN  OF  DENSE  ELEC  IRON 
BEAMS,  by  R.  P.  Anand.  Apr.  1955,  23p.  inch 
diagrs.  refs.  (Technical  note  no.  1)  ([AF]  OSR-TN- 
55-156)  (AF  18(600)980)  AD  68367  Unclassified 

Problems  associated  with  the  design  of  high  density  and 
high  perveance  electron  guns  are  discussed,  and  a  num¬ 
ber  of  important  techniques  for  the  analysis  of  such  guns 
are  briefly  reviewed.  Among  analog  methods,  the  modi¬ 
fied  electrolytic  trough  of  Musson-Genon,  the  elastic 
membrane  technique,  and  the  resistor  network  are  de- 
wrlb'Hi.  Ir  Ihr  Mueso'-Gcrou  jrelhjd  th<  butt  Jb  ot 
the  trough  is  shaped  in  a  special  way  to  take  care  of 
space-charge  distribution.  Calculation  of  the  shape  of 
a  3-dimensional  bottom  requires  extensive  computations 
which  have  to  be  repeated  a  number  of  times  to  produce 
successively  better  results.  The  elastic  membrane 
method  is  limited  to  2-dimensional  problems.  The 
resistor-network  method  has  been  applied  successively 
to  solve  partial  differential  equations  like  Laplace's 
and  Poisson's,  and  the  wave  equations.  Numerical 
mtilicds  such  &£>  relaxation  and  iltralk.n  procedure*  are 
discussed.  (Contractor's  abstract) 
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Ohio  diate  U.  Research  Foundation.  Dept  of  Electrical 
Engineering,  Columbus. 

AN  APPLICATION  OF  THE  RELAXATION  METHOD  OF 
ANALYSIS  TO  THF  tlEIL  ELECTRON  GUN,  by  R.  P. 
Aiand.  June  1955,  3i,i.  incl.  diagrs.  tables,  refs. 
(Technical  note  no.  2)  ([AF|OSR-TN-55-250) 

(AF  18(600)980)  AD  74186  Unclassified 

The  relaxation  method  was  used  to  obtain  an  approxi¬ 
mate  solution  of  Poisson's  equation  in  a  I  5-size  Ileil 
electron  gun.  A  resistance-network  analog  performed 
most  of  the  relaxation  calculation  automatically.  The 
solution  was  carried  to  a  second  approximation.  Tin- 
current  flow  is  not  laminar,  anil  the  current  density  is 
very  imnuniforni  near  the  nozzle.  The  first  and  second 
approximations  agreed  fairly  well,  except  in  the  region 
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near  the  anode.  The  trajectories  had  the  same  general 
features.  The  ones  from  the  cathode  edge  were  so  con¬ 
vergent  that  they  appeared  to  cross  the  axis;  the  re¬ 
sults  indicated  the  impossibility  oi  determining  the  pre¬ 
cise  position  of  the  trajectories,  and  the  current -den¬ 
sity  distribution  in  the  nozzle.  To  obtain  a  better  ap¬ 
proximation,  a  network  is  needed  with  a  finer  mesh. 
The  use  of  a  rectangular  mesh  in  the  nozzle  region  and 
a  large  number  of  net  points  across  the  beam  (not  so 
large  as  t c  beewne  exeestlee)  are  suggested.  Tie  re¬ 
sistance  network  is  capable  of  giving  an  accurate  nu¬ 
merical  solution  of  the  problem  in  the  area  near  the 
cathode.  The  main  work  involved  in  this  method  is 
tnat  ol  ootaimng  the  electron  trajectories  between  suc¬ 
cessive  field  solutions.  This  is  also  the  largest  source 
of  error.  An  Investigation  into  the  possibility  of  some 
kind  of  automatic  trajectory  plotter  that  could  be  used 
in  conjunction  with  the  network,  is  suggested. 
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Ohio  State  U.  Research  Foundation.  Dept,  of  Electrical 
Engineering,  Columbus. 

AN  APPLICATION  OF  THE  METHOD  OF  MUSCON- 
GENON  TO  THE  HEIL  ELECTRON  GUN,  by  T. 
Kuwabara.  Aug.  1955,  49p.  incl.  lllus.  diagrs.  table, 
refs.  (Technical  note  no.  3)  ([AF]OSR-TN-55-419) 

(AF  18(600)980)  AD  81377  Unclassified 

The  potential  distribution  and  corresponding  electron 
traifrf  jru  s  U  tlx-  preserre  of  xpare  rlArge  w  the  Vi  il 
electron  gun  were  studied  with  the  use  of  the  method  of 
Musson-Genon  (Ann.  Telecommunications,  v.  2:298-320, 
Oct.  1947,  and  L'Onde  Electrique,  no.  255:236-242, 
June  1948).  The  method  involves  shaping  the  electrolytic 
field  plotting  tank  in  such  a  way  as  to  account  for  the 
modification  of  Laplace's  equation  by  the  space  charge. 
The  potential  distribution  with  space  charge  of  the  gun 
obtained  by  M.  O.  Thurston  was  used  to  calculate  the 
depth  of  the  bottom  in  order  to  eliminate  several  ap- 
FTvxtrnath  ns.  The  CAal  caUiode  etntesior.  and  the  trans¬ 
mission  efficiency  checked  quite  closely  with  experi¬ 
mentally  determined  values.  There  is  no  experimental 
verification  available  for  the  current  distribution  on 
paths  of  electrons. 
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Ohio  State  U.  Research  Foundation.  Dept,  of  Electrical 
Engineering,  Columbus. 

PINHOLE  CAMERA  GUN  TESTER  FOR  INVESTIGATION 
OF  ELECTRON  BEAMS,  by  R.  M  Campbell.  Jan.  1956. 
34p.  incl.  illus.  diagrs.  (Technical  note  no.  4) 

(A FOSR-TN- 56-222)  (AF  18(600)980)  A'O  88029 

Unclassified 

The  object  of  this  research  was  to  find  a  means  of  mak¬ 
ing  measurements  on  electron  beams  to  determine 
whether  or  not  the  associated  electron  gu:i  was  perform¬ 
ing  as  expected.  From  these  measurements,  it  should 
lx-  |xissible  to  determine  what  must  be  done  in  the  elec¬ 
tron  gun  to  improve  or  modify  the  resulting  electron 
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beam.  The  method  chosen  to  make  these  i  ica&ure- 
ments  resulted  in  the  design  and  construction  of  a 
pinhole-camera  type  of  gun  tester.  This  type  of  gun 
tester  is  a  beam  sampling  device  in  which  small  aper¬ 
tures  are  moved  through  the  electron  beam  to  deter¬ 
mine  the  current -density  distribution  of  electrons  in 
the  beam,  and  the  transverse-velocity  distribution  of 
electrons  at  various  points  in  the  beam.  Measure¬ 
ments  made  on  a  Heil  electron  gun  demonstrated  the 
usefulness  of  this  type  of  gun  tester.  It  was  shown 
that  measurements  could  Le  made,  on  an  electron  gui. 
for  which  no  mathematical  analysis  was  available,  and 
that  these  measurements  could  be  made  relatively 
rapidly  (fui-tractor's  ilwraet) 
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Ohio  State  U.  Research  Foundation.  Dept,  of  Electrical 
Engineering,  Columbus. 

A  MAGNETICALLY  FOCUSED  RETARDING- FIELD 
OSCILLATOR  OF  THE  BARKHAUSEN-KURZ  TYPE, 
by  M.  Uenohara.  Sept.  1954,  54p.  incl.  illus,  diagrs. 
refs.  (Technical  rept.  no.  1)  ([AF]OSR-TN-54-330) 

(AF  18(600)982)  AD  50172  Unclassified 

An  oscillator  employing  a  magneticaUy  focussed  elec¬ 
tron  stream  traveling  in  an  electric  field  resulting  from 
a  parabolic  potential  distribution  can  be  operated  as  a 
Barkhausen-Kurz  type  of  oscillator.  Electrons  per¬ 
form  simple  harmonic  oscillations  across  the  gap  of  a 
cavity  resonator.  Insofar  as  an  accurate  parabolic 
potential  distribution  It  achieved,  the  uscUlatWi  fre¬ 
quency  of  the  electrons  is  independent  of  their  amplitudes 
and  they  therefore  remain  in  proper  phase  with  the  elec¬ 
tric  field  of  the  resonator  and  continue  to  give  up  energy 
to  that  field  at  successive  transits.  A  preliminary  the¬ 
ory  of  the  electronic  energy  interchange  of  this  oscil¬ 
lator  is  provided,  and  the  background  theory  of  the  oscil¬ 
lator  design  is  discussed.  Expressions  for  electronic 
admittance,  conversion  efficiency,  starting  current,  and 
frequency  dependence  on  accelerating  potential  have  been 
derived  and  are  in  substantial  agreement  with  experi¬ 
mental  results.  A  maximum  output  power  of  1. 8  watts 
has  beer,  obtained  at  8320  me  with  5.  5%  efficiency.  A 
t.iaxlmui,  <  fHcte -  cy  1 1  13  5%  lias  U<  n  burned  at  14  ’ 
me  with  an  output  power  of  170  milliwatts.  Team  start¬ 
ing  currents  as  low  as  0. 1  ma  have  been  observed  at 
9800  me.  Tuning  over  the  range  8300  me  to  10,  400  me 
has  been  accomplished  by  varying  the  position  of  a 
movable  short  in  the  waveguide.  The  oscillation  fre¬ 
quency  of  the  oscillator  can  also  be  adjusted  by  varying 
the  resonator  voltage,  and  the  frequency  so  controlled 
is  proportional  to  the  square  root  of  the  resonator  volt¬ 
age.  (Contractor's  abstract) 
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Ohio  Stale  U.  Research  Foundation.  (Dept,  of  Electrical 
Engineering)  Columbus. 

A  CENTIMETER- WAVE  LENGTH  OSCILLATOR  OF  THE 
BARKHAUSEN  TYPE,  by  D.  T.  Davis.  June  1955,  41p. 


incl.  diagrs.  refs.  (Technical  note  no.  2)  ((AF)OSR- 
TN-55-251)  (AF  18(600)982)  AD  69847 

Unclassified 

A  tube  employing  simple  harmonic  electron  motion 
across  the  interaction  gap  of  a  resonant  cavity  can  be 
operated  as  a  Barkhausen-Kurz  oscillator.  The  d-c 
potential  distribution  in  which  the  electrons  move  is 
parabolic,  and  a  magnetic  field  Is  used  to  focus  the 
electron  beam.  A  tube  utilizing  this  oscillation  mecha¬ 
nism  ami  having  symmetry  with  respect  to  the  axis  oi 
the  electron  beam  has  been  tested.  Severe  ion  bom¬ 
bardment  of  the  cathode  occurred,  but  the  effects  were 
i  by  u Sf  of  a  rtrfeel  ti fttrtx  catburfi  A  irajU- 

mum  efficiency  of  7%  at  180  mw  and  a  maximum  output 
power  of  400  mw  at  1. 13%  efficiency  were  obtained  at 
3  cm.  Starting  currents  of  less  than  0. 2  ma  have  been 
observed.  These  results  indicate  the  possibility  of 
developing  a  highpower,  high- efficiency  tube  if  the 
proper  electrode  geometry  and  circuit  can  be  obtained. 
(Contractor's  abstract) 
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Ohio  State  U.  Research  Foundation.  (Dept,  of  Electrical 
Engineering)  Columbus. 

THEORETICAL  AND  EXPERIMENTAL  STUDY  ON  THE 
MILLIMETER-WAVE  CAVITY  BARKHAUSEN-KURZ 
OSCILLATOR,  by  M.  Uenohara.  Aug.  1956,  214p. 
incl.  diagrs.  tables,  refs.  (Technical  rept.  no.  3) 
(AFOSR-TN-56-530)  (AF  18(600)982)  AD  110349 

Ur.clacsiUei 

A  higher  efficiency,  a  wider  electronic  tuning  range, 
and  a  low  starting  current  are  the  important  character¬ 
istics  of  the  magnetically- focused  Barkhausen-Kurz 
oscillator.  A  theoretical  and  experimental  study  on  the 
magnetically  focused,  Barkhausen-Kurz  oscillator  has 
been  conducted  for  the  purpose  of  determining  its  pc 
tentialities  as  a  millimeter-wave  generator.  A  section 
of  the  report  contains  a  theoretical  discussion  of  the 
operation  of  this  device  ranging  from  a  simple  small- 
signal  theory  to  a  large-signal  theory  under  the  general 
high-frequency  field  distribution  in  the  Interaction  space 
A  pbiiLar  type  3-ctu  jsclUatjr,  l -cm  oscillator,  tj-n.i., 
oscillator,  and  an  axially  symmetrical  3-cm  oscillator 
were  constructed.  A  maximum  oscillation  frequency 
of  48,  387  me  was  obtained.  The  experimental  results 
are  also  discussed  in  detail.  The  theoretical  results 
are  in  substantial  agreement  with  experimental  results. 
(Contractor's  abstract,  modified) 
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Ohio  State  U.  Research  Foundation.  (Dept,  of  Physics 
and  Astronomy)  Columbus. 

ZEEMAN  SPLITTING  OF  NUCLEAR  QUADRUPOLE 
RESONANCE  LINES,  by  Y.  Ting,  E.  Manring,  and 
D.  Williams.  (Oct.  21,  1953)  2p.  (A F  18(600)772) 

Unclassified 
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Also  published  In  Phys.  Rev.,  v.  92:  1581,  Dec.  15, 
1953. 

The  Zeeman  splitting  of  Cl^  nuclear  quadrupole  reso¬ 
nance  lines  in  a  crystal  of  sodium  chlorate  has  been  ob¬ 
served  in  external  magnetic  fields  in  the  range  from  0 
to  8000  gauss.  Theory  predicts  that  at  one  orientation, 
in  which  the  111  plane  is  normal  to  the  magnetic  field 
there  should  be  2  symmetrical  Zeeman  components 
whose  frequency  separation  from  the  parent  line  is 
strictly  proportional  to  the  applied  field's  strength.  In 
this  study,  the  separation  between  Zeeman  components 
is  approximately  20%  of  the  frequency  of  the  zero-field 
line  at  the  highest  fields  employed  (8000  gauss).  The 
experimental  results  show  that  the  splitting  is  indeed 
directly  proportional  to  the  applied  field. 


OSU.  08:002 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Physics 
and  Astronomy]  Cclumbus. 

INTENSITIES  OF  THE  ZEEMAN  COMPONENTS  OF 
QUADRUPOLE  TRANSITIONS  IN  SODIUM  CHLORATE, 
by  Y.  Ting  and  D.  Williams.  [1954]  [l]p.  ( A FOSR- 
TN-54-33]  (AF  18(600)772)  Unclassified 

Presented  at  meeting  of  the  Amer.  Piiyo.  GuCt  , 
Washington,  D.  C. ,  Apr.  29,  1954. 

Also  published  in  Bull.  Amer.  Phys.  Soc.,  v.  29:  19, 
Apr.  29,  1954. 

Also  published  in  Phys.  Rev.,  v.  95:  607,  July  15,  1954. 

The  Zeeman  pattern  of  the  Cl35  nuclear  quadrupole  tran¬ 
sition  in  a  single  crystal  of  sodium  chlorate  has  been 
studied  in  a  field  of  6000  gauss.  The  shifts  of  the  ob¬ 
served  lines  from  the  zero-field  frequency  for  various 
orientations  of  the  crystal  in  the  exte-nal  field  were  in 
close  agreement  with  theoretical  predictions.  At  orien¬ 
tations  in  which  the  angle  between  1  direction  and  the 
direction  of  11  field  approached  90' ,  rapid  changes  in  the 
intensities  of  the  observed  components  were  noted.  Two 
of  tt»  4  7«wm*n  compel  soU  limiuls'iwJ  iu  feiUnutty,  .'dis¬ 
appearing  at  93°.  The  other  Zeeman  components  in¬ 
creased  in  intensity,  reaching  a  maximum  at  90°.  The 
I  raimfiiriiiat  ion  matrix,  win  eh  itiayimalinm  the  total 
Hamiltonian  at  this  orientation  (with  zero  electric  Held 
asymmetry  facte  :),  can  be  obtained  in  closed  form. 

The  calculated  probability  of  magnetic  dipole  transition.1 
shows  that  the  disappearance  of  the  components  in  ques¬ 
tion  is  to  be  expected. 
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Ohio  State  U.  Research  Foundation.  [Dept,  of  Physics 
and  Astronomy]  Columbus. 

ZEEMAN  EFFECTS  IN'  THE  CHLORINE  NUCLEAR 
QUADRUPOLE  RESONANCE  IN  SODIUM  CHLORATE, 
by  Y.  Ting,  E.  R.  Manring,  and  D.  Williams.  Apr. 
1954,  25p.  incl.  diagrs.  tables,  refs.  (Technical  rept. 
no.  1)  [  A FOSR-TN-54- 125]  (AF  18(600)772) 

AD  3147C  Unclassified 


Also  published  in  Phys.  Rev.,  v.  96:  408-414,  Oct. 

15,  1954. 

*»  C 

The  Zeeman  splitting  of  Cl  nuclear  quadrupole  reso¬ 
nance  lines  in  a  single  crystal  of  sodium  chlorate  has 
been  studied  in  a  magnetic  field  sufficiently  large  to 
permit  detailed  investigation  of  individual  Zeeman  com¬ 
ponents  for  various  orientations  of  the  crystal  in  the 
applied  magnetic  field.  The  observed  patterns  are  in 
agreement  with  theoretical  predictions  based  on  a 
Hamiltonian  involving  an  interaction  of  the  nuclear  elec¬ 
tric  quadrupole  moment  with  a  crystalline  field  having 
axial  symmetry,  and  the  interaction  of  the  nuclear  mag¬ 
netic  moment  with  the  applied  magnetic  field.  The 
quadrupole  interaction  term  e3Qq  was  found  to  be 
58.  806  ±0.  002  mc/sec  and  the  effective  nuclear  mag¬ 
netic  moment  was  found  to  be  0.  8215  ±0.0001  nuclear 
magnetons.  An  upper  limit  for  the  electric  asymmetry 
parameter  q  was  found  to  be  0. 0012.  The  intensity 
variations  of  individual  Zeeman  components  for  differ¬ 
ent  orientations  of  the  crystal  relative  to  the  magnetic 
field  were  studied.  The  line  width  of  individual  Zeeman 
components  was  of  the  order  of  900  cps.  (Contractor's 
abstract) 
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Ohio  State  U.  Research  Foundation.  [Dept,  of  Physics 
and  Astronomy]  Columbus. 

PARAMAGNETIC  RESONANCE  ABSORPTION  IN  CHRO¬ 
MIC  CHLORIDE,  by  Y.  Ting,  L.  D.  Farringer,  and 
D.  Williams.  [1954]  2p.  incl.  diagr.  ([AF]OSR-TN- 
54-246)  [AF  18(600)772]  Unclassified 

Also  published  in  Phys.  Rev.,  v.  97:  1037-1038,  Feb. 
T955T 

The  paramagnetic  resonance  absorption  of  powdered 
anhydrous  chromic  chloride  has  been  examined  at  a 
frequency  9308  mc/sec.  The  line  width  betweenpoints 
of  maximum  slope  was  found  to  be  79  gauss;  the  line 
width  at  half  height  was  148  gauss;  and  the  measured 
root- mean-square  width  was  103  gauss.  The  line  width 
at  laU-lalgt-l  is  '  ji  wUVrably  wv.:iU*r  Ha  Uw  wi<9 h 
calculated  for  dipole-dipole  broadening  on  the  assump¬ 
tion  of  a  Gaussian  line  shape.  The  effective  g  value  was 
found  Ij  la  a97  .'-.I-  3  (Cjiilrart  r's  alistrai-t) 
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Ohio  State  U.  Research  Foundation.  |Dept.  of  Physics 
and  Astronomy]  Columbus. 

THE  MICROW  AVE  SPECTRUM  OF  OZONE  (Abstract), 
by  P.  N.  Wolfe  and  D.  Williams.  [1954]  [  1  ]p. 

[AF  18(600)772]  Unclassified 

Presented  at  meeting  of  ihe  Amer.  l'hys.  Soc., 
Poughkeepsie,  N.  Y. ,  Oct.  16-17,  1953. 

Published  in  Phys.  Itev. ,  v.  93:360.  Jan.  15,  1954. 
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The  absorption  spectrum  of  0*®  has  been  Investigated  in 
the  microwave  region  between  20  and  30.  3  kmc/sec. 
Accurate  determinations  of  line  frequencies  were  made 
between  20  and  26  kmc/sec  and  approximate  measure¬ 
ments  were  made  with  a  calibrated  resonant  cavity  at 
frequencies  above  26  kmc/sec.  The  lines  observed  in 
this  region  are  in  excellent  agreement  with  those  ob¬ 
served  by  Hughes  but  some  improvements  in  frequth.  y 
determinations  seem  to  have  been  achieved.  The 
observed  spectrum  is  readily  interpreted  in  terms  of 
the  obtuse-angled  isosceles  triangular  model  proposed 
by  Hughes.  Splitting  of  the  ground  vibrational  state  due 
to  intramolecular  inversions  in  such  a  triangular  model 
are  found  to  be  negligible  within  the  limits  of  the  fre 
quency  discrepancies  between  observed  and  predicted 
lines.  If  such  inversion  occurs,  its  frequency  is 
extremely  low. 
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Ohio  State  U.  Research  Foundation.  [Dept,  of  Physics 
and  Astronomy]  Columbus. 

NUCLEAR  QUADRUPOLE  TRANSITION  IN  A  SINGLE 
CRYSTAL  OF  SODIUM  CHLORATE  (Abstract),  by  E. 
Manring,  Y.  Ting,  and  D.  Williams.  [  1954 ]  [ljp. 

[AF  18(600)772 1  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Poughkeepsie,  N.  Y. ,  Oct.  16-17,  1953. 

Published  in  Phys.  Rev.,  v.  93:360,  Ian.  15,  1954. 

Powdced  samples  of  sodium  chlorate  have  been  found 
to  exhibit  an  extremely  narrow  ■'bsorption  line  near 
30  mc/sec  due  to  nuclear  quadrupole  transitions  in¬ 
volving  Cl35.  The  present  work  lias  been  concerned 
with  a  study  of  single  crystals  of  sodium  chlorate.  In 
the  experimental  work  a  single  crystal  was  mounted  in 
the  coil  of  an  oscillating  detector,  and  an  external  mag¬ 
netic  field  was  employed  to  produce  Zeeman  splitting. 
The  observed  Zeeman  pattern  is  dependent  upon  the 
orientation  of  the  crystal  in  the  external  magnetic  field 
Tlie  pattw,*  U»  b*  •*  6t  -••••wi-Retf  The 

patterns  for  five  orientations  will  be  co a  pared  m  de¬ 
tail  with  theoretical  predictions.  From  the  observed 
patterns  it  is  possible  to  calculate  the  nuclear  mag¬ 
netic  moment  of  Cl1^.  Ttie  preliminary  v:lue  of 
0.820  i  0.001  nuclear  magnetons  compares  favorably 
wttli  the  value  0.  8210  nuclear  magnetons  obtained  m 
nuclear  magnetic  resonance  studies  of  liquid  samples 
and  serves  as  a  check  on  tne  validity  of  theory. 
(Contractor's  abstract) 
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Ohio  State  U.  Research  Foundation,  [Dept,  of  Physics 
and  Astronomy  ,  :  nfumhux. 

PHOTON  LINE  SHAPES  LN  Till  MAGNETIC  RESONANCE 
SPECTRA  OK  AMMONIUM  SALTS  (Abstract),  by  H. 
Carpenter  and  D.  Williams.  [1954]  [l[p. 

[AK  18(600)772,  Unclassified 


Presented  at  meeting  cf  the  Amer.  Phys.  Soc. , 
Poughkeepsie,  N.  Y. ,  Oct.  16-17,  1953. 

Published  In  Phys.  Rev.,  v.  93:  360,  Jan.  15,  1954. 

Proton  magnetic  resonance  line  shapes  have  been  ob¬ 
served  in  the  ammonium  halides,  ammonium  sulfate, 
and  amiuoiiiun,  uilraU  at  room  temperature.  Measure¬ 
ments  were  made  with  an  unquenched  radio-frequency 
oscillating  detector  in  a  field  of  approximately  7800 
gauss.  Frequency  measurements  were  made  with  a 
radio  receiver  and  a  10  kc/sec  crystal-controlled 
multivibrator.  The  line  widths  in  ammonium  halides 
showed  a  monotonic  decrease  with  increasing  atomic 
number  of  the  halide.  The  proton  resonance  line  in 
ammonium  fluoride  was  the  widest  observed  in  this 
study.  Ammonium  sulfate  and  ammonium  nitrate  both 
showed  comparatively  narrow  proton  absorption  lines, 
the  ammonium  nitrate  line  showing  the  narrowest  width 
of  any  of  the  salts  studied.  The  second  moments  of  the 
proton  line  for  the  different  salts  were  computed  from 
the  observed  line  shapes  and  were  found  to  be  smaller 
than  would  be  expected  for  a  rigid  lattice  structure. 
(Contractor’s  abstract) 
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Ohio  State  U.  Research  Foundation.  [Dept,  of  Physics 
and  Astronomy]  Columbus. 

NUCLEAR  MAGNETIC  RESONANCE  SPECTROSCOPY, 
by  D.  Williams.  [1954]  [4]p.  incl.  diagrs. 

[AF  18(600)772]  Unclassified 

Publ’shed  in  O.  S.  U.  Engineering  Experiment  Station 
News,  v.  26:  16-19,  Feb.  1954. 

There  are  a  number  of  external  nuclear  properties  that 
can  be  studied  by  much  less  drastic  methods  than  are 
required  in  external  examination  of  the  nucleus.  These 
include  (1)  nuclear  charge  ^^2  ;  (2)  nuclear  mass  M; 

(3)  nuclear  spin  I;  (4)  nuclear  electric  quadrupole  mo¬ 
ment  eQ:  and  (5)  nuclear  magnetic  moment  .  .  A  study 
I*  presented  of  t.urlrar  n>ogu*l  U-  resin  vee  plietictiatta 
and  data  are  provided  on  the  fundamental  properties  of 
a  number  of  nuclear  species. 
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Ohio  State  U.  [Research  Foundation],  [llept.  of  Physics 
and  Astronomy]  Columbus. 

[STRETCHING  DUE  TO  CENTRIFUGAL  FORCE  IN 
COMPONENT  LEVK 125  SEPARATED  BY  1-TYPE 
DOUBLING]  ETiirgissemcnt  lu  a  la  force  centrifuge 
dans  des  nlveaux  composants  separes  par  un  iKMnuble- 
meiit  du  type  1.  by  II.  II.  Nielsen.  1 954 ;  j 3  [p> 

[aF  18(600)772]  Unclassified 

Published  m  Jour,  de  Physique  et  Radium,  v.  15. 

OfTH  603  .July -Aug.  -Sept.  1954. 


AIR  FORCE  SCIENTIFIC  RESEARCH 


OSU.  08:010  -  OSU.  08:014 


The  Hamiltonian  for  a  polyatomic  molecule  is  subjected 
to  contact  transformation  so  that  the  first-order  trans¬ 
formed  Hamiltonian  vanishes  to  the  fourth  order.  The 
resulting  matrix  elements  are  used  for  calculations  on 
HCN  and  DCN.  The  1-type  doubling  coefficients  so  ob¬ 
tained  are  in  good  agreement  with  those  obtained  from 
microwave  spectra.  (C.A. ,  1955:!>106e) 


OSU.  08:010 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Physics 
and  Astronomy]  Columbus. 

MAGNETIC  RESONANCE  SPECTRA  OF  BERYL  CRYS¬ 
TALS,  by  L.  C.  Brown  and  D.  Williams.  [June  1954] 
2p.  [AF  18(600)772]  Unclassified 

Published  in  Phys.  Rev.,  v.  95:  1110,  Aug  15,  1954. 

The  magnetic  resonance  absorption  patterns  of  Be9  and 
Al27  have  been  observed  in  single  crystals  of  beryl, 
BejA^SigOig.  The  Be9  pattern  consists  of  a  strong 
centn  '  line  with  2  weaker  satellites  as  expected  for  a 
nucleus  with  I  =  3/2,  and  with  a  nonzero  nuclear  quad- 
rupole  coupling  factor.  The  Al27  pattern  consists  of  a 
strong  central  line  with  2  pairs  of  satellites  as  expected 
for  a  nucleus  with  I  =  5/2  and  with  a  nonzero  quadrupole 
coupling  factor. 


OSU.  08:011 

Ohio  State  U.  [Research  Foundation].  [Dept,  of  Physics 
and  Astronomy]  Columbus. 

QUADRUPOLAR  SPLITTING  OF  THE  Al27  AND  Be9 
MAGNETIC  RESONANCES  IN  BERYL  CRYSTALS  by 
L.  C.  Brown  and  D.  Williams.  June  3,  1955  [17  (p. 
incl.  diagrs.  [Part  1  of  Technical  rept.  no.  2] 

(A FOSR-TN -55-345,  Pt.  1)  (AF  18(600)772) 

AD  100978  Unclassified 

Also  published  in  Jour.  Chem.  Pliys.,  v.  24:751-756, 
Apr.  1956. 

27 

The  quadrupolar  hyperfine  structure  of  the  Al  and 
Be9  nuclear  magnetic  resonance  peaks  in  beryl  crys¬ 
tal  at  300°K  have  been  examined.  From  the  observed 
spectra,  the  following  values  were  obtained  for  the 
nuclear  spins  1,  the  effective  nuclear  magnetic  moments 
.  ,  the  nuclear  quadrupole  coupling  constants  eQ  zz 
and  the  electric  field  asymmetry  parameters  ■ 

Al27:  I  5/2,  ]  a  3.  6385  .  0.  0003  n.  m. , 
eQ  zz  3 . 093 1  0. 015  me  st  c,  •  0,000  .0.005, 

Be9:  1  3/2,  .  1.174  .  0.0002  n.m., 

eQ'  zz  0,504.0.004  me,  see.  0.090  0.005. 
(Contractor's  abstract) 


OSU.  08:012 

Ohio  State  U.  [ Resear c!  1  iiimlal i  >r!  [lXpt.  of  Physics 
and  Astronomy]  Columbus. 

NUCLEAR  MAG  NT.  I  It '  Dll’Oi  1  AND  ELECTRIC 


QUADRUPOLE  ENERGY  RELATIONS,  by  L.  C.  Brown 
and  P.  M.  Parker.  Aug.  31,  1955  [4]p.  incl.  refs. 
[Part  2  of  Technical  rept.  no.  2]  (A  FOSR-TN- C  5-345, 
Pt.  2)  (AF  18(600)772)  AD  100978(a)  Unclassified 

Also  published  in  Phys.  Rev.,  v.  100:  1764-1767,  Dec. 
15,  1955. 

Calculations  based  on  existing  theory  of  nuclear  mag¬ 
netic  dipole  and  electric  quadrupole  transitions  pro¬ 
vide  general  expressions  in  closed  form  relating  I, 
n  Hq,  e2Qq,  r|,0,  and  $  to  experimentally  determined 
frequencies  vjj.  The  angles  Rand  ^determine  the  ori¬ 
entation  of  Ho  in  the  principal  axis  system  of  y7E. 
Methods  of  applying  the  expressions  in  specific  situa¬ 
tions  are  discussed.  Application  of  the  procedure  to 
similar  systems,  such  as  the  asymmetric  rotator,  is 
pointed  out.  (Contractor's  abstract) 


OSU.  08:013 

Ohio  State  U.  [Research  Foundation],  [Dept,  of  Physics 
and  Astronomy]  Columbu3. 

NUCLEAR  QUADRUPOLE  LEVELS  IN  SINGLE  CRYS¬ 
TALS,  by  P.  M.  Parker.  May  1956  [7 ]p.  incl.  diagrs. 
tables,-  refs.  [Part  3  of  Technical  rept.  no.  2] 
(AFOSR-TN-55-345,  Pt.  3)  (AF  18(600)772) 

AD  100978(b)  Unclassified 

Also  published  in  Jour.  Chem.  Phys.,  v.  24:  1096- 
i  102,  May  1956. 

Numerical  methods  are  used  to  study  the  behavior  of 
the  energy  levels  of  a  nucleus,  having  nonzero  quad¬ 
rupole  moment  and  spin  I  “  1  or  3/2,  under  the  in¬ 
fluence  of  a  constant  uniform  external  magnetic  field 
and  an  electric  crystalline  field  of  axial  symmetry. 
These  numerical  results  are  of  use  when  experimental 
conditions  are  such  that  perturbation  theory  cannot  be 
applied  in  data  analysis.  (Contractor's  abstract) 


OSU.  08:914 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Physics 
and  Astronomy]  Columbus. 

PROTON  POSITIONS  IN  BRUCITE  CRYSTALS,  by 
D.  E.  Elleman  and  D.  Williams.  Nov.  7,  1955  [3|p. 
incl.  diagrs.  tables,  refs.  [Part  1  of  Technical  rept. 
no,  4]  [A FOSR-TN -55- 399]  |A F  18(600)772] 

AD  115957  Unclassified 

Also  published  in  Jour.  Chem.  Phys.  ,  v.  25:  142-744. 
Oct.  1956. 

'!  .:<■  proton  positions  in  brucite  (MgiOll^)  have  been 
determined  by  comparison  of  nuclear  magnet  ir  resonance 
spectra  with  existing  x-ray  data.  Tile  protons  are  lo¬ 
cated  In  parallel  planes  in  each  of  which  the  protons 
are  arranged  in  a  pattern  having  hexagonal  symmetry. 
The  distance  between  adjacent  protons  in  a  given  plane 
is  3.  12  .  0.  01  A  .  while  the  distance  between  a  given 
proton  and  its  nearest  neighbors  in  the  next  plane  is 


'  r.41  • 
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1.  93  ±0. 02  A  .  The  distance  between  adjacent  proton 
planes  is  0.  69  *0. 02  A.  The  internuclear  distance  in 
the  OH  bond  is  found  to  be  0. 98  ±0. 02  A .  (Contractor's 
abstract) 


OSU.  08:015 

Ohio  State  U  Research  Foundation.  Dept,  of  Physics 
and  Astronomy,  Columbus. 

MICROWAVE  SPECTRUM  OF  CHLOROFORM,  by  P.  N. 
Wolfe.  Nov.  15,  1955  [6]p.  incl.  diagrs.  tables,  refs. 
[Part  2  of  Technical  rept,  no.  4]  [AFOSR-TN-55-416] 
[AF  18(600)772]  AD  115057(a)  Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  25:976-981, 
Nov.  195b. 

A  theoretical  and  experimental  examination  of  the  J=  2 
— »  3  transition  in  CHC*335  permits  the  evaluation  of 
the  quadrupole  coupling  constant  of  the  molecule  as 
eQV  zz,  =  28.  70  ±.  08  me,  and  provides  an  improved 
value  of  the  rotational  constant,  B= 3302. 41  ±.03  me. 

Two  centrifugal  distortion  coefficients  are  also  ob¬ 
tained:  Dj=4. 12  ±  .  43  kc  and  Djk  =  55*  7  kc.  TheJ=2 
— >  3  transitions  in  CHC^®  Cl3"  yield  the  following, 
revised  structural  parameters  for  chloroform:  C  —  H 
=  1.  073  A ,  C —  Cl- 1.  762  A  ,  and  Cl —  C —  Cl  - 
110°55'.  W'th  the  assumption  of  axial  charge  symme¬ 
try  about  the  C —  Cl  bond  direction,  a,  the  revised  bond 
angle  gives  eQV^i  -80.39  t.22  me  for  the  quadrupole 
coupling  constant  of  ChCl339.  (Contractor's  abstract) 


RESONANCES  IN  SOLUTIONS  OF  MANGANOUS  SALTS 
Abstract),  by  J.  E.  Geusic  and  D.  Williams  [1955] 
l]p.  [AF  18(600)772]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc  , 
Washington,  D.  C. ,  Apr.  28-30,  1955. 

Published  in  Phy3.  Rev. ,  v.  99:612,  July  15,  1955. 

Studies  of  paramagnetic  resonance  absorption  by  the 
Mn'*  ion  in  solutions  of  manganese  salts  have  revealed 
well  resolved  hyperfine  structure.  The  observed  line 
pattern  is  predicted  by  the  expression, 

H-h  | !(!  +  i)_m2  +  M(2M-l)j  , 

in  which  the  symbols  have  their  usual  meaning.  The 
value  for  the  hyperfine  splitting  parameter  A-95,  3  ±1. 0 
gauss  is  in  agreement  with  the  value  previously  obtained 
by  Tinkham,  Weinstein,  and  Kip  but  in  disagreement 
with  the  value  reported  by  Schneider  and  England.  The 
variation  of  line  width  with  concentration  will  be  dis¬ 
cussed.  (Contractor's  abstract) 


OSU.  08:018 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Physics 
and  Astronomy]  Columbus. 

PARAMAGNETIC  FINE  STRUCTURE  SPECTRUM  OF 
Cr++*  IN  A  SINGLE  RUBY  CRYSTAL,  by  J.  E.  Geusic. 
July  26,  1956  [2]p.  incl.  diagrs.  (Technical  rept.  no.  3) 
(AFOSR-TN-56-154)  (AF  18(600)772)  AD  86314 

Unclassified 


Also  published  in  Phys.  Rev.,  v.  102:  1252-1253, 

OSU.  08:016  June  1,  1956. 

Ohio  State  U.  [Research  Foundation].  [Dept,  of  Physics  The  fine  structure  spectrum  of  the  Cr***  paramagnetic 

and  Astronomy]  Columbus.  resonance  line  in  a  single  ruby  crystal  has  been  studied 

at  300°K.  From  the  measurements,  it  is  found  that  the 
NUCLEAR  MAGNETIC  MOMENT  OF  POTASSIUM  zero-field  splitting  of  the  spin  levels  Is  2(0.  193*0.  001) 

(Abstract),  by  L.  C.  Brown  and  D.  Williams.  [1955]  cm-1,  and  the  spectroscopic  splitting  factors  are 

[l]p.  [AF  18(600)772]  Unclassified  g|,  =  2.  003  *0.  006  and  g^2. 00  *0.  02.  (Contractor's 

abstract) 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Baltimore,  Md. ,  Mar.  17-19,  1955. 

OSU.  08:019 

Published  in  Phys.  Rev.  ,  v.  98:  1537,  June  1,  1955. 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Physics 
The  nuclear  magnetic  resonance  peak  due  to  K33  in  a  and  Astronomy]  Columbus, 

saturated  solution  of  KF  lias  been  observed  in  a  field  of 

approximately  7800  gauss.  The  K33  resonance  frequency  ZEEMAN  SPLITTING  OF  NUCLEAR  QUADRUPOLE 

has  been  compared  with  that  of  N14  in  a  solution  of  HNO3.  ENERGY  LEVELS  IN  A  SINGLE  CUPRITE  CRYSTAL, 

The  ratio  obtained  is  ,(K39)/V(N14)  =  0.  64588,  a  value  by  H.  L.  Cox,  Jr.  and  D,  Williams.  [Dec.  1956] 

in  agreement  within  the  limits  of  experimental  error  with  [ljp.  [AFOSR-TN-56-585]  [AF  18(600)772] 

the  value  obtained  by  Collins,  who  observed  the  K39  AD  115009  Unclassified 

resonance  in  a  solution  of  KNO2.  A  comparison  of  the 

experimental  errors  will  be  given  and  a  "best  value"  Presented  at  meeting  of  the  Amer.  Phys.  Soc.  ,  New 

lor  tlie  magnetic  moment  will  be  proposed.  York.  Jan.  30- Feb.  2,  1957. 


OSU.  08:017 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Physics 
and  Astronomy  ]  (."0101111105. 

HYPERFINE  STRUCTURE  IN  THE  PARAMAGNETIC 


Also  published  in  Bull.  Amer.  Phys.  Soc.,  Series  n, 
v.  2:  30,  Jan.  30,  1957. 

The  behavior  of  absorption  lines  in  a  single  cuprite 
crystal  subjected  loan  external  magnetic  field  superim¬ 
posed  on  the  internal  electric  field  at  28“C  is  studied 


■••42  • 
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and  the  parameters  in  the  nuclear  quadrupole  transition 
of  Cu®3  and  Cu“5  are  recorded. 


OSU.  09:001 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Physics 
and  Astronomy]  Columbus. 

SUSCEPTIBILITY  AND  ENTROPY  OF  F-CENTERS 
(Abstract),  by  J.  Forringa  and  J.  G.  Daunt.  [1955] 

[‘  Ip.  ([AF]OSR-TN-55-34)  [AF  18(600)1003] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Baltimore,  Md. ,  Mar.  17-19,  1955. 

Published  in  Phys.  Rev. ,  v.  98:  1550,  May  15,  1955. 

The  entropy  S  and  the  paramagnetic  susceptibility  X  of 
F-centers  in  alkali  halides  have  been  computed  using 
the  model  of  Kip,  Kittel,  Levy  and  Portls.  With  the 
hyperfme  coupling  betveen  the  F-center  electron  and 
the  six  equivalent  nearest  alkali  nuclei  as  the  only  in¬ 
teraction,  the  eigenvalues  of  the  energy  of  the  center 
in  a  weak  magnetic  field  were  calculated  up  to  2nd  order 
in  H.  The  sum  of  states  then  yields  an  expression  for 
S  and  Xas  a  function  of  a  reduced  temperature  T*-kT/Ec, 
where  Ec  is  twice  the  hyper  fine  coupling  constant.  The 
calculations  have  been  limited  to  nuclei  with  spin  3/2. 

Ihe  influence  of  the  his  on  X  amounts  to  7.5  per  cent 
for  T*-10,  corresponding  to  Ts»0. 01°K  for  Li®  and 

up  to  l~U.fi  fi  lor  CU*"’' .  All  <1  uui&nciAV. 
perimer.t  starting  in  a  strong  magnetic  field  Tj  =  l°K  at 
most  the  electronic  entropy  R  In  2  can  be  removed, 
leading  to  a  final  temperature  Tf  *=s3.  (Contractor’s 
abstract) 


OSU.  09:002 

Ohio  State  U.  Research  Foundation.  Dept,  of  Physics 
arid  Astronomy,  Cctumbs*. 

ON  THE  SUSCEPTIBILITY  AND  ENTROPY  OF  F-CEN- 
TERS  IN  ALKALI  HALIDES  BELOW  1°K,  by  J.  Korrlnga 
and  J.  G.  Daunt.  (Feb.  1955]  4p.  incl.  diagrs.  tables. 
(Technical  note  no.  2)  (AFOSR-TN-55-52) 

(AF  18(600)1003)  AD  202025  Unclassified 

Also  published  in  Phys.  Rev.,  v.  102:  92-95,  Apr.  1, 

I555T 

The  entropy  and  the  paramagnetic  susceptibility  of  F- 
centers  in  alkali  halides  below  1*K  for  alkali  nuclei  with 
spin  3/2  have  been  computed  using  the  model  of  Kip 
and  others  (Phys.  Rev.,  v.  91:  1066,  1953)  in  which  the 
predominant  perturbation  of  the  electron  in  the  F-center 
is  the  magnetic  interaction  with  the  neighbor  alkali  nuclei. 
The  lower  limits  of  temperature  possible  by  magnetic 
cooling  of  such  systems  are  set  forth,  and  considerations 
are  given  as  to  the  practical  possibility  of  such  cooling 
of  F-center  assemblies.  (Contractor's  abstract) 


OSU.  09:003 

Ohio  State  U.  Research  Foundation.  [Dept,  of  Physics 
and  Astronomy]  Coiumbus. 

MAGNETIC  PROPERTIES  OF  DEFECTS  AND  IM¬ 
PURITIES  IN  SOLIDS,  by  C.  V.  Heer  and  C.  J.  Rauch . 
July  1955,  5p.  incl.  table.  (Technical  note  no.  1) 
uAF]OSR-TN-55-187)  (AF  18(600)1003) 

AD  74067  Unclassified 

Presented  at  the  International  Conference  on  Low 
Temperature  Physics,  Paris  (France),  Sept.  2-8, 

1955. 

Study  was  initiated  on  the  magnetic  properties  of  de¬ 
fects  and  impurities  at  liquid  He  temperatures.  The 
correlation  between  the  number  of  F-centers  in  the 
alkali  halides  determined  by  optical  and  magnetic  tech¬ 
niques  was  selected  for  the  initial  phase.  KC1  andKBr 
crystals  were  colored  by  heating  to  600°  to  700°C  in 
the  presence  of  K  vapor  for  several  hours  and  quench¬ 
ing  to  room  temperature  in  an  AcOH  bath.  The  quench 
provides  rapid  cooling,  yielding  uniformly  colored 
crystals  with  pure  F-band  absorption.  Magnetic  sus¬ 
ceptibility  measurements  of  the  colored  crystals  were 
made  between  1°  and  300°  K  by  the  Gouy  method  (Phys. 
Rev.,  v.  90:530,  1953).  The  susceptibility  followed 
Curie's  law  down  to  the  lowest  temperature,  and  the 
saturation  of  the  magnetic  movement  in  strong  mag¬ 
netic  fields  was  consistent  With  a  free  electron  spin. 

The  number  of  F-centers  was  determined  from  the 
Curie  constant.  Optical  absorption  curves  were  ob¬ 
tained  for  a  series  of  positions  in  the  crystal,  and  the 
number  of  F-centers  was  determined  by  applying 
Smakula's  equation  which  relates  the  number  of  absorp¬ 
tion  centers  to  the  absorption  constant,  a,  and  the  half¬ 
width  of  the  absorption  line.  The  ratio  of  the  number 
of  centers  measured  opticaUy  to  the  number  measured 
magnetically  is  assumed  to  be  the  f-value  or  oscillator 
strength.  The  magnetic  properties  of  synthetic  ruby 
(AI2O3)  with  a  small  amount  of  Cr^*  was  examined  be¬ 
tween  1“  awl  WK.  The  crystal  art th  the  K.agtiettr 
field  oriented  at  30°  with  the  hexagonal  c  axis  followed 
a  Curie-Welss  law  in  the  He  temperature  region, 
x_[L_77_x_10 -  emu/cc. 

T  ♦  0.  05 


OSU.  09:004 

Ohio  State  U.  Research  Foundation.  Dept,  of  Physics 
and  Astronomy,  Columbus. 

SOME  F-BAND  OPTICAL  OSCILLATOR  STRENGTHS  IN 
ADDITIVE LY  COLORED  ALKALI  HALIDES,  by  C.  J. 
Rauch  and  C.  V.  Hear.  July  26,  1 956  [7 ]p.  incl.  diagrs. 
tables,  refs.  (Technical  note  no.  3)  (AFOSR-TN-56-352) 
(A  F  18(600)1003)  Unclassified 

Also  published  in  Phys.  Rev.,  v.  105  :  914-920.  Feb.  1, 
1957. 
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The  number  of  magnetic  centers  in  alkali  halides  addi- 
tively  colored  in  the  alkali  vapor  were  determined  by 
measuring  the  static  magnetic  susceptibility.  Curie's 
law  was  followed,  and  the  measurements  were  extended 
to  liquid  He  temps,  to  increase  the  sensitivity.  The 
number  of  centers  was  compared  with  the  optical  absorp¬ 
tion  of  the  F  band.  Under  the  assumptions  that  the  F- 
center  electron  wave  function  depends  parametrically 
upon  the  coordinates  of  the  surrounding  nuclei,  the  elec¬ 
tric  dipole  matrix  element  is  independent  of  the  nuclear 
coordinates,  and  the  electric  field  at  the  electron  is  the 
Lorentz  local  field,  the  optical  oscillator  strengths  for 
a  Lorentz,  Gaussian,  and  observed  line  shape  were  de¬ 
termined.  The  average  for  a  series  of  experiments 
yielded  =  0. 66  for  KC1,  f l  =  0. 71  for  KBr,  and 
fL  =  0. 46  for  KI.  Values  for  CsBr  and  NaCl  are  dis¬ 
cussed.  (Contractor's  abstract) 

OKA.  01:001 

Oklahoma  A.  and  M.  Coll. ,  Stillwater. 

OPTICAL  ABSORPTION,  PHOSPHORESCENCE,  AND 
BIREFRINGENCE  IN  SEMI- CONDUCTING  DIAMOND 
(Abstract),  by  W.  J.  Leivo  and  H.  J.  Stein.  [1956]  lp. 
[  AFOSR-TN- 56-461  ]  (AF  18(603)40)  AD  97079 

Unclassilied 

Presented  at  Color  Center  Symposium,  Argonne 
National  Lab. ,  Lamont,  HI.,  Oct.  31-Nov.  2,  1956. 

A  type  Hb  diamond  was  studied  in  which  the  opposite 
ends  show  different  properties.  One  half  of  the  crys¬ 
tal  has  a  slight  bluish  color  and  has  an  electrical  con¬ 
ductivity  considerably  greater  than  the  other  half.  The 
clear  portion,  however,  would  still  be  classified  Type 
Hb  from  a  conductivity  standpoint.  A  double  set  of 
intersecting  birefringent  lines  can  be  observed  at  the 
blue  end,  whereas  the  clear  side  shows  only  a  single 
set.  Both  sides  show  phosphorescence,  but  the  phos¬ 
phorescent  color,  lifetime  and  excitation  wavelength 
are  different.  There  are  also  changes  in  the  optical 
absorption  in  the  2  sides.  In  particular,  the  major 
absorption  peaks  at  2.  43  and  3.  56  in  the  blue  end  are 
not  observed  in  the  clear  end.  The  absorption  at  3.  56 
(0. 35  ev)  -orresponds  to  the  activation  energy  for  a 
Group  HI  Imp'd*;-  using  the  simple  hydrogen  atom 
model.  A  value  of  about  0.  35  ev  has  also  been  pre¬ 
viously  obtained  for  the  slope  of  the  curve  k  In  R  vs 
1/T  in  the  low  temperature  region.  The  absorption 
peaks  characteristic  of  the  blue  side  are  temperature 
dependent,  increasing  with  decreasing  temperature. 
Changes  in  the  ultraviolet  cut-off  region  with  tem¬ 
perature  are  are  also  observed.  The  investigations 
on  this  diamond  give  some  support  to  Custers'  (Physica, 
v.  20:  183-184,  Mar.  1954)  proposal  that  the  conduc¬ 
tivity  may  be  the  result  of  lattice  imperfections  other 
than  impurities.  (Contractor's  abstract) 


OKA.  01:002 

Oklahoma  A.  and  M.  Coll.  Stillwater. 

PHOTOC  ONDUCTIVITY  IN  TYPE  Ob  DIAMOND 
(Abstract),  by  M.  D.  Hell  *nd  W.  J.  !.eivo.  [1956] 


[l]p.  [AFOSR-TN-56-504]  [AF  18(603)40] 

AD  110319  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Monterey,  Calif. ,  Dec.  1956. 

The  photoconductivity  of  two  specimens  of  semicon¬ 
ducting  diamond  has  been  studied.  The  diamonds  are 
photoconducting  in  the  visible  and  near  infrared  with 
a  major  peak  occurring  at  660  mp  and  a  slight  peak 
at  890  m  p.  The  photoconductivity  is  obtained  without 
previous  irradiation  with  ultraviolet  light.  Maxims  of 
photoconductivity  in  the  ultraviolet  occur  at  223  mb 
and  228  mp.  The  peak  at  223  mb  was  not  observed  in 
all  parts  of  the  diamonds.  Also,  the  portion  of  one 
specimen  which  had  the  highest  dark  conductivity  had 
no  detectable  photoconductivity  in  the  ultraviolet  above 
190  mp,  the  lower  limit  measured,  but  it  did  show  the 
visible  and  near  infrared  photoconductivity.  The  pho¬ 
toconductivity  was  also  dependent  upon  the  direction  of 
current  flow  through  the  crystal.  (Contractor's  ab¬ 
stract) 


OKA.  02:001 

Oklahoma  A.  and  M.  Coll.  Dept,  of  Chemistry,  Stillwater. 

ACTIVITIES  OF  ELECTROLYTES  IN  THREE-COMPO¬ 
NENT  SYSTEMS,  byT.  E.  Moore.  [Aug.  25,  1955] 

3p.  ([AF]OSR-TN-55-288)  (AF  18(600)478) 

Unclassified 

Equations  are  derived  from  the  Gibbs-Duhem  equation 
for  3  components  which  are  particularly  useful  in  de¬ 
termining  the  effect  of  a  second  electrolyte  (at  varying 
concentrations)  upon  the  activity  of  a  given  electrolyte 
at  some  arbitrary  concentration  (as  might  be  the  case 
in  studying  extraction-promoting  electrolytes  in  the 
liquid-liquid  extraction  of  salts).  The  results  are 
usually  most  useful  if  all  activities  are  referred  to  the 
conventional  standard  states  in  binary  solutions. 


OKA.  02:002 

Oklahoma  A.  and  M.  Coll.  Dept,  of  Chemistry,  Stillwater. 

ACTIVITY  OF  HYDROCHLORIC  ACID  IN  MIXTURES 
WITH  COBALT  (H)  AND  NICKEL  (H)  CHLORIDES,  by 
F.  Dyer,  E.  H.  Gilmore,  and  T.  E.  Moore.  [1955] 

[2]p.  incl.  dlagr.  (AF  18(600)478)  Unclassified 

Published  in  Jour.  Amer.  Chem.  Soc.,  v.  77:4223- 
4224,  Aug.  20,  1955. 

The  activity  coefficients  of  7  molal  HC1  in  Hie  presence 
of  0.5  to  2.0  M  C0O2  and  NiCij  were  determined  from 
electromotive  force  measurements  in  a  cell  with  li  and 
Ag-  AgCl  electrodes,  and  from  distribution  measure¬ 
ments  of  liCl  between  benzene  and  the  aqueous  mixtures. 
The  results  confirm  previously  reported  activities  ob¬ 
tained  from  va|»r-pressure  measurements.  (C.A. , 
1955:15389b) 
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OKA,  03:001 

Oklahoma  A.  and  M.  Coll.  Research  Foundation, 
Stillwater. 

A  NEW  POLAROGRAPH  FOR  USE  WITH  HIGH  RESIST¬ 
ANCE  NONAQUEOUS  SOLUTIONS,  by  N.  A  Lloyd. 

May  1955,  75p.  Incl.  illus.  tables,  refs.  ([AF]OSR- 
TN-54-337)  (AF  18(600)477)  Unclassified 

A  detailed  description  is  given  of  the  new  polarograph 
suitable  for  use  with  nonaqueous  solutions  of  high 
resistance.  The  experimental  work  is  described  and 
applications  of  the  instrument  are  given. 


OKA.  03:002 

Oklahoma  A.  and  M.  Coll.  Research  Foundation, 
Stillwater. 

THE  CONSTRUCTION  AND  TESTING  OF  A  POLARO¬ 
GRAPH  FOR  USE  WITH  SOLUTIONS  OF  HIGH  RESIST¬ 
ANCE,  by  P.  Arthur.  Final  rept.  Mar.  20,  1956  [l2]p. 
incl.  diagrs.  (AFOSR-TR-56-11)  (AF  18(600)477) 

AD  86019  Unclassified 

The  development  is  summarized  of  a  polarograph  and 
a  cell,  described  previously  in  detail,  which  are  suit¬ 
able  for  nonaqueous  studies  of  up  to  5  megohms  cell 
resistance.  Later  cell  change-,  found  to  be  essential, 
are  described.  Results  obtained  with  the  polarograph 
are  discussed.  Possible  app'ication  of  the  instrument 
to  low-resistance  solution  is  considered. 


OKU.  01:001 

Oklahoma  U.  Research  Inst. ,  Norman. 

ON  HODOGRAPH  TRANSFORMATIONS  OF  PARTIAL 
DIFFERENTIAL  EQUATIONS,  PART  I,  by  Y.  W.  Chen. 
Preliminary  technical  rept.  Aug.  1951,  9p. 

(AF  33(038)19568)  Unclassified 

The  author  generalizes  the  hodograph  transformation 
method,  from  a  system  of  2  partial  differential  equations 
with  2  Independent  and  dependent  variables,  to  a  system 
of  3  partial  differential  equations,  with  3  Independent 
and  dependent  variables.  For  initial  value  problems, 
he  shows  the  latter  to  be  equivalent  to  a  system  of  9 
(partial  differential)  equations  involving  9  unknown  func¬ 
tions.  The  method  is  capable  of  further  generalization. 


OKU.  01:002 

Oklahoma  U.  Research  Inst. ,  Norman. 

ON  HODOGRAPH  TRANSFORMATIONS  OF  PARTIAL 
DIFFERENTIAL  EQUATIONS  (SCHEME  OF  FINITF 
DIFFERENCES),  by  R.  B.  Deal.  Preliminary  tech¬ 
nical  note.  Aug.  1951,  3p.  (AF  33(038)19568) 

Unclassified 


The  author  considers  a  finite  difference  approach  to  a 
solution  of  the  equations  obtained  by  applying  the  hodo¬ 
graph  transformations  to  the  three-dimensional  gas 
dynamic  equations  of  the  isentropic,  irrotational, 
steady  state  flow  of  an  ideal,  compressible  gas.  A 
basis  for  computing  such  solutions  is  presented. 


OKU.  01:003 

Oklahoma  U.  Research  Inst. ,  Norman. 

TRANSFORMATIONS  OF  PARTIAL  DIFFERENTIAL 
EQUATIONS,  by  Y.  W.  Chen.  Sept.  1952,  56p.  incl. 
refs.  (AF  33(038)19568)  AD  377  Unclassified 

A  study  of  degenerate  solutions  and  of  hodograph  trans¬ 
formations  of  quasi-linear  partial  differential  equations 
in  n  independent  variables  is  presented. 


ORL.  01:001 

Orlando  Research,  Inc.,  Fla. 

RESEARCH  STUDY  OF  THE  MECHANISM  OF  ACTION 
IN  THE  SYNTHESIS  OF  CELLULOSE,  by  G.  A. 
Greathouse,  D.  E.  Barnes,  and  W.  Borysewich.  Final 
technical  rept.  Mar.  1,  1955  -  Feb.  29,  1956,  32p. 
incl.  diagr.  tables,  refs.  (AFOSR-TR-56-16) 

(AF  18(600)1389)  AD  86600  Unclassified 

Experimental  data  are  presented  on  C^-cellulose  for¬ 
mation  by  Acetobacter  xyllnum  or  ceU-free  enzyme 
systems  from  D-glucose-l-Cl4,  D-glucose-2-Cl4, 
D-glucoae-6-C*4,  and  glycerol-1,  3-C14.  There  are 
at  least  2  mechanisms  of  cellulose  synthesis  Indicated 
by  these  data.  One,  a  prior  cleavage  of  hexoses  to 
trioses  and  then  resynthesis  to  hexoses,  probably 
hexose  phosphates  and  then  polymerization  to  cellulose; 
2nd,  a  direct  polymerization  of  hexoses,  probably 
through  the  phosphates,  to  ceUulose.  Identification 
wps  made  cf  hexose  monophosphates,  diphosphates, 
and  dihydroxyacetone  phosphates  as  intermediates  be¬ 
tween  glycerol  and  hexose  biosynthesis  of  ceUulose. 
(Contractor's  abstract) 


ORL.  01:002 

Orlando  Research,  Inc.,  Fia. 

BIOSYNTHESIS  OF  CM-LABELKD  CELLULOSE  BY 
ACETOBACTER  XYUNUM.  IV.  FROM  D-GLUCOGE- 
1-C14,  D-GLUCOSE-6-C1*,  AND  GLYCEROL- 1, 
3-C14,  by  G.  A.  Greathouse.  Nov.  5,  1 056  [3 Ip.  incl. 
tables,  refs.  (In  cooperation  with  Florida  U.  [Engi¬ 
neering  and  industrial  Experiment  Station]  Gainesville) 
[AF  18(600)1389]  Unclassified 

Published  in  Jour.  Amer.  Chem.  Soc. .  v.  79:  4503- 
4507,  Aug.  20,  1957. 

14 

The  distribution  of  C  in  the  D-glucose  from  the  bac¬ 
terial  ceUulose  hydrolyzate  produced  from  D-glucose- 
1-C  ,  added  24  hours  alter  Inoculation  as  compared 
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ORL.  01:003  -  OXF.  01:001 


with  that  added  initially  was  10-12%  higher  in  the  origi¬ 
nal  position  1.  The  hydrolvzate  of  cellulose-C14  pro¬ 
duced  from  D-glucose-6-C”  indicated  that  approxi¬ 
mately  82%  of  the  label  was  in  the  original  position  0 
and  had  9%  in  position  1,  with  smaller  quantities  in 
positions  2,  3, 4,  and  5.  The  distribution  of  C44  in  the 
D-glucose  units  of  cellulose  produced  from  glycerol-1, 
3-C"  was  approximately  12%  position  1;  4%  position  2; 
22%  position  3;  29%  position  4;  3%  position  5;  and  30% 
position  6.  (Contractor's  abstract) 


ORL.  01:003 

Orlando  Research,  Inc. ,  Fla. 

ISOLATION  OF  A  CELL- FREE  ENZYME  SYSTEM 
FROM  ACETOBACTER  XYLINUM  CAPABLE  OF 
CELLULOSE  SYNTHESIS,  by  G.  A.  Greathouse.  Nov. 
5,  1956  [2]p.  (In  cooperation  with  Florida  U.  [Engi¬ 
neering  and  Industrial  Experiment  Station]  Gainesville) 
[AF  18(600)1389]  Unclassified 

Published  m  Jour.  Atner.  Chem.  Soc. ,  v.  79:  1503- 
4504,  Aug.  20,  1957. 

A  cell-free  enzyme  system  was  isolated  from  the  cellu¬ 
lose  forming  bacterium,  Acetobacter  xvlinum.  Cellu- 
lose-C14  was  produced  by  this  enzyme  system  from 
D-glucose-l-C14.  The  position  of  the  Cl4-label  was 
,lcLi  mined  in  l lie  D-gtetetiSt  resulting  (run.  the  hy¬ 
drolysis  of  the  cellulose  formed.  It  was  found  that  96% 


of  the  label  is  in  position  1  of  the  cellulose  molecule 
(Contractor’s  abstract) 

See  also  Florida  U.  item  no.  FLU.  01:001. 


OXF.  01:001 

Oxford  U.  (Great  Britian  )• 

CARBON  DIOXIDE  FIXATION  DURING  PROTEIN 
SYNTHESIS  FROM  AMMONIUM  ACETATE,  by  H,  L. 
Kornberg.  [  1956  ]  [3]p.  incl.  diagrs.  table. 

(AF  61(514)1180)  Unclasslt 

Published  in  Bind  m.  et  Biophys.  Acta,  v.  22:  208- 
210,  Oct.  1956. 

It  is  shown  that  in  the  growth  of  Pseudomonas  KBj  on 
acetate  as  the  sole  source  of  C,  CC>2-fixation  reactions 
other  than  those  now  known  must  play  a  major  role  in 
the  Sj  mhesis  of  proteins,  and  that  most  of  the  C  of  the 
amino  acids  synthesized  passes  through  the  stage  of 
COq  or  compounds  in  ready  equilibrium  with  CO2.  Both 
C^HsCC^Na  and  NaHC‘402  were  incorporated  into  the 
acid-solution  and  protein  fractions  of  the  organism,  but 
this  result  suggested  only  minimum  value  of  about  17% 
incorporation  of  label  from  NaHC*4C>2-  By  the  use  of  the 
isotope  competition  technique,  however,  it  was  found 
that  of  the  order  of  70%  of  the  C  of  amino  acids  syn- 
ll>esl*td  by  It*  organism  gTowiiig  on  acetate  as  sok 
source  of  C  could  be  derived  from  CO2. 
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PSM.  01:001 

Pennsylvania  Salt  Mfg.  Co  [Whitemarsh  Research  Labs.  ] 
[Philadelphia], 

THE  DENSITY  OF  LIQUID  FLUORINE  BETWEEN  67° 
AND  103°K,  by  R.  L.  Jarry  and  H.  C.  Miller.  Nov.  4, 
1955,  lOp.  incl.  diagrs.  tables.  ([AF]OSR-TN-55-286) 
(AF  18(6001761)  AD  77193  Unclassified 

Also  published  in  Jour.  Amer.  Chein.  Soc. ,  v.  78:  1532- 
1553,  Apr.  20,  1956. 

In  this  study,  the  density  of  liquid  fluorine  has  been  de¬ 
termined  over  the  temperature  range  from  66°  to  103°K. 

A  description  is  given  of  the  all-metal  system  which  was 
used  to  avoid  the  danger  of  contamination  resulting  from 
the  action  of  fluorine  on  glass  equipment.  The  data  ob¬ 
tained  have  been  fitted  to  the  equation  d=  1. 907  -  2.  201 
x  10"3T  -  2.  948  x  10"5t2,  where  d  is  the  density  in  g/cu 
cm  at  temperature  T.  Th>:  estimated  uncertainty  in  the 
density  is  *  0. 1%.  The  results  are  presented  in  a  table, 
and  a  comparison  is  made  with  fluorine  density  values 
collected  from  other  sources. 


PSM.  01:002 

Pennsylvania  Salt  Mfg.  Co. 
[Philadelphia]. 


Whitemarsh  Research  Labs. 


THE  LIQUID  DENSITY,  VAPOR  PRESSURE,  AND  CRIT¬ 
ICAL  TEMPERATURE  AND  PRESSURE  OF  NITROGEN 
TRIFLUORIDE,  by  R.  L.  Jarry  and  11.  C.  Miller.  June 
11,  1956,  12p.  incl.  diagrs.  tables,  refs.  (AFOSR-TN- 
1 56- 13 0 [)  (AF  18(600)761)  AD  86015  Unclassified 

Presented  at  Delaware  Valley  regional  meeting  of  the 
Amer.  Clieni.  Soc.,  Philadelphia,  Pa.,  Feb.  16,  1956. 

Also  published  in  Jour.  Phys.  Clieni. ,  v.  60.  1412- 
1413,  Oct.  195C. 

The  liquid  density  of  NF3,  lias  been  measured  from  78° 
io  170  K.  These  data  have  been  fitted  to  the  equation, 
d(g/cc)  ^  2.  103  -  3.294  x  10"3T  -  4.  675  x  IO'Ct2.  The 
estimated  uncertainty  in  the  measured  values  is  1  0.  l'f. 
Va|ior  pressures  measured  to  the  critical  point  are  rep 
resented  to  a  precision  of  i  0.  17  atm  by  the  equation, 
logioP(atm)  =  4.  27264  -  613.  330T"l.  The  vapor  pres¬ 
sures  to  1  atm  have  been  measured  to  a  precision  of 
0.01  in  .  p  and  the  data  have  been  fitted  to  the  Antoine 
equation,  logjQP(mm)  ~  6,77966  -  501.  913/T-15.  37. 

The  normal  boiling  |»int  calculated  fron  the  Antoine 
equation  is  144.  10  K.  Temperature  was  known  in  all 
cases  to  1  0.  05  .  The  critical  temperature  is  233.  90  t 
0.  10  K,  and  the  critical  pressure  is  44.  72  1  0.  17  atm. 
(Contractor's  abstract) 


PSM.  01:003 

Pennsylvania  Salt  Mfg.  Co. 
[Philadelphia]. 


PSM.  01:001  -  PSM.  01:004 


Whitemarsh  Research  Labs. 


THE  LIQUID  DENSITY,  VAPOR  PRESSURE  AND  CRIT¬ 
ICAL  TEMPERATURE  AND  PRESSURE  OF  PER- 
CHLORYL  FLUORIDE,  by  R.  L.  Jarry.  Aug.  3,  1956, 
8p.  incl.  tables.  (AFOSR-TN-56-251)  (AF  18(600)761) 
AD  88971  Unclassified 

Also  published  in  Jour.  Phys.  Chem.  ,  v.  61:  498-499, 
Apr.  1957. 


The  liquid  density  of  perchloryl  fluoride  has  been  meas¬ 
ured  from  131°  to  234 “K,  and  the  data  have  been  fitted 
to  the  equation, 

d(g/cc)  -  2.266  -  1.  603  x  10'3T  -  4.  080  x  10'6T2. 

The  estimated  uncertainty  in  the  values  of  density  is 
t  0. 1%.  Vapor  pressures  have  been  measured  to  the 
critical  point.  The  vapor  pressure  data  to  2  atm  are 
represented  by  the  equation, 
logj0P(mm)  =  18.90112  -  1443.  467T*1  -4.09566 
logjgT.  The  normal  boiling  point  calculated  using  this 
equation  is  226.40°K.  Vapor  pressure  data  to  the  criti¬ 
cal  point  are  represented  to  a  precision  of  c  0. 17  atm 
by  the  equation,  log^gP  atm  =  4.46862  -  1010.  81T"1. 
The  critical  temperature  is  368.  33  ±  0. 10  K  and  the 
calculated  critical  pressure  is  53  atm  absolute. 
(Contractor's  abstract) 


PSM.  01:004 

Pennsylvania  Salt  Mfg.  Co.  Whitemarsh  Research  Labs. 
[Philadelphia]. 

AN  ALL  METAL  APPARATUS  FOR  THE  DETERMINA¬ 
TION  OF  THE  DENSITIES  OF  LIQUEFIED  GASES,  by 
R.  L.  Jarry.  Dec.  10,  1956,  6p.  incl.  diz.gr. 

(A FOSR-TN-56-497)  (AF  18(600)761)  AD  110312 

Unclassified 

Also  published  in  Rev.  Sclent.  Instruments,  v.  28:641- 
642,  Aug.  1957. 

An  all  metal  apparatus  designed  for  density  measure¬ 
ments  on  liquefied  gases  is  described.  The  metal  con¬ 
struction  enabled  its  use  with  corrosive  materials,  and 
also  allowed  measurements  to  be  made  to  moderate 
pressures.  It  consists  of  a  pycnometer,  temperature 
control  device  aiul  gas  handling  system.  While  this 
apparatus  was  particularly  designed  for  density  work 
it  could  l>e  adapted  for  PVT  measurements  with  slight 
modifications  The  design  and  construction  is  detailed 
and  its  use  with  liquid  fluorine  outline  1  (Contractor's 
abstract) 
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PSM.  01:005 

Pennsylvania  Salt  Mfg.  Co.  Whitemarsh  Research  Labs. 
[Philadelphia]. 

THE  VISCOSITY  AND  SURFACE  TENSION  OF  PER- 
CHLORYL  FLUORIDE,  by  J.  Simkin  and  R.  L.  Jarry. 
Technical  rept.  Dec.  10,  1956,  3p.  incl.  tables. 

(A FOSR-TN-56-498)  (AF  18(600)761)  AD  110313 

Unclassified 

AJ so  published  in  Jour.  Phys.  Chem. ,  v.  61:  503-506, 
Apr.  1957. 

Relative  viscosity  measurements  of  perchloryl  chloride 
were  made  with  acetone  as  the  reference  material.  Sur¬ 
face  tension  measurements  were  based  on  the  capillary 
rise  in  a  Scarpa  viscometer.  Viscosity  values  are  re¬ 
ported  in  centipoise  at  various  temperatures  (C)  as 
follows: 


t,  °c 

n,  centipoise 

-76.5 

0.572 

-75.0 

0.563 

-65.9 

0.500 

29  9 

0.173 

53.  8 

0.  142 

Surface  tension  in  dynes  /cm  is  reported  as  follows: 

t,  °C  Surface  tension 


*75. 2 

24.1 

-65.8 

22.3 

-55.6 

21.3 

PSM.  01:006 

Pennsylvania  Salt  Mfg.  Co.  Whitemarsh  Research  L^bs. 
[Philadelphia]. 

STUDIES  OF  THE  PROPERTIES  OF  LIQUID  FLUORINE, 
NITROGEN  TRIFLUORIDE  AND  PERCHLORYL  FLUO¬ 
RIDE,  by  R.  L.  Jarry.  Dec.  10,  1956,  6p.  incl.  tables. 
(AFUSR-Tlt-56-50)  (AF  la(600)761)  AD  110311 

Unclassified 

This  research  project  was  concerned  with  the  determi¬ 
nation  ni  various  physical  prepuces  of  liquid  fluorine, 
nitrogen  trlfluorlde  and  perchloryl  fluoride.  The  densi¬ 
ties  of  liquid  fluorine  were  measured  over  the  tempera¬ 
ture  range  67  to  103  "K.  For  nitrogen  trlfluorlde  and 
perchloryl  fluoride,  determinations  were  made  of  the 
liquid  density  over  the  temperature  ranges  78  to  170°K 
and  131  to  234°K  respectively.  Vapor  pressure  for  these 
two  compounds  were  measured  to  the  critical  region,  and 
their  critical  temperatures  determined.  In  addition  for 
perchloryl  fluoride,  data  on  the  viscosity  and  surface 
tension  were  taken  over  a  limited  range.  During  this 
program  apparatus  and  techniques  were  adapted  or  devel¬ 
oped  for  the  various  measurements.  As  an  example  an 
all  metal  device  was  designed  and  successfully  operated 
for  measuring  liauid  densities  of  corrosive  materials  to 
a  precision  of  i  0.  IX.  (Contractor's  abstract) 


PSU.  01 :001 

Pennsylvania  State  U.  Dept,  of  Aeronautical  Engineering 
[University  Park]. 

BOUNDARY  LAYER  CONTROL  BY  POROUS  SUCTION, 
by  H.  G.  Lew  and  R.  D.  Mathieu.  June  1954,  117p. 
incl.  diagrs.  table,  refs.  (Technical  rept.  no.  3) 

({A F]OSR-TN- 54-203)  (AF  18(600)575)  AD  41436 

Unclassified 

The  status  of  the  investigation  of  the  laminar  boundary 
layer  with  a  normal  velocity  at  the  wall,  especially 
suction,  was  surveyed.  Certain  simple  exact  solutions 
of  the  boundary  layer  equations  with  continuous  porous 
suction  are  given.  Among  these  are  the  exact  asymp¬ 
totic  profile,  the  circulatory  flow  about  a  circular  cyl¬ 
inder  with  constant  suction,  and  the  similar  profiles  in 
the  appropriate  coordinate  system.  The  method  of 
Trilling  uses  (x,  u)  coordinates  and  an  expansion  in  tt.-ins 
of  the  velocity  u.  Ringleb's  solution  approximates  the 
velocity  profile  by  an  exponential  function  of  a  polynomial 
of  the  fourth  power.  The  expansion  in  series  method  was 
useful  In  obtaining  an  exact  solution,  but  a  considerable 
expenditure  of  time  was  required  in  performing  the  cal¬ 
culations.  Thwaites'  new  method  of  unlparametric  cal¬ 
culation  of  the  boundary  layer  with  constant  suction  and 
an  o  lvt-rsf-  ;irrs4surr-  giadimt  by  thi*  irse  if  the  momen¬ 
tum  equation  simplified  the  calculation  by  allowing  the 
easy  addition  of  profiles.  The  approximate  momentum 
method  of  Schlichting  avoided  the  difficulty  by  Preston 
by  representing  the  Blasius  profile  by  a  combination 
of  sine  curve  and  an  exponential  curve.  Yuan's  method 
is  based  essentially  on  the  same  profile  of  Schlichting. 
The  emphasis  of  tneoretical  studies  of  boundary  layer 
coni.ol  problems  by  porous  means  should  be  placed 
on  3  dimensional  flows  and  on  turbulent  flow. 


PSU.  01:002 

Pennsylvania  Stat**  U.  Dept,  of  Aeronautical  Engineering 
[University  Park]. 

ON  I'HF.  LAMINAR  COMPRESSIBLE  BOUNDARY  LAYER 
OVER  A  FLAT  PLATE  WITH  SUCTION  OR  INJECTION, 
by  H.  G.  Lew  and  J.  B.  Fanucci.  July  1954,  50p.  incl. 
diagrs.  tables,  refs.  (Technical  rept.  no.  4) 
(tAFjuSii-TN-M  2V,)  (AF  lfittOCWM  AD  44614 

Unclassified 

Also  published  in  Jour.  Aeronaut.  Sciences,  v.  22: 
589-597,  Sept.  1955. 

Exact  solutions  are  calculated  for  the  flow  of  a  com¬ 
pressible  laminar  boundary  layer  over  a  flat  plate  for 
the  cases  of  homogeneous  suction  and  injection.  The 
characteristics  of  these  flows  are  given  in  detail.  The 
solutions  of  the  momentum  method  given  by  H.  G.  Lew 
(Reissner  Anniversary  Volume,  p.  43-60,  1949,  J.  W. 
Edwards,  Ann  Arbor,  Michigan,  and  P1BAL  Rept.  no. 

131  of  the  Polytechnic  Institute  of  Brooklyn,  Sept.  1948) 
and  by  H.  G.  Lew  and  F.  Romano  (P1BAL  Rept.  no.  132, 
Sept.  1948)  compare  favorably  with  the  present  results. 
Asymptotic  solutions  are  developed  which  are  valid  for 
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flows  which  are  large  distances  from  the  leading  edge 
of  the  plate  or  for  flows  over  arbitrary  bodies  with 
large  suction.  The  exact  solutions  for  the  flow  over  a 
flat  plate  with  homogeneous  suction  approach  the  asymp¬ 
totic  solution  downstream  of  the  leading  edge,  and  for 
practical  purposes,  this  occurs  at  a  rather  short  dis¬ 
tance  from  the  leading  edge.  The  asymptotic  solutions 
are  given  in  closed  form  for  several  cases,  and  they 
may  be  used  as  first  approximations  for  the  above 
flows.  The  method  of  Lighthill  (Proc.  Roy.  Soc.  London, 
A  202,  no.  1070:359-377,  1950)  for  the  approximate  cal¬ 
culation  of  heat  transfer  at  the  wall  is  exact  for  the 
asymptotic  solution. 


PSU.  01:003 

Pennsylvania  State  U.  Dept,  of  Aeronautical  Engineering, 
University  Park. 

aN  eXAuI  &ul,u  i:OM  Ur  i  nr.  eAMimAk  buuNDAnV 
LAYER  WITH  ZERO  PRESSURE  GRADIENT  AND  HO¬ 
MOGENEOUS  INJECTION,  by  H.  G.  Lev;  and  J.  B. 
Fanutci.  July  1955  (sum.  inti,  u  agrs.  tables.  (Tech¬ 
nical  rept.  no.  6)  ([AFjOSR-TN- 55-273)  (AF  18(500)575) 
AD  72720  Unclassified 

The  laminar  boundary  layer  equations  with  the  effects 
of  injection  have  been  transformed  to  a  form  such  that 
all  equations  and  boundary  conditions  are  independent 
of  the  injection  velocity  at  the  wall.  The  resulting  mo¬ 
mentum  equation,  which  is  independent  of  the  injection 
velocity,  has  been  integrated  along  :he  plate  length  to 
almost  the  vanishing  of  the  wall  shear  stress.  Charac¬ 
teristics  of  the  flow  for  the  incompressible  case  for  no- 
niugehtuUS  ir.jcttiuii  have  beer,  evaluated.  The  vdoMty 
profiles  have  an  Inflection  point,  and  the  wall  shear 
stress  rapidly  approaches  zero  It  is  determined  in  the 
case  of  injection  that  results  of  momentum  integral 
meihods  muarlic  profile)  agree  favorably  lor  small 
values  of  f  j  I  and,  may  be  in  considerable  error  for 
larger  values  of  I  ’  | .  For  example,  for 
-0.  2  <  j  ■'0,  the  error  of  the  wall  shear  stress  is 
within  10%. 


PSU.  01:094 

Pennsylvania  State  U.  [Dept  of  Aeronautical  Engineering] 
Ur  iverstty  Park 

THE  ASYMPTOTIC  BEHAVIOR  OF  THE  BOUNDARY 
LAYER  TO  TRANSVERSE  CURVATURE,  by  H.  G.  Lew. 

Aug.  IV  ms  Ip  ;,tr  AD  U2lfc4 

Unclassified 

Also  published  in  Jour.  Aeronaut  Sciences,  v.  23: 
270-277  Mar.  1956. 

The  asymptotic  behavior  of  7.  boundary  layer  far  down¬ 
stream  of  the  nose  of  a  circular  cylinder  with  a  small 
amount  of  suction  at  the  surface  is  given  herein.  A  re¬ 
sult  is  that,  contrary  to  the  impermeable  wall  case,  the 
skin  friction  at  the  wall  is  the  same  as  in  the  flat  plate 
case. 


PSU.  01:003  -  PSU.  02:001 


PSU.  01:005 

Pennsylvania  State  U.  Dept,  of  Aeronautical  Engineering, 
University  Park. 

THE  ASYMPTOTIC  SUCTION  CHARACTERISTICS  OF 
THE  BOUNDARY  LAYER  ON  A  CIRCULAR  CYLINDER, 
by  H.  G.  Lew.  Jan.  1956  [35]p.  incl.  diagrs.  (Tech¬ 
nical  rept.  no.  7)  (AFOSR-TN-56-293)  (AF  18(600)575) 
AD  90005  Unclassified 

The  asymptotic  suction  characteristics  of  the  boundary 
layer  over  a  circular  cylinder  are  considered  for  a 
rotating  and  nonrotating  cylinder.  Both  the  incompres¬ 
sible  and  compressible  cases  are  treated.  In  the  non- 
rotating  case,  the  assumption  that  the  radius  may  be  of 
the  same  order  as  the  boundary  layer  thickness  is  re¬ 
tained  thus,  increasing  the  displacement  thickness  when 
suction  is  present.  The  effect  of  suction  on  the  circular 
cylinder  as  compared  to  the  flat  plate  case  is  minimized 

Vjj  the  small  Iadi.ua  aliu  la  1  eiletted  by  bie  parameter 

(  -vQ a/  v ).  For  the  rotating  cylinder,  the  axial  velocity 
field  is  coupled  to  the  rotational  velocity  field  and  the 
temperature  Held  by  the  v  suable  viscosity  couttieitmt. 
The  effect  of  rotation  on  the  characteristics  of  the  flow 
is  contained  in  a  factor  multiplying  the  Mach  number  and 
is  small  for  small  rotation.  In  all  cases,  the  skin  fric¬ 
tion  intensity  in  the  axial  direction  is  independent  of  the 
rotation  and  the  transverse  curvature.  (Contractor’s 
abstract) 


PSU.  01:006 

Pennsylvania  State  U.  Dept,  of  Aeronautical  Engineering, 

Untowsfty  Park. 

ASYMPTOTIC  SUCTION  CHARACTERISTICS  OF  THE 
BOUNDARY  LAYER  OVER  A  CIRCULAR  CYLINDER, 
by  H.  G.  Lew.  May  11,  lbW,  (2jp.  lAI  \8(WAi)S7Vj 
AD  117607  Unclassified 

Also  published  in  Jour.  Aeronaut.  Sciences,  v.  23: 
895-897,  Sept.  1956. 

The  means  of  calculating  the  displacement  area  and 
momentum  defect  area  are  described.  Expressions 
are  given  for  the  displacement  thickness  and  for  the 
ratio  of  this  displacement  thickness  to  that  of  the  two- 
Utnrt  signal  asyndetic  swd  tor  nruUlr  Effect*  of 
skin  friction  are  pointed  out.  These  findings  are  ex¬ 
tended  to  the  flow  of  a  compressible  heat-conducting 
boundary  layer  over  a  porous  circular  cylinder  with 
ui'ifu'-n  sucUoi  Means  for  delerri'titrfc  the  effect  of 
compressibility  and  velocity  profile  are  given. 


PSU.  02:001 

Pennsylvania  State  [U.  J.  Dept,  of  Chemistry,  University 
Park. 

AN  ACIDITY  FUNCTION  IN  AQUEOUS  HYDRAZINE, 
by  N.  C.  Deno.  [1952]  [J)p.  incl.  tables,  refs. 

(AF  33(038)20391 ;  continued  by  AF  19(600)448) 

Unclassified 
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Published  in  Jour.  Amer.  Chem.  Soc.,  v.  74:2039- 
2041,  Apr.  20,  1952. 

An  acidity  function  (H_)  has  been  determined  from  5-60% 
(by  weight)  hydrazine  by  the  use  of  indicators.  This 
function  is  identical  with  pH  (measured  by  the  glass  elec¬ 
trode)  from  pH  11  to  12,  and  reaches  the  value  15.  93  in 
C  j  i  h j .'rarity  This  H'unetior.  is  used  la  satablist.  a 
scale  of  pK  values  for  weak  acids.  (Contractor's  ab¬ 
stract) 


PSU.  03:001 

Pennsylvania  State  [U. ).  [Dept,  of  Chemistry,  University 
Park]. 

THE  COMPLEXING  OF  HYDRAZINE  WITH  CALCIUM 
ION  AS  DETERMINED  BY  DISTRIBUTION  MEASURE¬ 
MENTS,  by  R.  P.  Seward.  Technical  rept.  Aug.  1, 
1953,  7p.  incl.  diagr.  tables.  (AF  18(600)448;  contin¬ 
uation  of  AF  33(038)20391)  AD  15780 

Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc.,  v.  76: 
4850-4852,  Oct.  5,  1954. 

Measurements  of  the  distribution  of  N2II4  and  NH3  be¬ 
tween  benzyl  alcohol  and  aqueous  Ca(N03>2  solutions 
were  used  to  determine  the  extent  of  complexing  of  Ca 
ions  with  N2H4  and  NH3.  The  experiments  indicated  that 
the  Ca  ion  forms  complexes  with  N2H4  and  NH3  in  very 
nearly  the  same  degree  of  stability.  A  postulation  was 
made  that  at  least  three  molecules  of  N2IT4  can  combine 
with  one  Ca  ion,  since  the  solid  CaBr2.  3N2H4  is  known 
to  exist. 


PSU.  03:002 


Published  ,n  Jour.  Phys.  Chem. ,  v.  59:  466-469, 

May  1955. 

The  conductance  of  dilute  solutions  of  phenol  and  four 
substituted  phenols  in  hydrazine  has  been  measured  at 
25°.  Dissociation  constants  varying  from  1.  8  x  10"4 
for  p-cresol  to  6. 4  x  10~3  for  p-chlorophenol  were  ob- 
taiiad.  Cvn!uctai.cx>  in  th*  v>atvrUynlraxtr.c  systatn 
over  the  complete  composition  range  was  measured. 
For  dilute  aqueous  solution  a  dissociation  constant  for 
hydrazine  as  a  base  of  9  x  10'7  was  calculated.  Water 
Iti  marly  atl  ydnjut  hyiratlnt  was  (cunt)  le  bs  an  ex¬ 
tremely  weak  electrolyte.  (Contractor's  abstract) 


PSU.  04:001 

Pennsylvania  State  [U.  ].  Dept,  of  Chemistry,  University 
Park. 

THE  VIBRATIONAL  SPECTRUM  OF  TETRACHLORODI- 
BORINE,  by  M.  J.  Linevsky,  E.  R.  Shull  and  others. 
[1953J  [2]p.  incl.  table.  [AF  18(600)311  J 

Unclassified 

Published  in  Jour.  Amer.  Chem.  Soc. ,  v.  75:  3287- 
3288,  July  5,  1953. 

The  infrared  and  Raman  spectra  of  B2CI4  suggest  that 
it  has  the  symmetry  (V,))  of  a  nonplanar  ethylene  model. 
The  frequency  to  be  associated  with  the  b]  torsional 
mode  cannot  yet  be  established.  The  b2  deformation  is 
assigned  the  value  445  cm"l  as  deduced  from  combina¬ 
tion  bands.  The  a  ;  B-B  stretch  appears  as  a  polar¬ 
ized  doublet  in  the  Raman  spectrum  as  a  result  of  the 
BIO-bII,  Bl  1  -rjH  isotopic  shift.  The  observed  in¬ 
tensity  ratio  accords  with  the  nature  .sotopic  distri¬ 
bution  of  B. 


Pennsylvania  State  U.  [Dept,  of  Chemistry)  University 
Park. 

FREEZING  POINT  MEASUREMENTS  OF  HYDRAZINE 
AND  SOLUTION  OF  SALTS  IN  HYDRAZINE,  by  N.  C. 
Deno  and  R.  A.  Baker.  Technical  rept.  Feb.  1,  1954, 
44p.  incl.  illus.  tables,  refs.  [AFOSR-TN-54-26| 

(AF  18(600)448)  AD  106446  Unclassified 

The  freezing  point  of  hydrazine  was  found  to  be  1.  666  t 
.002  C.  For  solutions  of  LiCl,  NaCl,  KC1,  KBr, 

CaCl2,  and  BaCl2  in  hydrazine,  mean  activity  coefti- 
cients  were  measured  as  a  function  of  concentration. 

The  data  fit  the  Debye-Huck*»l  theory  in  dilute  solutions. 
(Contractor’s  abstract) 


PSU.  03:003 

Pennsylvania  State  U.  [Dept,  of  Chemistry |  University 
Park. 

THE  ELECTRICAL  CONDUCTANCE  OF  WEAK  ACIDS 
IN  ANHYDROUS  HYDRAZINE,  by  L.  J.  Vieland  and 
R.  P  Seward.  [1955]  [4[p.  incl.  diagr.  tables,  refs. 
(AF  18(600)448)  Unclassified 


PSU.  04:002 

Pennsylvania  ‘.’ate  U.  [Dept,  of  Chemistry  [  University 
Park. 


DISCHARGE- INDUCED  FORMATION  OF  BORON  POLY¬ 
MERS,  by  T.  WartikandR.  Rosenberg.  Oct.  22,  1956 
|l]p.  (A FOSR-TN-56-511)  (AF  18(600)311)  AD  110326 

Unclassified 

Also  published  in  Jour.  Inorganic  and  Nuclear  Chem. , 
v.  3:  388,  Jan.  1957. 

The  characteristics  and  qualities  of  a  polymeric  solid 
formed  from  a  mixture  of  a  trichloroborane  and  carbon 
monoxide  are  investigated  after  undergoing  the  action 
of  an  ozonizer-type  discharge.  The  properties  are  not 
typical  of  tioron  coiiqxMiihis.  Preliminary  experiments 
indicate  that  S1CI4  and  CO  undergo  a  similar  reaction 
to  prixtuce  a  nonvolatile  viscous  liquid;  a  mixture  of 
trifluoroborane  and  CO  produced  a  film  similar  to  that 
obtained  with  trichloroborane.  (Contractor's  abstract) 
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PSU.  05:001 

Pennsylvania  State  U.  [Field  Emission  Lab.  ]  University 
Park. 

WORK  FUNCTION  OF  TUNGSTEN  SINGLE  CRYSTAL 
PLANES  MEASURED  BY  THE  FIELD  EMISSION  MICRO¬ 
SCOPE,  by  E.  W.  Muller.  Sept.  1954,  15p.  diagrs. 
table,  refs.  ([ A F]OSR-TN- 54-257)  (AF  18(600)672) 

AD  47613  Unclassified 

Also  published  in  Jour.  Appl.  Phys. ,  v.  26:  732-737, 
June  1955. 

The  work  functions  of  the  low-emitting  crystallographic 
planes  of  tungsten,  (Oil)  and  (112),  are  not  well  known. 

In  previous  experiments  scattered  secondaries  and  some 
other  disturbing  effects  covered  the  spurious  emission 
particularly  of  the  (011)  plane.  A  method  combining  the 
field  emission  microscope  with  a  probe  collector  has 
bten  applied.  The  cull  But  density  hi  the  (Oil)  plaiie 
turned  out  to  be  4  to  5  orders  of  magnitude  smaller  than 
in  strongly  emitting  planes.  Applying  the  Fowler-Nord- 
heim  theory,  4  ujj.was  found  between  5.  70  and  6. 17  ev 
and  4  112  between  4. 65  and  4. 97  ev  depending  on  the 
temperature  at  which  the  tungsten  crystal  has  been  an¬ 
nealed  previously.  This  is  not  a  temperature  effect  of 
the  work  function,  but  the  result  of  freezing  in  thermal 
imperfections  of  the  planes.  The  work  function  of  the 
ideal  (011)  plane  appears  to  be  as  high  as  6. 17  ev.  The 
existence  of  suhn  a  high  value  is  fui  thei  suggested  by  flic 
ionization  of  aluminum  on  a  hot  polycrystalline  tungsten 
wire,  indicating  that  about  10%  of  the  surface  has  a  work 
function  higher  than  the  5.  98  ev  ionization  potential  of 
aluminum.  (Contractor's  abstract) 


PSU.  05:002 

Pennsylvania  State  U.  [  Field  Emission  Lab.  ]  University 
Park. 

WORK  FUNCTIONS  OF  TUNGSTEN  SINGLE  CRYSTAL 
PLANES  (Abstract),  by  E.  W.  Muller.  [1954]  [l|p. 

[AF  18(600)672]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Ohio  U. , 
Athens,  Apr.  16-17,  1954. 

Published  in  Bull.  Amer.  Phys.  Soc. ,  v.  29:  26,  June 
28,  1954. 

Published  in  Phys.  Rev.,  v.  96:  837,  Nov.  1,  1954. 

Electron  emission  from  the  110  plane  has  been  measured 
as  a  spurious  effect  only.  The  method  of  a  field  emission 
microscope  with  a  probe  hole  in  the  screen  and  behind  it 
a  suppressor  and  a  collector  has  been  improved.  The 
current  density  in  the  110  plane  was  found  to  be  4  to  5 
orders  of  magnitude  smaller  than  in  the  strongly  emitting 
planes.  Applying  the  Fowler-Nordheim  theory  and  as¬ 
suming  =  4.  38  ev  according  to  M.  11.  Nicols  and 
G.  F.  Smith,  NRL  rept.  no.  24s33,  1952,  one  finds 
*ll(j  between  5.  80  and  6. 15  ev,  depending  on  the  tem¬ 
perature  at  which  the  crystal  has  been  annealed  pre¬ 
viously  (2d00“K  and  1200  K,  respectively,  vacuum 
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10*2  mm).  The  same  effect  at  the  112  plane  yields 
work  functions  between  4.  80  and  5.  05  ev.  It  is  caused 
by  freezing  in  the  thermal  imperfections.  The  data 
of  all  strongly  emitting  planes  agree  with  those  ob¬ 
tained  by  thermionic  methods.  (Contractor's  abstract) 

PSU.  05:003 

Pennsylvania  State  U.  [  Field  Emission  Lab.  1 
University  Park. 

FIELD  ELECTRON  EMISSION.  PART  I.  STUDY  OF 
ADSORPTION  OF  BORON  ON  TUNGSTEN,  by  R.  D. 
Young.  PART  II.  STUDY  OF  SILICON  DEPOSITS  ON 
MOLYBDENUM,  by  E.  C.  Cooper.  July  1956  [  87  Ip. 
incl.  illus.  diagrs.  tables,  refs.  (Technical  rept. 
no.  2)  (AFOSR- TN-56-317)  (AF  18(600)672) 

AD  94853  Unclassified 

Part  L  The  adsorption  of  B  on  W  was  studied  with  the 
field  election  microscope.  Boron  was  strongly  bonded 
to  the  W  substrate  as  indicated  by  activation  energies 
of  2.  8  ev  for  "  irface  migration  and  6. 2  ev  for  dis¬ 
appearance.  The  crystallographic  planes  which  are 
darkened  by  the  presence  of  a  few  B  layers  have  either 
a  zero  in  the  plane's  index  or  each  plane  has  2  identical 
indices.  A  monolayer  was  defined  for  B  adsorption  by 
noting  the  degree  of  covering  of  the  last  stable  layer  as 
the  tip  temperature  increases.  Spiral  growths  were 
discovered  which  have  a  form  similar  to  that  of  a  screw 
dislocation.  A  pole  flguie  for  the  cubic  system  and  a 
standard  tip  temperature  vs  tip  loop  current  calibration 
curve  are  included.  Part  IL  In  a  second  study,  the 
effect  of  Si  deposits  on  a  Mo  surface  was  observed  using 
a  field  emission  microscope.  The  activation  energy  of 
pure  Mo  for  surface  migration  is  3. 1  ev  and  for  the  Si 
deposit  ranges  from  4. 0  to  0.  8  ev  with  a  straight  line 
average  of  about  2.  5  ev.  The  activation  energy  for  the 
Si  deposit  is  about  4.  0  ev  for  evaporation.  It  is  said 
that  small  traces  of  O  h'nder  the  migration  of  the  Si  de¬ 
posit  and  enhance  the  migration  for  pure  Mo. 
(Contractor's  abstract,  modified) 


PSU.  05:004 

Pennsylvania  State  U.  [  Field  Emission  Lab.  ]  University 
Park. 

SEEING  ATOMS  IN  A  MICROSCOPE,  by  E.  W.  Miiller. 

1 1956 1  [3 ]p.  incl.  illus.  diagrs.  (AF  18(600)672) 

Unclassified 

Published  in  Armed  Forces  Chem.  Jour.,  v.  10:  13,  3i  . 
38,  Nov. -Dec.  1956. 

A  new  low  temperature  field  ion  microscope  has  made 
it  possible  to  photograph  single  atoms  on  the  surface  of 
a  solid  (tungsten).  Tungsten  atoms  are  approximately 
5  one-thousandths  of  one-millionth  of  an  inch  in  diame¬ 
ter.  This  microscope  consists  of  an  evacuated  glass 
tube  containing  a  minute  quantity  of  helium.  Sealed  in 
the  middle  and  pointing  toward  a  fluorescent  screen  is 
an  extremely  fine  tungsten  needle.  A  very  high  voltage 
is  applied  between  the  point  of  the  needle  and  the  screen. 
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The  helium  gas  is  ionized  very  close  to  the  tip,  and  these 
ions  stream  radially  from  the  point  to  the  screen,  giving 
an  enlarged  projection  of  the  tip  surface.  The  micro¬ 
scope  is  a  useful  tool  for  investigating  the  influence  of 
surface  films  such  as  oxygen,  water  vapor,  and  hydrogen 
on  atomic  surface  migration,  creep  of  metals  at  high 
temperatures,  corrosion,  and  the  effects  of  nuclear  ra¬ 
diation  on  the  individual  atoms  in  a  solid  material.  It  al¬ 
so  has  proved  useful  in  «tudying  important  problems  of 
the  production  of  high  temperature  alloys,  cathode 
sputtering,  effects  of  temperature  and  electric  field 
strength  on  work  functions  of  single  crystal  planes,  op¬ 
tical  and  field  excitation  of  absorbed  atoms  and  field 
emission  into  liquid  and  solid  insulators. 


PSU.  06:001 

Pennsylvania  State  U.  [  Field  Emission  Lab.  ]  University 
Park. 

STUDY  OF  FIELD  ION  EMISSION,  by  E.  W.  Miiller. 
[Nov.  30,  1953]  5p.  (Report  no.  2)  [AFOSR-TN-54- 
265]  (AF  18(600)673)  AD  22963  Unclassified 

E  a,j  c  i  mit  .its  <u  i  ut&ii  lU-J  Li  tlit  study  vil  tL  tear  lag 
off  effect  of  adsorbed  Ba  atoms  on  VV  by  high  field 
strengths,  and  the  adsorption  on  the  substrate  in  the 
presence  of  the  field.  A  ZnS  screen  was  replaced  by  U 
glass  to  eliminate  H  contamiration  from  the  Ba  source 
by  heating.  Preparations  were  made  to  design  an  elec¬ 
tronic  lens  system  for  use  in  determining  the  e/m  ratio 
with  n  for  the  field  ion  microscope  in  order  to  deter¬ 
mine  whether  H  molecule  ions  are  involved  as  well  as 
protons.  A  new  pumping  system  was  in  preparation  to 
aid  in  the  study  of  field  emission  with  rare  gas  ions. 


PSU.  06:002 

Pennsylvania  State  U. 
Park. 


Field  Emission  Lab. ,  University 


FIELD  IONIZATION.  PART  I.  FIELD  DESORPTION, 
by  E.  W.  Miiller.'  Sept.  1955  [20 ]p.  incl.  illus.  diagrs. 
refs.  ([AFjOSR-TN-55-307  (pt.  1))  (A F  18(600)673) 

AD  75120  Unclassified 

Also  published  in  Phys.  Rev.,  v.  102:  618-624,  Mav  1, 
1956. 

Field  desorption  of  barium,  thorium,  oxygen  and  some 
other  adsorbates  is  studied  in  a  field  emission  micro¬ 
scope  with  reversed  polarity  as  a  function  of  field 
strength,  temperature,  and  degree  of  coverage.  The 
desorp'ion  occurs  in  the  100,  200  and  500  million  v  cm 
range,  for  the  3  substances,  respectively.  At  the  high¬ 
est  fields,  the  tungsten  substrate  itself  evaporates  at 
room  temperature.  The  quantitative  interpretation  of 
the  measurements  suggests  that  field  desorption  be  con¬ 
sidered  as  an  evaporation  of  ions  in  which  the  energy 
hump  is  reduced  by  tiw  Schottky  effect. 


PSU.  06:003 

Pennsylvania  State  U. 
Park. 


Field  Emission  Lab. ,  University 


FIELD  IONIZATION.  PART  H.  FIELD  IONIZATION 
OF  GASES  AT  A  METAL  SURFACE  AND  THE  RESO¬ 
LUTION  OF  THE  FIELD  ION  MICROSCOPE,  by  E.  VV. 
Mflller  and  K.  Bahadur.  Sept.  1955  [31]p.  incl.  Ulus, 
diagrs.  refs.  ([A  FlOSR-TN- 55-307  (pt.  2)) 

(AF  18(600)673)  AD  75120(a)  Unclassified 

Also  published  in  Phys.  Rev.,  v.  102:624-631,  May  1, 
1956. 

The  mechanism  of  field  emission  of  positive  ions  is  con¬ 
sidered  to  depend  upon  the  supply  of  molecules  ar  d  their 
ionization  probability  in  a  field  up  to  500  million  v/cm. 
Experimental  current-field  characteristics  match  the 
theoretical  curves.  The  velocity  distribution,  measured 
in  a  retarding  potential  tube,  shows  that  the  ions  origi¬ 
nate  some  5  to  100  A  above  the  surface,  depending  up¬ 
on  the  field.  A  simple  mass  spectrometer  is  described 
which  uses  the  field  emitter  as  a  point  ion  source.  The 
resolution  of  the  field  ion  microscope  is  found  to  depend 
upoiilip  sadius,  polar  inability,  ai.d  ionization  potential 
of  the  gas,  and  possibly  upon  the  accommodation  coeffi¬ 
cient  and  the  temperature.o  Helium  seems  to  give  the 
best  resolution  of  about  4  A.  The  possibility  of  operat¬ 
ing  a  field  desorption  microscope  with  sufficient  reso¬ 
lution  to  show  the  lattice  structure  of  the  surface  is 
discussed.  (Contractor's  abstract) 


PSU.  06:004 

Pennsylvania  State  U.  Field  Emission  Lab. ,  University 
Park. 

THE  RESOLUTION  OF  THE  FIELD  ION  MICROSCOPE, 
by  E.  W.  MOller.  Oct.  1955,  6p.  (AF  18(600)673) 

Unclassified 

Presented  at  meeting  of  the  Electron  Microscope  Soc. , 
Oct.  28,  1955. 

Published  in  Zeitschr.  Naiurforsch. ,  v.  11a:  88-94, 

Jan.  1956. 

The  results  of  utilizing  positive  ionx  rather  than  elec¬ 
trons  in  microscopy  are  re|x>rted.  Doth  hydrogen  and 
helium  ions  were  employed  in  the  apparatus.  Tile  author 
presented  ion  pictures  with  resolutions  down  to  2.  7  A, 
the  distance  between  two  neighboring  tungsten  atoms. 


PSU.  06:005 

Pennsylvania  State  U.  Field  Emission  Lab.,  University 
Park. 

FIELD  ION  EMISSION.  PART  I.  EXPERIMENT AL 
INVESTIGATION  OF  FIELD  ION  EMISSION,  by  K. 
Bahadur.  Mar.  1956  [30jp.  incl.  diagrs.  tables. 
(Technical  rept.  no.  2.  pt.  1)  (AFOSH-TN-56-1I8) 
(A  F  18(600)673)  AD  82514  Unclassified 
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A  gas  source  and  means  for  measuring  amounts  of  vari¬ 
ous  gases  were  added  to  the  apparatus  used  previousiy 
in  the  study  of  field  ion  emission.  The  vacuum  system 
employs  a  Hg  cutoff  valve  to  isolate  the  tube  from  the 
vacuum  pumps.  He,  A,  Kr,  and  Xe  were  used.  A  Pd 
tube  was  the  source  of  H,  KMn04  was  the  source  of  O, 
and  NaN3  was  the  source  of  N.  ZnS  activated  with  Ag 
was  used  as  the  fluorescent  material  for  the  screens. 

The  screens  tended  to  be  deactivated  under  intense 
bombardment  by  a  10-  to  20-kv  ion  beam.  A  partial  re¬ 
covery  was  achieved  by  baking  the  tube  at  about  480°C 
for  several  hours.  Preliminary  measurements  were 
made  of  the  ion  current  in  a  simple  2-electrode  emission 
microscope  which  consisted  of  a  W  emitter  sealed  in  a 
glass  cnvrl:;v .  The  in-iidr  walla  of  the  tut*  were  mated 
with  SnO  and  kept  at  a  high  voltage  to  serve  the  purpose 
of  the  accelerating  electrode  and  of  preventing  any  un¬ 
desirable  and  uncontrolled  charging  up  of  the  walls.  The 
ic  -current  characteristics  for  the  various  gases  were 
in  good  agreement  with  the  theoretical  data.  The  in¬ 
crease  in  the  ion-current  value  was  ascribed  to  second¬ 
ary  electrons  produced  at  the  accelerating  electrode  and 
partly  to  spatial  iori’rtion  of  gas  molecules  by  high- 
velocity  ions.  Space  ionization  occurred  to  some  extent . 
Measurements  were  made  of  the  apparent  ion  current 
drawn  by  the  accelerating  electrode  and  the  collector 
together.  Field-ion  mass-spectroscopy  experiments 
were  conducted  with  a  symmetrical  3-eleinent  electro¬ 
static  lens  for  focusing  the  ion  beam.  Measurements 
showed  an  equal  abundance  of  H*  and  H2+  for  various 
fields  at  the  emitter  and  for  different  gas  pressures. 


PSU.  06:006 

Pennsylvania  State  U.  Field  Emission  Lab. ,  University 
Park. 

FIELD  ION  EMISSION.  PART  IL  RESOLUTION  OF  THE 
ATOMIC  STRUCTURE  OF  A  METAL  SURFACE  BY  THE 
HELD  ION  M1CR03C0PE,  by  E.  W.  MlUler.  |Mar. 

1956  1  [12  Ip.  Inci.  ilius.  diagr.  refs.  [Technical 
rept.  no.  2.  pt.  2l  [  AFOSR-TN-56-157  1  (Bound  with 
its  AFOSR-TN-56-118;  AD  82514)  [ AF  18(600)673  1 
AD  82514(a)  Unclassified 

Also  published  hi  Jour.  Appl.  Phys.  v.  27  .  474-476, 

May  1856. 

Experiments  were  conducted  with  a  new  field  emission 
microscope  especially  designed  for  low-temperature 
work.  Cooling  the  emitter  tip  with  liquid  N  greatly  im¬ 
proved  the  resolution.  Sufficient  accommodation  of  the 
He  atoms  apparently  was  reached  at  the  temperature  of 
solid  N.  The  use  of  liquid  H  increased  the  intensity  but 
did  not  improve  the  resolution.  Cooling  by  liquid  Hega/e 
a  slightly  more  blurred  image.  The  advantage  in  using 
the  low-temperature  ion  microscope  become  apparent 
when  the  conventional  field  electron  emission  pattern  of 
a  Vi  up  if  cttnparwd  with  at  un  image  of  a  similar  str«U 
crystal  tip.  In  many  parts  of  the  picture,  the  individual 
atoms  constituting  the  concentric  edges  of  the  Oil  net 
planes  are  resolved.  The  individual  atoms  along  many 
lattice  steps  are  resolved.  The  atoms  are  not  cieariy 
oriented  In  a  regular  network,  but  rather  along  a  slightly 
staggered  and  almost  evenly  curved  line.  A  study  of  a 


cork  ball  model  of  a  hemispherical  single  crystal  tip 
showed  that  the  ion  images  reveal  exactly  what  would 
be  expected  under  the  restriction  of  visualizing  only 
the  protruding  atoms  along  the  net  plane  edges.  The 
model  also  Indicated  that  2  adjacent  lattice  sites  along 
the  steps  are  very  rarely  occupied  in  such  a  manner  as 
to  have  both  atoms  protrude  equally.  The  actual  ob¬ 
serving  of  the  arrangement  of  the  atoms  in  the  surface 
lattice  apparently  will  give  additional  information  on 
surface  problems  In  the  future. 


PSU.  07:001 

Pennsylvania  Stale  (1.  X-Ray  anf  Crystal  Analysis  lab. , 
University  Park. 

X-RAYS  AND  THE  ABSOLUTE  CONFIGURATION  OF 
OPTICALLY  ACTIVE  MOLECULES,  by  R.  Pepinsky. 
[1956]  [45]p.  incl.  illus.  dlagrs.  tables,  refs. 
(Sponsored  jointly  by  Office  of  Naval  Research,  National 
Inst,  of  Health,  National  Science  Foundation,  and  Air 
Force  Office  of  Scientific  Research  under  [AF  18(600)- 
1556])  Unclassified 

Preserted  at  Frontiers  in  Chemistry  Lecture,  Wayne 
U. ,  Detroit,  Mich. ,  Mar.  5,  1956. 

Published  in  Record  Chem.  ProR. ,  v.  17:145-189, 
1956. 

The  author  discusses  the  following:  (a)  new  develop¬ 
ments  of  the  x-ray  diffraction  method  of  structure 
analysis,  with  particular  reference  to  the  structures  of 
moderately  complex  organic  molecules  and  of  coordi¬ 
nation  compounds;  (b)  the  fundamental  difficulty  of  the 
x-ray  method,  the  phase  problem;  (c)  the  utilization  of 
anomalous  dispersion  is  presented  as  a  new  approach 
which  not  only  aids  in  solving  the  phase  problem  for 
ncncentrosymmetric  crystals  but  also  establishes  the 
absolute  configuration  of  optically  activt  molecules. 


PSU.  07:002 

Pennsylvania  State  U.  X-Ray  and  Crystal  Analysis  Lab. , 
University  Park. 

FERROELECTRICITY  IN  THE  ALUMS,  by  R.  Pepinsky, 
F.  Jona,  and  G.  Shlrane.  [1956]  [2]p.  incl.  illus. 
diagr.  (Sponsored  jointly  by  Signal  Corps  and  Air  Force 
Office  of  Scientific  Research  under  AF  18(600)1556) 

Unclassified 

Published  in  Phys.  Rev.,  v.  102:  1181-1182,  May  15, 
l956[ 

In  a  reinvestigation  of  the  optical,  dielectric  and  struc¬ 
tural  properties  of  a  large  number  of  alums,  ferroelec- 
trk  behavior  was  discovered  ir  a  number  of  these,  at  id 
antlferroeiectricity  in  others.  A  striking  property  of 
these  ferroelectrlcs  is  that  the  coercive  field  is  unusaily 
large  and  increases  rapidly  with  decreasing  temperature, 
The  behavior  of  methyl-ammonium  aluminum  sulfate 
dodecahydrate  is  reported  in  detail.  Comment.,  are  als" 
made  concerning  urea  chromium  aium  and  guanidinium 
aluminum  alum. 
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PSU.  07:003 

Pennsylvania  State  U.  X-Ray  and  Crystal  Analysis  Lab. , 
University  Park. 

CRYSTAL  STRUCTURE  OF  CHOLINE  REINECKATE 
Abstract),  by  Y.  Takeuchi  and  R.  Pepinsky.  [1956] 
l]p.  (Sponsored  jointly  by  Air  Force  Ofllce  of 
Scientific  Research  under  AF  18(600)1556  and  Office  of 
Naval  Research  under  N6onr-2691o)  Unclassified 

Pupnaheo  in  Programs  and  Abstracts,  Amer.  Crystal¬ 
lographic  Assoc. ,  French  Lick,  Ind. ,  June  1956,  Paper 
C-5. 

The  structure  of  choline  reineckate  has  been  determined, 
as  a  further  Illustration  of  the  method  of  "crystal  engi¬ 
neering.  "  Excellent  crystals  were  prepared  by  the 
method  of  diffusion  of  choline  chloride  and  Reinecke's 
salt,  in  opposite  arms  of  a  U-tube,  into  a  silicic  acid 
gel  in  the  bend  of  the  tube.  Optical  observations  re¬ 
vealed  holohedral  orthorhombic  symmetry.  Weissenberg 
photographs  with  Cu  Ka  ramation  showed  the  space 
group  to  be  lcma,  with  a  =  12.  69  t  0. 03  A; 
b  =  22.80  t  0.03  A;  c  =  6.75  t  0.03  A.  There  are 
four  formula  units  of  [CsH^NOH]  •  [Cr(NCS>4  (1013)2] 
per  cell.  The  calculated  specific  gravity  of  1.48  com¬ 
pares  with  the  measured  value  of  1. 475.  Patterson  map 
revealed  that  Cr  atoms  lie  on  centers  with  point  sym¬ 
metry  2/m,  and  Cr-S  vectors  were  found  from  these 
maps.  Cr  and  S  positions  sufficed  to  determine  phases 
for  a  Fourier  syntheses.  The  Cr-N-S  angle  is  not  180c 
as  in  other  reineckates  studied,  but  is  150°  on  the  (001) 
projection.  This  afiords  extra  space  for  the  choline  ion, 
the  nitrogen  atom  of  which  is  at  (0, 1/4,  z).  The  choline 
group  is  randomly  oriented  in  four  positions.  Atoms  of 
the  group  could  be  located  from  packing  considerations, 
and  were  clearly  revealed  lii  (100)  and  (001)  projections. 
The  structure  vas  refined  via  these  projections  and  a 
subsequent  three-dimensional  synthesis.  The  R-factors 
are  11.  2  for  F(hk0)  and  11.  8  for  F(0kf);  B  -  2.  8A2.  The 
choline  configuration  is  gauche.  In  ammonium  and 
pyridine  reineckates  the  N  =  C-S  isothiocyanate  struc¬ 
ture  appears,  with  N-C  distances  1.  14  and  1.15  A,  and 
C-S  distances  1. 80  and  1.  76  A,  respectively;  and  the 
N-C-S  groups  are  on  Cr- N  =  1.94  A.  N-C  =  1.27  A. 

C-S  *  1.64  A.  The  isothiocyanate  group  is  predominately 
-|N  *  C  =  S],  therefore.  A  possible  explanation  of  the 
differences  in  the  isothiocyanate  group  in  these  three 
structures  is  offered.  (Contractor's  abstract) 


PSU.  07:004 

Pennsylvania  State  U.  X-Ray  and  Crystal  Analysis  Lab.  , 
University  Park. 

SOME  EXPERIENCE  WITH  THE  CRYSTAL  ENGINEER¬ 
ING  TECHNIQUE  (Abstract),  by  R.  Pepinsky,  Y. 
Takeuchi  and  others.  [1956]  2p.  (Sponsored  jointly  by 
Air  Force  Office  of  Scientific  Research  under  AF  18- 
(600)1556  and  National  Inst,  of  Health) 

Unclassified 

PiiMiiQuhI  in  Program  and  Abstracts,  Amer.  Crystal¬ 
lographic  Assoc  ,  French  Lick,  lnd.,  June  1956.  Paper 
no.  F  6 


The  method  of  control  of  crystal  symmetry  designated 
as  "crystal  engineering,  "  for  studies  of  organic  ion 
structures  via  the  preparation  of  salts  with  complex 
ions,  has  been  explored  further  during  the  past  year. 
Several  hundred  complex  ion-organic  ion  salts  have 
been  prepared,  and  many  of  these  examined  by  single¬ 
crystal  x-ray  diffraction.  In  all  cases  where  the  com¬ 
plex  ion  locations  have  been  established,  these  outline 
the  unit  cells,  and  organic  ions  are  in  spaces  between 
the  complex  ions.  A  number  of  exampler  are  presented. 
Where  the  spaces  between  the  complex  ions  are  so  large 
as  to  permit  disorder  In  the  organic  too  arrangement, 
this  disorder  can  often  be  eliminated  by  the  use  of  a 
complex  ion  having  a  polar  structure  (such  as  nitro- 
prusside  or  cobaltpentamlnochlor  ions).  The  crystal 
engineering  technique  can  be  extended  via  the  use  of 
large  ions  such  as  chlorostannates  or  sillcofluorldes. 

As  previously  pointed  out,  use  of  optically-active  com¬ 
plex  ions  of  known  hand  permits  determination  of  the 
hand  of  an  optically  active  organic  ion.  Tempcratvre- 
lnduced  crystal  transitions  have  been  observed  in  a 
number  of  these  compounds.  Some  interesting  features 
of  complex  ion  structures  are  reporten.  (Contractor  s 
abstract) 


PSU.  07:005 

Pennsylvania  State  U.  X-Ray  and  Crystal  Analysis  Lab. , 
University  Park. 

CRYSTAL  STRUCTURE  AND  DISORDER  IN  K3Co(CN)6 
AND  RELATED  COMPLEX  ION  SALTS  (Abstract),  by 
Y.  Okaya  and  R.  Pepinsky.  [1956]  3p.  (Sponsored 
jointly  by  Air  Force  Office  of  Scientific  Research  under 
AF  18(600)1556  and  Office  of  Naval  Research  under 
N6onr-26916)  Unclassified 

Published  in  Program  and  Abstracts,  Amer.  Crystal- 
lographic  Assoc. ,  French  Lick,  Ind.,  June  1956, 

Paper  no.  1-6. 

Crystals  of  compounds  of  the  type  K3M(CN)g,  with 
M  =Cr,  Mn,  Fe  and  Co,  have  been  examined  as  apart 
of  our  program  for  the  investigation  of  complex  ion 
salts  of  organic  ions.  K3Co(CN>3  is  orthorhombic, 
with  a  =  10.  53  A,  b  :  13.  26  A,  c  =  8.  32  A; 

Abs.  =  i- 906  Br/cc-  /calc.  iorZ  i  l* 

1.  900  gr/cc.  Space  group  extinctions  correspond  to 
Pcnb,  showing  isomorphism  with  the  corresponding  Fe, 
Cr,  Mn  and  Ir  salts  whose  crystallography  was  reported 
by  Gottfried  and  Nagelschmidi.  No  definitive  structure 
analysis  of  the  series  of  salts  has  been  published,  and 
several  other  workers  have  reported  other  symmetries 
for  the  series.  Oscillation  and  Weissenberg  patterns, 
taken  with  Co  K  a  radiation,  show  that  all  (hkl)  reflec¬ 
tions  with  /  even  have  integral  indices;  but  for  /  odd 
the  reflections  are  linked  by  diffuse  streaks  parallel  to 
b»,  with  Integral  h  Indices.  For  some  raptdly-growm 
crystals  no  sharp  reflections  appear,  and  only  streaks 
parallel  to  b*  are  obser  .e.  In  addition  to  space  group 
extinctions,  (h, k,2n)  .jent  only  for  k  »  n  even.  A 
c-axis  Patterson  projection  aided  in  the  location  of  all 
atoms.  Positions  were  refined  by  electron  density  and 
structure  factor  iterative  calculation!]  on  X-RAC  and 
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S-FAC  In  two  and  three  dimensions.  Interatomic  dis¬ 
tances  are  Co  -  Cl  =  2. 07  A;  Cl  -  Ni  =  1. 16  A; 

Co  -  Co  =  2. 0**A;  C2  -  N2  =  1. le**;  about  Ki  at  0, 

1/4,  1/8:  2N  at  2. 57  A  and  4N  at  2. 77  A;  about  K2  at 
1/4,  0,  1/8:  2N  at  3.02  A,  2N  at  2.  87  A,  2Nat3.14A. 

R  factors  are  0. 15  for  (hkO)  and  0. 16  for  (hk2)  reflec¬ 
tions.  The  reflection  anomalies  for  odd-/  layer  indicate 
one-dimensional  disorder  along  b.  This  is  due  to  the 
fact  that  layers  perpendicular  to  b  are  occasionally  dis- 
c_ 

placed  by  .  The  disorder  is  permitted  because  of 

the  particular  z-  coordinates  of  K  ions  on  planes  x  =  1/4, 
which  permit  rant  im  location  of  Co  atoms  at  either 
z  =  3/8  or  7/8  without  configuration  charges.  Similar 
disorder  is  found  in  the  Cr,  Fe,  and  Mn  salts.  The  dis¬ 
order  probably  accounts  for  the  Incorrect  symmetries 
reported  by  Barkhatov  and  Zhdanov.  (Contractor’s 
abstract) 


PSU.  07:006 

Pennsylvania  State  U.  [  X-Ray  and  Crystal  Analysis  Lab.  j 
University  Park. 

REMARKS  ON  THE  DESIGNING  OF  CRYSTAL  (Ab¬ 
stract),  by  R.  Pepinsky.  [1956]  [l]p.  (AF  '8(600)1556) 

Unclassified 

Presented  at  Fourteenth  Pittsburgh  Diffraction  Ccn- 
fe.  ence,  Oct.  31-Nov.  2,  1956,  Paper  no.  30. 

The  concept  of  "crystal  engineering”  has  proved  very 
advantageous  not  only  for  the  preparation  of  crystals  of 
symmetries  and  with  atoms  in  positions  advantageous 
for  structure  analysis,  but  also  for  the  development  of 
crystals  with  desired  physical  properties  as  a  function 
of  temperature.  The  theory  and  application  of  designing 
for  such  purposes  is  discussed.  (Contractor's  abstract) 


PSU.  07:007 

Pennsylvania  State  U.  [X-Ray  and  Crystal  Analysis  Lab.  ] 
(University  Park]. 

ON  THE  DESIGNING  OF  CRYSTAL  STRUCTURES 
(Abstract),  by  R.  Pepinsky.  [1956]  2p.  (Sponsored 
jointly  by  Air  Force  Office  of  Scientific  Research  under 
AF  18(600)1556  and  National  Insl.  of  Health) 

Unclassified 

Presented  at  meeting  of  the  Wilmington  Section  of  the 
Amer.  Chem.  Soc. ,  Dec.  12,  1956. 

Crystallization  of  organic  ions  with  complex  ions  of  suit¬ 
able  sizes,  charges  and  solubilities  results  in  structure 
with  cells  and  symmetries  determined  chiefly  by  pack- 
uig  of  the  complex  ions.  These  cells  and  symmetries 
are  to  a  good  extent  controllable,  hence  crystals  with 
advantageous  properties  can  be  designed  or  "engineered.  " 
X-ray  examination  of  a  large  number  of  such  structures 
show  the  complex  ions  ideally  placed  for  crystal  struc¬ 
ture  analysis,  since  structure  factor  phase  determina¬ 
tion  is  facilitated  both  by  direct  contribution  of  the  tons 
10  the  structure  factors  and  through  image-seeking  ui 
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Interatomic  vector  maps.  Locations  of  the  complexions 
are  readily  established  from  such  maps.  Use  of  the 
optically-active  complex  ions  of  known  hand  permits 
direct  establishment  of  the  absolute  configuration  of 
optically-active  organic  ions  Included  in  the  lattice,  and 
conversely.  Use  of  complex  ion  salts  also  facilitates 
introduction  of  anomalous  scatterers  into  non-centro- 
symmetric  crystals,  to  permit  application  of  a  new, 
direct  method  for  structure  determination.  This  method 
also  reveals  the  absolute  configurations  of  optically- 
active  components  In  such  a  crystal,  and  hence  is  of 
profound  stereochemical  importance.  Examples  of 
structures  of  a  number  of  complex  ion  salts  wlthorganlc 
ions  are  presented,  to  illustrate  these  concepts.  (Con¬ 
tractor's  abstract) 


PSU.  08:001 

Pennsylvania  State  U.  X-Ray  and  Crystal  Analysis  Lab., 
University  Park. 

A  NEW  FERROELECTRIC  CRYSTAL  CONTAINING  NO  1 
OXYGEN,  by  R.  Pepinsky  and  F.  Jona.  [Nov.  10,  1956] 
[7  ]p.  incl.  diagrs.  refs.  (AFOSR-TN-56-571)  (Spon¬ 
sored  jointly  by  Air  Force  Office  of  Scientific  Research 
under  AF  18(603)35  and  Signal  Corps  Engineering  Labs, 
under  DA  36-039-sc-63233)  AD  110393 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  105:  344-345,  Jan.  1, 
19577 

A  study  is  made  of  the  dependence  of  ferroelectrlclty, 
or  antiferroelectrlclty  in  ionic  crystals,  upon  Oj. 
(NH4)2BeF4  has  its  ferroelectric  and  other  properties 
compared  with  (NH^SO^  and  explained.  X-ray  and 
neutron  diffraction  analyses  of  the  low  temperature 
phases  of  both  crystals  are  in  progress  in  order  to 
belter  understand  the  transition  mechanisms. 


PSU.  08:002 

Pennsylvania  State  U.  X-Ray  and  Crystal  Analysis  Lab. , 
University  Park. 

X-RAY  STUDY  OF  THE  FERPOELECTR1C  LOW-TEM¬ 
PERATURE  PHASE  OF  SODIUM  NIOBATE,  NaNbO, 
(Abstract),  by  G.  Shirane,  J.  Johns  and  others.  1956, 
2p.  (Sponsored  jointly  by  Air  Force  Office  of  Scientific 
Research  under  AF  18(603)35  and  Signal  Corps  Engineer¬ 
ing  Labs,  under  DA  36-039-SC-63233)  Unclassified 

Published  in  Program  and  Abstracts.  Amer.  Crystal- 
lographic  Assoc. ,  French  Lick,  tnd.  ,  June  1956,  Paper 
no.  E-3. 

The  room-temperature  structure  of  sodium  niobute, 
NaNbO-j,  was  first  studied  by  Vousdan.  The  unit  cell 
is  orthorhombic  with  lattice  parameters  a  »  5.  505  A. 
b  -  5.  568  A,  c  :  15.  518  A,  and  space  group  P222).  At 
higher  temperatures  the  crystal  is  cubic  of  the  perovskite 
type.  The  room-temperature  structure  can  be  obtained 
from  the  perovskite  phase  through  antiparallel  shifts  of 
the  Nb  atoms  along  the  cubic  (110)  direction,  which  be¬ 
comes  the  orthorhombic  b  axis.  A  superstructure  is 
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developed,  the  periodicity  along  the  c  axis  being  (our 
times  greater  than  that  along  the  original  cubic  (001) 
axis.  Dielectric  observations  and  the  structural  study 
indicate  that  this  phase  is  antiferroelectric.  Recently 
Cross  and  Nicholson  have  reported  another  phase  change 
at  about  -150°C.  Dielectric  measurements  reveal  ferro¬ 
electric  behavior  in  this  phase.  In  order  to  understand 
the  mechanism  of  this  lower  transition,  an  x-ray  study 
of  the  ferroelectric  phase  of  NaNb03  has  been  carried 
out.  The  analysis  was  accomplished  on  single  crystals 
grown  by  using  an  excess  of  sodium  carbonate  as  flux. 

At  -170°C.  the  symmetry  is  monoclinic,  with  lattice 
parameters  a  =  7. 812  A,  b  =  5.  564  A,  c  =  5. 484  A, 

Y  =80°  51"  where  c  is  the  unique  axis.  The  ferroelec¬ 
tric  axis  is  along  a,  which  is  now  only  twice  as  long  as 
the  original  cube  axis.  Examination  of  rotation  and 
Weissenberg  pictures  indicates  that  the  antiparallel 
shifts  of  the  Nb  atoms  disappear  in  the  ferroelectric 
range.  The  monoclinic  cell  is  approximately  rhombohe- 
dral  with  parameters  (T=  -170°C):  a^=  3.  906  A, 
a  =  89°  11',  Both  optical  and  x-ray  observations  of  the 
twinning  exclude  the  possibility  of  true  rhombohedral 
symmetry.  X-rays  reveal  a  large  volume  increase 
(A  V=  0. 31  A^)  when  the  transition  point  is  pa1  ^ed 
from  above.  (Contractor's  abstract) 


PSU.  08:003 

Pennsylvania  State  U,  X-Ray  and  Crystal  Analysis  Lab. , 
University  Park. 

X-RAY  AND  NEUTRON  DIFFRACTION  STUDY  OF  ANTI¬ 
FERROELECTRIC  LEAD  zmCONATE,  PbZrOs,  by 
F.  Jona,  G.  Shirane  and  others.  [1956]  lv.  incl.  lllus. 
diagrs.  tables,  refs.  (Sponsored  jointly  by  Air  Force 
Office  of  Scientific  Research  under  AF  18(603)35,  Signal 
Corps  Engineering  Labs,  under  DA  36-039-SC-63233, 
Atomic  Engergy  Commission  under  AT(30-1)1518,  and 
Office  of  Naval  Research  under  N6onr-26916) 

Unclassified 

Published  in  Program  and  Abstracts,  Amer.  Crystal¬ 
lographic  Assoc. ,  French  Lick,  Ind.  June  1956,  Paper 
no.  E-4. 

Published  in  Phys.  Rev.,  v.  105:849-856,  Feb.  1, 

1957; - 

The  room-temperature  structure  of  antiferroelectric 
lead  zirconate,  PbZr03,  has  been  studied  by  x-ray  and 
neutron  diffraction.  The  symmetry  is  orthorhombic 
(pseudo-tetragonal)  with  lattice  parameters  a  -5.  88  A, 
b  *  11. 77  A,  c  =  8. 22  A.  The  space  group  is  Pba2  and 
there  are  8  formula  units  in  the  unit  cell.  The  structure 
results  from  slight  distortions  of  the  cubic  perovskite 
lattice,  which  the  crystal  assumes  above  230°C.  With 
respect  to  the  ideal  perovskite  structure,  Pb  atoms 
suffer  antiparallel  shifts  along  the  former  cubic  ( 1 10 ] 
direction:  oxygen  atoms  also  suffer  antiparallel  shifts 
within  the  (0,0,  1)  plane  and.  in  addition,  unbalanced 
antiparallel  shifts  along  the  c  direction.  The  non-cen- 
trlc  symmetry  is  in  accord  with  the  presence  of  a  small 
piezoelectric  effect  as  reported  by  Roberts.  The  oxygen 
octahedra  surrounding  the  Zr  atoms  appear  to  be  dis¬ 
torted,  and  it  is  possible  to  explain  the  strong  optical 


anisotropy  within  the  (0, 0, 1)  plane  as  well  as  the  pseudo- 
tetragonality  (b  =  2a).  (Contractor's  abstract) 


PSU.  08:004 

Pennsylvania  State  U.  X-Ray  and  Crystal  Analysis  Lab. , 
University  Park. 

A  NEW,  LARGE  FAMILY  OF  FERROELECTRICS 
(Abstract),  by  R.  Pepinsky,  F.  Jona  and  others.  [1956] 
2p.  (Sponsored  Jointly  by  Air  Force  Office  of  Scientific 
Research  under  AF  1 8(603)35  and  Signal  Corps  Engi¬ 
neering  Labs,  under  DA  36-039-SC-63233) 

Unclassified 

Published  in  Program  and  Abstracts,  Amer.  Crystal¬ 
lographic  Assoc. ,  French  Lick,  Ind. ,  June  1956,  Paper 
no.  E-5. 

An  investigation  of  the  optical,  dielectric,  thermal,  and 
structure  properties  of  the  alum  family  has  resulted  in 
the  discovery  of  a  large  number  of  ferroelectrics  in  this 
group.  A  variety  of  known  and  new  types  alums  have 
been  prepared  and  examined,  and  some  debated  points  in 
alum  chemistry  clarified.  The  dielectric  behavior  of 
these  crystals  is  exemplied  by  that  of  methylammonium 
aluminum  alum,  (CHjNH^AltSOj^*  12H20.  This  has 
Curie  point  at  176°K,  with  the  dielectric  constant  follow¬ 
ing  a  Curie-Weiss  law  as  a  function  of  temperature  for 
a  range  of  about  25°  above  the  transition  point.  The 
Curie  constant  is  about  1000°K;  the  dielectric  constant 
climbs  from  about  9  at  room  temperature  to  about  60 
at  the  Curie  point;  the  coercive  field  is  about  5KV/cm 
at  2°  below  the  Curie  point,  and  climbs  to  15KV/cm  25° 
below  that  point;  saturated  hysteresis  loops  can  be  ob¬ 
served  only  in  the  temperature  range  from  Curie  point 
to  about  20°  below  it;  and  the  spontaneous  polarization 
is  about  0.  6  u  -coulombs/cm2  at  166°K.  It  has  been 
possible  to  prepare  guanidinium  aluminum  sulfate  and 
the  corresponding  chromium  salt  as  an  alum.  Normal 
preparation  of  these  salts  lead  to  the  hexahydrates,  the 
ferroelectric  activity  of  which  was  discovered  by  Holden 
et  al.  The  structure  of  chromium  guanidinium  sulfate 
hexahydrate  was  determined  in  order  to  permit  com¬ 
parison  with  the  alum  structure.  Modifications  of  pub¬ 
lished  alum  structures  appear  to  be  required.  The  high- 
and  low-temperature  symmetries  of  the  methylammonium 
alums  are  discussed.  (Contractor's  abstract) 


PSU.  08:005 

Pennsylvania  State  U.  X-Ray  and  Crystal  Analysis  Lab. , 
University  Park. 

FERROE LECTR1C1TY  IN  THE  LANGBE1N1TE  SYSTEM 
(Abstract),  by  F.  Jona  and  R.  Pepinsky.  [Aug.  15. 
1956]  |l]p.  (Sponsored  Jointly  by  Air  Force  Office  of 
Scientific  Research  under  AF  18(603)35  and  Signal  Corps 
Engineering  Labs,  under  DA  36-039-SC-63233) 

Unclassified 

Published  in  Phys.  Rev.,  v.  103:  1126,  Aug.  15.  I95r. 

Optical  examination  of  (NH^JjCdjlSO^)*  over  the  range 
from  room  temperature  to  77°K  revealed  a  crystal 
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transition  about  10'  above  the  lowest  temperature.  The 
material  is  cubic  above  the  transition  point,  and  belongs 
to  the  langebeinite  family.  An  x-ray 

powder  pattern  establishes  the  lattice  constant  as  i  = 

10. 350  *  0. 005  A  at  room  temperature.  Growth  from 
water  solution  at  80' C  results  in  predominance  of  octa¬ 
hedral  (111)  faces.  Dielectric  measurements  were  made 
on  plates  cut  perpendicular  to  the  cubic  [ill]  direction. 
The  behavior  of  the  low-field  dielectric  constant  eju 
as  a  function  of  temperature  is  depicted.  The  room 
temperature  value  of  cjjj  is  about  9.  5:  the  constant 
begins  to  climb  slightly  at  -160'C,  and  reaches  a  peak 
of  10. 2  at -184°C.  Below  this  point,  ferroelectric  hys¬ 
teresis  loops  are  observed.  The  coercive  field  at  -190"C 
is  approximately  15  KV/cm  for  an  applied  field  of25  KV/ 
cm,  and  the  spontaneous  polarization  above  the  former 
[ill]  cube  direction  is  about  0. 3  mlcrocoulombs/cm2. 
The  hysteresis  loops  sometimes  appear  with  nonoentric 
symmetry,  as  in  the  case  of  guanidlnlum  aluminum  sul¬ 
fate  hexahydrate  as  reported  by  Holden  et  aL  Detailed 
dielectric,  optical,  thermal  and  x-ray  measurements  on 
this  and  lsomorphous  crystals  are  in  progress.  (Con¬ 
tractor's  abstract) 


PSU.  08:006 

Pennsylvania  State  U.  X-Ray  and  Crystal  Analysis  Lab. , 
University  Park. 

IS  THE  SYMMETRY  OF  THE  LOW-TEMPERATURE 
PHASE  OF  BaTiOj  RHOMBOHEDRAL?  by  F.  Jona  and 
R.  Pepinsky.  [Oct.  1956]  [18]p.  incl.  diagrs.  refs. 
(Sponsored  jointly  by  Air  Force  Office  of  Scientific  Re¬ 
search  under  AF  18(603)35  and  Signal  Corps  Engineer¬ 
ing  Labs,  under  DA  36-039-SC-63233) 

Unclassified 

X-ray  Weissenberg  patterns  of  a  barium  titanate  crystal 
in  the  low-temperature  phase  (below  -90  C)  show  that 
the  spacings  along  the  perovskite  cubic  axes  are  equal 
and  that  the  cube  faces  are  sheared  through  a  small  angle, 
i.  e. ,  the  unit  cell  has  rhombohedral  character.  Optical 
examination  of  these  crystals  in  electric  fields,  together 
with  dielectric  constant  measurements,  suggest  that  the 
cell  is  only  pseudo-rhombohedral.  The  true  symmetry 
appears  to  be  lower  and  may  possibly  be  monocllntc 
(point  group  2  or  m).  The  contradictions  in  the  early 
dielectric  measurements  are  explained  by  this  assump¬ 
tion.  (Contractor's  abstract) 


PSU.  08:007 

Pennsylvania  State  U.  [X-Ray  and  Crystal  Analysis  Lab.  ] 
University  Park. 

DIELECTRIC  AND  THERMAL  STUDY  OF  THE  FERRO¬ 
ELECTRIC  TRANSITION  IN  METHYLAMMONIUM  ALU¬ 
MINUM  ALUM  (Abstract),  by  F.  Jona,  S.  Vtdultch  and 
R.  Pepinsky.  [1956]  [l]p.  (Sponsored  jointly  by  Air 
Furce  Office  of  Scientific  Research  under  AF  18(603)35 
and  Signal  Corps  Engineering  Labs,  under  DA  36-039- 
sc-63233)  Unclassified 
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Presented  at  the  Fourteenth  Pittsburgh  Diffraction 
Conference,  Oct.  31-Nov.  2,  1956,  Paper  no.  22. 

The  dielectric  and  thermal  properties  of  the  alumMASD, 
(CH3NH3)[a1(H20)6](S04)2  -8^0,  which  has  recently 
been  found  to  be  ferroelectric,  have  been  examined.  A 
dielectric  constant  versus  temperature  study  has  deter¬ 
mined  the  transition  temperature  as  177. 2'K.  The  max¬ 
imum  value  of  i  at  this  temperature  is  60.  For  the 
chromium  isomorph  MCrSD,  (CH3NH3)[Cr(H20)6] 
(S04)2*6H2O,  the  transition  temperature  is  185°K,  at 
which  point  l  reaches  a  maximum  of  about  70.  The 
Curie-Weiss  law  appears  to  be  followed  over  a  short 
temperature  range  (about  6').  The  transition  tempera¬ 
ture  is  raised  by  appoximately  1  percent,  and  the  dielec¬ 
tric  constant  lowered  by  about  2%,  by  a  dc  biasing  field. 
The  original  cubic  [100]  direction  becomes  the  polar  axis 
beiow  the  transition  temperature.  P8  drops  very 
sharply  at  the  transition  temperature.  The  heats  of 
transition  of  MASD  and  MCrSD  are  large,  and  are  com¬ 
parable  to  the  heat  of  transition  in  KH2^4-  The  tran¬ 
sition  is  probably  of  first  order.  X-ray  and  optical  ob¬ 
servations  indicate  that  the  symmetry  of  the  low-tem¬ 
perature  phase  is  probably  monoclinic.  (Contractor's 
abstract) 


PSU.  08:008 

Pennsylvania  State  U.  [X-Ray  and  Crystal  Analysis  Lab.  ] 
[University  Park], 

NEW  OBSERVATIONS  OF  CRYSTAL  TRANSITIONS 
(Abstract),  by  R.  Pepinsky  and  F.  Jona.  1958,  lp. 
(Sponsored  jointly  by  Air  Force  Office  of  Scientific  Re¬ 
search  under  AF  18(603)35  and  Signal  Corps  Engineer¬ 
ing  Labs,  under  DA  38-039-sc  -63233)  Unclassified 

Presented  at  Fourteenth  Pittsburgh  Diffraction  Con¬ 
ference,  Oct.  31-Nov.  2,  1956,  Paper  no.  23. 

Optical,  dielectric  and  other  physical  measurements 
have  been  carried  out  on  a  wide  variety  of  crystalline 
compounds,  in  a  search  for  and  examination  of  tempera¬ 
ture-induced  transitions  at  normal  pressure.  A  report 
is  made  of  a  good  number  of  previously-unreported tran¬ 
sitions.  Some  families  of  comjxmnds  lave  been  dis¬ 
covered  in  which  members  showing  transitions  are  very 
common.  Criteria  for  such  families  are  discussed. 
(Contractor’s  abstract) 


PSU.  08:009 

Pennsylvania  State  V.  X-Ray  and  Crystal  Analysis  Lab., 
University  l*ark. 

SYMMETRY  OF  THE  LOW -TEMPERATURE  PHASE  OF 
BaTiO^  by  F.  Jona  and  R.  Pepinsky.  [1956]  |4]p. 
incl.  diagrs.  ref*.  (Sponsored  Jointly  by  Air  Force 
Office  of  Scientific  Research  under  AF  18(603)35  and 
Signal  Corps  Engineering  Labs,  under  DA-36-039-SC- 
63233)  Unclassified 

Published  in  Phy*.  Rev.,  v.  105  :  861-864,  Feb.  1,  1957. 


€57  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 


PEN.  01:001  -  PEN.  01:004 


X-ray  Weissenberg  patterns  ol  a  barium  tltanate  crystal 
In  the  low-temperature  phase  (below  -90°C)  show  thal 
the  spactngs  atong  the  perovsklte  cubic  axes  are  equal 
and  that  the  cube  faces  are  sheared  through  a  small 
angle,  l.e.,  the  unit  cell  has  rhombohedral  character. 
Optical  examination  of  these  crystals  In  electrtc  ftelds, 
together  with  dielectric  rcnstaui  measurements  suggest 
that  the  cell  is  only  pseudorhombohedral.  The  true  sym¬ 
metry  appears  to  be  lower  and  may  possibly  be  mono- 
clinic  (point  group  2  or  m).  The  contradictions  In  the 
early  dielectric  measurements  are  explained  by  nils 
assumption.  (Contractor's  abstract) 


PEN.  01:001 

Pennsylvania  U. ,  Philadelphia. 

CORRELATION  ENERGIES  AND  ANGULAR  COMPO¬ 
NENTS  OF  THE  WAVE  FUNCTIONS  OF  THE  GROUND 
STATES  OF  H-.  He  I,  AND  Lt  II,  by  L.  C.  Green,  M.  N. 
Lewis  and  others.  [1353]  t  2 2  J  p.  tncl.  tables,  refs. 

[In  cooperation  wtth  Haverford  Coll.,  Slrawbrldge  Ob¬ 
servatory,  Pa.  ]  (Sponsored  jotnlly  by  [Air  Force] 
Offtce  of  Sctenltftc  Research  under  AF  18(600)660  and 
Office  of  Naval  Research)  Unclassified 

Also  nuhllshed  In  Phvs.  Rev.,  v.  93;  273-279,  Jan.  15, 
1954. 

A  J -parameter  variational  lunclloa  involving  a  symme¬ 
trized  exponential  In  the  nuclear  dtstances  and  a  Itnear 
factor  tn  the  tnlereleclron  dtstance  has  been  obtatned  for 
He  1  and  Lt  II  lo  examine  the  effects  of  conftguaratlon 
Interaction  tn  the  ground  state  of  the  3  stmple  atomic 
systems,  H-,  He  I,  aiai  LI  Q.  These  functions  together 
wtth  the  one  of  the  same  type  already  In  existence  for 
H"  have  been  expanded  in  series  of  Legendre  lunctloob 
of  the  cosine  of  the  angle  between  the  2  radius  vectors. 
The  coefficients  In  these  expansions  are  functions  of 
the  nuclear  distances  of  the  2  electrons.  The  various 
component  hm«U .ms  ate  presented,  together  wtth  the 
coefficients  wtth  whtch  lhey  enter  lhe  expanstons,  and 
their  contributions  lo  lhe  total  energtes.  A  dtscusston 
la  given  of  lhe  method  of  estimating  the  magnitude  of 
the  total  correlation,  or  configuration  tnteractton, energy 
and  Us  radial,  angular,  and  mtxed  parts.  A  table  ts 
gtver.  of  the  values  of  the  correlation  energy,  and  Us 
various  parts  for  H',  He  l,  and  Lt  If.  (Contractor’s 
abstract) 
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A  DISCUSSION  OF  ANALYTIC  AND  HARTRF.E-FOCK 
WAVE  FUNCTIONS  Foil  lsJ  CONFIGURATIONS  FROM 
H'  TO  C  v,  by  L.  C.  Green,  M.  M.  Mulder  and  others 
[Oct.  30,1953  1 9  ;  p.  tncl.  tables,  refs,  [in  cooper¬ 

ation  vtlh  Haverford  Coll. ,  Slrawbrldge  Observatory, 
,*a.  ]  (Sponsored  jointly  by  Atr  Force  Office  of  Sci¬ 
entific  llesearch  under  AF  18(600)660  and  Offtce  of 
Naval  Research: )  Unclassified 


Also  published  In  Phvs.  Rev.,  v.  93:  757-761,  Feb.  15, 
1954. 

Two  simple  analyUc  expressions  are  presented,  both 
of  which  are  excellent  approximations  to  a  Hartree-Fock 
Is  wave  funcUon  tn  a  Is*  configuraUon.  One  of  these 
Pxpres.at-.-nB  1a  a  2-parameter  function  and  Use  other  a 
3-parameter  one.  The  parameters  were  chosen  varia- 
tionally,  and  their  values  are  given  for  the  various 
members  of  the  lsoelectronlc  sequence  from  H~  to  C  v. 
Tile  energies  were  also  computed,  and  the  eueigtes  and 
the  wave  funcUons  are  compared  wtth  the  corresponding 
Hartree-Fock  quanUUes,  where  the  latter  are  known. 
Both  the  2-  and  the  3- parameter  funcUons  approximate 
the  numerical  functions  closely,  and  give  energies  as 
tow,  or  almost  as  low,  as  the  .note  reliable  of  Uie 
Hartree-Fock  energtes.  The  3- parameter  wave  func¬ 
tion  proves  to  be  the  better,  particularly  In  the  case 
of  H".  Some  comments  are  made  on  the  existing  nu¬ 
merical  functions  and  their  energies.  (Contractor's 
abstract) 
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THE  DETERMINATION  OF  ATOMIC  WAVE  FUNC¬ 
TIONS,  by  L.  C.  Green,  [Oct.  1,  1954]  [l4jp.lncl. 
dlagrs.  refs.  [  In  cooperation  with  Haverford  Coll. , 
‘Jtrawhridge  Observatory,  Pa  and  Yale  II.,  New  Haven, 
Conn.  J  (Sponsored  Jotntly  by  [  Air  Force]  Offtce  of 
Scientific  Research  under  [  AF  18(600)660],  Offtce  of 
Naval  Research,  and  Research  Corp. )  Unclasstfted 

Also  published  In  Proc.  National  Science  Foundation 
Conference  on  Stellar  Atmospheres,  Indiana  U  , 
Bloomington,  Sept,  to,  Oct.  1-3,  1944,  p,  71-76. 

This  ts  a  review  of  work  being  carried  out,  both  In  this 
country  and  tn  Europe,  In  an  attempt  to  obtain  more  ac- 
tutxH  xtondt  wwve  functions.  Tht  woik  being  done  *1 
Haverford  College  ts  treated  at  some  length.  (Contrac¬ 
tor's  abstract,  modified) 
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AN  ANALYSIS  OF  THE  THREE- PARAMETER  WAN  E 
FUNCTION  OF  HYLLF.RAAS  FOll  THE  He  l  GROUND 
STATE  IN  TERMS  OF  CENTRAL  FIELD  WAVE  FUNC¬ 
TIONS,  by  L.  C.  Green,  M.  M.  Muldet  and  others. 

.  June  8,  (954.  .  22  ,  p.  lncl.  dlagrs.  tables,  refs.  [  tn 
cooperation  wtlh  Haverford  Coll.,  Slrawbrldge  Obser 
valory,  Pa.,  ’  AFOSR-TN-54-366  (Sponsored  jointly 
by  .  Air  Force:  Office  of  Scientific  Research  under  [  AF 
18  (600)660,,  Office  of  Naval  Research,  and  Research 
Corp.)  Unclassified 

Also  published  In  Phvs.  liev. ,  v.  96:  319-325,  Oct.  15, 
1954. 
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A  study  of  configuration  Interaction  In  the  ground  state 
of  He  I  has  been  carried  through  by  expanding  the  vari¬ 
ous  angular  components  of  the  3-parameter  wave  func¬ 
tion  of  Hylleraas  tn  orthonormal  sets  of  functions.  The 
different  sets  have  been  constructed  from  symmetrized 
products  of  hydrogenlc  wave  functions  with  different 
values  of  the  parameter  Z.  The  Importance  of  the  var¬ 
ious  configurations  (or  Z  =  2  Is  commented  upon  at  some 
length.  Configurations  Involving  a  free  electron  are 
shown  to  make  surprisingly  large  contributions.  The 
changing  Importance  of  the  various  components  with 
changing  Z  Is  Illustrated.  In  particular,  the  minimum 
with  respect  to  Z  of  the  contribution  of  configurations 
containing  a  free  electron  ts  pointed  out.  The  Implica¬ 
tions  of  the  results  of  these  expansions  for  attempts  to 
obtain  wave  functions  for  both  normal  and  excited  states 
of  2- electron  systems  by  the  minimum  principle  from 
linear  combinations  of  products  of  hydrogenlc  functions 
of  the  proper  symmetry  are  discussed.  (Contractor's 
abstract) 
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COMPUTED  TRANSITION  PROBABILITIES  FOR  X-RAY 
CONTI NU A  OF  POTASSIUM,  by  M.  N.  Lewis,  L.  C. 
Green  and  others.  [  Jan.  20,  19551  32p.  Inc!,  tables, 
refs.  [  In  cooperation  with  Haverford  Coll. ,  Strawbrldge 
Observatory,  Pa.  J  [  AFOSR-TN-55-225J  (Sponsored 
jointly  by  National  Science  Foundation  and  [  Air  Force 
Office  of  Scientific  Research  under  [  AF  18(600)600  i ) 

AD  85449  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Providence,  R.l. ,  Apr.  2,  1955. 

Also  published  In  Phys.  Rev.,  v.  98:  1020-1028,  May  15, 
1955. 

The  rate  of  change  of  the  oscillator  strength  at  the  K- 
edge  of  Ionized  potassium  has  been  computed  tn  a  num- 
bi  r  of  ways,  and  a  few  compulations  have  been  made  on 
the  L-edge.  The  work  has  been  carried  through  by  using 
both  hydrogenlc  and  Hartree  wave  functions  at  the  level 
of  the  single-electron  approximation  and  Hartree  and 
Hartree-Fock  wave  functions  when  the  single-electron 
approximation  was  not  used.  Calcium  wave  functions- 
both  with  and  without  exchange  have  also  been  employed. 
The  moment,  momentum,  and  acceleration  matrix  ele¬ 
ments  have  been  computed.  The  momentum  matrix  ele¬ 
ment  gives  values  most  closely  In  agreement  with  expert 
menl,  and  Is  most  stable  with  respect  to  changes  In  the 
wave  functions.  It  ts  followed  by  the  acceleration  and  the 
moment  tn  that  order.  The  single  electron  approximation 
gives  good  results,  ff  the  single-electron  approximation 
ts  not  used,  It  ts  essential  that  exchange  effects  be  tn 
eluded  by  employing  the  determinant  form  of  the  wave 
functions,  and  the  Hartree-Fock  l -electron  wave  tunc 
lions  then  give  considerably  better  results  than  the  or¬ 
dinary  Hartree  functions.  It  also  proves  to  be  possible 
to  substitute  the  wave  functions  of  the  unexcited  kn  of 
next  higher  atomic  number,  calcium,  for  the  wave  func 
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lions  of  potassium  excited  In  an  x-ray  level  without 
noticeable  deterioration  In  the  results.  (Contractor's 
abstract) 
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THERMOELASTIC  DAMPING  AT  THE  BOUNDARY 
BETWEEN  DISSIMILAR  SOLIDS,  by  M.  Lessen.  [  Oct. 
19,  1 956 J  [  3jp.  [  AF  18(603)124  J  Unclassified 

Published  In  Jour.  Appl.  Phys.,  v.  28:  364-366,  Mar. 

1 91*7. 

The  problem  of  thermoelastic  damping  at  the  boundary 
between  dissimilar  solids  Is  Investigated  for  the  case 
of  s~.r<ll  sinusoidal,  longitudinal  disturbances  of  long- 
wavilength,  propagating  normally  through  the  Interface. 
The  relevant  equations  are  derived  from  thermodynamic 
considerations,  and  It  ts  found  that  the  mechanical  en¬ 
ergy  absorption  per  unit  time  Is  proportional  to  the 
square  root  of  the  disturbance  frequency.  (Contractor’s 
abstract) 
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CHARACTERIZATION  OF  ALMOST  PERIODIC  TRANS¬ 
FORMATION  GROUPS,  by  W.  H.  Gotlschalk.  Dec. 

1955,  5p.  ([  AF  jOSR-TN-55-217)  (AF  18(600)1 1 16) 

AD  85550  Unclassified 

Also  published  In  Proc.  Amer.  Math.  Soc.,  v.  7:709- 
712,  Aug.  1956. 

Let  X  be  a  compact,  uniform  space  and  let  T  be  a  multi¬ 
plicative  topological  group  operating  as  a  (right)  trans¬ 
formation  group  on  X.  The  author  treats  Interconnec¬ 
tions  between  almost  pertodtclty,  local  almost  perio¬ 
dicity  and  equtcontt nutty  of  T  (for  definitions  of  terms, 
see  Gottschatk  and  Hedtund,  Topological  Dynamics, 
Amer.  Math.  Soc.  Colloq.  Publ. ,  v.  36,  Providence, 

R.  1. ,  1955;  MR  17,  650).  It  ts  proved  that  T  Is  almost 
periodic  If  and  only  If  T  ts  locally  almost  periodic  and 
T  ts  distal;  the  transformation  group  T  ts  said  to  be  dls 
tal  on  X  provided  that  tf  x,  y  i  X  with  x  4-  y,  then  there 
ts  an  Index  u  of  X  such  that  (xt,  yl)  i  u  for  all  t  c  T.  It 
ts  also  proved  that  If  T  ts  locally  almost  periodic  on  X, 
then  T  ts  not  equlcontlnuous  on  X  tf  and  only  tf  there 
exists  a  pair  of  distinct  points  of  X  which  ts  syndettcally 
proximal  under  T;  here  the  pair  (x,  y)  ts  said  to  be  syn¬ 
dettcally  proximal  provided  that  tf  u  ts  an  Index  of  X, 
then  there  exists  a  syndetic  subset  A  of  T  such  that  (xa, 
ya)  i  a  for  all  a  «  A.  (Math.  ftev.  abstract) 
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TOPOLOGICAL  DYNAMICS,  by  W.  H.  Gottschalk  and 
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G.  A.  Hedlund.  American  Mathematical  Soc.  Collo¬ 
quium  Publications,  v.  36.  Amer.  Math.  Soc. , 
Providence,  R.L,  1955,  151p.  incl.  refs.  (AF  18(600)- 
1116  and  AF  18(600)667)  Unclassified 

A  topological  transformation  group  ts  deftned  to  be  a 
trtple  conststing  of  a  topological  space  X,  a  topologtcal 
group  T  and  a  continuous  mapping  (x,  t)  — *  xt  from 
X  x  T  into  X  such  that  (xt)s  =  x(ts)  and  xe  =  x,  where 
e  ts  the  Identtty  in  T.  In  part  1,  which  conststs  of  tt 
sections,  various  concepts  and  theorems  of  dynamtcal 
systems  are  generalized  to  sutta'oty  extensive  classes 
of  topological  transformation  groups.  Isomorphisms, 
homomorphlsms,  orbits,  orbtt  closures,  tnvartant  sub¬ 
sets,  etc. ,  of  topological  transformation  groups  are  de¬ 
fined,  as  are  partitions  and  decompositions  of  spaces. 
Theorems  are  gtven  stating  when  the  orbit  closures  con¬ 
stitute  a  partition  of  X.  A  subset  A  of  T  ts  catled  left 
syndetic  In  T  If  T  =  AK  for  some  compact  subset  K  of 
T.  The  pertod  of  T  at  x  Is  defined  to  be  the  greatest 
subset  P  of  T  such  that  xP  =  x.  The  group  'i  ts  satd 
to  be  pertodtc  at  x  If  P  ts  a  syndetic  subset  of  T.  The 
group  T  ts  said  to  be  recurstve  at  x  If  for  each  neigh¬ 
borhood  U  of  x  there  Is  an  "admisstble"  subset  A  of  T 
such  that  xACU.  Vartous  generaltzattons  of  pertodtctty 
such  as  almost  pertodtctty,  regular  almost  pertodtctty 
and  recurrence  are  obtained  as  spectal  cases  of  recur¬ 
sion  by  choostng  suitable  classes  of  admtsstble  sets. 

Thus  many  theorems  can  be  stated  and  proved  for  all 
these  kinds  of  recursions  at  once.  In  sect'ons  4  and  5 
numerous  theorems  on  almost  pertodtctty  and  regular 
almost  pertodlclty,  are  proved  under  condtltons  on  X 
and  T  which  vary  from  theorem  to  theorem,  fn  sections 
7  and  8  recurrence  and  tncompresstbtltty  are  studted 
under  the  condttlon  that  T  ts  generative,  that  ts,  T  Is 
Abelian  and  ts  generated  by  some  compact  neighbor¬ 
hood  of  the  Identity.  It  ts  shown  that  the  recurrence 
properties  are  essentially  equtvalenl  to  lncompresst- 
btltty  properties.  The  group  T  ts  said  to  be  transitive 
at  x  If  for  every  open  set  U  of  X  there  extsts  t  c  T  such 
that  xt  i  U.  The  group  Is  said  to  be  regionally  transi¬ 
tive  If  for  every  two  open  sets  U  and  V  of  X  there  extsts 
1 1.  T  such  that  UtnV  ^  d-  Translttvlty  ts  studied  tn  sec¬ 
tion  9.  In  sectton  10  asymptottclty  ts  studied  under  the 
condttlon  that  X  ts  a  compact  metric  npn.  and  T  Is  the 
cycltc  group  generated  by  a  homeomorphtsm^lol  X  onto 
Itself.  A  point  x  Is  said  to  be  (positively)  asymptottc  to 
a  closed  lnvartant  set  B  II  x  i  3  and  ,.m  6(x$>n,  B)  =0. 
Section  1 1  deals  wtlh  function  spaces  with  a  view  to  the 
properties  needed  elsewhere.  Part  1  ts  written  In  a  very 
precise  terse  style,  and  defl-dttons  and  theorems  are 
given  under  most  general  conditions.  If.  contains  a  fully 
organized  presentation  of  topological  dynamics  from  a 
certain  point  of  view.  Part  11  consists  of  three  sections 
dealing  with  some  specific  examples  of  flows  and  has  a 
much  more  classical  app'  .ach  to  the  subject.  Sections 
12  and  13  are  respectively  on  symbolic  dynamics  and 
geodesic  flows,  subjects  with  which  one  of  the  authors 
has  been  Intimately  associated.  The  theorem  on  the 
topological  transitivity  of  a  geodesic  flow  on  surfaces 
of  constant  uegatlve  curvature  is  proved.  Section  14  is 
on  cylinder  homeomorphlsms.  (Sttiliy  Hern  no.  IAS. 
02:002)  (Math.  Uev.  abstract,  modified) 
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A  NOTE  ON  MULTIPLY  POSITIVE  SEQUENCES  AND 
THE  DESCARTES  RULE  OF  SIGNS,  by  I.  J. 

Schoenberg.  [1955]  [9]p.  (AFOSR-TN-55-434) 

[AF  18(600)1158]  Unclasstfted 

Published  In  Rend.  Ctrc.  Matem.  Palermo,  Sertes  n, 
v.  4:  123-131,  Jan. -Apr.  1955. 

It  ts  demonstrated  how  multiply  positive  sequences  and 
thetr  vartatlon-dtmlnlshlng  property  furnish  a  seeming¬ 
ly  very  natural  proof  of  Obreschkoff’s  extenston  of 
Descartes'  rule  of  stgns  to  tnclude  complex  zeros  tn  a 
sector.  So  far  only  Obreschkoff's  ortglnal  proof  of  this 
exlenston  has  been  available,  ft  ts  considered  destrable 
to  have  at  least  two  avenues  of  approach  to  this  propo¬ 
sition.  A  theorem  of  S.  Ltpka  states  the  followtng:  Let 
k  be  an  integer,  0  =  k  =  n.  If  the  polynomial  P(x)  has 
the  property 

Z  (|arg  x  •  tr  |  1^)2  »-*t, 
v(a)  ^k. 

This  theorem  Is  generalized,  and  this  generalization 
leads  eastly  to  the  Obreschkoff- Descartes  rule. 
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ON  THE  ZEROS  OF  THE  GENERATING  FUNCTIONS 
OF  MULTIPLY  POSITIVE  SEQUENCES  AND  FUNC¬ 
TIONS,  by  I.  J.  Schoenberg.  July  26,  1954  [25]p. 
tncl.  refs.  ( [  AF  jOSR-TN-55-435)  (AF  18(600)1158) 
AD  85551  Unclassified 

Also  published  In  Ann.  Math.,  V.  62:  447-4’ft,  Nov. 
1955. 

The  generating  functions  of  k-tlmes  poslttve  sequences 
are  considered  for  the  sjwclal  case  when  the  generating 
function  ts  a  polynomial.  A  zero-free  strip  for  this 
polynomial  is  given,  the  width  of  the  strtp  depending  on 
the  value  of  k.  There  ts  an  analogous  theorem  for  the 
Laplace  transform  of  a  k-tlmes  pogltLe  function  In 
case  the  transform  Is  of  exponential  type.  (Con¬ 
tractor's  abstract) 
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ON  MULTIPLY  MONOTONE  FUNCTIONS  AND  THEIR 
LAPLACE  TRANSFORMS,  by  R.  E.  Wltllainson.  June 
1955,  2tp.  Incl.  refs.  (  AF  OSH  TN  55-436)  (AF  18- 
(G00)t  1 58)  AD  8  5  546  Unclassified 

Also  published  in  Duke  Math  Jour.  ,  v  23:  189  207, 
June  1956. 
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Ths  analog  of  the  Bernstetn-Wldder  representation  o( 
completely  monotone  functions  on  (0,oo):f(t)  = 

-oo 

j  e'^1  dp(u),  where  j3(u)  ts  nondecreasing,  ts  given  as 

0  .«•  n_j 

the  n-tlmes  monotone  function  f (t)  =  J  [(l-ut)+  ]  d()(u), 

0 

where  p  (u)  ts  nondscreaslng  and  bounded  below  and 
(*)+  ~(o  The  ^P1*08  transforms  ol  these  func¬ 

tions  are  characterized  by  ths  following  theorem.  Let 
a  >  1  be  a  real  number.  Necessary  and  sufftcteni 
conditions  that  the  nonnsgadvs  function  f(s),  0  <  s  <co, 
be  the  Laplace  transform  of  a  function  <p  (t),  such  that 
9(t)  te  a-tlmes  monotone  and  summable  tn  every 
ftnlte  tnterval,  are  that  (1)  D°[  saf(s)  ]  be  completsly 
monotone  and  summable  at  the  origin,  (2)  11m  f(s)  =  0, 

8-*oo 

and  (3)  11m  sf(s)  exists.  Transforms  of  3-tlmes 
s-»  0 

monotone  functions  are  shown  to  be  univalent  for 
Re(s)  >  0. 
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ON  HAAR’S  THEOREM  CONCERNING  CHEBYCHEV 
APPROXIMATION  PROBLEMS  HAVING  UNIQUE 
SOLUTIONS,  by  J.  C.  Malrhuber.  June  1955,  8p. 
refs.  ([  AF  ]OSR-TN-55-437)  (AF  18(600)1158) 

AD  8  5  545  Unclassified 


Also  publtshed  in  Proc.  Amer.  Malh.  Soc. ,  v.  7: 

608-6lS.Aug.TS56. 

A  principal  result  Is  given  by  the  following  theorem. 

A  compact  subset  M  of  a  k-dlmenslonat  Euclidean  space 
containing  at  least  n  potnts,  n  >  2,  may  servo  as  the 
domain  of  definition  of  a  set  of  real  continuous  functions 

ft(i) . fn(»)  with  property  D,  tf  and  only  tf  M  ts 

homeomorphlc  to  a  closed  subset  of  the  circumference 
of  a  ctrcle.  The  proof  Is  obtained  by  use  of  the  auxil¬ 
iary  theorem  that  a  compact  set  M  In  En  wtth  the  pro¬ 
perty  that  at  most  n  potnts  of  M  Ite  on  any  hyperplane 
of  En  Is  the  homeomorpldc  linage  of  a  closed  subset  of 
the  circumference  of  a  circle.  Property  D  states  that 
the  determinant 

fl(*l>  *2(*2>-  -  -  *n<*t> 

M(*n)  l2(*n)-  •  •  In(*n^ 

for  every  set  of  n  distinct  points  X( .  xn  of  M. 
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APPROXIMATIONS'  THEORY  AND  PRACTtCE,  by  I.  J. 
Schoenberg.  1955,  10i)p.  uicl  dugrs.  ( ,  AF  OSR  T.N- 
55-474 A)  (AK  13(000);  153)  oD  8  5  549 

Unclassified 
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Notes,  taken  by  L.  H.  Lange  of  Valparaiso  U. ,  Indtana, 
on  a  sertes  of  lectures  by  Professor  I.  J.  Schoenberg  of 
the  Universtty  of  Pennsylvania  at  the  Summer  Institute 
for  Teachers  of  Collegiate  Mathematics  sponsored  at 
Stanford  U.,  California,  by  the  National  Sctencs  Foun¬ 
dation,  June  27- Aug.  19,  1955  are  presented.  The  sub¬ 
jects  treated  tnctude: 

Part  I:  Theory  and  Tools 

Chapter  1.  Interpolation 

Chapter  2.  Approximation  of  defintte 
integrals 

Chapter  3.  Least  squares 

Chapter  4.  Least  deviatton 

Part  D:  Practtce  and  Appltcattons 

Chapter  1.  The  solution  of  equations 

Chapter  2.  The  solutton  of  systems 
of  linear  equattons 

Chapter  3.  The  solutton  of  differential 
equations. 


PEN.  05:001 

Psnnsylvania  U.  [Dept,  of  PhystcsJ  Philadelphia. 

PHOTOPROTONS  FROM  BISMUTH  (Abstract),  by  M.  E. 
Tonis  and  W.  E.  Stephens.  [  1952]  [  1  ]  p.  (Sponsored 
jotntly  by  [  Air  Force  Offtce  of  Sctentlftc  Research 
under  AF  33(038)20381 ) ,  Atomtc  Energy  Commtsslon, 
and  Offtce  of  Naval  Research)  Unclasstfled 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.,  Chtcago, 
111.,  Oct.  24-27,  1951. 

Published  In  Phys.  Rev.,  v.  85:728,  Feb.  15,  1952. 

The  high  energy  photoprotons  from  some  medtum  weight 
elements  have  seemed  tr  show  an  angular  vartatlon 
which  suggests  that  they  were  produced  by  a  direct 
photoprocess.  To  check  tf  this  mechanism  were  present 
tn  heavy  nuclei,  for  which  the  coulomb  barrter  would 
suppress  lower  energy  evaporated  photoprotons,  we 
have  looked  for  photoprotons  from  a  one- mil  fotl  of  bis¬ 
muth  Irradiated  wtth  x-rayr  from  a  24-mev  betatron  and 
recorded  In  nuclear  emulstons.  The  photoproton  yield 
observed  Is  about  3  x  tO*  protor.s/mole/r,  whtch  ts 
smaller  than  the  anisotropic  protons  observed  tu  Uh, 

Ag,  and  Cu.  This  ytetd  Is  of  the  order  of  magnitude  of 
or  somewhat  smaller  than  the  ytetd  calculated  with  rea¬ 
sonable  assumptions  on  the  Wetsskopf- Ewing  model. 

The  photoproton  energy  distribution  has  a  peak  near  11 
mev,  somewhat  higher  than  that  calculated  on  thts 
model.  The  angular  distribution  seems  Isotropic,  with¬ 
in  the  rather  poor  statistical  uncertatnUes  of  20  percent. 
Thus  .10  evidence  was  found  for  any  direct  photoeffect 
for  protons  from  bismuth  In  this  energy  range.  (Con¬ 
tractor's  abstract ) 
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PEN.  05:002 

Pennsylvania  U.  [  Depl.  of  Physics]  Philadelphia. 

ANGULAR  DISTRIBUTION  OF  PHOTOPROTONS,  by 
A.  K.  Mann,  J.  Halptrn,  and  M.  Rothman.  [  1952] 

[ 4 j p.  lncl.  dlagrs.  table,  (Sponsored  jointly  by  [Air 
Force  Office  of  Scientific  Research  under  AF  33- 
(038)20381],  Office  of  Naval  Research,  and  Atomic 
Energy  Commission)  Unclassified 

Presented  al  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  31,  Feb.  1-2,  1952. 

Abstract  published  L-i  Phys.  Rev. ,  v.  86:  629,  May  15, 


Published  In  Phvs.  Rev.,  v.  87:  146-149,  July  1,  1952. 

The  angular  distributions  of  pholoprotons  from  Cu,  Ni, 
and  Co  targets  Irradiated  with  bremsstrahlung  of  23- mev 
maximum  energy  have  been  measured.  Protons  from  Cu 
and  Co  slow  a  large  asymmetric  component  which  Is  de¬ 
scribed  by  the  expression  (slnO  +  0.  5  stnO  cosO  )2. 
Absorption  experiments  on  v,e  prolons  are  consistent 
wtlh  lhe  assignment  of  the  asymmetric  component  lo 
transitions  Involving  discrete  levels  lr>  lhe  vicinity  of 
the  ground  stale  of  lhe  residual  nucleus.  The  angular 
distributions  observed  are  Interpreted  as  resulting  from 
Interference  between  electric  dipole  and  quadrupole  ab¬ 
sorption  of  the  Initial  photons  wtlh  the  relative  quadru¬ 
pole  Intensity  equal  lo  5  percent.  (Contractor's  abstract) 
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Pennsylvania  U.  [Dept,  of  Physics  j  Philadelphia. 

ANGULAR  DISTRIBUTION  OF  PHOTOPROTONS  FROM 
CARBON,  by  J.  Halpern,  A.  K.  Mann,  and  M.  Rolhman. 
L  1 952  j  [lip.  (Sponsored  jointly  by  [  Air  Force  Office 
of  Scientific  Research  under  AF  33(038)20381  J , 

Olflce  of  Naval  Research,  and  Atomic  Energy  Com¬ 
mission)  Unclassified 

PubllsbedJj)  Phys.  Rev.,  v.  87:  164-165,  July  l,  1952. 

The  photoproton  angular  dtstrtbulton  of  C12  bombarded 
by  bremsstrahlung  of  23  mev  maximum  energy  contains 
a  large  asymmetric  component  peaked  In  the  forward  di¬ 
rection.  The  curve  fits  the  formula  (sin  «  0  25  stn 
cos  )2.  (C.  A.,  1952:8987a) 


PEN.  05:004 

Pennsylvania  U.  Dept,  of  Physics  Philadelphia. 

PHOTO  PROTONS  FROM  HEAVY  ELEMENTS  (Abstract), 
by  W.  E.  Stephens  and  M.  E.  Toms.  .  1952.  I  p. 
(Sponsored  jointly  l>y  Atr  Force  Office  of  Scientific  Re¬ 
search  under  Al  33(038)2038t  . .  Office  of  Naval  Research, 
and  Atomic  Energy  Commission,  Unclassified 


Presented  al  meeting  of  the  Amer.  Phys.  Soc.,  Denver, 
Colo.,  June  30-July  3,  1952. 

Published  In  Phvs.  Rev.,  v.  88:  160,  Ocl.  1,  1952. 

The  photoprotons  ejected  from  bismuth,  cerium,  and 
barium  by  the  24- mev  bremsstrahlung  from  the  Univ- 
slty  of  Pennsylvania  betatron  have  been  measured  In 
nuclear  emulsions.  Preliminary  results  give  yields  of 
approximately  16  x  104  and  23  x  IQ4  prolons  per  mole 
per  roentgen  unil  for  Ce  and  Ba,  respectively.  A  second 
run  with  better  statistics  than  our  previous  dala  gives 
4  x  104  p/m/r  from  bismuth.  The  yields  calculated 
from  an  evaporation  process  are  roughly  0.  4  x  104, 

0.07  x  104,  and  0.  09  x  104  p/m/r  for  Bl,  Ce,  and  Da, 
respectively.  The  angular  distribution  of  the  bismuth 
photoprolons  Is  markedly  asymmelrlc  with  three  times 
as  many  protons  at  30°  and  50°  as  al  130°  and  150°.  If 
these  asymmetric  prolons  are  ascribed  to  a  dtrecl  photo¬ 
electric  effect,  then  al  leasl  half  of  the  bismuth  yield  ts 
due  to  such  an  effecl.  11  would  seem  reasonable  then  lo 
associate  lhe  high  yields  from  Ce  and  Ba  also  wllh  a 
direct  effecl.  The  angular  distribution  of  the  photopro¬ 
lons  from  Ce  and  Ba  will  be  measured  lo  examine  tins 
furlher. 


PEN.  05.  005 

Pennsylvania  U.  Depl.  of  Physics,  Philadelphia. 

ENERGY  DISTRIBUTIONS  OF  PHOTOPROTONS  FROM 
HEAVY  ELEMENTS  (Abstract),  by  W.  E.  Stephens, 

M.  E.  Toms  and  others.  Nov.  28,  1952.  [ljp.  (Spon¬ 
sored  jointly  by  [  Atr  Force  Office  of  Scientific  Re¬ 
search]  under  AF  33(038)20381,  Office  of  Naval  Re¬ 
search,  and  Atomic  Energy  Commission) 

Unclassified 

Presented  at  meellng  of  the  Amer.  Phys.  Soc. ,  SI. 
Louis,  Mo.,  Nov.  28-29,  1952. 

Published  In  Phvs.  Rev.,  v.  89:  893,  Feb.  15,  1953. 

The  energy  distributions  of  the  pholoprotons  ejected 
from  Indium,  cerium,  a. id  bismuth  by  24 -mev  betatron 
x-  rays  were  measured  and  compared  with  calculated 
distributions  based  on  Courant’s  direct  photoeffect  and 
Wetsskopf's  evaporation  process.  The  direct  photopro- 
tons  could  In  these  cases  be  partially  distinguished  from 
the  evaporated  protons  on  the  basts  of  energy  distribu¬ 
tion.  The  results  Indicate  the  Importance  of  the  direct 
pholoeffecl  for  the  ( > ,  p)  process  tn  heavy  nuclei.  (Con¬ 
tractor's  abstrarf,  modified) 
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Pennsylvania  U.  Dept,  of  Physics,  Philadelphia. 

PULSE  HEIGHT  ANALYZER,  by  J.  W.  Thomas,  V 
Verbtnskt,  and  W.  E.  Stephens.  Technical  rept.  Ma1-. 
3t,  1953  13  p.  lncl.  dtagrs.  Suppl.  no.  t  '  Spon 

sored  jointly  by  Air  Force  Office  of  Scientific  Research 
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under  AF  33(038)20381,  Office  of  Naval  Research,  and 
Atomic  Energy  Commission]  AD  13708  Unclassified 

Also  published  In  Rev.  Sctent.  Instruments,  v.  24: 
1017-1020,  Nov.  1953. 

A  description  ts  given  of  a  multichannel  pulse  height 
analyzer  which  converts  Incoming  electrtcal  pulses  of 
vartous  amplitudes  to  time  gates  whose  durations  are 
proportional  to  the  tncomlng  putse  heights.  The  time 
gate  controls  a  100-kc  osctllator  whose  osctllatlons  are 
counted  by  a  scaler.  The  scaler  total  Is  recorded  on  a 
paper  tape  tn  the  form  of  a  coded  sertes  of  black  dots. 
The  analyzer  can  be  exposed  to  pulse  rates  of  several 
thousand/se'  and  records  on  tape  up  to  50  pulses/sec. 
Three  decades  of  1,  2,  4,  and  8  are  normally  used,  and 
50-v  pulses  give  a  digital  output  readtng  of  about  250. 
The  tapes  can  later  be  read  at  500  to  1000/hr/person. 
The  readtng  operation  Is  the  main  practical  Itmltatlon. 
(ASTIA  abstract) 


PEN.  05:007 

Pennsylvania  U.  Dept,  of  Physics,  Phtladelphta. 

A  D1LATOMETRIC  STUDY  OF  THE  ORDER-DISORDER 
TRANSFORMATION  IN  Cu-Au  ALLOYS  (Abstract),  by 
W.  W.  Sanvitle,  F.  C.  Nix,  and  F.  E.  Jaumol,  Jr. 

Mar.  27,  1953  L  2  j  p-  L  AF  33(308)20381  ]  Unclasstfled 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Durham 
and  Chapel  Hill.  N.  C. ,  Mar.  28-28,  1953. 

Published  In  Phys.  P.ev. ,  v.  01:  220-.{2t,  July  1,  t953. 

The  order-disorder  transformation  In  Cu-Au  alloys  tn 
the  composttlor.  range  from  10  to  32.  2  atomtc  %  Au  was 
studied  by  dllatometrtc  means.  An  lnterferometrtc  dt- 
latometer  was  used.  All  samples  containing  greater 
than  17.  5  atomtc  %  Au  exhibited  an  anomalous  peak  In 
the  curve  of  the  coefftclenl  of  thermal  expansion  as  a 
function  of  temperalure.  A  plot  of  the  critical  ordering 
temperature,  Tc,  as  a  function  of  composition  deftnes 
an  ordered  region  about  25  alomtc  %  Au  which  Is  In  a- 
greement  with  that  defined  by  resistivity.  The  coeffi¬ 
cient  of  thermal  expansion  was  rigorously  constant  above 
the  ordering  temperature  (to  500* C).  The  data  Indicate 
that  the  volume  expansion  Is  sensttlve  to  small  changes 
tn  the  degree  of  long-range  order,  since  In  all  cases  the 
region  of  anomalous  expansion  begins  at  temperatures 
from  200  to  250*C.  (Contractor's  abstract) 
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THE  PULSE  HEIGHT  ANALYZER  tN  THE  OBSEllVA 
TtON  OF  CEltTAtN  NUCLEAtt  TRANSMUTATIONS:  AND 
THE  USE  OF  MONOCHROMATIC  THANSMUTATtONS 
GAMMA  HAYS  FOR  PHOTO  DISINTEGRATION  STUDIES  ’ 
July  1,  1953  [  8  .  p.  tnct.  dlagrs.  (Suppl.  r.o.  3)  Spun 
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sored  jointly  by  Air  Force  Office  of  Scientific  Research 
under  AF  33(038)20381,  Office  of  Naval  Research,  and 
Atomic  Energy  Commission]  AD  17274 

Unclassified 

A  discussion  ts  presented  on  the  use  of  the  pulse  hetght 
analyzer  In  the  observation  of  certain  nuclear  transmu¬ 
tations,  and  the  use  of  monochromatic  transmutation 
gamma  rays  for  photo  disintegrating  studies.  Initial 
work  was  devoted  to  (1)  testing  a  scintillation  detector 
for  the  measurement  of  neutrons,  and  (2)  a  preliminary 
check  of  the  Intensity  of  the  photo  neutrons  from  Bt  pro¬ 
duced  by  the  li(p;r)  gamma  ray. 


PEN.  05:009 

Pennsylvania  U.  Dept,  of  Phystcs,  Philadelphia. 

SHORT-RANGE-ORDER  IN  A  Cu-Au  ALLOY  (Abstract), 
by  C.  H.  Sutcliffe  and  F.  E.  Jaumot,  Jr.  Mar.  27, 

1953  [l]p.  [  AF  33(038)20381  ]  Unclasstfled 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.,  Durham 
and  Chapel  Hill,  N.  C. ,  Mar.  26-28,  1953. 

Published  In  Phys.  Rev.,  v.  91:  221,  July  1,  1953. 

Short- range -order  parameters  have  been  measured 
ustng  x-ray  diffraction  techniques,  at  three  tempera 
tures  above  the  crttlcal  temperature  of  ordering,  for  a 
Cu-Au  alloy  containing  23  atomtc  %  gold.  The  experi¬ 
mental  technique  used  was  similar  to  that  employed  by 
J.  M  Cowley  (Jour.  Appl.  Phys. ,  v.  21:24,  t950).  The 
dtffuse  scattered  Intensity  was  measures  at  approxi¬ 
mately  900  potnts  wtthin  1/32  of  a  unit  cell,  and  cor¬ 
rected  for  the  tntenstty  due  to  factors  other  than  short- 
range  order.  A  three-dtmenslonat  Fourier  analysts  was 
made  on  the  short-  range  order  Intensities.  The  Fourier 
coefftctents  are  tnen  Interpreted  as  short-range  order 
parameters.  The  data  tndtcate  that  an  alloy  containing 
less  than  25  atomtc  %  Au  exhibtts  a  greater  tendency  to 
short-range  order  than  does  an  alloy  at  the  stotchlo- 
metrtc  composition.  The  tendency  to  what  Cowley  has 
referred  to  tn  a  "liquid- like  distribution  about  an 
origin  atom  In  a  CU3 Au  alloy,  although  present.  Is 
considerably  less  In  the  23  percent  Au  sample. 
(Contractor'  it  abstract) 
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PHOTO  PttOTC'NS  FROM  tn.  Ce  AND  Bl,  by  M.  E. 
Toms,  E.  E.  Carroll,  Jr.  and  others.  7'echnlcal  rept. 
[Mar.  31,  1953,  i20jp.  Inc  I.  dlagrs.  tables,  refs. 
.Suppl.  no.  2.  (Bound  with  11s  Suppl.  no.  1;  AD  13708) 
(Sponsored  jointly  by  .  Air  Force  Office  of  Scientific  tie 
search  under  AF  33(038)20381  .,  Office  of  Naval  Re¬ 
search,  and  Alontc  Energy  Commission)  AD  t3709 

Unclassified 
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;  Phys.  Rev.,  v.  92:  362-366,  Oct.  15, 


The  charged  particles  ejected  from  In,  Ce,  and  B1  (otls 
by  24-mev-betatron  x-rays  were  observed  In  nuclear 
emulstons.  The  ytelds  of  photo  protons,  photo  deuterons, 
and  photo  a  particles  were  determined,  and  the  energy 
and  angular  dtstrtbutlons  of  the  photo  protons  were  meas¬ 
ured  and  compared  wtth  theoretical  calculations  based  on 
lhe  evaporation  process  and  on  the  dtrect  photo  effect. 

The  energy  dtstrtbuttons  observed  tndtcate  a  large  frac¬ 
tion  of  direct  photo  effect.  A  marked  forward  asym¬ 
metry  was  observed  tn  the  angular  dtstrtbutlons  from  In 
and  Bt. 


PEN.  05:011 

Pennsylvania  U.  Depi.  of  Phystcs,  Phtladelphta. 

[INTERACTION  OF  HIGH  ENERGY  RADIATION]  by 
W.  E.  Stephens,  A.  K.  Mann,  and  D.  H.  Wtlklnson. 

Ftnal  rept.  Nov.  30,  1954,  16p.  Inch  dtagrs.  refs. 

([  AFJOSR-TR-54-37)  (AF  33(038)20381)  AD  51765 

Unclasstfled 

A  summary  ts  presented  of  the  nuclear  research  con¬ 
ducted  under  thts  task.  Some  of  the  htghitghts  of  the 
work  are  listed.  These  tnclude:  (1)  the  construction  of 
a  thtn  lens  spectrometer;  (2)  the  Investigation  of  electron- 
electron  scattering  ustng  a  cloud  chamber;  (3)  the  meas¬ 
urement  of  the  angular  dtstrtbulton  of  photoprolons;  (4) 
the  fabrication  and  testing  of  a  pulse  hetghl  analyzer;  (5) 
the  testing  of  an  anthracene  crystal,  coupled  with  a  scin¬ 
tillation  counter,  for  detecting  protons;  and  (6)  produc¬ 
tion  of  pholoneutrons  In  Bt  ustng  Li  y  rays  from  a 
stall  Iron. 


PEN.  05. 0t2 

Pennsylvania  U.  [Dept.  ofPhystcsj  Philadelphia. 

ENERGY  SPECTRUM  OF  PHOTOPROTONS  FROM  CAR¬ 
BON,  by  W.  E.  Stephens  and  A.  K.  Mann.  [  Nov.  30, 
t954  i  3p.  tncl.  dtagrs.  (AFOSR-TR-54-37(A)J  (AF 
33(038)20381)  (Also  bound  with  Its  AFOSR-TR. 54-37: 
final  rept.  ;  AD  5t765  as  Appendix  A)  AD  51765(a) 

Unclasstfled 

Presented  al  meeting  of  the  Amer.  Phys.  Soc.,  Chicago, 
III.,  Nov.  26-27,  1954. 


26,  Nov.  26,  1954. 


i  Bull.  Amer.  Phys.  Soc.,  v.  29: 


Phys.  Rev.,  v.  98:  241,  Apr.  1, 


The  pholoprotons  ejected  from  a  6  mg,  sq  cm  thick  C  foil 
by  23-mev  bremsstrahlung  braking  radiation,  have  been 
observed  In  nuclear  emulsions.  The  ranges  of  408  pro¬ 
tons  which  entered  the  emulsions  In  the  proper  direction 
were  measured.  The  proton  energy  distribution  has  a 


peak  at  5.  5  mev  and  a  wtdth  al  halt  maxium  of  about 
2. 8  mev.  These  values  conftrm  the  prevtous  deter¬ 
mination  of  the  gtant  resonance  tn  C  which  had  been 
obtained  from  yteld  curve  data.  The  wtdth  of  the  pro¬ 
ton  spectrum  ts  consistent  wtth  transitions  from  a  single 
broad  level  tn  C12  to  the  ground  state  of  B11,  but  tran¬ 
sitions  to  the  ftrst  exctted  state  of  B11  appear  to  be  tn- 
hlbtted.  (Contractor’s  abstracl) 


PEN.  05:013 

Pennsylvania  U.  [Dept,  of  Phystcs]  Philadelphia. 

EVIDENCE  FOR  AN  INDEPENDENT  PARTICLE  STATE 
OF  C12  AT  HIGH  EXCITATION,  by  A.  K.  Mann,  W.  E. 
Stephens,  and  D.  H.  Wtlklnson.  [Nov.  30,  1954]  4p. 

[  AFOSR-TR-55-3]  (AF  33(038)20381)  (Also  bound 
with  Its  AFOSR-TR- 54- 37;  ftnal  rept. ;  AD  51765  as 
Appendtx  B)  AD  51765(b)  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  97:1184-1185,  Feb. 
15,  1955. 

Data  are  presented  showing  that  the  reaction  C12  ( y,  p) 
B11  tndtcaies  that  the  "gtanl  resonance"  state  at  about 
22  mev  excttatlon  ts  of  an  Independent  particle  char¬ 
acter.  It  ts  simply  related  by  tts  shell  model  descrip¬ 
tion  lo  the  ground  state  of  Cl2  and  to  the  low-lying 
levels  of  B*1. 


PEN.  06:001 

Pennsylvania  U.  [Dept,  of  Physics j  Philadelphia. 

PHOTON  ABSORPTION  CROSS  SECTIONS  IN  BISMUTH 
AND  TANTALUM,  by  J.  Halpern,  R.  Nathans,  and  A. 

K.  Mann.  [  1952]  [2]p.  lncl.  dtagrs.  refs.  (Sponsored 
jotntly  by  [Air  Force  Office  of  Scientific  Research 
under  AF  18(600)4721,  Office  of  Naval  Research,  and 
Atomic  Energy  Commtsston)  Unclassified 

Publtshed  tn  Phys.  Rev.,  v.  88:  679-680,  Nov.  1,  1952. 

Neulron-yteld  curves,  excttatlon  functions  for  neulron 
yteld,  and  total  cross  section  curves  are  shown  for 
pholon  energies  of  7-25  mev.  The  lotal  Integrated 
cross  section  for  Ta  Is  2.8  mev-barns  and  for  Bt,  3D 
mev-barns.  In  each  case  the  r  2n  reaction  contributes 
approximately  15%  and  the  v,n  reaction  lhe  remainder. 
(C.  A.,  1953:31451) 


PEN.  06:002 

Pennsylvania  U.  Dept,  of  Physics,  Philadelphia. 

<v,pn)  UEACTtON  IN  PHOSPHORUS,  by  J.  Halpern,  A. 
K.  Mann,  and  U.  Nathans.  [t952,  i  1 ,  p.  lncl.  dtagrs. 
(Sponsored  jointly  by  Air  Force  Office  of  Scientific 
Research  under  AF  18(600)472.,  Office  of  Naval 
Research,  and  Atomic  Energy  Commission) 
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Published  In  Phvs.  Rev.,  v.  88:958,  Nov.  15,  1952. 

Absolute  values  for  the  cross  section  for  the  (y,  n)  and 
(y,  pn)  reactions  In  phosphorus  were  obtained  by  a  mea¬ 
surement  of  the  efficient/  of  a  neutron  detection  appa¬ 
ratus  using  a  Ra-Be  source  of  known  strength.  The 
values  0.  099  mev-barns  and  0.047  mev-barns  were  ob¬ 
tained  for  the  (Y.n  )  and  ( r, p n)  reactions,  respectively. 


PEN.  06:003 

Pennsylvania  U.  Depl.  of  Physics,  Philadelphia. 

F HoTOblSlNTEGRATlUN  OF  THE  DEUTEKoN  AT  2b 
MEV,  by  J.  Halpern  and  E.  V.  Welnstock.  [  1953  J 
[  6  j  p.  lncl.  Ulus,  dlagrs.  table,  refs.  (Sponsored 
jointly  by  [Air  Force  Office  of  Scientific  Research] 
under  AF  18(600)472,  Office  of  Naval  Research,  and 
Atomic  Energy  Commission)  Unclassified 

Published  In  Phvs.  Rev.,  v.  91:  934-939,  Aug.  15,  1953. 

Counter  techniques  have  been  applied  to  a  study  of  the 
proton  angular  distribution  In  the  photodlslntegratlon  of 
the  deuteron  Induced  by  bremsstrahlung  photons  from  a 
betatron  In  the  energy  Interval  18-22  mev.  The  meas¬ 
ured  distribution  Is  given  by  A  +  sin2  0(1  +  2  FcosO), 
with  A  •  J  132  +  0  041  and  S^O,  1  The  total  cross 
section  Is  also  measured.  (Contractor's  abstract) 
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Pennsylvania  U.  Depl.  of  Physics,  Philadelphia. 

SYSTEMATICS  OF  PHOTONEUTRON  REACTIONS,  by 
R.  Nathans  and  J.  Halpern.  [  1953J  [tip.  lncl.  dlagrs. 
table.  (AF  18(600)472)  Unclassified 

EubUfifted-ln  Phys.  Rev. ,  v.  92:  207,  Ocl.  1,  1953. 

Pholoneutron  yields  were  measured  using  a  dlrecl  neu¬ 
tron  detection  method,  of  thirteen  singly  Isotopic  ele¬ 
ments  (C,  P,  V,  Mn,  Co,  As,  Nb,  Rh,  I,  Ta,  Au,  Bl, 

U)  when  Irradiated  wllh  betatron  bremsstrahlung  al  en¬ 
ergies  from  threshold  lo  24  mev.  Excitation  functions 
constructed  from  lhe  total  neulron  yield  data  by  the  suc¬ 
cessive  subtraction  method  show  the  characteristic 
large  dipole  resonance  behavior  for  all  lhe  elements  In¬ 
vestigated.  Significant  parameters  for  the  resonances 
are  tabulated.  The  log-log  plol  Is  Included  of  lhe  brems¬ 
strahlung  energy  where  maximum  cross  sec'lon  values 
occur  (E  ■;  m)  agalnsl  mass  number.  The  least- squares 
straight  line  through  experimental  points  yields  Eom  = 
38.  5A"°-  ,  In  close  agreement  with  previous  deter¬ 

minations  and  predictions.  A  plol  of  the  dipole  reson¬ 
ance  half- widths  against  neulron  number  shows  a  slow 
decr-ase  In  half-widths  as  N  Increases,  with  the  ex¬ 
ception  of  four  elements  having  unusually  narrow  reson¬ 
ances.  The  correlation  of  these  elements,  C12  (N  6), 
V51  (N  28),  Nb93  (N  52),  awl  Bl209  (N  126),  wllh  the 
shell  model  Is  unusual  for  phenomena  concerned  wtlh 
such  high  excitation  energies. 
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Pennsylvania  U.  Dept,  of  Physics,  Philadelphia. 

STUDIES  IN  PHOTONUCLEAR  REACTIONS.  Annual 
repl.  Oct.  15,  1953  [8]p.  lncl.  lllus.  (AF  18(600)- 
472)  AD  19603  Unclassified 

Progress  In  efforts  directed  lo  Increasing  the  beam 
spread  of  a  belairon,  eliminating  particle  pile-up  In 
counters,  and  developing  a  high-speed  discriminator  Is 
briefly  reviewed.  The  completed  research  Is  summa¬ 
rized.  A  large  paraffln-BF3  counter  house  was  used  lo 
determine  the  (y,  n)  yields  and  excitation  functions  of 
14  singly  Isotopic  elements.  Tht  parameters  of  the 
giant  dipole  y-ray  adsorption  resonance  were  studied. 
Systematic  trends  In  half  width,  position  of  the  reso¬ 
nance  maximum,  the  Integrated  cross  section,  and  the 
value  of  the  maximum  cross  sections  were  In  accord¬ 
ance  with  the  sum-rule  predictions  of  Levlnger  and 
Bethe.  The  energy  at  peak  cross  section  varied  as 
38.  5  .i‘°- 18®;  the  widths  of  the  giant  resonances  showed 
a  slowly  decreasing  behavior  with  atomic  no.  Ta,  Pt, 

Pb,  W,  and  Au  showed  photo-proton  yields  of  5. 7  x  104, 
2.  9  x  104,  5.  8  x  104,  5.  2  x  104,  and  1.  9  x  104  protons/ 
mol/roentgen,  respectively,  In  measurements  using 
ZnS  screens  and  a  spread  x-ray  beam  at  22  mev.  These 
yields  were  consistent  with  those  obtained  for  heavy 
elements  by  Stephens  with  photographic  dates.  A  rough 
determination  of  the  (y,  p)  angular  distribution  of  Ag 
showed  the  same  general  features  as  the  distributions 
from  Cu  and  Co  which  were  previously  reported,  but  a 
larger  quadrapole-lnlerference  term  was  obtained.  A 
block  diagram  and  the  circuit  of  the  fasl  pulse  discrim¬ 
inator  are  presented. 


PEN.  06:006 

Pennsylvania  U.  Depl.  of  Physics,  Philadelphia. 

EXCITATION  FUNCTION  FOR  THE  PHOTODISINTE¬ 
GRATION  OF  BERYLLIUM,  by  R.  Nathans  and  J. 
Halpern.  Nov.  15,  1953  [  2  ]  p.  lncl.  dlagrs.  (AF  18- 
(600)472)  Unclassified 

Published  in  Phys.  Rev.,  v.  92  :  940-941,  Nov.  15, 
1953. 

Using  ftUered  belairon  bremsstrahlung,  the  Be  9  (r,n) 
excitation  funcllon  was  determined  from  threshold  lo  24 
mev.  The  results  showed  two  peaks,  one  due  lo  ex¬ 
citation  of  lhe  odd  neulron  and  the  second  lo  the  excita¬ 
tion  of  the  Be®  core.  (Contractor's  abstract) 
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SYSTEMATICS  OF  PHOTONEUTRON  REACTIONS,  by 
R.  Nathans  and  J.  Halpern.  [  1954.  I  6  p.  lncl. 
dlagrs.  table,  refs.  (Sponsored  jointly  by  Air  Force 
Office  of  Scientific  Research,  under  AF  18(600)472], 
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Office  of  Naval  Research,  and  Atomic  Energy 
Commission)  Unclassified 

Published  in  Phvs.  Rev.,  v.  93:427-442,  Feb.  1,  1954. 

Properties  of  the  giant  dipole  resonances  for  (Y ,  n)  re¬ 
actions  have  been  measured  for  14  singly-lsotoplc  ele¬ 
ments  distributed  throughout  the  range  of  z  values.  Sys- 
tematlcs  are  reported  for  the  behavior  of  the  Integrated 
cross  sections,  the  energies  at  which  the  dipole  reson¬ 
ances  attain  a  maximum  cross  section,  the  values  of  the 
cross  sections  at  these  energies,  and  the  widths  of  the 
resonances.  Anomalously  narrow  widths  are  reported 
for  elements  with  neutron  rumbers  In  the  vicinity  of  the 
magic  numbers.  (Contractor's  abstract) 
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SYSTEMATICS  OF  PHOTOPROTON  REACTIONS,  by 
E.  V.  Welnstock  and  J.  Halpern.  [  1954]  [4]p.  incl. 
dlagrs.  table,  refs.  (Sponsored  jointly  be  [  Air  Force 
Office  of  Scientific  Research  under  [AF  18(600)472], 
Office  of  Naval  Research,  and  Atomic  Energy  Com¬ 
mission)  Unclassified 

Published  In  Phvs.  Rev.,  v.  94:  1651-1654,  June  15, 
1954. 

The  photoproton  yields  from  the  elements  Ta,  Pi,  Pb, 

W,  and  Au  have  been  determined  for  belalron  brems- 
slrahlung  bombardment  at  22-mev  peak  energy  by  the 
use  of  zinc  sulfide  detectors  and  a  40-^sec  betatron 
pulse  duration.  The  yields,  as  measured  In  photoprotons 
per  mole  per  roentgen  are  as  follows;  Ta,  5.  7  x  10*; 

Pt,  2.  9  x  10*;  Pb,  5.  8  X  10*;  W,  5.  2  x  10*;  and  Au, 

1. 9  x  10*.  These  values,  :>:.ong  with  previous  deter¬ 
minations,  permit  a  study  of  general  behavior  of  photo- 
prolon  yields  for  all  Z  values  throughout  the  periodic 
table.  Compartsona  with  calculations  based  on  the  evap¬ 
oration  mcdel  show  good  agreement  with  experimental 
trends  up  to  a  Z  of  50,  after  which  the  measured  yields 
are  loo  high  by  factors  ranging  from  10  to  10*.  Calcu¬ 
lations  based  on  the  direct  photoelectric  process  give 
betler  agreement.  (Contractor's  abstract) 


PEN.  06:009 

Pennsylvania  U.  [  Depl.  of  Physics!  Philadelphia. 

PHOTONEUTRON  ANGULAR  DISTRIBUTIONS  (Abstract), 
by  K.  Geller,  J.  Halpern,  and  P.  F.  Yergin.  [  1954  , 

[l  p.  [AF  18(600)472 J  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.,  Washing¬ 
ton,  D.  C.  Apr.  29-30,  and  May  1,  1954. 

Published  In  Phys.  Rev.,  v.  95:659,  July  15,  1954. 

The  angular  distributions  of  photoneutrons  produced  by 
22  mev  '.irermslrahlung  on  Pb,  Ag,  and  Cu  have  been 


measured  using  a  luclte-zlnc  sulfide  fast  neutron  de¬ 
tector.  The  results  do  not  show  any  significant  non- 
isotropy.  If  the  distributions  are  fitted  to  the  form 
AtB  sin2  6,  the  value  of  B/A  consistent  with  the  data 
for  any  of  the  elements  could  not  exceed  0. 12.  If  we 
make  approximate  estimates  of  the  neutron  energy  dis¬ 
tributions  for  two  different  models,  the  evaporation 
model  and  Courant's  direct  photoeffect  model,  and  if 
we  assume  that  all  of  the  nonlsotroplc  component  Is  the 
result  of  direct  photoeffect,  and  take  Into  account  the 
measured  energy  sensitivity  of  the  type  of  detector  used, 
then  the  cross  section  for  direct  photoeffect  production 
of  the  nonlsotroplc  component  is  not  more  than  1  per¬ 
cent  of  the  total  cross  section  for  Cu,  and  must  be  con¬ 
siderably  less  for  Ag  and  Pb,  for  which  the  data  Is 
better.  (Contractor’s  abstract) 
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Pennsylvania  U.  [Dept,  of  Physics]  Philadelphia. 

SYSTEMATICS  OF  PHOTOPROTON  YIELDS  (Abstract), 
by  E.  V.  Welnstock  and  J.  Halpern.  [1954]  [  1  ]  p. 

[AF  18(600)472]  Unclassified 

Presented  at  meeting  of  the  Amjr.  Phys.  Soc.,  Wash¬ 
ington,  D.  C.,  Apr.  29-30,  and  May  1,  1954. 

Published  in  Phvs.  Rev.,  v.  95:630,  July  15,  1954. 

The  photoproton  yields  from  the  elements  Ta,  Pt,  Pb, 
W,  and  Au  have  been  determined  for  betatron  brems- 
strahling  bombardment  at  22-mev  peak  energy  by  the 
use  of  zinc  sulfide  detectors  and  a  50- Msec  betatron 
pulse  duration.  The  yields,  as  measured  In  photo¬ 
protons  per  mole  per  roentgen,  are  as  follows:  Ta, 

5.7  i  10*;  Pt,  2.  9  x  10*;  Pb,  5.8xl0*;W,  5.2x10*; 
and  Au,  1.9  x  10*.  These  values,  along  with  previous 
determinations,  permit  a  study  of  general  behavior  of 
photoprolon  yields  for  Z  values  throughout  the  periodic 
lable.  Comparisons  with  calculations  based  on  the 
evaporation  model  show  good  agreement  with  experi¬ 
mental  trends  up  lo  a  Z  of  50,  alter  which  the  measured 
yields  are  loo  high  by  factors  ranging  fr„.u  10  to  10*. 
Calculations  based  on  the  direct  photoelectric  process 
give  better  agreement,  though  still  too  low  by  a  factor 
of  10.  (Contractor's  abstract) 
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PHOTONEUTRON  CROSS  SECTION  IN  He,  N,  C,  F, 

Ne,  and  A,  by  G.  A  Ferguson,  J.  Halpern  and  others. 

[  1954.  [5jp.  Incl.  dtagrs.  table,  refs.  (Sponsored 
jointly  by  [  Air  Force,  Office  ol  Scientific  Research 
under  [  AF  18(600)472],  Oiflce  of  Naval  Hesearch,  and 
Atomic  Energy  Commission)  Unclassified 

Published  In  Phys.  Rev.,  v.  95:  776-780,  Aug.  1,  1954. 
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The  direct  detection  of  neutrons  from  (  y,  n)  reactions 
Induced  by  betatron  bremsstrahlung  has  been  applied  to 
c ross-sectlon determinations  using  gaseous  targets  at 
approximately  100  atmospheres  pressure.  Results  from 
oxygen  are  consistent  with  other  determinations.  The 
remaining  elements  represent  new  results  and  show  the 
familiar  giant  dipole  resonance  for  the  photoneutron  pro¬ 
cess.  Parameters  of  the  resonances  are  determined  and 
related  to  the  systematic  behavior  previously  reported 
for  other  elements.  (Contractor's  abstract) 


PEN.  06:012 

Pennsylvania  U.  I  Dept,  of  Physics  j  Philadelphia. 

A  40(  Y,  n)  THRESHOLD  AND  THE  MASS  OF  A39,  by 
J.  Halpern,  R.  Nathans,  and  P.  F.  Yergln.  [  1 954  J 
[2jp.  lncl.  dlagrs.  (Sponsored  Jointly  by  [Atr  Force] 
Office  of  Scientific  Research  under  [  AF  18(600)472], 
Office  of  Naval  Research,  and  Atomic  Energy  Commis¬ 
sion)  Unclassified 

Published  In  Phvs.  Rev.,  v.  95:  1529-1530,  Sept.  15, 
1954. 

The  A40(Y,n)A39  reaction  Is  found  to  have  a  threshold  at 
9.85  *  0. 15  mev.  Using  the  most  recent  mass  spectro 
graph  measurements  fo.'  the  mass  of  A*9,  the  mass  of 
A39  Is  calculated  to  have  a  value  of  38.97681  ♦  0.00020. 
The  relationship  of  this  measurement  to  other  reaction 
energy  data  Is  discussed.  (Contractor's  abstract) 
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( T,  ")  CROSS  SECTIONS  IN  Mg  24  and  Mg  25  (Abstract), 
by  It.  Nathans  and  P.  F.  Yergln.  .1955  l  ,  p.  I  AF 
1 8(600)472  J  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  27-29,  1955. 

Published  In  Phys.  Rev.,  v.  98:1198,  May  15,  1955. 

The  cross  sections  have  been  measured  by  neutron  de 
tectton  using  separated  Isotope  targets  from  OUNL  (1.  77 
and  0.  50  g  of  Isotope,  respectively).  Both  "giant  reso  - 
nance"  peaks  occur  at  about  20  mev,  as  does  the  previ 
ously  reported  Mg29(  Y,  n  )  peak.  An  unusual  feature  of 
our  results  ts  that  both  the  peak  and  Integrated  (to  24 
mev)  cross  sections  for  Mg23(  Y,  n)  are  about  twice  those 
for  Mg24(  V,  n).  About  of  the  Integrated  crocs  section 
for  Mg^4(  r,  n)  ts  between  threshold  and  the  onset  of  the 
giant  resonance.  Our  results  are  In  contradiction  to  the 
report  that  the  peak  of  the  giant  resonance  for  Mg23(  ,  n) 
ts  about  13  mev,  which  would  result  In  far  more  protons 
than  neutrons  being  emitted  at  the  higher  energies.  These 
observations  were  described  to  threshold  differences. 

The  thresholds  Involved  are.  Mg24(  V,  n)lG.  6  mev,  Mg25 
(Y  ,p  )12.  1  mev;  Mg23(  n )  7.  3  mev.  No  such  threshold 
effect  was  found. 


PEN.  06:014 

Pennsylvania  U.  [Dept,  of  Physics]  Philadelphia. 

(Y,  n)  CROSS  SECTIONS  IN  Zr  90  and  Zr  91  (Abstract), 
by  R  Nathans  and  P.  F.  Yergln.  [  1955]  [  1  ]  p.  [  AF. 
18(600)472]  Unclassified 

Presented  at  meeting  of  Amer.  Phys.  Soc.,  New  York, 
Jan.  27-29,  1955. 

Published  In  Phvs.  Rev.,  v.  98:  1197,  May  15,  195L. 

The  ( Y,  n)  thresholds  of  these  Isotopes  are  widely  sepa¬ 
rated  (12.  1  and  7.2  mev  respectively)  because  Zr99  has 
a  "magic  number”  (50)  of  neutrons.  By  direct  neulron 
detection,  using  separated  Isotopes  from  ORNL,  tt  was 
found  that  despite  this  the  location  and  magnitude  of  the 
peak  of  the  giant  resonance  ts  the  same  for  each  Isotope 
and  agrees  well  with  the  previously  reported  pholoneu- 
tron  systematlcs.  The  half-widths  of  the  Zr",  Zr91 
and  the  previously  measured  Nb93  resonances  Increase 
progressively  with  the  neutron  numbers  (50,  51,  and  52 
respectively)  but  all  are  narrower  than  expected  from 
the  systematlcs.  This  reinforces  the  previous  obser¬ 
vation  that  nuclides  at  or  near  the  magic  neutron  num¬ 
bers  28,  50,  82  and  126  have  unusually  narrow  giant 
resonances. 
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Pennsylvania  U.  [Dept,  of  Physics)  Philadelphia. 

PHOTONEUTRON  CROSS  SECTIONS  IN  Mg  24,  Mg  25, 
Zr  90,  Zr  91,  hy  R.  Nathans  and  P.  F.  Yergln.  [  1955] 
t  4  J  p.  tncl.  dlagrs.  tables,  refs.  (Sponsored  jointly  by 
[  Atr  Force  Office  of  Scientific  Research  under  AF 
18(600)472],  Office  of  Naval  Research,  and  Atomic 
Energy  Commission)  Unclassified 

Published  111  Phys.  Rev.,  V.  98:  1296-1299,  June  1, 

1955. 

The  variation  of  i(y,  n)  with  Ey  from  threshold  to  2 
mev  has  been  measured  by  delecting  neutrons  produced 
from  betatron  bremsstrahlung  Irradiation  of  separated 
Isotope  samples  In  oxide  form.  Desptie  the  large  thres¬ 
hold  differences  (9.  3  mev  for  the  Mg  Isotopes  and  5.0 
mev  for  the  Zr  Isotopes)  the  peaks  of  the  giant  dipole 
resonances  are  very  close  for  each  pair  of  adjacent  Iso¬ 
topes:  Mg  ,  19.  5  mev;  Mg  ,  20.  3  mev;  Zr99,  16.4 
mev:  Zr9^,  16.  3  mev.  The  half  widths  of  the  Zr  reso 
nances  are  unusually  small,  4.  1  and  5.4  mev,  compared 
to  8  mev  for  nearly  nuclei  observed  previously.  This 
ts  apparently  a  "magic  number"  effect.  (Contractor's 
abstract) 
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Mg(  Y,  n)  CROSS  SECTION  (Abstract)  by  P.  F.  Yergln 
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andB.  P.  Fabrlcand.  [  1955]  [l]p.  [AF  18(600)472] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Chicago, 

Ill. ,  Nov.  25-26,  1955. 

Puhllshed  In  Phys.  Rev. ,  v.  100:  1249,  Nov.  15,  1955. 

The  published  data  for  natural  Mg  and  for  Mg2®  disagree 
somewhat  In  the  energy  region  below  11  mev  where  only 
Mg25(  y,  n)  can  contribute  to  the  neutrons  detected. 

Above  the  Mg26(Y,  n)  threshold  at  11. 1  mev,  however, 
a  more  serious  disagreement  occurs.  If  the  measured 
Mg25  yield  Is  subtracted  from  the  published  natural  Mg 
yield,  the  resulting  "Mg26(Y,  n)"  cross  section  from  Its 
threshold  to  the  Mg2*(Y,  n)  threshold  at  16.  6  mev,  ts 
extremely  different  from  that  of  Mg2®  In  the  same  region. 
This  has  been  Investigated  by  remeasuring  the  natural 
Mg(Y,  n)  cross  section,  using  a  sample  of  MgO.  Our 
yields  disagree  with  the  published  values  In  the  region  tn 
question.  If  the  Mg2®  yield  ts  subtracted  from  our  meas¬ 
ured  natural  Mg  yield,  the  resulting  "Mg2®(Y ,  n)"  yield 
resembles  very  closely  that  of  Mg2®  In  the  same  region. 
Spectroscopic  analysis  of  our  sample  showed  no  signifi¬ 
cant  impurities.  (Contractor's  abstract) 
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PHOTONEUTRON  ANGULAR  DISTRIBUTION  FROM 
CARBON  (Abstract),  by  B.  P.  Fabrlcand,  B.  Allison, 
and  J.  Halpern.  [1955]  [tip.  [AF  18(600)472] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.,  Chicago, 

III.,  Nov.  25-26,  1955. 

Published  In  Phys.  Rev.,  v.  100:  1249,  Nov.  15,  1955. 

Previous  measurements  of  the  photoproton  angular  dis¬ 
tribution  arising  from  the  giant  dtpole  resonance  In  the 
reaction  Cl2(Y  p  )B11  have  yielded  a  distribution  of  the 
form  2+3  stn20.  This  has  been  Interpreted  as  evidence 
for  an  Independent  particle  description  of  the  giant  reso¬ 
nance  and  for  the  LS  coupling  scheme.  In  the  hope  of 
studying  the  process  of  the  direct  emission  of  photoneu¬ 
trons,  the  angular  distribution  was  measured  of  neutrons 
from  the  gtant  dtpole  resonance  tn  the  reaction  C*2(Y,  n)- 
CH  usings  line  sulfide- pa  raff  In- plastic  scintillator  as 
the  neutron  detector.  In  contrast  to  the  results  for  photo- 
protons  from  carbon,  the  photoneutrons  show  a  dtp  at  90* 
and  a  distribution  that  can  be  filled  by  an  expression  of 
lhe  form  a  ♦  b  cos2S.  The  results  are  analyzed  from 
the  standpoint  of  distributions  expected  from  the  possible 
channel  spins  Involved.  (Contractor's  abstract) 

PEN.  06:018 

Pennsylvania  U.  [Dept,  of  Physics;  Philadelphia. 

Sr86-  87-  88,  Y89,  Zr92(v,n)  CROSS  SECTIONS  (Ab¬ 
stract),  by  P.  F.  YergtnandB.  P.  Fabrlcand.  [  1955] 


[  1]  p.  [AF  18(600)472]  Unclassified 

Presented  at  meeting  of  Amer.  Phys.  Soc. ,  Chicago, 

111.,  Nov.  25-26,  1955. 

Published  In  Phvs.  Rev.,  v.  100:  1269,  Nov.  15,  1955. 

These  cross  sections  were  measured  from  threshold  to 
23  mev.  All  show  the  usual  giant  resonance,  at  about 
16  mev.  The  width  of  the  resonances  show  systematic 
variation  not  attributable  to  (  y,  2n)  or  (Y  ,pn)  contribu¬ 
tions.  They  provide  further  evidence  of  the  effect  of 
the  magtc  neutron  number,  50,  on  the  giant  resonance 
width.  The  lesser  widths  are  not  associated  with 
greater  heights;  Instead  the  Integrated  cross  section 
decreases  substantially  when  the  peak  becomes  nar¬ 
rower.  It  was  also  observed  that  the  rise  of  the  cross 
section  Into  the  peak,  from  12. 5  to  15.  5  mev,  Is  almost 
exactly  the  same  In  shape  and  magnitude  for  all  5  Iso¬ 
topes,  as  well  as  for  the  previously  measured  Zr9®  and 
Zr9*.  In  agreement  with  the  conjecture  of  Wapstra  the 
Sre®(Y,  n)  threshold  was  found  to  be  about  11.  5  mev, 
not  at  9.  5  mev  as  previously  reported.  (Contractor's 
abstract) 


PEN.  06:019 

Pennsylvania  U.  [Dept,  of  Physics]  Philadelphia. 

BREMSSTRAHLUNG  SPECTRUM  FROM  THE  INTER¬ 
NAL  TARGET  OF  A  22- MEV  BETATRON,  by  E.  V. 

Wetn stock  and  J.  Halpern.  [1956]  [6]p.  tncl.  dlagrs. 
table,  refs.  (Sponsored  jointly  by  Air  Force  Office  of 
Scientific  Research  under  [AF  18(600)472],  Office  of 
Naval  Research,  and  Atomic  Energy  Commission) 

Unclassified 

Published  In  Phvs.  Rev.,  v.  100:  1293-1298,  Dec.  1, 
1955. 

The  Intensity  and  energy  distribution  of  the  bremsstrah- 
lung  photons  produced  tn  a  betatron  operating  at  22  mev 
have  been  determined  by  measurement  of  the  energy 
spectrum  of  photoprotons  ejected  from  deuterium.  The 
protons  were  detected  using  a  0. 15  cm  thick  Nal  crystal 
followed  by  a  100-channel  pulse-hetght  analyzer.  The 
pholon  beam  was  highly  colllmaled  tn  the  forward  di¬ 
rection.  If  one  assumes  the  energy  dependence  of  the 
cross  section  for  the  photodisintegration  of  deuterium 
as  given  by  Hulthen,  the  computed  bremsstrahlung  en¬ 
ergy  distribution  ts  tn  excellent  agreement  with  the 
theoretical  thtn-targel  spectrum.  The  observed  total 
Intensity  ts  that  Indicated  by  monitoring  using  an  "R” 
thimble  Imbedded  tn  3.  9  cm  of  Luctte.  (Contractor's 
abstract) 
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ANGULAR  DISTRIBUTION  OF  PHOTONEUTRONS  FROM 
CARBON  AND  BERYLLIUM,  by  B.  P.  Fabrlcand, 


AIR  FORCE  SCIENTIFIC  RESEARCH 


PE  06:021  -  PEN.  08:002 


B.  A.  Allison,  and  J.  Halpern.  [1956]  [3]p.  lnel. 
dlagrs.  refs.  (Sponsored  jointly  by  Air  Force  Office  of 
Scientific  Research  under  [AF  18(600)472],  Office  of 
Naval  Research,  and  Atomic  Energy  Commission) 

Unclassified 

Published  In  Phvs.  Rev.,  v.  103:1755-1757,  Sept.  15, 
1956. 

The  photoneulron  angular  distributions  from  carbon  and 
beryllium  have  been  measured  by  using  ’-■remsstrahlung 
of  maximum  energies  of  23  mev  and  18  mev,  respective¬ 
ly.  The  results  are  1  +  (1.35  *  0.  88)  sin26  for  carbon 
and  (1.26*  0.11)  +  sln2S  for  beryllium.  (Contractor's 
abstract) 


PEN.  06:021 

Pennsylvania  U.  [Dept,  of  Physics]  Philadelphia. 

(Y,  n)  CROSS  SECTIONS  OF  NUCLIDES  NEAR  NEUTRON 
NUMBER  50,  by  P.  F.  Yergln  and  B.  P.  Fabrlcand. 

[  1956]  [6]p.  lncl.  dlagrs.  tables,  refs.  (Sponsored 
jointly  by  [Air  Force  Office  of  Scientific  Research  under 
AF  18(600)472],  Office  of  Naval  Research,  and  Atomic 
Energy  Commission)  Unclassified 

Published  in  Phvs.  Rev.,  v.  104:  1334-1339,  Dec.  1, 
1956. 

Measurement  of  the  (Y,  n)  cross  sections  of  the  nuclides 
Sr86,  Sr87,  Sr88,  Y89,  Zr92,  together  with  earlier 
measurements  for  the  nuclides  Zr90,  Zr91,  and  Nb93, 
show  a  pronounced  narrowing  of  the  giant  dipole  reson¬ 
ances  In  the  region  of  neutron  number  50,  the  narrowest 
resonances  being  those  for  the  50- neutron  nuclides. 
Possible  confusion  of  the  Interpretation  of  the  data  due 
to  (f,  2n)  and  (y ,  pn)  processes  Is  shown  to  be  Inadequate 
to  explain  the  observed  effects,  and  the  narrowing  Is  con¬ 
cluded  lo  be  real,  In  agreement  with  the  prediction  of 
the  prediction  of  the  single -par tide  model  of  Wilkinson. 
The  changes  In  widths  are  observed  to  occur  entirely  on 
the  high-energy  sides  of  the  curves,  the  low-energy  sides 
being  remarkably  similar  for  all  8  nuclides.  A  regular¬ 
ity  In  the  behavior  of  the  peak  values  of  the  cross  sec  - 
tlons  Is  also  observed.  The  ( y ,  n)  threshold  of  Sr86  Is 
observed  to  be  at  about  11.5  mev,  In  agreement  with 
other  reaction  data,  but  In  disagreement  with  an  earlier 
tentative  assignment  based  on  neutron  yield  measure¬ 
ments  on  natural  Sr.  (Contractor's  abstract) 


PEN.  06:022 

Pennsylvania  U.  [  Dept,  of  l'hyslcs  j  Philadelphia. 

PHOTONEUTRON  YIELDS  FROM  NATURAL  MAGNE¬ 
SIUM.  by  P.  F.  Yergln.  I  1956  [  3  j  p.  lncl.  dlagrs. 

(Sponsored  Jointly  by  [  Air  Force  Office  of  Scientific  Re¬ 
search  under  AF  18(600)472. .  Office  of  Naval  Research, 
and  Atomic  Energy  Commission)  Unclassified 


Published  measurements  of  the  cross  sections  of  the 
(Y,  n)  reaction  In  natural  Mg  and  In  Mg25  are  In  dis¬ 
agreement  In  the  energy  region  where  the  other  Mg 
isotopes  do  not  contribute  lo  the  cross  section  of  the 
natural  sample,  and  Imply  a  most  unusual  cross-sec¬ 
tion  curve  for  the  Mg28  Isotope  at  slightly  higher  en¬ 
ergies.  A  new  measurement  of  the  cross  section  for 
natural  Mg  Is  reported  which  disagrees  strongly  with 
the  published  data,  but  agrees  with  the  Mg25  values, 
and  Implies  a  not- surprising  cross-section  curve  for 
Mg28.  The  origin  of  the  disagreement  In  the  natural- 
sample  cross-section  values  Is  unknown.  (Contractor’s 
abstract) 


PEN.  07:001 

Pennsylvania  U.  Dept,  of  Physics,  Philadelphia. 

[  NOISE  IN  ELECTRICAL  DISCHARGE  THROUGH 
GASES],  by  W.  L.  File.  Final  repl.  Dec.  15,  1952- 
Aug.  31,  1954.  Iv.  lncl.  lllus.  dlagrs.  refs.  ([AFj- 
OSR-TR-54-28)  (AF  18(600)487)  AD  47514 

Unclassified 

Studies  made  on  low  frequency  fluctuations  (less  than 
300  kcps)  In  electrical  discharges  through  gases  at  low 
pressure  are  described.  Single-  and  double-piobe  tech¬ 
niques  were  applied  to  cold  cathode  glow  discharges, 
hot  cathode  arc  discharges,  and  radio-frequency  elec- 
■odeless  discharges.  The  fluctuations  In  positive  Ion 
beams  from  radio-frequency  electrodeless  discharge 
sources  were  examined,  with  the  primary  result  being 
that  lon-beam  noise  Is  very  close  to  shot-effect  noise. 
Some  theoretical  considerations  of  random  effects  are 
Included.  (Contractor’s  abstract) 


PEN.  08:001 

Pennsylvania  U.  Dept,  of  Physics,  Philadelphia. 

EFFECT  ON  DISTRIBUTION  OF  LATTICE  DEFECTS 
WITHIN  CRYSTALS  OF  LINEAR  EXPANSION  AND  X- 
RAY  LATTICE  CONSTANT,  by  P.  H.  Miller,  Jr.  and 
B.  It.  Russell.  I  1953  i  [  2  j  p.  (AF  18(600)561) 

Unclassified 

Published  In  Jour.  Appl.  Phyg. ,  v.  24:  1248-1249, 
Sept.  1953. 

It  Is  asserted  that  for  randomly  distributed  Frenkel 
delects  the  relative  changes  In  x-ray  lattice  constant 
and  In  linear  dimensions  are  virtually  the  same.  The 
only  cases  In  which  Frenkel  delects  might  give  rise  to 
an  x-ray  expansion  differing  from  the  macroscopic 
linear  expansion  are  those  for  which  the  distribution  of 
defects  is  spatially  non-uniform  within  the  crystal. 

PEN.  08:002 
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Published  In  Phvs.  Rev.,  v.  104.  1340  1342,  Dec.  1, 
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THE  THERMAL  EXPANSION  OF  IONIC  CRYSTALS,  by 
1..  -Y.  Lin.  Feb.  1954,  lip.  lncl.  lllus.  (Technical 
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PEN.  08:003  -  PEN.  08:005 


rept.  no.  2)  ([  AF]  OSR-TN- 54-32)  (AF  18(600)561) 

AD  29701  Unclassified 

The  coefficient  of  thermal  expansion  of  L1F  and  KI 
crystals  was  determined  In  the  20“  to  300  JC  range  with 
a  capacitance  type  dllatometer.  The  Instrument  operates 
by  measuring  the  variation  In  capacitance  between  a 
fixed  and  a  movable  plate.  The  device  uses  the  varia¬ 
tion  In  capacitance  to  change  the  resonant  frequency  of 
a  HF  oscillator,  and  a  discriminator  to  convert  the  fre¬ 
quency  changes  Into  current  changes;  the  latter  an  in 
dlcated  by  the  deflection  of  a  galvanometer.  A  limiting 
amplifier  Is  used  to  free  the  instrument  from  errors 
which  might  otherwise  be  caused  by  amplitude  variation 
In  the  discriminator  Input.  The  average  values  of  the 
expansion  coefficients  agree  within  1%  In  most  cases  to 
the  dllatometer  measurements  made  by  Gott  (Ann.  Phys. , 
v.  41:  520,  1942)  for  the  same  crystals.  The  x-ray 
measurements  which  Gott  made  of  the  thermal  expansion 
of  these  crystals  are  believed  to  be  in  error  by  several 
percent. 


PEN.  08:003 

Pennsylvania  U.  Dept,  of  Physics,  Philadelphia. 

EFFECT  OF  DISTRIBUTION  OF  LATTICE  DEFECTS 
WITHIN  CRYSTALS  UPON  X-RAY  LATTICE  CONSTANT 
AND  MACROSCOPIC  LINEAR  EXPANSION,  by  B.  R. 
Russell.  July  24,  1953  [l4]p.  lncl.  dlagr.  tables. 
(Technical  rept.  no  1)  (AFOSR-TN-54-48)  (AF  18(600)- 
561)  AD  19715  Unclassified 

Owing  to  a  discrepancy  between  the  results  obtained  by 
P.  H.  Miller  and  B.  R.  Russell  (Item  no.  PEN.  08:001) 
and  those  found  by  J.  D.  Eshelby,  the  original  calcula¬ 
tions  were  reviewed  and  new  calculations  were  made. 

The  original  calculations  Involved  the  assumption  of 
simple  superposition  of  the  effects  produced  by  single 
defects;  the  new  calculations  consider  the  whole  distribu¬ 
tion  of  defects  (In  first  approximation  at  least),  andtthe 
results  Indicate  the  effects  of  nonuniformity  of  the  dls 
iflbuUon  quite  eleeely.  By  tr.teftwUttng,  H  4*  concluded 
that  for  uniform  distributions  of  Frenkel  defects  there 
Is  little,  If  any,  difference  betwenn  the  expansion 
nu*48>i  'ixl  by  means  ei  x-  ra_ys  sad  I  ha*  observed  by  means 
means  of  x-rays  and  that  observed  by  means  of  a  dlla¬ 
tometer.  A  check  of  the  original  calculations  disclosed 
an  error  In  1  Important  case  which  was  sufficient  to 
account  for  the  discrepancy  first  noted.  All  of  the  re¬ 
sults  now  seem  to  be  In  substantial  agreement. 

PEN.  08:004 

Pennsylvania  U.  [Dept,  of  Physics]  Philadelphia. 

CHANGE  IN  LENGTH  OF  ALKALI  HALIDE  CRYSTALS 
CAUSED  BY  X-RAY  IRRADIATION  (Abstract),  b>  L.-Y. 
Lin  and  B.  U.  Russell.  1955;  [l  p.  [AloSlt-TN- 
55  53  AF  18(600)561  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington.  D.  C. ,  <ipr.  28  30,  1955. 


Published  In  Phvs.  Rev.,  v.  99:  657,  July  15,  1955. 

Potassium  and  sodium  chloride  crystals  (about  12mm 
x  7mm  i  1.  5mm)  at  room  temperature  were  Irradiated 
with  xo- rays  In  a  thermostated  enclosure  regulated  to 
10"3  °C.  The  crystals  were  about  2‘A  Inches  from  the 
x-ray  tube  beryllium  window.  The  change  In  length  of 
the  largest  dimension  of  the  crystal  was  measured 
during  the  Irradiation  by  a  capacitance-type  dllatometer 
with  sensitivity  10'8cm.  The  F  center  density  calcu¬ 
lated  Iron,  the  increase  It.  length  pet  ur.lt  length  (at-wnii- 
lng  one  ion  pair  at  the  surface  for  each  pair  of  lattice 
vacancies)  agreed  within  5  percent  with  the  number  of 
color  centers  determined  subsequently  by  optical  ab¬ 
sorption  measurement.  For  example:  Al/1  =  6. 1  x 
10  ,  n  (calculated)  =  4.1  >  1018  cm'*,  n  (optical, 
colored  portion)  =  1.9  x  1018  cm'3  for  NaCl;Al/l  = 

1.  36  x  10"8,  n  (calculated)  =  6.  6  x  1018  cm'3,  n  (op¬ 
tical)  =  6.  7  x  1018  cm"3  for  KC1.  These  crystals  were 
uncolored  in  about  30  percent  of  their  volume  as  they 
were  larger  than  the  x-ray  beam.  Using  a  slightly 
smaller  cty&Ul  to  get  uniform  c<  lurallor  Brought ut 
the  whole  crystal,  AVI  =  4.  3  x  lO'"*,  n  (calculated)  = 

2. 1  x  1018  cm'3,  n  (optical)  =  2. 0  x  1018  cm'3  for  KCl. 
(Contractor's  abstract) 


PEN.  08:005 

Pennsylvania  U.  Dept,  of  Physics,  Philadelphia. 

THE  CHANGE  OF  LENGTH  OF  IONIC  CRYSTALS  DUE 
TO  X-RAY  IRRADIATION,  by  L.  -Y.  Lin.  June  1955, 
lv.  lncl.  dlagrs.  tables,  refs.  (Technical  rept.  no.  3) 

([  AFiOSR-TN-55-103)  (AF  18(600)561)  AD  64017 

Unclassified 

In  this  study,  the  potassium  chloride  and  sodium  chlo¬ 
ride  crystals  (about  12  mm  by  8  mm  by  1.  5  mm)  at 
room  temperature  both  In  air  and  In  helium  atmosphere 
are  Irradiated  up  to  3  hr  with  x-rays  (48  kv  at  18  ma). 
The  crystals  are  placed  In  a  thermostated  enclosure 
regulated  to  0.01*C,  2.5  In.  from  the  x-ray  tube  beryl¬ 
lium  window .  The  change  In  length  of  the  largest  tUtnen 
slon  of  the  crystal  Is  measured  during  the  Irradiation  by 
a  capacitance  type  dllatometer  with  sensitivity  10'8  cm. 
it  is  r^jod  tha]  the  number  n(  f  crnlrrs  unit  volume 
calculated  from  the  Increase  In  length/unit  length  agrees 
within  5%  with  the  number  of  color  centers/unit  volume 
determined  subsequently  by  optical  absorption  measure  - 
mei.t.  A  series  of  measurements  has  been  carried  out 
with  different  Irradiation  times,  and  It  Is  found  that  the 
relation  between  the  relative  expansion  of  crystal  and 
the  density  of  F- centers  Is  linear.  It  Is  also  found  that 
the  relative  expansion  of  the  crystal  does  not  depend  on 
the  dimensions  of  the  colored  part  of  the  crystal.  Sup¬ 
plementary  experiments  Indicate  that  this  Is  caused  by 
the  formation  of  defects  throughout  the  crystal  even 
though  only  a  small  fraction  of  the  volume  Is  directly 
exposed  to  the  x-ray  beam.  In  all  cases,  a  short  time 
lag  occurs  between  the  start  of  the  Irradiation  and  the 
Initial  expansion  of  the  crystal  for  KCl  the  lag  Is  about 
20  min,  and  for  NaCl  It  Is  about  30  min.  In  addition, 
the  expansion  Is  always  found  to  continue  for  about  6  min 
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after  the  x-rays  are  turned  off.  Bleaching  experiments 
have  also  been  performed  on  crystals  prevtously  colored 
using  light  wave-length  of  560  m u  for  KC1  and  450  mp 
for  NaCl.  The  crystats  neither  contract  nor  expand 
when  the  density  of  F-centers  is  reduced  from  about 
1017  cm"3  to  less  than  1015  cm"3.  The  time  for  bleach¬ 
ing  is  about  30-40  mtn.  (Contractor's  abstract,  mod¬ 
ified) 


PEN.  08:008 

Pennsylvania  U.  Dept,  of  Physics,  Philadelphia. 

RATE  OF  FORMATION  OF  F-CENTERS  IN  PARTIALLY 
X-RAY  IRRADIATED  ALKALI  HALIDE  CRYSTALS  (Ab¬ 
stract),  by  L. -Y.  Lin  and  M.  E.  Caspnrl.  [  1956]  [ljp. 
[AF  28(800)561]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  26-28,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  n,  v.  1: 
213,  Apr.  28,  1958. 

The  over-alt  relative  linear  expansion  of  partially  x-  ray 
Irradiated  potassium  and  sodium  chtorlde  crystals  was 
found  to  be  proportional  to  the  average  F-center  con¬ 
centration  In  the  trradlated  portion,  but  not  to  the  F- 
center  concentration  averaged  over  the  whole  crystat. 
Further  experiments  have  shown  that  the  rate  of  for¬ 
mation  of  F-centers  In  partially  x-ray  Irradiated  crystats 
Is  directly  proportional  to  the  fraction  of  the  votume 
which  is  exposed  to  the  Irradiation  and  that  the  F-center 
concentration  after  a  certain  period  of  Irradiation  In  a 
prevlousty  uncolored  part  Is  greatty  Increased  by  first 
irradiating  an  adjacent  part.  These  experiments  Indicate 
the  presence  of  a  targe  number  of  vacancies  in  the  non- 
trradlated  portion  of  the  crystal.  The  diffusion  of  va¬ 
cancies  In  alkali  hatlde  crystals  Is  not  large  enough  to 
account  for  this  rapid  transfer  of  vacanctes,  but  slip 
processes  may  possibly  explain  the  effects.  (Contrac¬ 
tor's  abstract) 


PEN.  08:007 

Pennsylvania  U.  Dept,  of  Physics,  Philadelphia. 

EXPANSION  OF  POTASSIUM  AND  SODtUM  CHLORIDE 
CRYSTALS  DUE  TO  X-RAY  IRRADIATION  OF  WEAK 
INTENSITIES,  by  L. -Y.  Lin.  [  1956  ]  [  7  ]  p.  incl.  lllus. 
dlagrs.  tables,  refs.  [  AF  18(800)581  i 

Unclassifted 

Published  In  Phys.  Rev.,  v.  102:  988-974,  May  15, 

1956. 

Rectangular  cteaved  samples  of  potassium  and  sodium 
chloride  crystals  having  dimensions  of  about  12  x  10  x  15 
mm  were  Irradiated  for  times  up  to  three  hours  with 
x  rays  (48  kv  at  18  ma)  from  a  molybdenum  target  tube 
passing  through  a  beryllium  window  at  room  temperature 
In  air  and  In  helium  atmospheres.  The  crystals  were 


placed  tn  a  thermostatted  enclosure  regutated  to  within 
0.01®C.  The  crystals  were  about  2"A  tn.  from  the  x- 
ray  tube  beryllium  wtndow.  The  change  in  length  of 
the  largest  dtmenston  of  the  crystal  was  measured 
during  and  after  the  Irradiation  by  a  capacitance- type 
dllatometer  with  a  sensttivlty  of  10'®  cm.  A  series  of 
measurements  were  carrted  out  emptoylng  different 
times  of  irradiation  and  it  was  found  that  the  relation 
between  the  relative  linear  expansion  of  the  crystat  and 
the  optically  determined  average  concentration  of  F- 
centers  was  linear  with  a  constant  of  proportionality 
remarkably  close  to  the  value  of  d3/12,  where  d  is  the 
tattlce  constant  of  the  crystal.  There  was  a  time  delay 
o'  about  20-30  minutes  before  the  expansion  could  be 
detected.  This  time  delay  was  increased  by  ptastic  de¬ 
formation.  The  results  did  not  depend  on  the  fraction 
of  the  crystal  volume  which  was  lrradtated.  The  rate 
of  formation  of  a  certain  P-center  concentration  in  the 
Irradiated  portion  of  the  crystal  was  directty  propor  - 
tional  to  the  fraction  of  the  votume  exposed  to  the  Irradi¬ 
ation.  In  partially  irradiated  crystats,  the  rate  of  for¬ 
mation  of  F-centers  in  the  nonlrradlated  portion  upon 
subsequent  trradiatlon  was  greatly  Increased  by  the 
presence  of  the  adjacent  lrradtated  part.  The  merits  of 
possible  models  lo  explain  these  results  are  discussed. 
(Contractor's  abstract) 
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EVIDENCE  FOR  AN  INDEPENDENT  PARTICLE  STATE 
OF  C12  AT  HIGH  EXCITATION,  by  A.  K.  Mann,  W.  E. 
Stephens,  and  D.  H.  Wilkinson.  [  1955]  2p.  (Spon¬ 
sored  jointly  by  Atomic  Energy  Commission  and  [Air 
Force]  Office  of  Scientific  Research  under  [AF  18- 
(600)894  J)  Unclassified 

Published  In  Phys.  Rev.,  v.  97:  1184-1185,  Feb.  15, 
1955. 

Current  evidence  concerning  the  reaction  C12  or,  P)B” 
shows  that  the  "giant  resonance"  state  at  approximately 
22  mev  excitation  Is  of  an  tndependent-partlcle  char¬ 
acter.  It  Is  slmpty  related  by  Its  shell  modet  descrip¬ 
tion  to  the  ground  state  of  Cl2  and  to  the  low-lying 
levels  of  B“. 
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EI.AST1C  SCATTERING  OF  .41  AND  .  66  MEV  GAMMA 
RAYS  BY  TIN  AND  LEAD  (Abstract),  by  A.  K.  Mann. 

[  1955]  [lip.  [  AF  18(800)894  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Chicago,  ttl. ,  Nov.  26-27,  t954. 

Pubtlshed  In  Phys.  Rev.,  v.  98:  234,  Apr.  1,  1955. 

Collimated  beams  of  0.41  and  0.66  mev  gamma  rays 


'  671  ■ 


AIR  FORCE  SCIENTIFIC  RESEARCH 


PEN.  09:003  -  PEN.  09:006 


were  scattered  fromtln  and  lead  targets  and  the  absolute 
differential  cross  sections  for  elastic  scattering  meas¬ 
ured  at  five  angles  between  15  and  75  degrees.  The 
scattered  radiation  was  detected  with  a  Nal  scintillation 
counter  to  select  only  the  energy  region  of  elastic  scat¬ 
tering.  At  the  smaller  angles,  the  degraded  radtatton 
from  Compton  scattering  was  subtracted  empirically  by 
comparing  the  tin  and  lead  scattering  with  that  from  an 
aluminum  target  containing  the  same  number  of  elec¬ 
trons.  At  these  energies  the  predominant  mode  cf  elastic 
scattering  should  be  Rayleigh  scattering  from  the  tightly 
bound  electrons.  Within  the  experimental  error  of  about 
10  percent  the  measured  differential  cross  sections  for 
lead  at  both  0. 41  and  0.  66  mev  c!i  not  differ  significantly 
frcm  IN  calculation  ot  RayUlgt  •  -altering  made  by 
Franz  using  the  Thomas-Fermt  model.  For  tin  at  0.  66 
mev  the  measured  values  at  large  angles  appear  to  be 
less  than  those  given  by  Franz,  but  no  such  disagreement 
ts  evident  at  0.  41  mev. 
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ENERGY  SPECTRUM  OF  PHOTOPROTONS  FROM 
CARBON  (Abstract),  by  W.  E.  Stephens  and  A.  K. 

Mann.  [l955j[l,p  [AF  18(600)894] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Chicago, 
III.,  Nov.  26-27,  1954. 

Published  in  Phvs.  Rev.,  v.  98:241,  Apr.  1,  1955. 

The  photoprotons  ejected  from  a  6  mg  per  cm2  thick 
carbon  foil  by  23- mev  bremsstrahlung  have  been  ob¬ 
served  in  nuclear  emulsions.  The  ranges  of  408  protons 
which  entered  the  emulsions  in  the  proper  direction  were 
measured.  The  proton  energy  distribution  has  a  peak 
at  5.  5  mev  and  a  width  at  half- maximum  of  about  2.  8 
mev.  These  values  confirm  the  previous  determination 
ol  the  giant  tesuna n<_e  in  carbon  which  had  been  obtained 
from  yield  curve  data.  The  width  of  the  proton  spectrum 
is  consistent  with  transitions  from  a  single  broad  level 
in  C12  to  the  ground  state  of  B"  but  transitions  to  the 
first  excited  state  of  B11  appear  to  be  Inhibited.  (Con¬ 
tractor's  abstract) 
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FINE  STRUCTURE  IN  THE  (Y , p)  REACTION  IN 
OXYGEN,  by  W.  E.  Stephens.  A.  K.  Mann  and  others. 

[  1955  ]  [ljp.  lncl.  dlagrs.  (Sponsored  jointly  by 
Atomic  Energy  Commission,  Office  of  Naval  Research, 
and  [  Air  Force  Office  of  Scientific  Research  under 
AF  18(t>00)894  )  Unclassified 

Published  In  Phys.  Rev.,  v.  98:  839,  May  i,  1955. 

An  oxygen  gas  target  was  bombarded  with  25  mev  brems¬ 


strahlung.  The  photoprotons  were  observed  with 
nuclear  emulsions.  Proton  groups  at  4.  5  and  3.  5  mev 
are  Identified  with  transitions  to  the  5.3  and  6.  3  mev 
levels,  respectively  of  N*®.  A  group  at  2. 4  mev  Is 
produced  by  transitions  from  the  14. 7  mev  resonance 
In  oxygen  to  the  ground  state  of  N^.  The  complete 
energy  spectrum  of  photoprotons  from  oxygen,  0-12 
mev,  Is  transformed  to  a  cross- section  curve  for  proton 
absorption  which  gives  rise  to  transitions  to  the  ground 
stiw  of  N15  12-25  mix. 


PEN.  09:005 

Pennsylvania  U.  .Dej.!  of  Physics]  Ptliadelphla 

ELASTIC  SCATTERING  OF  GAMMA  RAYS,  by  A.  K. 
Mann.  [  1955]  [l6]p.  lncl.  dtagrs.  refs.  (AF  18- 
(600)894)  Unclassified 

Alsu  Published  1ft  FlWa.  Rt-V.,  y  lbl.  4-8,  Jan.  1, 

1956. 

Gamma  rays  of  0.411,  0.662,  and  1.33  mev  were  scat¬ 
tered  from  tin  and  lead  targets  and  the  absolute  differ¬ 
ential  cross  sections  for  elastic  scattering  were  meas¬ 
ured  at  six  angles  between  15  and  90  degrees.  At  0.411 
and  0.  662  mev,  the  scattering  is  expected  to  be  almost 
entirely  Rayleigh  scattering  from  the  tightly  bound 
electrons,  and  these  data  should  therefore  provide  a 
reasonably  stringent  test  of  the  theory  of  that  process. 
However,  the  only  calculations  of  Rayleigh  scattering 
presently  available  are  form-factor  calculations  which 
are  expected  to  be  inadequate  for  several  reasons  — 

In  particular,  for  neglect  of  electron  binding  in  the  In¬ 
termediate  state  of  the  scattering  process,  and  for 
certain  nonrelatlvlstlc  approximations  —  and  conse¬ 
quently  comparisons  of  experiment  with  the  form-factor 
results  are  Inconclusive.  Nevertheless,  for  the  scat¬ 
tering  from  tin  at  both  0.411  and  0.662  me",  there  is 
fair  but  possibly  fortuitous  agreement  between  experi¬ 
ment  and  form-factor  calculations  using  Dirac  wave 
funtttbmt  lor  the  electrons,  lor  lead  at  the  same  tner 
gtes  there  are  appreciable  discrepancies  particularly 
at  the  larger  angles  between  the  experimental  results 
and  similar  calculations.  In  view  of  the  latter  discrep¬ 
ancies,  tt  appears  that  unambiguous  tdentlftcatton  of 
the  elastic  scattering  of  gamma  rays  by  the  electric 
field  of  a  nucleus,  t.  e. ,  potential  scattering,  cannot 
be  obtained  from  measurements  of  the  total  elastic 
scVterlng  by  lead  at  1.33  mev  without  Improvements 
In  the  theory  of  Rayleigh  scattering.  (Contractor's 
abstract) 
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SUMMARY  OF  RECENT  MEASUREMENTS  OF  THE 
COMPTON  EFFECT,  by  A.  Bernstetn  and  A.  K.  Mann. 
I  1956:  [6,p.  lnct.  dtagrs.  table,  refs.  [  AF  18- 
(600)894  i  Unclassified 

Published  In  Amer.  Jour.  Phys.,  v.  24:445-450,  Sept. 
1956. 
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The  use  of  newly  developed  experimental  techniques  has 
led  to  the  perlormance  of  experiments  that  have  verified 
wtth  relatively  high  prectston  both  lhe  assumptions  and 
predictions  of  the  quantum  theory  of  the  Compton  effect. 
Several  of  these  recent  experiments,  Including  some  on 
the  simultaneity  of  appearance  of  the  scattered  photon 
and  recotl  electron,  the  conservation  of  energy  and 
momentum  and  the  differential  and  total  scattering  cress 
sections,  are  brtefly  described.  Thetr  results  are  com¬ 
pared  with  those  of  earlter  experiments  and  wtth  theory 
to  tndlcale  the  degree  of  severity  with  which  the  theory 
Is  presently  tested.  (Contractor’s  abstract) 
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PHOTOPROTONS  FROM  Be,  C,  AND  O,  by  L.  Cohen, 

A.  K.  Mann  and  others.  [  1 956  J  [  7  i  p.  lnd.  diagrs. 
tables,  refs.  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Alomtc  Energy  Commission,  and  [  Atr  Force 
Office  of  Scientific  Research  under  AF  18(600)894  J 

Unclassified 

Published  In  Phys.  Rev.,  v.  f 04 :  108-114,  Od.  1,  1956. 

The  pholoprotons  ejected  from  thin  foils  of  berylltum, 
carbon  and  polyethylene  and  from  oxygen  gas  by  25-inev 
betatron  bremsslrahlung  were  observed  In  nuclear  emul¬ 
sions  with  good  resolution.  The  energy  distributions  and 
yields  of  photoprotons  were  determined  for  Be,  C,  and 
O.  Excitation  functions  for  lransttlons  lo  lhe  ground 
slates  of  lhe  residual  nuclei  have  been  constructed  from 
the  observed  pholoprolon  energy  distributions  of  C  and 
O.  Structure  Is  observed  tn  lhe  proton  energy  dtslrl- 
buttons  and  hence  appears  In  the  corresponding  (Y,  p) 
excllallon  functions.  This  structure  ts  tn  rough  agree¬ 
ment  wtlh  lhal  observed  In  (Y,  n)  reactions  In  C  and  O. 
(Contractor's  abstract) 
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DISPERSION  RELATIONS  FOR  FIXED  SOURCE  MESON 
THEORIES,  by  A.  Klein.  June  1956,  20p.  lncl.  dlagr. 
refs.  (Technical  note  no.  1)  (AFOSR-TN- 56 -256) 

(AF  18(603)60)  AD  88976  Unclassified 


f  5,  1956. 


Phys.  Rev.,  v.  104:  1131-1136,  Nov. 


A  study  Is  being  made  to  obtain  exact  consequences  of 
lhe  most  general  postulates  of  local  field  theories  with¬ 
out  making  laborious  calculations.  Dispersion  relations 
for  a  class  of  Hamiltonian  operators  describing  meson 
theories  with  a  fixed,  extended  source  are  derived  for 
meson-nucleon  scattering.  The  assumption  Is  made 
that  each  meson  field  operator  Is  coupled  to  Its  own 
source,  and  a  restriction  Is  Imposed  on  the  maximum 
number  of  temporal  or  spatial  derivatives  of  the  field 
operator  that  can  occur  In  any  one  term:  the  Interaction 
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Is  not  necessarily  linear  in  the  meson  field.  With  these 
assumptions,  nonrelativtstic  verstons  of  all  proposed 
relatlvisttc  dtspersions  are  derived  rigorously.  In 
particular,  the  P-wave  equattons  of  Chew  and  Low 
(Phys.  Rev.,  v.  101:  1570,  1956)  were  obtained  as  well 
as  a  set  of  equations  for  the  S-waves.  Dlscusstons  are 
presented  on  the  forward  scattering  of  neutral  mesons 
and  of  symmetrical  pseudoscalar  mesons.  The  sym¬ 
metry  pseudoscalar  lheory  is  described. 
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DISPERSION  RELATIONS  FOR  FIXED  SOURCE  MESON 
THEORIES.  H.  EFFECTIVE  RANGE  RELATIONS,  by 
A.  Kletn.  July  1956  [20jp.  lncl.  diagrs.  (Technical 
note  no.  2)  (AFOSR-TN-56-288)  (AF  18(603)60) 

AD  89499  Unclassified 

Also  ouhllshed  In  Phvs.  Rev.,  v.  f 04 :  1 1 36- f  1 4 f ,  Nov. 
15,  1956. 

Dispersion  relations  for  boson-fermion  scattering  have 
been  shown  to  yteld,  tn  the  slatlc  limit,  coupled  tnlegrai 
equations  for  the  scattering  amplitudes  of  a  definite 
orbtial  angular  momentum.  The  present  Investigation 
Is  devoted  lo  Lhe  search  for  the  "solutions"  of  these 
equations,  or  more  accuralely,  lo  the  problem  of  ob¬ 
taining  essentially  real  Integral  equations  for  the  re¬ 
ciprocals  of  lhe  scattering  amplitudes,  stnee  such  equa¬ 
tions  would  form  lhe  basis  for  effective  range  approxi¬ 
mations.  The  mathematical  problem  ts  that  of  deter¬ 
mining  an  analytic  conllnuatton  of  the  scattering  ampli¬ 
tudes  which  has  no  zeros  In  the  complex  plane.  It  ts 
shown  dial  for  all  cases  considered  tn  I,  an  analytic 
conllnuatton  can  be  deftned,  either  for  lhe  scattering 
amplitude  tn  a  deftnlle  channel,  or  for  a  simple  Itnear 
combination  of  lhese,  which  has  lhe  basic  properties  of 
Wtgner's  R-funcllons  and  yields  the  required  equations 
upon  Inversion.  These  lnverstons  contain  as  many 
arbitrary  constants  (or  In  some  tnstances  functions)  as 
there  are  zeros  In  lhe  ortglnal  ampltiudes.  II  Is  shown 
that  lhe  procedures  apply,  without  essential  change,  to 
lhe  case  where  Inelastic  processes  are  permllled.  No 
attempt  Is  made  to  apply  the  resultant  formulas  lo  ex¬ 
periment. 
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SCATTERING  OF  K  I  ARTICLES  BY  PROTONS,  by 
A.  Klein,  B.  H.  McCormick,  and  It.  Slernhelmer. 
Sept,  f  956  f  3  ,  p.  lncl.  dlagr.  refs.  (Technical  nole 
no.  4)  (AFOSH  -TN-56-41 8)  (AF  18(603)60)  AD  96227 

Unclassified 

In  this  study,  the  scattering  of  positive  K  mesons  by 
protons  Is  Investigated  under  the  hypothesis  that  K 
mesons  emit  and  absorb  n  mesons  singly.  First,  the 
potential  acting  between  a  K  pariicL-  and  a  nucleon  Is 
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calculated,  Including  the  exchange  o(  al  most  2  plons 
[it  mesons J .  The  Schrodlnger  equation  Is  lhen  sepa¬ 
rated  Into  partial  waves,  and  lhe  scattering  amplitude, 
differential  cross-section  and  lolal  cross-section  are 
related  lo  the  elgenphases  and  mixing  parameters  which 
define  11s  solutions  asymptotically.  Novel  features  of 
the  various' formulas  arise  from  the  assumed  parity 
doubling  of  the  K-partlcle.  (Contractor's  abstracl) 
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CONSTRUCTION  OF  THE  ADIABATIC  NUCLEAR  PO¬ 
TENTIAL.  1.  FORMALISM,  by  A.  Klein  and  B.  H. 
McCormick,  July  1956,  38p.  refs.  (AFOSR-TN-56-419) 
(AF  18(603)60)  AD  96228  Unclassified 

Also  Published  In  Phvs.  Rev.,  v.  104:  1747-1757,  Dec. 
15,  1956. 

A  new  formalism  Is  presented  for  the  construction  of 
lhe  2-nucleon  potential,  whose  sallenl  characteristic  Is 
thal  It  Involves  an  expansion  only  In  the  number  of 
mesons  exchanged,  the  self-meslc  field  of  each  nucleon 
being  lrealed,  In  principle,  exactly.  Access  lo  the  po¬ 
tential  Is  achieved  through  the  Intermediary  cf  the  scat¬ 
tering  matrix.  Alternative  versions  of  the  latter  are 
derived  with  the  neglecl  either  of  nonlinear  meson  propa¬ 
gation  or  of  closed  loops  entirely.  Only  lhe  form  ob¬ 
tained  under  the  second,  more  drasllc  assumption  Is 
exploited  In  this  study.  The  connection  between  lhe  scat¬ 
tering  matrix  and  lhe  potential  ts  discussed;  tt  Is  em¬ 
phasized  again  lhal  lhe  transition  between  the  2  requires 
knowledge  of  nonenergy  conserving  matrix  elements  of 
the  potential,  which  can  be  obtained  only  If  lhe  under¬ 
lying  Schrodlnger  equation  Is  known.  The  potential  In¬ 
volving  the  exchange  of  at  most  2  P-wave  mesons  Is  com¬ 
puted  and  It  Is  shown  to  depend  on  the  renormalized 
coupling  conslant,  the  single-nucleon  source  function, 
and  the  total  cross-sections  for  pton  [  n  meson  ] - 
nucleon  Interaction.  The  numerical  evaluation  of  these 
formulas  Is  not  attempted.  (Contractor's  abstract) 
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AN  INVESTIGATION  OF  COANDA  EFFECT  IN  THREE 
DIMENSIONS,  bv  W.  E.  Osborne  and  J.  A.  Bright. 
Preliminary  rept.  [  1955 ,  [22  p.  tncl.  lllus.  dtagr. 
refs.  (AF  18(600)1568)  Unclassified 

A  theoretical  and  experimental  Investigation  of  the  three- 
dimensional  Coanda  effect,  Including  an  evaluation  of  a 
practical  nozzle  design,  was  undertaken.  Two-  and 
three  dimensional  Coanda  nozzles  were  studied  to  deter 
mine  optimum  configuration  for  flow  Induction. 

See  also  Odin  Associates,  Item  no.  OD1.  02:001. 
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THE  AERODYNAMICS  OF  BODIES  IN  NON-UNIFORM 
FLOW,  by  E.  Pistole  si  and  M.  Marini.  [1956]  lv. 
incl.  diagrs.  lables.  (AFOSR-TR-56-37)  (AF  61- 
(514)872)  AD  96513  Unclassified 

A  study  Is  made  of  lhe  aerodynamics  of  airfoils  immersed 
in  a  subsonic  slream  of  compressible  fluid  adjacent  lo 
another  similar  slream  of  different  subsonic  velocity. 
The  following  cases  are  examined:  (l)  lwo  seml-lnflnile 
streams;  (2)  a  seml-lnflnile  stream  adjacent  lo  a  stream 
bounded  by  a  rigid  wall;  and  (3)  a  seml-lnflnile  slream 
adjacent  to  a  jel.  Each  case  Is  explained  for  an  air¬ 
foil  of  zero  thickness  disposed  al  some  angle  of  attack 
and  for  an  airfoil  cf  finite  *hlckness-chord  ratio  at  zero 
angle  of  attack.  The  problem  Is  defined  by  lwo  restric¬ 
tions:  (1)  the  perturbation  pressure  musl  be  the  same 
on  both  sides  of  the  Interface  between  the  slreams;  and 
(2)  the  flow  Inclination  musl  be  the  same  on  both  sides 
of  the  interface.  By  the  use  of  the  theory  of  small  dis¬ 
turbances  and  Fourier  Integral  representation,  the 
values  of  lhe  induced  axial  and  transverse  velocities  on 
the  airfoil  are  obtained.  Consideration  Is  also  given  tn 
the  problem  of  two  seml-lnflnlte  streams  of  compressi¬ 
ble  fluid  when  one  has  a  subsonic  velocity  and  the  olher 
has  a  supersonic  velocity. 
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FIFTH  SYMPOSIUM  (INTERNATIONAL)  ON  COMBUS¬ 
TION:  COMBUSTION  IN  ENGINES  AND  COMBUSTION 
KINETICS,  Piilsburgh  U. ,  Pa.  (Aug.  30-Sept.  3,  1954), 
N.  Y.,  Relnhold,  1955,  802  p.  Incl.  lllus.  diagrs. 
tables,  refs.  (Sponsored  jointly  by  Air  Force  Office  of 
Scientific  Research  under  AF  18(600)1188,  Office  of 
Ordnance  Research,  and  Office  of  Naval  Research) 

Unclassified 

A  series  of  101  papers  are  presented  on  tiie  chemical 
aspects  of  combustion  and  combustion  klneltcs.  Eleven 
review  papers  are  tnduued  of  f  roblems  on  combustion 
In  engines  and  kinetics  of  combustion  processes;  90 
papers  are  Included  on  combustion  of  fuel  droplets,  pro¬ 
pellant  burning,  combustion  of  solids,  diffusion  flames 
and  carbon  formation,  combustion  tn  engines,  special 
research  techniques,  kinetics  of  combustion  In  engines, 
special  research  techniques,  kinetics  of  combustion  re¬ 
actions,  as  well  as  flame  spectra  and  dissociation  en¬ 
ergies.  Panel  discussions  are  summarized  of  hetero¬ 
geneous  burning  and  of  the  status  of  the  theory  of  status 
of  the  theory  of  combustion  kinetics. 

ITT.  02:001 

Pittsburgh  U.  Sarah  Mellon  Scatfe  Radiation  Lab. ,  Pa. 
THE  ZEEMAN  SPLITTING  OF  NUCLEAR 


AIR  FORCE  SCIENTIFIC  RESEARCH 


PIT.  02:002  -  PIT.  02:005 


QUADRUPOLE  RESONANCES,  by  C.  Doan.  [  1954  ] 

([  AF]OSR-TN-54-172)  (AF  18(600)892)  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  96:1053-1059,  Nov. 

15,  1954. 

The  theory  of  the  Zeeman  splitting  of  the  pure  quadrupole 
energy  levels  for  nuclei  of  hall  Integral  spin  Is  given  In 
a  lorm  that  Is  correct  for  any  electric  field  gradient. 

The  splitting  ol  the  spectra  Is  discussed,  and  also  the 
slmpllcatlons  that  can  be  made  In  the  theory  when  the 
magnetic  field  Is  parallel  to  any  ol  the  three  principal 
axes  of  the  electric  Held  gradient.  For  spin  3/2  It  Is 
slii/Wu  that  the  deviation  ol  the  ^.adlcut  Ituni  cylindrical 
symmetry  can  be  determined  from  the  Zeeman  spectrum, 
and  detailed  calculaf.  ,is  are  given  for  this  case,  along 
with  a  dlseuasltn  of  their  experimental  apptle-atw,. 
(Contractor's  abstract) 


PIT.  02:002 

Pittsburgh  U.  Sarah  Mellon  Scalfe  Radiation  Lab. ,  Pa. 

EFFECTS  OF  ANISOTROPY  ON  THERMODYNAMIC 
PROPERTIES  OF  ANTIFERROMAGNETS,  by  J.  A. 
Elsele  and  F.  Keffer.  [Aug.  13,  1954  J  [  21 J  p.  lncl. 
dlagrs.  table,  refs.  ([  AF  JOSR-TN-54-197)  (AF  18- 
(600)892)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Detroit, 
Mich.,  Mar.  18-20,  1954. 

Also  published  In  Phvs.  Rev.,  v.  96:929-933,  Nov.  15, 
1954. 

In  antlferromagnets,  because  ol  Interplay  with  exchange 
energy,  a  small  anisotropy  can  have  a  huge  effect  on 
thermodynamic  properttes.  Detailed  calculations  are 
given,  using  spin- wave  theory,  of  the  effects  of  anlso- 
ropy  on  sublatllce  magnetization,  specific  heat,  and 
parallel  susceptibility  ol  a  cubic  atiUlerrsmagnet.  Spe¬ 
cific  heat  data  are  discussed  and  experiments  are  sug¬ 
gested  on  the  relatively  large  spin  specific  heats  of 
antlferromagnets  with  low  Curie  points.  The  theory  Is 
extended  to  orthorhombic  symmetry,  ano  reasonaote 
agreement  Is  found  with  exlsttng  experimental  data  on 
CuCl2-2H20.  (Contractor's  abstract) 


PIT. 02:003 

Pittsburgh  U.  Sarah  Mellon  Scalfe  Radiation  Lab.,  Pa. 

DIPOLAR  FERROMAGNETISM  AT  O-K,  by  M.  H.  Cohen 
and  F.  Keffer.  [Mar.  11,  1955,  24p.  incl.  table. 

( I  AF  OSR-TN-55-86)  .  AF  18(600)892 '  AD  111075 

Unclasstfled 

Also  published  In  Phys.  Rev.,  v.  99:  1135-1140,  Aug. 

15,  1955. 

A  crtttcal  examlnat.on  ol  the  Holsteln-Prlmakoff  spin- 
wave  technique  has  yielded  explicit  criteria  for  the 


stability  of  ferromagnetic  arrays.  These  criteria  have 
been  applied  to  point  dipoles  on  the  3  primitive  cubic 
lattices  for  the  shape  most  favorable  to  ferromagnetism 
that  of  a  long,  thin  sample.  The  results  show  that:  (1) 
dipolar  ferromagnetism  cannot  occur  in  the  simple  cubic 
lattice;  (2)  the  ferromagnetic  state  can  be  the  lowest,  or 
at  least  a  metastable,  state  on  the  face  centered  cubic 
and  body-centered  cubic  lattices.  The  zero- point  en¬ 
ergies  of  ferromagnetic  states  are  calculated  tor  the 
<[100>,  <01l),  and  (111^,  directions,  yielding  2 
anisotropy  constants,  Ki  and  K2,  for  each  lattice.  The 
Holstein- Prlmakofl  Hamiltonian  Is  shown  not  lo  be  di¬ 
agonal  for  spin  waves  In  the  pathological  region,  1.  e. , 

J.  wavelengths  eot.ipafatlfe  to  the  dimensions  of  the 
specimens.  The  properties  of  this  region  are  shown  to 
be  unimportant  in  energy  considerations  but  may  effect 
stability.  They  are  ul  great  importance  In  effert*  swl, 
as  ferromagnetic  resonance  which  Involve  long-wave¬ 
length  spin  waves.  (Contractor's  abstract) 


PIT. 02:004 

Pittsburgh  U.  [  Sarah  Mellon  Scalfe  Radiation  Lab.  J  Pa. 

CHLORINE  NUCLEAR  QUADRUPOLE  RESONANCES 
IN  SOLID  SOLUTIONS,  by  C.  Dean.  June  8,  1955  [  1 J  p. 
([  AFjOSR-TN  -55-190)  (AF  18(600)892)  AD  110912 

Unclassified 

Published  In  Jour.  Chem.  Phys.,  v.  23:  1734-1735, 

Sept.  1955. 

A  study  is  reported  briefly  ol  the  Cl35  nuclear  quad¬ 
rupole  resonance  In  [>:  bromochlorobenzene  ({>:  Br  $C1). 
Observations  have  been  made  at  room  temperature  In 
several  solid  solutions  of  the  above  substance  with  g: 
dlbromobenzene  (£ :  Br2  $).  At  the  lowest  concentra¬ 
tion  utilized  (2  mol-%  p:  Br^JCl),  the  narrowest  reso¬ 
nance  was  found.  As  the  concentration  was  increased, 
the  resonances  became  broader,  being  too  broad  for 
positive  Identification  ln^:  Br^-CI.  For  comparison, 
the  Cl33  resonance  was  studied  In  a  series  of  solid 
solutions  of  g:  Br2$  with  the  mol-%  of  p:  Cl2<t>  ranging 
from  1  to  50.  These  results  Indicate  that  relatively 
miuutt  local  vat  tattoos  InifyStal  StT  attuie  art  ati  im¬ 
portant  factor  In  broadening  the  quadrupole  resonances. 


PIT.  02:005 

Pittsburgh  U.  Sarah  Mellon  Scalfe  Radiation  Lab. ,  Pa. 

TEMPERATURE  DEPENDENCE  OF  FERROMAGNETIC 
ANISOTROPY  IN  CUBIC  CRYSTALS,  by  F.  Keffer.  Dec. 
15,  1955  L  7 ,  p.  Inch  diagr.  refs.  ( [  AF  ,  OSR-TN- 55- 
197)  I  AF  18(600)892 ,  AD  110913  Unclassified 

Also  published  In  Phvs.  ltev.,  v.  100:  1692-1698,  Dec. 
15,  1955. 

Two  theories  of  the  temperature  dependence  of  ferro¬ 
magnetic  anisotropy  In  cubic  crystals,  the  nearest- 
neighbor  quadrupole  quadrupole  coupling  theory  of 


AIR  FORCE  SCIENTIFIC  RESEARCH 


PIT.  02:006  -  PIT.  02:009 


Van  Vleck,  and  the  more  recent  classical  theory  of  Zener, 
seem  to  be  contradictory.  It  Is  shown  that  these  are, 
respectively,  high-  and  low- temperature  approximations 
to  the  same  physical  picture,  l.e. ,  an  anisotropy  which 
decreases  with  rising  temperature  due  to  statistical 
fluctuations  from  alignment  of  anlsotroplcally-coupled 
neighbor  spins.  Zener's  low-temperature  approximation 
shows  that  the  anisotropy  decreases  as  the  tenth  power 
of  the  magnetization.  Van  Vleck's  high-temperature 
approximation  yields  a  lower  power  law.  It  Is  argued 
that  most  of  the  anisotropy  has  vanished  before  suffi¬ 
ciently  high  temperatures  are  reached  for  Van  Vleck's 
approximation  to  be  appropriate.  Van  Vleck's  nearest- 
neighbor  dlpole-dlpole  coupling  theory,  which  has  no 
classical  analog  and  cannot  be  e„rr,par*d  with  Ztntr's 
theory,  Is  discussed  from  a  spin-wave  picture.  (Con¬ 
tractor's  abstract) 


PIT.  02:006 

Pittsburgh  U.  Sarah  Mellon  Scalfe  Radiation  Lab. ,  Pa. 

RAPID  PASSAGE  EFFECTS  IN  ELECTRON  SPIN  RE¬ 
SONANCE,  by  A.  M.  Portls.  Sept.  26,  1955  [  2  J  p. 
lnct.  dlagrs.  ([  AF  J  OSR-TN-55-341)  (AF  18(600)892) 

AD  110914  Unclassified 

Also  Published  Iti  lliva.  Re*.,  *.  10b  1219-12-21,  No*. 

15,  1955. 

Using  the  rapid  passage  theory  of  Bloch  (Phys.  Rev. , 
v.  70:  460,  1946),  relaxation  effects  which  have  been 
observed  In  electron  spin  resonance  from  F  centers  In 
alkali  halides  and  from  donor  states  In  silicon  are  In¬ 
terpreted.  The  dlstinguisnlng  characteristic  ol  the  2 
cases  Is  that  the  line  broadening  Is  of  the  Inhomogeneous 
type,  arising  from  hyperflne  Interaction.  The  dispersion 
signal,  obtained  at  room  temperature  from  a  sample  of 
LIF  Irradiated  with  220- kev  x-rays  for  18  hr,  Is  plotted 
as  a  function  of  the  magnetic  field  for  several  values  of 
0,  the  phase  angle  between  modulation  field  and  refer¬ 
ence  signal.  An  examination  of  these  curves  reveals  2 
surprising  results:  (1)  the  HF  signal  lags  the  modulation 
fletd  by  nearly  90°;  and  (2)  the  line  shape  of  the  LIF  re¬ 
sonance  more  closely  resembles  an  absorption  curve 
than  It  does  the  derivation  curve.  In  comparison,  the 
copper  sulfate  signal  appears  quite  normal.  Bloch  shows 
that  under  rapid  passage,  the  sense  of  the  dispersion 
line  reverses  with  the  direction  of  travel,  and  the  In¬ 
tensity  of  the  line  Is  proportional  to  the  value  of  Sz  asso¬ 
ciated  with  the  line.  The  observed  phase  shift  of  90" 
and  a  line  shape  which  reflects  the  local  field  distribu¬ 
tion  may  be  Inferred  directly  from  Bloch's  results. 
Graphical  plots  are  also  presented  of  the  absorptton 
signal  and  dispersion  signal  In  KCl. 


ITT.  02.007 

I'lttsburgh  U.  Sarah  Mellon  Scalfe  Itadlatton  l.ab. ,  I'a. 

ELECTRON  SPIN  RESONANCE  IN  IRRADIATED  ALKALI 
HALIDES  (Abstract),  by  A.  M.  l’ortls  and  D.  Shaltlel. 


[1955]  [l]p.  (AF  18(600)892)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Berkeley,  Calif.,  Dec.  28-30,  1954. 

Published  In  Phvs.  Rev.,  v.  98:  264,  Apr.  1,  1955. 

Electron  spin  resonance  has  been  observed  In  samples 
of  LIF  and  L1C1  Irradiated  tor  a  period  of  36  hr  with 
220  kev  x-rays.  Both  samples  show  Inhomogeneous 
saturation  of  the  resonance  similar  to  that  already  re¬ 
ported  for  F  centers  In  KCl,  KBr,  and  NaCl.  The  g 
factors  for  both  lines  are  within  experimental  error  of 
the  tree  electron  g.  Both  resonances  show  a  surprising 
to  t he  rnagoettc  Ut'.i  mottaVwtlch  in  that  the 
signal  lags  the  modulating  field  by  nearly  90°.  This 
effect  can  be  understood  In  a  direct  way  on  the  basis  of 
hyperflne  broadening  of  lines  which  are  narrow  com¬ 
pared  with  the  modulation  frequency.  We  find  no  reso¬ 
nance  in  the  crystals  before  irradiation  or  after  the  F 
band  has  been  bleached.  The  intensity  of  the  resonance 
is  In  general  agreement  with  the  strength  of  the  F  band. 
We  conclude  from  this  evidence  and  the  similarity  with 
the  F  center  resonances  In  other  alkali  halides  that  we 
are  observing  genuine  F  center  resonances.  We  find 
no  evidence  for  either  the  resolved  spectrum  of  19  lines 
or  the  broad  peak  with  a  g  of  2.018  reported  by 
Schneider  (Phys.  Rev.,  v.  93:  919,  1954).  (Contrac- 
loi '  s  abstt  act) 


PIT.  02:008 

Pittsburgh  U.  Sarah  Mellon  Scalfe  Radiation  Lab. ,  Pa. 

MAGNETIC  RESONANCE  IN  s"i S’ae.Ms  V*1 1  n  SPEC¬ 
TRAL  DISTRIBUTIONS,  by  A.  M.  Portls.  Nov.  15, 
1955,  44p.  lncl.  dlagrs.  table,  rets.  (Technical  note 
nx>.  1)  \AloSR-TN-M,-T,  (AF  ltt(WC)tr&2)  AD  KWH 

Unclassified 

A  study  Is  made  of  effects  In  magnetic  resonance  pe¬ 
culiar  to  situations  where  the  conditions  of  excitation 
change  rapidly  compared  with  the  relaxation  time.  The 
excitation  of  single  resonance  line  and  of  a  spectrum 
of  resonance  lines  Is  discussed.  The  analysis  shows 
that  the  amplitude,  shape,  and  phase  of  the  resonance 
line  depend  on  the  rate  ol  relaxation  to  the  lattice.  Sptn- 
spln  relaxation  for  such  systems  Is  also  considered  by 
studying  the  effect  of  dipolar  Interaction  on  a  system  of 
spins  distributed  over  a  range  of  local  fields  that  art 
large  compared  with  their  dipolar  fields.  The  dlpo.es 
are  assumed  to  be  randomly  distributed  over  some 
regular  lattice,  and  no  correlation  Is  assumed  to  exist 
between  the  dipolar  position  and  the  magnitude  ol  the 
local  Held. 


PIT.  02:009 

Pittsburgh  U.  Sarah  Mellon  Scatle  Radiation  Lab. ,  Pa. 

POLYMORPHISM  OF  PARA  DICHl.OROBENZKNE,  by 
C.  Dean  and  E.  Llndstrand.  Feb.  1950  2  p 
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[AFOSR-TN-58-85]  Also  bound  with  Its  AFOSR-TR- 
58-46;  AD  154185  (AF  18(600)882)  AD  81538 

Unclassified 


May  1956. 


I  Jour.  Chem.  Phys.,  v.  24:  1114-1115, 


A  large  shift  In  the  pure  quadrupole  resonance  frequency 
Is  cited  as  giving  evidence  for  a  third  crystal  structure 
(Y)  In  samples  of  para-dlchlorobenzene  containing  one 
or  two  mole  percent  of  para-xylene  or  a  few  percent 
of  benzene. 


PIT.  02:010 

Pittsburgh  U.  [  Sarah  Mellon  Scalfe  Radiation  Lab.  ]  Pa. 

SPIN-SPIN  RELAXATION  IN  SYSTEMS  WITH  TWO 
MAGNETIC  INGREDIENTS  (Abstract),  by  A.  M.  Portls. 

[  1956]  [  1  ] p.  [AF  18(600)892]  Unclasstfled 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Pittsburgh,  Pa.,  Mar.  15-17,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  H,  v.  1: 
124,  Mar.  15,  1956. 

Spin- spin  relaxation  has  been  Investigated  theoretically 
for  systems  like  F-centers  In  alkali  haltdes  or  donor 
centers  In  semiconductors,  which  have  lhe  following 
salient  features:  (1)  the  effect  of  the  nuclear  spins  on 
the  electron  sptns  may  be  described  by  a  resonance 
spectrum;  (2)  each  electron  sptn  may  be  Identified  with 
a  definite  position  In  the  spectrum;  (3)  the  electron  spins 
are  randomly  distributed  through  the  lattice;  and  (4) 
the  position  of  an  electron  In  the  lattice  and  Its  position 
tn  the  resonance  spectrum  are  completely  uncorrelated. 
The  Interaction  between  electron  spins  Is  tre_.ed  by 
time-dependent  perturbation  theory  and  an  expression 
for  the  life  of  an  Individual  spin  state  Is  found.  This 
ttme,  is  equals  au  /A  2,  where  A  Is  a  measure  of  the 
strength  of  the  sptn-sptn  Interaction  and  Au>  Is  related 
to  the  width  of  the  resonance  spectrum.  Macroscopic 
spin- spin  relaxation  Is  described  In  terms  of  lhe  dif¬ 
fusion  of  spin  excitation  through  the  resonance  spectrum. 
The  behavior  of  the  spin  system  In  an  rf  field  has  been 
Investigated  by  the  substitution  of  a  diffusion  term  for 
the  usual  spin  spin  term  in  the  Bloch  equations.  A 
characteristic  diffusion  time  iD  (yH,  is)2is  Is  found. 
(Contractor's  abstract) 


PIT.  02:0t  1 

Pittsburgh  U.  Sarah  Mellor  Scalfe  Radiation  Lab. ,  Pa. 

SPECTRAL  DIFFUSION  IN  MAGNETIC  RESONANCE, 
by  A.  M.  Portls.  .  t956  5  p.  (Also  hound  with  it 

AFOSlt  •  TR-  58-46.  AD  154t85)  (AF  18(600)892) 

Unclassified 

Puhilalml  111  Phys.  ltev.,  v.  t04:  584  588,  Nov.  t. 


Electron  spin-spin  Interaction  Is  discussed  for  the  case 
of  strong  hyperflne  broadening.  The  hyperflne  inter¬ 
action  is  represented  by  a  resonance  spectrum  of  width 
Am  and  the  electron  Interactions,  which  are  taken  to  be 
dipolar,  are  treated  by  time -dependent  perturbation 
theory.  A  characteristic  relaxation  time  for  electron 
spins,  13  =  Au/A2f  is  found,  where  A  is  a  measure  of 
the  strength  of  the  dipolar  Interaction.  The  time-de- 
pendent  theory  suggests  a  modification  of  the  Bloch 
equations  to  give  a  phenomenological  description  of 
systems  of  this  kind.  Spin- spin  relaxation  Is  repre¬ 
sented  by  a  term  which  gives  diffusion  of  spin  excita¬ 
tion  through  the  resonance  spectrum.  Slow  passage, 
rapid  passage,  and  free  relaxation  art  considered  by 
using  the  modified  equations.  (Contractor's  abstract) 


PIT.  03:001 

Pittsburgh  U.  Sarah  Mellon  Scalfe  Radiation  Lab. ,  Pa. 

ROTATIONAL  EXCITATION  BY  SLOW  ELECTRONS, 
by  E.  Gerjuoy  and  S.  Stein.  Final  technical  rept.  pi. 
1.  July  1954  [  43 ]  p.  Incl.  dlagrs.  refs.  (1  AFlOSR- 
TR-54-21,  Pt.  1)  (AF  18(600)897)  AD  74955 

Unclassified 


15,  1955. 


Phys.  Rev.,  v.  97:1671-1679,  Mar. 


Cross-sections  are  calculated  for  rotational  excttation 
of  a  homonuclear  diatomic  moecule  by  collisions  wtth 
very  stow  electrons.  The  mechanism  Is  assumed  to  be 
the  long  range  quadrupole  Interaction.  The  Born  ap¬ 
proximation  Is  shown  to  be  correct  In  the  low  energy 
Itmlt.  The  results  are  applied  to  calculat'on  of  energy 
losses  In  Nj,  and  comparison  Is  made  with  values  In¬ 
ferred  from  swarm  and  cross- modulation  experiments. 
At  energies  below  .  29  ev,  the  threshold  for  vtbrattonai 
excitation,  losses  are~twtce  the  experimental  values, 
but  many  times  larger  than  the  value  (2m/M),  where 
m  =  the  electron  mass  and  M  =  the  molecular  mass, 
for  elastic  losses  only.  (Contractor's  abstract) 


PIT. 03:002 

Pittsburgh  U.  Sarah  Mellon  Scalfe  Radiation  Lab. ,  Pa. 

ROTATIONAL  EXCITATION  BY  SLOW  ELECTRONS, 
by  E.  Gerjuoy  and  S.  Stein.  Final  technical  rept.  pt. 
2.  Aug.  1955  [  4  ]  p.  Incl.  dlagrs.  refs.  (  AF  OSH- 
TR-54-2I,  Pt.  2)  (AF  18(600)897)  AD  74657 

Unclassified 


Alsu  publl 

15, 


ibllshed  In  Phys.  Rev.,  v.  98;  1848-1851, 


Theoretical  cross  sections  for  the  rotational  excitation 
of  homonuclear  molecules  by  slow  electrons  are  applied 
to  calculation  of  the  fractional  energy  loss. collision 
(>.)  In  Hj.  The  theoretical  losses  are  not  more  than 
2.  5(2 in.  Ml  and  except  at  the  lowest  energies  studied 
(~0. 1  ev)  are  smaller  thar.  observed.  It  would  be  dr 
slrable  to  have  more  direct  experimental  evidence  ot 
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rotational  excitation.  For  this  reason,  X  has  been  cal¬ 
culated  al  77“K  In  pure  p-hydrogen  and  In  normal  hydro¬ 
gen  al  thai  temperature.  At  electron  energies  r-0.  07o  ev, 
the  2  X ’s  should  differ  by  about  50%.  Similarly,  be¬ 
cause  of  the  altered  rotational  distribution,  X  for  deu¬ 
terium  differs  from  X  for  H2.  Such  differences,  If  ob¬ 
served,  could  hardly  be  accounted  for  on  any  other  basis 
than  rotational  excitation.  (Contractor's  abstract) 


HT.  05.003 

Pittsburgh  U.  Sarah  Mellon  Scalfe  Radiation  Lab. ,  Pa. 

ROTATIONS  EXCITATION  OF  HOVON1TI  EAR  MOl  F  - 
CULES  (Abslracl),  by  S.  Sleln,  E.  Gerjuoy,  and  T. 
Holsleln.  [1954]  [lip.  (AF  18(600)897) 

Unclassified 

Presented  al  meeting  of  the  Amer.  Phys.  Soc.,  Chicago, 
III.,  Nov.  27-28,  1953. 

Published  In  Ptr  Rev.,  v.  93:934,  Feb.  15.  1954. 

Cross  sections  are  calculated  for  excitation  of  rotation 
of  diatomic  homonuclear  molecules  by  very  slow  elec¬ 
trons  (energy~0. 1  ev)  with  neglect  of  exchange.  It  Is 
assumed  that  the  excitation  results  from  Interaction  of 
the  electron  with  the  quadrupole  field  of  the  molecule; 
for  this  type  of  potential,  use  of  the  Born  approximation 
is  defensible  at  these  low  energies.  For  kinetic  energies 
large  compared  to  the  separation  of  rotational  levels, 
the  cross  sec 'too  approaches  a  constant  value  —to-1 ' 
cm2,  using  measured  quadrupole  moments.  The  average 
fractional  energy  losses  per  collision  In  N2  and  H2  are 
evaluated  and  are  In  moderately  good  agreement  wllh 
recenl  measurements.  (Contractor's  abslracl) 


PIT. 03:004 

Pittsburgh  U.  Sarah  Mellon  Scalfe  Radiation  Lab. ,  Pa. 

FEASIBILITY  OF  AN  ELECTROSTATIC  EXPLANATION 
FOR  THE  ADVANCE  OF  THE  PERIHELION  OF  MER¬ 
CURY,  by  E.  Gerjuoy  and  G.  Padawer,  [  1955  j  6p. 

(AF  18(600)897)  Unclassified 

An  argument  Is  presented  that  an  explanation  alorg  lhe 
lines  of  general  relativity  Is  "necessary"  to  account  for 
lhe  advance  of  Mercury's  perihelion.  In  lhe  sense  thal 
postulating  other  force  fields  must  run  Into  serious  dif¬ 
ficulties.  The  argument  Is  Illustrated  by  considering 
lhe  possibility  that  the  force  between  an  electric  charge 
on  lhe  sun  and  an  Induced  dipole  on  Mercury  could  yield 
the  observed  advance.  (Contractor's  abslracl) 


l*Ol..  01.001 

Polttecnlco  dl  Milano.  Laboratorlo  dl  Elettrochtmlca, 
Chlmlca  Flslca,  e  Melallu.gta  (Italy). 

i  CONTRIBUTION  TO  METHODS  IN  THE  FIELD  OF 


ELECTROCHEMICAL  KINETICS)  Contribute  al 
metodl  dl  studio  della  clnetica  elellrochlmlca,  by  R. 
Plontelll.  [  1955  J  [  21 )  p.  lncl.  table,  refs.  (AF  61- 
(514)733-C)  Unclassified 

Published  in  Rend.  1st.  Lombardo  Scl.  e  Leil. ,  v.  88: 
51-71,  1955. 

Some  general  aspects  of  the  overvollage  measurements 
by  means  of  tensiometric  cells  are  discussed,  with  con¬ 
sideration  ul  tec  ay  bit  1  italic  fcTToio  l.TVulved  111  tin-  al  - 
rungements  shown  by  Delahav  (New  Instrumental  Meth¬ 
ods  In  Electrochemistry,  1954,  p.  393)  who  asserted 
that  these  errors  did  not  exceed  10  mv.  The  devices 
used  tc  av.  td  thte  err  .n’t  Iir  lb*  UnilcnMrir 
uremenl  In  the  lhln  strata  (20-30n)  of  solution  around 
lhe  electrodes,  are  described.  The  principles  of  new 
arrangements  with  probes  of  various  kinds  (lsoeleclro- 
dlc,  2nd-class  electrodes,  for  pH-,  or  oxidation-re¬ 
duction  potentials  of  electrode  slratum)  are  given  to¬ 
gether  wllh  those  of  the  possible  types  giving  compound- 
ienslomelrlc  cells.  The  meaning  of  the  various  volt¬ 
ages,  with  particular  reference  lo  the  practically  sla- 
ttonary  c  vudUL*,,  Is  dU/Cuvst*.  (C.  A. ,  l&6C:MlEh) 


POL.  01:002 

Potltecnico  dl  Milano.  Laboratorlo  dl  Elettrochlmlca, 
Chlmlca  Flslca,  e  Metallurgy  (Italy). 

OVERVOLTAGES  AT  THE  ELECTRODE:  MELTED 
I’fc,  1  bClj  (Abstract),  by  It,  FknAslU  and  6.  SterWhelm. 
July  1955  [lip.  lncl.  dtagr.  [  AF  61(514)733-C  J 

Unclassified 

Published  In  Jour.  Chem.  Phys.,  v.  23:  1358,  July 
1955. 

A  cell  was  bulli  suitable  for  measuring  anode  overvolt¬ 
ages  al  lhe  electrode  Pb/PbC^.  11  can  be  applied  lo 
a  large  range  of  conditions.  Also  by  opportune  coupling 
of  al  least  2  probes,  useful  Information  can  be  obtained 
on  the  "concentration  polarUallon"  effecls,  arising  In 
systems  whose  bath  composition  Is  changing,  as  for  In¬ 
stance  the  system  PbCl2/PbCl2  ♦  KC1. 


POL.  01:003 

Polttecnlco  dl  Milano.  Laboratorlo  dl  Elellrochlmlca, 
Chlmlca  Flslca,  e  Meiatiurgla  (Italy). 

OVERVOLTAGES  IN  MELTED  ELECTROLYTES,  by 
R.  Plontelll  and  G.  Sternhelm.  Ocl.  1955  .2.0.  tncl. 
dlagrs.  (AF  61( 5 14 )733 - C)  Unclassified 

Published  In  Jour.  Chem.  Phys.,  v.  23:  1971-1972, 
Ocl.  1955. 

Experimental  methods  were  developed  and  employed  lo 
measure  the  electrode  overvoltages  of  melled  metals 
against  metal  electrolytes  id  lhe  anodic  and  cathodic 
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behavior  of  the  following  electrodes:  (a)  Pb/PbCl2  + 

KC1  at  560°C  +  670°C;  (b)  Cd/CdCl2  and  Cd/CdCl2  + 
KC1  (t.d.:  590°C);  (c)  Sn/SriCl2  and  Sn/SnCl2  +  KC1 
(l.d. :  350°C);  (d)  Zn/ZnCU  and  Zn/  ZnCl2  +  KC1  (t.d. : 
490°C). 

• 

POL.  01:004 

Polttecnlco  dl  Milano.  Laboratorto  dt  Elettrochlmtca, 
Chlmtca  Flstca,  e  Metallurgla  (Italy). 

IMPROVED  APPARATUS  FOR  CUTTING  SINGLE 
CRYSTALS,  by  R.  Plontellt,  B.  Rtvolta,  and  G. 
Sternhelm,  [  1955  ]  [  1  ]  p.  (AF  61(514)733-C) 

Unclassified 

Published  In  Rev.  Sclent,  instruments,  v.  26:  1206, 

Dec.  1955. 

The  mechanical  methods  for  cutting  s'ngle  crystals 
though  followed  by  metallographtc  relishing  and  etching, 
are  unable  togtve  strain-free  specimens  as  a  conse¬ 
quence  of  the  deep  penetration  of  the  deformation.  A 
very  Interesting  method  of  cutting  stngle  crystalltne 
dtsks  from  a  rod,  by  means  of  chemical  attack  to  avoid 
tntroductng  strains,  has  been  developed  by  Maddtn  and 
Asher.  This  method  uses  an  endless  plastic  thread 
(Saran)  which  ts  led  with  the  aid  of  pulleys  through  a 
bath  containing  the  etchtng  solution  and  over  the  speci¬ 
men  to  be  cut.  This  method  has  been  applted  tn  this 
laboratory  wtth  good  results  on  single  crystals  of  Zn, 

Sn,  and  other  metals.  To  shorten  the  time-consuming 
operation  of  cutting,  the  rate  of  attack  has  been  tn- 
creased  by  means  of  an  electrolytic  process.  The  rod 
to  be  cut  Is  made  the  anode  of  a  cell  tn  which  the  cathode 
(In  form  of  a  plattnum  plate)  la  tmmersed  tn  the  bath 
traversed  by  the  plastic  thread.  The  solutton  carrted 
on  the  thread  ts  sufftctent  to  matntatn  the  conttnutty  of 
the  e'.ectrtc  ctrcult.  Excellent  results  on  culttng  rates 
and  surface  ftnlsh  hive  been  obtained  on  stngle  crystals 
of  tin,  havtng  a  dtameter  of  the  order  of  20  mm,  with  a 
current  of  about  30  ma,  ustng  a  1. 1  bath  of  HNO3.  The 
voltage  applied  depends  tn  practice  on  the  length  of 
thread  between  the  bath  and  the  rod.  (Contractor's  ab¬ 
stract) 


POL.  01 :005 

Potttecnlco  dl  Mtlano.  Laboratorto  dt  Elettrochlmtca, 
Chlmlca  Flstca,  e  Metallurgla  (Italy). 

EXPERIMENTAL  METHODS  FOR  MEASURING  ELEC¬ 
TRODE  OVERVOLTAGES,  by  R.  Ptontelll  and  U. 
Bertocct.  June  1 955  [  40  j  p.  lncl.  dtagrs.  refs.  (Tech¬ 
nical  note  no.  t)  (AFOSR-TN  -  56- 1 12)  (AF  61  ( 5 14)733 - C ) 
AD  82508  Unc  lasstfled 

Research  ts  betng  conducted  on  the  anodic  and  cathodic 
behavior  of  metals.  General  remarks  on  the  measure¬ 
ments  of  electrode  overvoltages  are  developed,  and  the 
theory  of  the  systematic  errors  Involved  by  the  usual 


POL.  01:004  -  POL. 01:007 


raeasurtng  devices  Is  discussed.  A  description  is  pre¬ 
sented  of  new  types  of  tensiometrtc  devtces  which  would 
eliminate  the  errors.  The  entire  apparatus  (electroly- 
sts  cell,  tensiometric  cell,  supply,  and  measuring 
apparatus)  necessary  for  measuring  electrode  over¬ 
voltages  ts  descrtbed  In  detail. 


POL.  01:006 

Polltecnlco  dt  Mtlano.  Laboratorto  dl  Elettrochtmlca, 
Chlmlca  Ftslca,  e  Metallurgla  (Italy). 

ELECTROCHEMICAL  BEHAVIOR  OF  GOLD  IN  CHLO¬ 
RIDE  SOLUTIONS,  by  G.  Poll.  July  1955,  21p.  dtagrs. 
tables,  refs.  (Technical  note  no.  2)  (AFOSR-TN-56- 
113)  (AF  61(514)733-C)  AD  82509  Unclasslfted 

Also  published  In  Gazz.  chlm.  (Italy),  v.  86:  526-550, 
May-July  1956. 

An  Investigation  was  conducted  of  the  anodtc  and  cath¬ 
odic  behavtor  of  Au  tn  0. 1  M  AUCI3  and  0.1  M  KAUCI4 
solutions  with  added  KC1  at  25",  50*,  and  75° C.  The 
tnfluence  of  Cl,"  temperature,  stirring,  and  Au*  on 
voltage-current  denstty  curves  was  also  Investigated. 

By  determining  the  apparent  valence  of  anodtc  and  cath¬ 
odic  processes  and  calculating  the  ratio  at  which  Au* 
and  Au3*  participate  tn  the  processes,  voltage-current 
density  curves  were  plotted  for  the  following  partial 
electrode  processes:  (1)  AuC12"  Au  ♦  2  Cl"  and 

(II)  AuCl^"  ♦  3®^Au  +  4  Cl".  For  n,  voltage-cur¬ 
rent  density  curves  vertfied  Tafel's  law.  Characteris¬ 
tic  parameters  for  electrochemtcal  kinetics  were  cal¬ 
culated  for  II.  Three  possible  electrochemical  reac¬ 
tions  which  can  occur  at  an  Au  electrode  tn  Cl  solutions 
are  I,  n,  and  AUCI4"  ♦  2!?l;=iAuCl2  ♦  2  Cl".  Reac¬ 
tion  I  tndtcates  an  activation  overvoltage  which  Is  lower 
than  those  of  the  other  2.  Increasing  the  temperature 
or  Cl"  concentration  tended  to  activate  the  rate  of  tonic 
exchange  of  metal  solutions. 


POL.  01 :007 

Polltecnlco  dl  Mtlano  Laboratorto  dt  Elettrochtmtca, 
Chlmtca  Ftstca,  e  Metallurgla  (Italy). 

OVERVOLTAGE  MEASUREMENTS  ON  ALUMINUM 
ELECTRODES  IN  CRYOLITE- ALUMINA  BATHS,  by 
G.  Montanellt.  Mar.  1 956  [  34  j  p.  lncl.  dtagrs.  tables, 
refs.  (Technical  note  no.  3)  (AFOSR-TN-56-217) 

(AF  6t(514)733-C)  AD  88023  Unclasstfled 

By  means  of  Improved  experimental  methods,  the 
cathode  and  anode  overvoltages  have  been  determined 
at  Al  electrodes  tn  cryollte-alumtna  bath  with  or  with¬ 
out  additives  In  conditions  corresponding  to  those  of 
the  Industrial  production  of  the  metal.  The  "exchange 
overvoltage"  tn  the  Al  separation  at  1000“C  Is  as  a 
maximum  of  the  order  of  some  mV  even  at  c.d.  of  100 
A/dm3.  The  concentration  overvoltage  depends  essen¬ 
tially  upon  the  decrease  of  AIF3  concentration  In  the 
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POL.0L008  -  POL. 01:012 


electrode  layer  and  may  correspond  to  some  tenth  ol 
volt.  These  results  support  the  hypothesis  ot  the  pri¬ 
mary  discharge  of  A1  from  "donors"  in  the  cells,  and 
explain  the  conditions  In  which  the  Na  discharge  may 
Intervene  as  a  "parasitic"  process.  (Contractor's  ab¬ 
stract) 


POL.  01:008 

Polltecnlro  dl  Milano.  Laboratorio  dl  Elettrochlmlca, 
Chlmlca  Flslca,  e  Metallurgia  (Italy). 

ELECTROCHEMICAL  BEHAVIOR  OF  TIN,  by  U. 

Bertoccl  and  G.  Serravalle.  Apr.  1956  [37jp.  lncl. 
dlagrs.  tables,  refs.  (Technical  note  no.  4)  (AFOSR- 
TN-56-271)  (AF  61(5I4)733-C)  AD  89481 

Unclassified 

The  electrochemical  behavior  of  Sn  In  aqueous  solutions, 
especially  those  containing  fluoride  Ions  was  studied. 

The  electrochemical  kinetic  behavior  of  Sn  was  "normal" 
In  solutions  containing  either  fluoride  or  other  anions. 
Anodic  and  cathodic  Ionic  exchange  overvoltages  of  Sn 
were  very  low  In  all  solutions.  The  high  polarizations 
obtained  In  some  cases  apparently  resulted  from  activ¬ 
ity  changes  (concentration  polarization).  At  sufficiently 
mgii  current  density,  the  most  efficient  stirring  tailed 
to  overcome  these  changes.  In  rases  where  the  excess 
of  tne  constituent  which  leads  to  complexes  is  not  too 
great,  the  overvoltage  may  attain  very  high  values  (over 
100  mV)  In  the  absence  of  stirring.  The  presence  of  free 
strong  acids  decreased  the  Sr.  complexity  degiee  con¬ 
curring  with  It  to  bond  fluoride  Ions  to  form  HF  and 
HFj\  The  anodic  and  cathodic  dissolutions  take  place 
with  practically  theoretical  efficiency  with  respect  to 
Sn*  *.  The  deposits  were  mainly  macrocrystalline  and 
often  In  the-  form  of  dendrites  and  plates.  (Con'ractor's 
coniluslons) 


POL.  01 .009 

Polltecnlco  dl  Milano.  Laboratorio  dl  Elettrochlmlca, 
Chlmlca  Flslca,  e  Metallurgia  (Italy). 

ELECTROCHEMICAL  BF-HayiCn  or  POLYCRYSTAL 
LINE  r»DluuM,  by  U.  Bertoccl  and  C.  Tan.,  cidzza. 
May  1956  1  29  p.  lncl.  dlagrs.  tables.  (Technical  note 
no.  5)  ( AFOSlt -TN - 56- 303 )  (AF  81  ( 514)733 - C ) 

AD  90017  Unclassified 

Anodic  and  cathodic  ovei voltage  measurements  of  poly- 
crystalllne  Cd  were  carried  out  In  perchlorate,  sulfate, 
and  chloride  solutions  having  different  tree  acid  contents. 
The  resuits  of  these  experiments  prove  that  the  Cd  has 
a  "normal"  electrochemical  behavior,  showing  low  over¬ 
voltages,  both  anodic  and  cathodic,  at  25“,  40‘  and  55"C. 
Sl  ice  the  anodic  attack  and  the  cathodic  deposition  are 
limited  to  well  defined  regions  of  the  surface,  the  actual 
Cl  on  the  active  surfaces  Is  much  higher  than  the  appar¬ 
ent  one,  without  leading  to  high  overvoltages.  The  be 
bavlor  of  Cd,  as  an  electrode,  seems  to  be  determined 
by  the  crystallographic  factors,  with  probable  Inhlbltlve 


Influences  deriving  from  the  H+  or  from  the  OH'  Ions. 
The  more  deformable  anions  (In  this  case  Cl')  are  es¬ 
pecially  efficient  In  activating  the  Ion  exchanges.  The 
temperature  Increase  exeits  the  usual  activating  In¬ 
fluence.  The  law  of  the  dependence  of  the  overvoltages 
upon  the  apparent  Cd  does  not  agree  with  the  usual  for¬ 
mulations  (as  Tafet's  law  or  combined  exjJbnentlal  laws). 
(Contractor's  abstract) 


POL.  01:010 

Polltecnlco  dl  Milano.  Laboratorio  dl  Elettrochlmlca, 
Chlmlca  Flslca,  e  Metallurgia  (Italy). 

ELECTROCHFM1CAL  BEHAVIOR  OF  POLYCRYSTAL¬ 
LINE  THALLIUM,  by  U.  Bertoccl  and  S.  Tlcozzl. 

Sept.  1956  [lijp.  lncl.  dlagrs.  (Technical  note  no.  6) 
(AFOSR-TN-56-545)  (AF  61(514)733-C)  AD  110364 

Unclassified 

Also  published  In  Rend.  1st.  Lombardo  Scl.  e  Lett. , 
v.  91:  386-396,  1957. 

Anodic  and  cathodic  overvoltages  for  T1  have  been 
measured  In  nitrate,  perchlorate  and  hydroxide  solu¬ 
tions,  at  different  pH-values.  Measurements  were 
carried  out  and  25*  and  40* C:  the  corresponding  over¬ 
voltages  are  plotted  vs  c.d.  The  results  of  these  ex¬ 
periments  confirm  the  "normal"  electrochemical  be¬ 
havior  of  T1  also  In  hydroxide  solutions,  not  Investi¬ 
gated  before. 


POL.  01:011 

Polltecnlco  dl  Milano.  Laboratorio  dl  Elettrochlmlca, 
Chlmlca  Flslca,  e  Metallurgia  (Italy). 

RESEARCH  ON  ANODIC  AND  CATHODIC  BEHAVIOR 
OF  METALS,  by  R.  Plontelll.  Sept.  1956  [  lOjp.  refs. 
(Tecnlcal  note  no.  7)  (AFOSR-TN-56-546)  (AF  61 
(514)733-C)  AD  110365  Unclassified 

The  nlfpssci  of  ihe  research  were  Ihe  completion  and 
realization  of  Improved  methods  and  apparatus  for 
measuring  electrode  overvoltages  of  metals  In  aqueous 
solutions  and  fused  salts  by  the  "direct  method,"  but 
avoiding  the  usual  sources  of  systematic  errors;  the 
conduction  of  systematic  experiments  on  (he  anodic  and 
cathodic  behavior  of  a  group  of  metals  In  form  of  poly- 
crystalllne  electrodes  In  aqueous  solutions,  of  a  group 
of  solid  and  melted  metals  In  melted  sails  (In  particular 
o'.  melted  aluminium  In  cryolite -alumina  baths),  and  of 
a  selected  group  of  metals  In  the  form  of  single  crystals 
In  aqueous  solutions. 


POL.  01:0t2 

IVUlecntco  dl  Milano.  Laboratorio  dl  Elettrochlmlca, 
Chlmlca  Flslca,  e  Metallurgia  (Italy). 

RESEARCH  UN  THE  ELECTROCHEMICAL  BEHAVIOR 


•  680 
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OF  POLYCRYSTALLINE  ZINC,  by  U.  Bertoccl.  Nov. 
1956  [23jp.  lncl.  dlagrs.  tables,  refs.  (Technical  note 
no.  8)  (AFOSR-TN-56-598)  (AF  61( 51 4)733 - C) 

AD  115023  Unclassified 

Also  published  In  Rend.  1st.  Lombardo  Scl.  e  Lett. , 
v.  91:  39-54,  1957. 

The  electrochemical  behavior  of  Zn  Is  Investigated  In 
order  to  determine  the  Individual  anodic  and  cathodic 
overvoltages  by  good  approximation  through  a  choice 
of  techniques  and  the  choice  of  a  zero  value  of  the  elec¬ 
trode  voltage  near  die  equilibrium  voltage.  The  cause 
of  the  lack  of  symmetry  between  the  anodic  and  cathodic 
overvoltages  is  Investigated  and  found  to  disappear  when 
the  value,  agreeing  with  the  simple  Zn  electrode  at 
equilibrium,  Is  set  equal  to  zero  In  the  evaluation  of 
overvoltages.  Differences,  corresponding  to  those  of 
the  anode  overvoltage  values  of  Zn,  between  the  elec¬ 
trode  voltages  In  absence  of  current  and  the  equilibrium 
value  of  the  simple  Zn  electrode  are  found  to  be  greater 
In  sulphate  and  especially,  In  perchlorate  solutions  than 
In  chloride. 

POL.  01:013 

Polltecnlco  dl  Milano.  [  Laboratorlo  dl  Elettrochlmlca, 
Clilmlca  Flslc?,  e  Metallurgla  J  (Italy). 

I  BEHAVIOR  OF  ELECTRODES  IN  FUSED  SALTS  J 
Comportement  d'electrodes  en  milieu  de  sets  fondus, 
by  R.  Plontelll,  G.  Sternhelm,  and  M.  Franclnl.  [  1958  j 
l  3  J  p.  lncl.  dlagr.  [  AF  61(514)733- C  j 

Unclassified 

Published  in  Compt.  Rend.  Acad.  Scl..  v.  242:  1301- 
1303,  Mar.  5,  1956. 

The  apparent  overpotentials,  relative  to  a  reference 
electrode,  as  a  function  of  current  were  determined  for 
the  following  electrodes:  Mg  (solid)  |  MgClj  (35 yfc  t 
KC1  (47%)  .  NaCl  (18%)  (by  weight)  at  550*  ;  A1  (solld)| 
AIC13  (70%)  .  NaCl  (30%)  at  220".  The  overpotential 
was  due  entirely  to  an  ohmic  drop  In  the  bath  and  not  to 
1  xchange  of  Ions  between  the  bath  and  the  metal.  The 
graphs  were  linear,  and  the  anodic  and  cathodic  branches 
were  symmetrical.  This  was  true  only  when  the  bath 
was  very  pure  (especially  free  from  HjO),  the  metal 
surlaces  very  clean,  and  passage  of  current  limited  and 
brief.  Ttils  avoided  passivating  layers  of  oxide  or  oxy¬ 
chloride. 

POL.  01:014 

l’olttecntco  dl  Milano.  Laboratorlo  dt  Elettrochlmlca, 
Chtmlca  Flslca,  e  Metallurgla  (Italy). 

.  OVERVOLTAGE  MEASUREMENTS  ON  ELECTRODES 
IN  MOLTEN-SALT  ELECTROLYSIS  Mesures  de 
surtenslon  d'^lectrode  dans  (’electrolyse  lgne*,  by  It. 
Plontelll,  G.  Montunellt,  and  G.  Sternhe'm.  1956 
7,  p.  lncl.  dlagrs.  AF  61(514;733-f.  Unclassified 

PlRtlUhfidill  Rev.  Metall. ,  v.  53:  248-254,  Apr.  1956. 


POL.  01:013  -  P1B.  02:001 


A  cell  for  the  measurement  of  the  overvoltage  In  molten- 
salt  electrolytes  Is  described  to  be  used  al  tempera¬ 
tures  between  200*znd  1000°  In  Inert  atmospheres  of 
neon  or  argon.  The  following  systems  were  Investi¬ 
gated:  Pb/PbCl2  al  350°,  Cd/CdCl2  +  KC1  at  590°, 
Pb/PbCi2  +  KC1  at  SSffand  670°,  and  Sn/SnCl2  at 
350°.  The  results  are  shown  In  diagrams. 

POL.  01:015 

Polltecnlco  dl  Milano.  Laboratorlo  dl  Elettrochlmlca, 
Chimlca  Flslca,  e  Metallurgla  (Italy). 

OVERVOLTAGES  AND  PASSIVITY  IN  MELTED  ELEC¬ 
TROLYTES,  by  R.  Plontelll,  G.  Sternhelm,  and  M. 
Franclnl.  May  1956  [  2  i  p.  (AF  81(514)733-0) 

Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  24:  1113- 
1114,  May  1956. 

Investigations  were  carried  out  on  electrode  overvolt¬ 
ages  with  melted  electrolytes.  These  studies  were 
extended  to  electrodes  at  which  a  solid  metal,  whose 
elec  trochemical  behavior  in  aqueous  solutions  Is  ’•Inter¬ 
medium"  or  "Inert,  "  exchanges  Ions  with  a  bath  of 
fused  chlorides.  Account  Is  given  of  these  studies  and 
conclusions  drawn. 

Polytechnic  Inst,  of  Brooklyn,  N.  Y. 

N6orl  10503  and  N6ort-9802,  Project  Squid  see  under 
Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID)  Item  nos.  PRI  11:131  -  PRI.  11:141. 

P1B. 01:001 

Polytechnic  Inst,  of  3ro  '.lyn,  N.  Y. 

DESIGN  AND  OPERATION  OF  INTERMITTENT  SUPER¬ 
SONIC  WIND  TUNNELS,  by  A.  Ferrl  and  S.  M.  Bog 
donoff.  May  1954,  108p.  lncl.  Ulus,  dlagrs.  refs. 
(NATO  AGAIlDograph  rept.  no.  1)  [  AF  18(600)796 J 

Unclassified 

A  study  has  been  made  of  the  operating  characteristics 
of  Intermittent  wind  tunnels,  particularly  of  the  blow¬ 
down  type.  Considerations  of  low  cost  and  flexibility 
are  pointed  out.  Detailed  performance  of  the  compon¬ 
ents  of  such  equipment  are  presented  from  calculation 
and  experience.  Typical  construction,  test  set-up, 
Instrumentation,  and  extension  to  the  transonic  and 
hypersonic  region  are  discussed.  Some  examples  of 
operating  Intermittent  tunnels  are  also  gtven. 

P1D.  02:001 

Polytechnic  Inst,  of  Brooklyn,  N.  Y. 

THE  THERMAL  EXPANSION  OF  CUBIC  SODIUM 
TUNGSTEN  BRONZES,  by  C.  Rosen,  B.  Post,  and 
E.  Banks.  Oc’..  14,  1955,  "•>.  lncl.  dlagrs.  refs. 
(Technical  note  no.  1)  (AFOSlt-TN- 50-462  Pi.  1.) 

(AF  18(600)1193)  AD  97  080  Unclassified 
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Also  published  In  Acta  Crvst. ,  v.  9:  477-478,  June 
1956. 

The  coefficients  of  thermal  expansion  of  powdered  cubic 
sodium  tungsten  bronzes  (NaxW03;  0.  9  >  x  >  0. 3)  from 
room  temperature  to  600  °C  t-'O  been  determined.  The 
expansion  coefficients  for  all  composition?  studied  are 
constant  and  essentially  Identical  below  transition  tem¬ 
peratures  (near  200° C)  which  vary  with  sodium  content. 
At  the  transition  temperatures,  the  expansion  coeffi¬ 
cients  change  sharply  to  lower  values  which  vary  with 
composition,  going  through  a  minimum  near  x  =  0.  5 
The  relation  between  these  changes  and  a  similar  change 
In  pure  WO3  Is  pointed  out.  (Contractor's  abstract) 


PIB.  02:002 

Polytechnic  Inst,  of  Brooklyn,  N.  Y. 

THE  THERMAL  EXPANSION  AND  PHASE  TRANSITIONS 
OF  WO3,  by  C.  Rosen,  E.  Banks,  and  B.  Post.  Oct. 

14,  1956,  2p.  lncl.  dlagr.  (Technical  note  no.  2) 

(Bound  with  Its  Technical  note  no.  1;  AFOSR-TN-56- 
462,  Pt.  1;  AD  97080)  (AFOSR-TN-56  4o2  [  Pt.  2  j ) 

(AF  18(600)1193)  AD  97080(a)  Unclassified 

Also  published  '.n  Act*  Cry  si. ,  v.  9:475-476,  June  l«5t. 

The  thermal  expansion  of  WO3  from  room  temperature 
to  700  *C  has  been  measured  by  x-ray  diffraction  meth¬ 
ods.  The  expansion  of  the  a  and  c  axes  of  the  unit  cell 
can  be  represented  by  a  smooth  curve  for  the  entire 
ri.nge  lnvestlga  cd.  The  b  axis  expands  uniformly  from 
room  temperature  to  about  100 0 C  and  d« reuse »  s.lghtly 
In  length  (■  mi  330°  lo  700°C.  The  monocllnlc  unit  cell 
undergoes  sformatlon  near  330°C  to  an  orthogonal 

form,  wh  >bably  orthorhombic.  (Contractor's 

abstract) 


PIB.  03:001 

Polytechnic  Inst,  of  Brooklyn.  Depl.  of  Aeronautical 
Engineering  and  Applied  Mechanics,  N.  Y. 

SUPERSONIC  FLOW  OVER  CONICAL  BODIES  WITH¬ 
OUT  AXIAL  SYMMETRY,  by  A.  Ferrl,  N.  Ness,  and 
T.  T.  Kapllla.  Nov.  1952,  26p.  lllus.  (PIBAL  repl.  no. 
21 3)  (AF  18(600)186)  AD  201  Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  20: 
563-571,  Aug.  1953. 

The  method  of  superposing  linear  solutions  lo  a  non¬ 
linear  nonuniform  flow  field  was  applied  to  the  analysis 
of  CuRlCat  flows  Without  WXlwt  symmetry.  The  aerody¬ 
namic  properties  of  cones  with  elliptical,  drop- shape, 
and  triangular  cress  sections  were  determined  from 
Ua>' aw  linea  Azed  -oiuUoaa.  For  elliptical  (ones.  Use 
results  Indicated  that  al  a  conlanl  free- stream  Mach 
no.  the  shock-drag  ratio  decreases  as  the  ratio  of  lhe 
minor  to  major  axis  of  lhe  ellipse  decreases.  For  a 
given  elliptical  body  al  zero  angle  of  attack,  the  drag 


ratio  remained  practically  constant  and  less  than  unity 
for  the  Mach  range  considered.  The  effect  of  angle  of 
attack  was  also  analyzed,  and  the  Uft  coefficient  deter¬ 
mined.  The  lift  coefficient  was  similar  to  that  of  a  tri¬ 
angular  flat  plate  of  the  same  plan  form.  For  cones 
having  drop- shape  and  triangular  cross  sections,  the 
drag  ratio  remained  pracUcally  constant  a:d  less  than 
unity  for  a  wide  range  of  Mach  nos.  Some  gain  on  the 
shock  drag  appeared  obtainable  with  bodies  having  cross 
sections  different  from  circular. 


PIB.  03:002 

Polytechnic  Inst,  of  Brooklyn.  Dept,  of  AeronauUcal 
Engineering  and  Applied  Mechanics,  N.  Y. 

TABULATED  VALUES  OF  LINEARIZED  CONICAL 
FLOW  SOLUTIONS  FOR  SOLUTION  OF  SUPERSONIC 
CONICAL  FLOWS  WITHOUT  AXIAL  SYMMETRY,  by 
N.  Ness  and  T.  T.  Kapllta.  Jan.  1954  [276]p.  lncl. 
tables.  (PIBAL  rept.  no.  220)  L  AFOSR-TN-54-94] 
(AF  18(600)186)  AD  31744  Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  20: 
563-571,  Aug.  1953. 

The  super sonh.  Itow  over  conical  bodies  without  anal 
symmetry  may  be  obtained  by  superposing  linear  coni¬ 
cal  flows  upon  a  basic  nonlinear  axially  symmetric 
conical  flow.  The  basic  nonlinear  axially  symmetric 
conical  flow  was  Investigated,  and  tabulated  values  for 
this  flow  are  given  In  Tables  of  Supersonic  Flow  Around 
Cones,  technical  report  no.  1,  MIT  (1947).  The  super- 
pa' ed  Une&r  conical  flow  may  be  determined  with  the 
aid  of  the  perturbation  velocity  components  that  are 
tabulated.  A  description  Is  presented  of  the  method 
for  obtaining  these  components.  The  components  are 
tabulated  from  the  surface  of  the  basic  circular  cone 
to  the  axially  symmetric  shock  front  produced  by  the 
basic  circular  cone,  and  are  expressed  by  five  digits. 
(ASTIA  abstract) 


PIB.  03:003 

Polytechnic  Insl.  of  Brooklyn.  Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics,  N.  Y. 

MIXED- TYPE  CONICAL  FLOW  WITHOUT  AXIAL 
SYMMETRY.  SUMMARY  OF  THE  RECENT  WORK 
PERFORMED  AT  PIBAL,  by  A.  Ferrl,  R.  Vagllo- 
Laurln,  and  N.  Ness.  Dec.  1954  [38jp.  lncl.  dlagrs. 
(PIBAL  rept.  no.  264)  ([  AF  .OSR-TN-54-303)  (AF  18- 
(600)186)  AD  62629  Unclassified 

Some  problems  ot  inl*ed  type  conical  flow  are  consid¬ 
ered.  Triangular  wings  with  sharp  supersonic  leading 
edges  at  zero  angle  of  attack  are  analyzed  without  the 
**aun.pUon  c4  Uieartted  theory  A  p’-xedurr  lor  the 
rapid  calculation  of  the  hyperbolic  regton  by  the  method 
of  characteristics  Is  presented.  The  transonic  region 
Is  considered  from  a  mathematical  and  a  physical  point 
of  view,  and  It  Is  shown  that  lwo  sonic  lines  defining 


>  082  < 
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this  regton  can  coexist.  Methods  for  analyztng  the 
elltptlc  regton  and  satisfying  the  boundary  condttlons  are 
also  dtscussed  and  outltned.  (Contractor's  abstract) 


PIB.  03:004 

Polytechnic  tnst.  of  Brooklyn.  Dept,  of  Aeronautical 
Engtneertng  and  Applted  Mechanics,  N.  Y. 

ANNALYTICAL  AND  NUMERICAL  METHODS  FOR 
HYPERBOLIC  CONICAL  FLOWS,  by  R.  Vaglto-Laurtn 
and  N.  Ness.  July  1955  L  85 ] p.  tncl.  dtagrs.  tables. 
(PIBAL  rept.  no.  273)  ([  AF  jOSR-TN-55-212)  (AF  18- 
(600)186)  AD  69378  Unclasstfted 

General  equations  of  characteristics  and  equattons  of 
ltneartzed  characteristics  are  derived  and  arranged  tn 
forms  suttabl?  for  numertcal  calculations.  General 
equations  for  conical  shocks  are  presented  whtch 
determine  the  boundary  condttlons  at  the  shock  front. 

An  analysis  ts  made  of  the  hyperboltc  flow  over  a  coni¬ 
cal  body  wtth  sharp  supersontc  leadtng  edges  and  a 
wedge  proftle.  Two  modtftcattons  of  the  general  method 
of  charactertsttcs  are  developed.  In  both  cases,  the 
flow  properties  are  calculated  dtrectly  to  a  second-order 
approximation.  The  linearized  characteristics  method 
ts  applted  to  determtne  the  relations  between  the  curva¬ 
tures  of  the  body  and  the  attached  shock  at  the  leadtng 
edge.  The  ltmttattons  of  this  method  are  dtscussed, 
and  the  posstbtltty  of  tts  extension  to  the  analysts  of 
the  general  behavior  of  curved  conical  shocks  ts  Indi¬ 
cated. 


MENSIONAL  BODIES.  PART  I.  DESCRIPTION  OF 
THE  METHOD,  by  M.  Vlstch,  Jr.  July  1955  [  33  J  p. 
lncl.  dtagr.  refs.  (PIBAL  rept.  no.  280-A)  ( L  AF  ]  - 
OSR-TN-55-286)  (AF  18(600)693)  AD  75347 

Unclassified 

The  methods  of  Ferrt,  Ness,  and  Kapltta  (Jour.  Aero¬ 
naut.  Sciences,  v.  20:  563-571,  1953)  and  of  Broglto 
are  extended  in  order  to  determine  the  flow  fteld  about 
pointed  3-dtmenstonal  bodies  represented  by 

OG  OO 

'i'  n  =  ^  +  X  t.  A  ,  r*cos  nQ;  r,  6,  and  'J'  are 

C  |  —  Q  JJ-  Q 

spherical  coordinates;  the  subscripts  o  and  c  refer  to 
properties  of  the  baste  axially  symmetrtc  conical  flow 
and  properties  at  the  surface  of  the  basic  axially  sym¬ 
metrtc  cone,  respectively;  B  refers  to  properties  at 
the  surface  of  the  actual  body.  The  analysts  ts  based 
on  the  superposttion  of  linear  conical  solutions  on  a 
nonltnear  axially  symmetrtc  conical  flow.  Two  methc  is 

are  presented  for  determining  the  body  coefftctents  A  . . 

The  ftrst  method  entails  spectfytng  the  coordinates  of 
the  body  at  (N  t  1)(I  +  1)  points  to  obtain  an  equation 
that  deftnea  the  body  exactly  at  the  points  specified. 

The  second  method  assumes  that  a  cross  section  of  lhe 
body  ts  spectfted  on  the  surface  of  a  sphere  of  radtus 
r  -  k  so  that 


tR  -  +  . 

Br=  R  Oc 
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Polytechnic  tnst.  of  Brooklyn.  Dept,  of  Aeronautical 
Engtneertng  and  Applted  Mechanics,  N.  Y. 

ON  CONICAL  FLOWS  OF  MIXED  TYPE,  by  A.  Ferrt 
and  R.  Vaglto-Laurtn.  Ftnal  rept.  Apr.  1956,  17p. 
dtagrs.  refs.  (AFOSR-TR-56-21)  (AF  18(600)186) 

AD  88031  Unclasstfted 

Problems  on  elliptic  and  mtxed-lype  conical  flow  have 
been  Investigated  under  thts  contract  with  the  atm  of 
generalizing  the  ltneartzed  characteristics  method  for 
the  determination  of  higher  order  approximations  tn  a 
wtder  class  of  supersontc  flow  ftelds.  The  major  con¬ 
clusions  of  prevtous  reports  are  reviewed  along  wltn 
lhe  latest  results  obtatned  from  the  Investigation  of  the 
transonic  regton.  On  thts  hasts  a  procedure  ts  outltned 
for  calculating  the  whole  flow  fteld  on  the  compression 
side  of  a  triangular  wtng  wtthout  the  assumption  of 
ltneartzed  theory. 


PIB.  04  001 

Polytechnic  tnst.  of  Brooklyn.  Dept,  of  Aeronautical 
Engineering  and  Applted  Mechanics,  N.  Y. 


represents  the  body  by  a  ftntte  number  of  terms.  The 

A  .  are  then  defined  as 
nl 

+  Ao1R‘=  \  J  V  ®. 

t=o  o  r=R 

J  A  nl  Rt  =i  J^Br_RcosnO  do,  n=l,2 . N. 

t-  o  5 

(ASTIA  abstract) 
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Polytechnic  Inst,  of  Brooklyn.  Dept,  of  Aeronautical 
Engtneertng  and  Applted  Mechanics,  N.  Y. 

APPLICATION  OF  THE  LINEARIZED  CHARACTER 
tSTtCS  METHOD  TO  THE  DETERMINATION  OF  THE 
AXI SYMMETRIC  SUPERSONIC  FLOW  NEAR  THE  NOSE 
OF  A  BODY  OF  REVOLUTION,  by  L.  G.  Napolttano 
and  A.  Ferrt.  Mar.  1955  28  p.  lncl.  dtagrs. 

(PtBAL  rept.  no.  279)  ( i  AF  OSR-TN-55-339)  (AF  18 
(600)693)  AD  75216  Unclaimed 


SUPERSONIC  FLOW  AROUND  POINTED  THREE -D1 


>  683  < 


The  ltneartzed  characteristics  method  ts  applted  to 
determtne  the  nonconical  supersontc  flow  near  the  nose 
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of  a  body  of  revolution  at  zero  angle  of  attack  with  non- 
detached  shock.  In  partlcutar  a  relation  between  the 
body  and  the  shock  curvatures  tn  meridian  planes  Is 
devetoped.  After  the  detailed  presentation  of  the 
method,  Its  limits  of  applicability  are  dtscussed.  As 
an  example  the  method  Is  applied  to  the  flow  about  the 
nose  of  the  RM-10  at  a  Mach  number  of  3. 18.  (Con¬ 
tractor's  summary) 


PIB.  04:003 

Potytechntc  Inst,  of  Brooklyn.  Dept,  of  Aeronautlcat 
Engineering  and  Applted  Mechanics,  N.  Y. 

DIFFRACTION  OF  DISTURBANCES  AROUND  A  CON¬ 
VEX  RIGHT  CORNER  WITH  APPLICATIONS  IN 
ACOUSTICS  AND  WING-BODY  INTERFERENCE,  by 
L.  Ting.  Aug.  1956  [3l]p.  lncl.  diagrs.  (PIBAL 
rept.  no.  307)  (AFOSR-TN- 56-428)  (AF  18(600)693) 

AD  96510  Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  24: 
821-844,  Nov.  1957. 

An  Integral  equation  is  set  up  for  the  problem  of  finding 
the  pressure  disturbance  when  a  given  small  disturbance 
passes  around  a  90°  convex  corner.  The  solution  Is 
obtained  by  the  method  of  successive  substitution.  It 
Is  shown  that  the  series  given  by  this  procedure  con¬ 
verges  faster  than  the  power  series  of  1/2.  The  con¬ 
vergence  of  the  series  Is  accelerated  by  regrouping  the 
terms  so  dial  Hie  solutions  Corresponding  to  any  one  of 
the  ordinal  numbers  of  substitution  possesses  the  cor¬ 
rect  behavior  at  the  boundary  of  the  domain.  When  the 
given  H<rtu’’benre  Is  a  gianr  weak  i acoustic)  shuck  the 
solution  corresponding  to  the  second  substitution  is 
already  In  good  agreement  with  the  linearized  conical 
solution.  For  the  problems  considered  In  this  study, 
the  series  converges  so  fast,  that  there  Is  no  necessity 
tu  go  beyond  the  second  substitution.  Based  upon  this 
solution  and  the  procedure  outlined  previously  (Jour. 
Math,  and  Phys. ,  v.  32:  102-116,  July-Oct.  1953),  the 
pressure  distribution  on  a  rectangular  barrier  after  It 
1>  M>  ty  a  weak  ahft/ck  Is  obtained.  The  problem  of  Inter 
ference  of  a  cylindrical  body  of  rectangular  cross  section 
with  a  planar  wing  In  supersonic  fit,  .ht  can  be  reduced 
to  the  problem  presented  here  and  the  one  solved  by 
Evvard’s  method  (NACA  Technical  note  no.  1382,  July 
1947).  The  pressure  distribution  Is  obtained  for  a  body 
of  square  cross  section  mounted  on  a  seml-lnflnlte 
wedge.  The  numerical  results  agree  with  the  tntegral 
relationship. 


PIB.  04:004 

Potytechntc  tnst.  of  Brooklyn.  Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics,  N.  Y. 

AN  ASSESSMENT  OF  BODY  LIFT  CONTRIBUTIONS 
AND  OF  LINEARIZED  THEORY  FOR  SOME  PARTICU¬ 
LAR  WING-BODY  CONFIGURATIONS,  by  J.  W.  Reyn 
and  J.  H.  Clarke.  June  t956  71  p.  lncl.  diagrs. 


tables,  refs.  (PIBAL  rept.  no.  305)  (AFOSR-TN- 
56-429)  (AF  18(600)693)  AD  96511  Unclassified 

A  configuration  composed  of  a  circular  half  cone 
mounted  beneath  a  swept  wing  with  zero  thickness  is 
studied  to  determine  whether  the  lift  induced  In  the  sys¬ 
tem  by  the  cone  In  supersonic  flow  ts  produced  efficient¬ 
ly  enough  to  provide,  at  practical  values  of  the  lift  co¬ 
efficient,  significant  reductions  In  the  pressure  drag. 
The  drag  of  this  configuration  Is  compared,  at  equal 
lift  coefficient  and  Mach  number,  to  tts  Inverted  coun¬ 
terpart,  to  a  configuration  composed  of  the  same  wing 
and  a  symmetrically  disposed  cone  with  equal  volume, 
and  to  the  wing  alone.  For  given  values  of  the  cone 
angle  parameter  and  the  sweep  parameter,  the  drag  of 
the  high- wing  configuration  ts  less  than  that  of  the  low- 
wing  configuration  for  all  positive  values  of  the  lift  co¬ 
efficient.  The  crag  of  the  high- wing  configuration  be¬ 
comes  successively  less  than  that  of  the  mldwlng  con¬ 
figuration  and  that  of  the  wing  alone  at  certain  critical 
values  of  the  lift  coefficient.  The  relative  drag  reduc¬ 
tions  In  the  three  cited  comparisons  are  a  maximum  at 
certain  optimum  values  of  the  lift  coefficient.  Com¬ 
pared  to  the  high  delta  wing-cone  configuration,  the 
high  swept  wing-cone  configuration  results  In  greater 
relative  drag  reductions  at  lower  values  of  the  lift  co¬ 
efficient,  and  therefore  appears  to  be  of  much  greater 
practical  Interest.  Compared  to  the  corresponllng 
low- wing  configuration,  mldwlng  configuration,  and 
wing  alone,  the  high  swept-wlng  system  can  give  drag 
reductions  up  to  36%,  10%,  and  5%,  respectively. 
Numerical  calculations  are  reported  of  the  supersonic 
ilo»  Held  around  cunts  and  tout- cylinders  ai  zero 
angle  of  attack  which  were  made  to  assess  the  accuracy 
of  the  linearized  theory  tn  wtng-body  Interference  pro¬ 
blems. 


PIB.  04:005 

Polytechnic  Inst,  of  Brooklyn.  Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics,  N.  Y. 

SIMILARITY  CONDITIONS  FOR  TESTING  HIGH 
SPEED  AIHCUAFT  MODELS,  by  L.  TU*.  Ntv  ltM 
[  50  j  p.  tncl.  dtagrs.  refs.  (PIBAL  rept.  no.  308) 
(AFOSR-TN- 56- 548)  (AF  t8(600)693)  AD  tt 0367 

Unclassified 

The  object  of  the  report  is  lo  establish  the  least  num¬ 
ber  of  similarity  conditions  for  lesltng  fundamental 
mathemaUcal  equations  tn  several  specific  problems 
of  aerodynamics,  heat  transfer  and  elasticity.  Approx¬ 
imations  justifted  by  Lets  or  mathematical  arguments 
effect  this  purpose.  The  condtUons  of  external  flow, 
temperature  distribution  and  heat  flow  and  quaslstaUc 
elastic  deformation  (and  wings  of  low  aspect  ratio)  are 
analyzed  Into  a  lime  dependent  problem. 

PIB. 04:006 

Polytechnic  Inst,  of  Brooktyn.  Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics,  N.  Y. 

A  NOTE  ON  THE  EFFECT  OF  CENTRIFUGAL  FORCES 
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AND  ACCELERATED  MOTION  ON  THE  INSTABILITY 
OF  THE  LAMINAR  BOUNDARY  LAYER  ABOUT 
HIGHLY  COOLED  BODIES,  by  A.  Ferrl  and  R. 
Vagllo-Laurln.  Dec.  1956  [I3]p.  (PIBAL  rept.  no. 
313)  (AFOSR-TN- 56-579)  (AF  18(600)693) 

AD  115002;  PB  139282 

Unclassified 

For  the  hypersonic  laminar  boundary  layer  of  a  highly 
cooled  surface  with  large  curvature,  a  preliminary 
analysis  of  a  possible  transition  mechanism  Is  given. 
Particular  emphasis  Is  placed  on  the  destabilizing  effect 
of  centrifugal  forces  In  steady  flight  and  the  resultant 
Inertia  forces  In  unsteady  flight  In  the  presence  of  cool- 
tng.  An  Intuitive  description  Is  given.  A  qualitative 
check  by  energy  considerations  Is  made  along  the  lines 
of  a  problem  by  Prandtl. 


PIB.  05:001 


wall;  this  distribution  reduces  to  the  universal  log  law 
when  the  mass  transfer  Is  zero.  The  expression  also 
serves  to  relate  the  local  skin  friction  to  the  boundary- 
layer  thickness.  When  these  relationships  are  used  In 
conjunction  with  the  von  Karman  Integral,  the  problem 
becomes  mathematically  specified.  Since  only  a  limited 
amount  of  experimental  data  Is  available,  it  Is  neces¬ 
sary  to  assign  to  certain  parameters  that  arise  In  the 
velocity  profile  the  constant  values  they  have  for  no 
mass  transfer.  When  more  measurements  are  com¬ 
pleted,  it  may  be  possible  to  adjust  these  parameters 
as  or  If  required.  The  results  give  the  variation  of 
average  skln-frlctlon  coefficient  with  the  Injection  ratio 
and  the  Reynolds  number  based  on  the  streamwlse  co¬ 
ordinate.  The  agreement  between  these  results  and  the 
experimental  data  available  Is  found  to  be  satisfactory. 
The  significant  reductions  In  skin  friction,  and  there¬ 
fore  In  heat  transfer,  to  be  realized  with  small  rates 
of  Injection  are  indicated. 
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Polytechnic  Inst,  of  Brooklyn.  Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics,  N.  Y. 

ON  THE  USE  OF  INTERFERENCE  EFFECTS  FOR 
SHOCK  DRAG  REDUCTION  AT  SUPERSONIC  SPEEDS 
(Unclassified  title),  by  A.  Ferrl  and  J.  H.  Clarke. 
July  1954,  51p.  tllus.  refs.  (PIBAL  rept.  no.  258) 
[AFOSR-TN- 54- 223]  (AF  18(600)694)  AD  41214 

Confidential 
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Polytechnic  Inst,  of  Brooklyn.  [Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics]  N.  Y. 

DRAG  REDUCTION  IN  LIFTING  SYSTEMS  BY  ADVAN¬ 
TAGEOUS  USE  OF  INTERFERENCE  (Unclassified  title), 
by  A.  Ferrl,  J.  H.  Clarke,  and  A.  Casacclo.  May  1955, 
Iv.  lncl.  lllus.  tables,  refs.  (PIBAL  rept.  no.  272) 

([  AFJOSP-TN-55-132)  (AF  18(600)634)  AD  64266 

Confidential 
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Polytechnic  Inst,  of  Brooklyn.  Dept,  of  Aeronautical 
Engtneertng  and  Applied  Mechanics,  N.  Y. 

A  PROVISIONAL  ANALYSIS  OF  TURBULENT  BOUND¬ 
ARY  1 -AYERS  WITH  INJECTION,  by  J.  H.  Clarke,  H. 

R.  Menkes,  and  P.  A.  l.tbby.  [t955j  [  6 ,  p.  tncl. 
tllus.  dlagrs.  table.  [  AF  18(600)694  j  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  22:255-260, 
Apr.  1955. 

Prandtl's  analysts  of  the  Incompressible  turbulent  bound¬ 
ary  layer  over  a  llat  plate  ts  extended  tn  this  report  to 
Include  the  effect  ol  uniform,  transverse  fluid  tnjectton. 
The  nordtmenstonat  parameters  characterizing  such  a 
Row  are  deduced  .  ,  dimensional  reasoning.  A  velocity 
profile  ts  generated  by  considering  the  llow  over  a  plane 
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Polytechnic  Inst,  of  Brooklyn.  Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics,  N.  Y. 

ON  THE  USE  OF  INTERFERING  FLOW  FIELDS  FOR 
THE  REDUCTION  OF  DRAG  AT  SUPERSONIC  SPEEDS, 
by  A.  Ferrl  and  J.  H.  Clarke.  Mar.  1956  [  71  ]  p. 
lncl.  dlagrs.  refs.  (PIBAL  rept.  no.  304)  (AFOSR- 
TN-56-223)  (AF  18(600)694)  AD  88030 

Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  24: 
1-18,  Jan.  1957. 

A  general  outline  has  been  given  of  possibilities  for 
favorable  Interference  between  supersonic  aircraft 
components.  The  Interference  between  a  3-dlmenslonal 
wing  and  a  small  reflecUng  surface  In  biplane  arrange¬ 
ment  has  been  discussed  In  terms  of  the  Unearlzed  flow 
theory.  Relationships  have  been  developed  which  per¬ 
mit  the  analysis  of  such  biplane  configurations  without 
the  need  for  determination  of  the  flow  field.  These 
relations  apply  In  the  linear  approximation  to  a  large 
class  of  such  configurations.  The  method  has  been 
applied  to  several  biplane  arrangements  of  pracUcal 
interest.  It  has  been  shown  that  the  drag  of  the  wing 
can  be  greatly  roduced  or  that  the  volume  near  the  root 
section  of  the  wtng  can  be  considerably  tncreased  wtth- 
out  penalty  In  drag.  A  discussion  of  the  btplane  from 
the  engineering  potnt  of  view  Indicated  that  the  configu¬ 
ration  appears  to  have  some  practical  application, 
particularly  tn  the  higher  Mach  number  range.  (Con¬ 
tractor's  abstract) 
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Polytechnic  Inst,  of  Brooklyn.  [  Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics]  N.  Y. 

AN  INVESTIGATION  OF  THE  ADVANTAGEOUS  USE 
OF  INTERFERENCE  EFFECTS  IN  THE  DESIGN  OF 
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SUPERSONIC  INLETS.  PART  I.  EXPERIMENTAL 
RESULTS  OF  A  BIPLANE  INLET  AT  A  MACH  NUM¬ 
BER  of  3.15  (Unclassified  tllle),  by  M.  Vlslch,  Jr. 

Aug.  1956,  Iv.  lncl.  Ulus,  tables.  (PIBAL  rept.  no. 

309)  ( [  AF  J OSR-TN-56-436)  (AF  18(600)694)  AD  96519 

Confidential 
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Polytechnic  Insi.  of  Brooklyn.  Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics,  N.  Y. 

DRAG  OF  A  THIN  BODY  FAVORABLY  INTERFERING 
WITH  A  WING  IN  SUPERSONIC  FLOW,  by  J.  H.  Clarke 
and  F.  D.  Halns.  Ocl.  1956  [  57  j  p.  lncl.  dlagrs.  refs. 
(PIBAL  repl.  no.  310)  (AFOSR-TN-56-496)  (AF  18- 
(600)694)  AD  110310  Unclassified 

A  comparison  Is  made  between  the  drags  of  thin,  wing- 
llke  bodies  and  slender  bodies  of  revolution  when  these 
bodies  enclose  the  same  volume  and  Immersed  In  the 
same  supersonic  stream.  11  appears  that  the  sum  of 
the  wave  drag  and  the  viscous  drag  can  be  of  compar¬ 
able  magnitude  in  each  case  when  the  chords  are  equal 
and  the  enclosed  volume  Is  sufficiently  large.  Interfer¬ 
ence  of  the  biplane  type  belween  a  high  aspect  ratio  wing 
and  a  thin,  wing- like  body  with  pentagonal  planform  Is 
analyzed.  The  body  Is  considered  lo  represent  an  ex¬ 
ternal  installation,  such  as  a  store  or  winged  vehicle, 
which  is  placed  in  proximity  to  the  wing.  SoluUons  are 
tuund  tin  ough  employment  ol  diaphragms  and  Images 
and  It  Is  shown  ‘.hit  interplanar  Induction  Is  quasi  two- 
dimensional  In  nature,  for  the  problem  considered,  so 
that  all  detailed  calculations  required  are  of  the  planar 
type.  The  difference  between  the  wave  of  the  configu¬ 
ration  and  the  wave  drag  of  the  Isolated  wing  Is  presented 
as  a  tuTCli  n  A  the  body  planter  n,  parameters  fur  given 
values  of  lhe  volume  enclosed  by  the  body.  This  drag 
Is  always  much  less  than  the  wave  drag  of  the  corres¬ 
ponding  Isolated  body,  and  becomes  zero  and  then  In¬ 
creasingly  negative  as  the  span  ol  the  body  Is  Increased 
Indefinitely.  The  values  also  compare  favorably  with 
the  wave  drag  of  Sears- Haack  bodies,  exhibiting  small 
fineness  ralli  s  and  Containing  equal  value*,  over  a  range 
of  the  body  planform  parameters.  A  skin  friction  esti¬ 
mate,  for  a  particular  case,  yields  results  which  do 
not  materially  alter  the  latter  comparison.  (Contract¬ 
or's  abstract) 
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Polytechnic  Inst,  of  Brooklyn.  Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics,  N.  Y. 

ANALYSIS  OF  FRAMEWORKS  IN  THE  PRESENCE  OF 
STEADY  CREEP,  by  P.  G.  Hodge,  Jr.  and  B. 
Venkatraman.  Nov.  1955  ,28]p.  lncl.  diagrs.  tables, 
refs.  (PIBAL  rept.  no.  333)  (  AF  OSH  - TN -  55-455) 
(AF  18(600)1381)  AD  81597  Unclassified 

An  analysis  Is  presented  of  plnjointed  frameworks  In 
which  the  deformations  are  caused  exclusively  by  steady 


creep.  By  means  of  the  elastic  analogue,  the  creep 
problem  is  first  reduced  to  one  In  nonUnear  elasticity. 
The  elastic  analysis  Is  then  shown  lo  depend  upon  the 
solution  of  one  or  more  nonUnear  algebraic  equaUons. 
Next,  2  distinct  methods  of  finding  approximate  solu¬ 
tions  are  presented.  These  are  based  upon  the  2 
minimum  principles  of  elasUcity,  and  also  upon  the 
behavior  of  a  rlgid-perfeclly  plastic  material. 

Finally,  some  examples  are  worked  oui  by  the  exacl 
and  approximate  analyses,  the  results  being  compared. 
(Conlractor’s  abstract) 


PIB.  06:002 

Polytechnic  lnsi.  of  Brooklyn.  [Depi.  of  Aeronaullcal 
Engineering  and  Applied  Mechanics]  N.  Y. 

APPROXIMATE  SOLUTIONS  OF  SOME  PROBLEMS 
IN  STEADY  CREEP,  by  P.  G.  Hodge,  Jr.  and  B. 
Venkatraman.  Aug.  1956  42p.  lncl.  tables,  refs. 
(AFOSR-TN- 56-361)  (AF  18(600)1381)  AD  9544  7 

Unclassified 

If  the  elastic  and  primary  creep  strains  in  a  structure 
can  be  neglected,  than  11  can  be  shown  that  lhe  resulUng 
mathematical  problem  Is  equivalent  lo  a  problem  in 
nonUnear  elasUcity.  Further,  If  the  creep  strain  rales 
saUsfy  a  power  law,  then  the  classical  minimum  prin¬ 
ciples  of  eiasUclly  are  valid  for  the  analogous  elasUc 
problem.  Therefore,  approximate  soluUons  can  be  ob¬ 
tained  by  choosing  appropriate  functions  containing  cer¬ 
tain  arbitrary  parameters  and  minimizing  either  the 
potenUal  or  complementary  energy  with  respect  to  these 
parameters.  If  the  exponent  In  the  power  law  for  creep 
strain  rates  Is  large,  the  stress- strain  rate  curve  Is 
very  similar  to  that  which  characterizes  a  rlgid-per- 
lectly  plat  tic  material.  This  tael  tan  be  used  tu  ad 
vantage  In  choosing  appropriate  functions  for  appllca 
tlons  of  the  minimum  principles.  This  concept  Is  Il¬ 
lustrated  with  respect  to  pin  jointed  frameworks  and 
jointed  plane  frames.  Exact  and  approximate  methods 
are  compared  for  some  simple  examples,  and  the 
power  of  the  approximate  methods  Is  Illustrated  In  more 
Complex  prettem*.  (Contractor's  abstract) 
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Polytechnic  Inst,  of  Brooklyn.  Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics,  N.  Y. 

BENDING  OF  RIGID  FRAMES  IN  THE  PRESENCE  OF 
STEADY  CREEP,  by  B.  Venkatraman  and  P.  G.  Hodge, 
Jr.  May  1956  [  22  j  p.  lncl.  dlagrs.  tables,  refs. 
(PIBAL  repl.  no.  346)  (AFOSR-TN-56-455)  (AF  18- 
(600)1381)  AD  97071  Unclassified 

This  paper  Is  concerned  with  the  creep  behavior  of 
rigid  frames  made  of  a  material  obeying  a  steady  creep 
law.  The  creep  problem  is  first  reduced  to  one  In  non¬ 
linear  elasticity  by  means  of  the  elastic  analogue.  The 
elastic  problem  is  shown  to  depend  upon  the  solution  of 
one  or  more  nonlinear  algebraic  equations.  Next, 
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various  methods  of  finding  approximate  solutions  are 
presented.  These  stem  from  the  behavior  of  a  rlgld- 
perfeclly  plastic  material  and  are  based  upon  potential 
energy  analysis.  Finally,  some  examples  are  worked 
out  by  the  exact  and  approximate  analyses  lo  show  the 
qualitative  effecl  of  creep  In  bending.  (Contractor's  ab¬ 
stract) 


Pm.  06:004 

Polytechnic  Insl.  of  Brooklyn.  Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics,  N.  Y. 

STRESS  DISTRIBUTION  IN  THE  PRESENCE  OF  CREEP, 
by  N.  J.  Hoff.  Sept.  1956  L 1 8 j  p.  lncl.  dlagrs.  refs. 
(PIBAL  repl.  no.  362)  (AFOSR-TN-56-456'  'AF  18(600)- 
1381)  AD  97072  Unci' 

Also  published  In  Proc.  Ninth  Internation?:  ongress  of 
Appl.  Mech. ,  Brussels  (Belgium)  (Sepi.  5-13,  1956), 
v.  8:  211-218,  1957. 

When  lhe  material  of  a  slruciure  creeps,  the  law  govern¬ 
ing  the  creep  deformations,  or  a  law  combining  elastic 
and  creep  deformations,  lakes  the  place  of  Hooke's  law 
In  lhe  statement  of  the  problem  of  stress  distribution. 

The  creep  laws  obtained  from  creep  tensile  lesls,  and 
their  generalizations  applicable  when  lhe  stale  of  stress 
Is  biaxial  or  lrlaxlal  and  when  the  stress  varies,  are 
discussed.  The  existence  of  elastic  and  plastic  analogues 
for  steady  and  for  transient  creep  is  shown  and  lhe  use 
of  the  analogues  in  slress  analysis  Is  explained.  The 
theory  of  the  buckling  of  columns  whose  material  Is  sub¬ 
ject  lo  creep  Is  presented. 
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Polytechnic  Inst,  of  Brooklyn,  f  Dept,  of  Aeronautical 
Engineering  and  Applied  Mechanics  1  N.  Y. 

BUCKLING  AT  HIGH  TEMPERATURES,  by  N.  J.  Hoff, 
t,  1956  J  [  40  i  p.  lncl.  lllus.  dlagrs.  refs.  (AF  1 8(600) - 
1381)  Unclassified 

Presented  al  Symposium  on  "Structural  Problems  of 
High  Speed  Flight,  "  College  of  Aeronautics,  Cranlleld 
(England),  Aug.  20-23,  1956. 

High  temperatures  affect  buckling  because  lhe  properties 
of  lhe  materials  change  and  because  thermal  stresses 
and  creep  develop.  A  survey  Is  gtven  ol  lhe  known  solu¬ 
tions  ol  problems  arising  In  consequence  of  these  phe¬ 
nomena. 
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Polytechntc  lust,  of  Brooklyn.  Dept,  ol  Chemistry,  N.  Y. 

LONG  LIVED  STATES  IN  PHOTOCHEMICAL  RE  AC  - 
TIONS:  11.  1-HOTOREDUCTlON  OF  FLUORESCEIN 
AND  ITS  HAt  OGtNATED  DERIVATIVES,  by  A.  H. 


Adel  man  and  G.  Oster.  [.Mar.  1956]  ll7]p.  lncl. 
dlagrs.  tables,  refs.  (AFOSR-TN-56-130)  [AF  18- 
(600)1182]  AD  86007  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  78: 
3977-3980,  Aug.  20,  1956. 

A  comparison  Is  made  among  the  consianls  charac¬ 
terizing  lhe  phoioreduction  of  fluorescein  and  several 
of  Us  halogenaled  derlvallves  In  the  presence  of  allyl 
thiourea.  The  quanlum  yield  of  production  of  the  long- 
lived  excited  slate  changes  slightly  with  halogenation. 
Similarly,  the  lifetimes  of  these  slates  do  not  vary 
among  the  halogenaled  members  and  are  aboui  10" 4  sec 
In  water  al  room  temperature.  Internal  conversion 
from  the  first  singlet  excited  state  lo  the  ground  slate 
Increases  with  halogenation.  There  is  extensive 
quenching  of  the  metastable  slate  by  the  dye  In  the 
ground  stale  as  well  as  by  a  wide  variety  of  foreign  sub¬ 
stances.  The  diversity  of  effective  subslances  suggests 
thal  a  diffusion-controlled  quenching  mechanism  Is 
operative  as  opposed  lo  an  energy  transfer  mechanism. 
Comparison  of  phosphorescence  quenching  in  a  highly 
viscous  medium  with  lhe  relardatlon  of  phoioreduction 
Indicates  that  the  melasiable  slate  Is  lhe  triplet  slate. 
(Contractor's  abslracl) 
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Polytechnic  *nsl.  of  Brooklyn.  Depl.  of  Chemlslry,  N.  Y. 

LONG-LIVED  STATES  IN  PHOTOCHEMICAL  REAC¬ 
TIONS.  1.  PHOTOREDUCTION  OF  EOSIN,  by  G.  Oster 
and  A.  H.  Adetman.  [1956]  [  4  j  p.  lncl.  dlagrs.  refs. 
(AF  18(600)1182)  Unclassified 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  78:  913-916, 
Mar.  5,  1956. 

A  mechanism  for  the  pholoreducUon  of  eosln  Y  wllh  allyl 
thiourea  Is  presenled  which  necessitates  the  postulation 
of  a  long-lived  exdled  stale  of  the  dye.  Extensive 
quenching  of  this  melasiable  slate  by  dye  In  the  ground 
slate  Is  shown  lo  occur.  Kinetic  and  quenching  data  are 
used  lo  evaluate  the  extent  lo  which  the  unexcited  dye, 
reducing  agenl,  poiasslum  Iodide  and  p-phenylenedta- 
mlne  Interact  with  the  melasiable  excited  stale  ol  the 
dye.  Further,  these  data  are  used  lo  calculate  an  ap¬ 
proximate  lifetime  of  the  long-lived  excited  slate  which 
was  found  lo  be  about  fifty  thousand  times  greater  than 
that  of  lhe  first  excited  singlel  slate.  (Contractor's  ab¬ 
stract) 
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Polytechnic  Inst,  of  Brooklyn.  Dept,  of  Chemistry,  N.  Y. 

FLUORESCENCE  AND  INTERNAL  ROTATION:  THEIR 
DEPENDENCE  ON  VISCOSITY  OF  THE  MEDIUM,  by 
G.  Osier  and  Y,  Ntshtjtma.  1956  4  ,  p.  tncl. 

dtagrs.  rets.  (AF  18(600)1182)  Unclassttted 
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Presented  at  meeting  of  the  Amer.  Chem.  Soc. ,  Dallas, 
Tex. ,  Apr.  1956. 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  78:  1581- 
1584,  Apr.  20,  1956. 

Substances  possessing  substituted  phenyl  groups  which 
are  capable  of  Internal  rotation  Increase  their  fluores¬ 
cence  with  Increasing  viscosity  of  the  medium.  The 
fluorescence  yield  4>  of  auramine  0,  a  substituted  dl- 
phenylmethane  dye,  measured  In  glycerol  at  various 
temperatures  and  In  dextrose-glycerol-water  mixtures 
at  room  temperature  followed  the  relation  =  (nA)/ 

[a  +  p  (  n/T)]  where  a  and  P  are  constants,  q  Is 
the  viscosity  and  T  Is  absolute  temperature.  The  results 
are  Interpreted  as  being  due  to  one  of  the  fluorescence 
quenching  steps  passing  via  a  rotational  diffusion  pro¬ 
cess.  We  calculate  that  this  step  takes  place  If  during 
the  period  of  excitation  of  the  light-excited  dye  the  groups 
on  the  molecule  have  rotated  relative  to  one  another  by 
more  than  2°.  (Contractor's  abstract) 

PIB.  07:004 

Polytechnic  Inst,  of  Brooklyn.  Dept,  of  Chemistry,  N.  Y. 

PHOTOREDUCTION  OF  TRIPHENYLMETHANE  DYES 
IN  THE  BOUND  STATE,  by  G.  Oster  and  J.  S.  Beilin. 
[June  26,  1956 j  [5]p.  lncl.  dlagrs.  refs.  (AF  18- 
(600)1182)  Unclassified 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  79:  294-298, 
Jan.  20,  1957. 

Trlphenylmethane  dyes  do  not  undergo  photo  reduction 
unless  they  are  bound  to  water-soluble  high  polymers. 

In  contrast  to  their  behavior  In  the  light,  the  reduction 
of  these  dyes  In  the  dark  by  strong  reducing  agents  Is 
actually  Inhibited  when  the  dyes  are  bound.  In  several 
respects  the  photochemical  behavior  of  the  bound  dyes 
Is  different  from  that  of  free  fluorescein- type  dyes. 
Whereas,  with  the  latter,  when  free,  the  quantum  yield 
Increases  with  Increasing  dye  concentration.  Nitro¬ 
benzene  retards  the  rate  of  fading  of  free  dyes,  while 
In  the  case  of  bound  dyes,  the  reaction  is  Inhibited  until 
all  the  nitrobenzene  Is  consumed,  after  which  the  reac¬ 
tion  proceeds  at  a  rate  equal  to  tnat  for  tne  innibltor- 
free  system.  Analysis  of  1  e  kinetic  data  shows  that 
bound  long-lived  excited  dye  molecules  react  with  the 
reduclsnl  to  give  c-jtoftesS  products.  Intern  lion  be¬ 
tween  bound  dye  molecules  In  the  ground  state  and 
those  In  the  first  electronically  excited  singlet  state  Is 
the  principal  mechanism  for  the  formation  of  long-lived 
excited  dye  molecules.  Confirmation  of  this  reaction 
step  Is  the  fact  that  self-quenching  of  the  fluorescence 
of  bound  dye  molecules  occurs  at  abnormally  low  con¬ 
centrations.  An  analogy  Is  drawn  between  these  systems 
and  those  occurring  In  photosynthetic  systems. 

PIB. 07:005 

Polytechnic  Inst,  of  Brooklyn.  Dept,  of  Chemistry,  N.  Y. 
PHOTOREDUCTION  OF  EOSIN  IN  THE  BOUND  STATE, 


by  J.  S.  BelUn  and  G.  Oster.  [Nov.  30,  1956]  [4)p. 
lncl.  dlagrs.  refs.  (AF  18(600)1182)  Unclassified 

Published  in  Jour.  Amer.  Chem,  Soc.,  v.  79:  2461- 
2464,  May  20,  1957. 

The  spectral  and  photochemical  properties  of  eosln  Y 
bound  to  polyvinylpyrrolidone  differ  considerably  from 
those  of  the  free  dye.  The  bound  dye  exhibits  self- 
quenching  of  phosphorescence  (In  rigid  media)  the  op¬ 
posite  Is  true.  Furthermore,  p-phenylenediamlne  which 
quenches  the  phosphorescence  of  the  free  dye  Is  without 
effect  on  the  bound  dye.  Nitrobenzene  retards  the 
photoreduction  of  free  eosln  but  Inhibits  the  photoreduc- 
tlon  of  bound  eosln,  the  duration  of  the  Inhibition  period 
being  proportional  to  the  concentration  of  the  Inhibitor. 
p-Phenylenediamlne  both  inhibits  and  retards  the  photo¬ 
reduction  of  bound  eosln  while  It  only  retards  the  reac¬ 
tion  for  free  dye.  For  small  dye  concentrations  the 
quantum  yield  of  photoreduction  of  bound  eosln  increases 
with  increasing  dye  concentration  while  for  free  dye  the 
opposite  Is  the  case.  These  rate  studies  suggest  that  a 
bound  dye  molecule  In  the  first  electronically  excited 
state  rapidly  exchanges  energy  with  a  bound  dye  mole¬ 
cule  in  the  gound  state  to  produce  a  long- lived -excited 
species  which  reacts  with  the  reducing  agent  (here 
ascorbic  acid).  A  mechanism  Is  proposed  for  dye-sen- 
sltizatlon  In  silver  halide  photography  based  on  photo- 
r eduction  of  bound  dye.  (Contractor's  abstract) 


PIB.  08:001 

Polytechnic  Inst,  of  Brooklyn.  [Inst,  of  Polymer 
Research]  N.  Y. 

IONIC  POLYMERIZATION,  by  C.  G.  Overberger  and 
A.  B.  Flnestone.  June  1955,  27p.  lncl.  tables,  refs. 
(Technical  note  no.  2)  ([  AF  ]OSR-TN-55- 191)  (AF  18- 
(600)970)  AD  68543  Unclassified 

An  attempt  was  made  to  synthesize  from  vinyl  mono¬ 
mers  an  asymmetric  polymer  which  would  be  capable 
of  producing  asymmetric  polymers  by  Ionic  polymeri¬ 
zation.  The  use  of  optically  active  cocatalysts, 
1-menthoxyacetlc  acid  and  d-w  - camphorsulf onlc  acid, 

In  tht  call onlc-calaty zed  copoly  mtrU«tlon  ut  styrene 
and  p-chlorostyrene,  failed  to  give  an  asymmetric 
polymer  synthesis.  Ammonium  p-toluenesulflnate,  Na 
p  toluene suUtnate,  and  trlelhyituil  jnlun:  bromide  were 
studied  with  vinyl  monomers  containing  electron-with¬ 
drawing  groups  to  explore  their  use  as  anionic  catalysts 
In  vinyl  polymerization.  The  catalyst  did  not  Initiate 
polymerization.  The  use  of  active  amylmagnesium 
bromide  In  the  anionic -catalyzed  polymerization  of 
methyl  methacrylate  failed  to  give  an  asymmetric  poly¬ 
mer  synthesis.  This  Grlgnard  reagent  was  not  a  cat¬ 
alyst  for  the  polymerization  of  8fi£-butyl  methacrylate. 
X-  ray  diagrams  demonstrated  that  polystyrene  and  poly¬ 
methyl  methacrylate  obtained  by  Alfln-catalyst  poly¬ 
merization  were  completely  amorphous.  The  use  of  an 
optically  active  alcohol,  d-S££- butanol,  as  one  of  the 
components  of  the  Alfln  catalyst  also  failed  to  give  any 
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Increased  orientation  In  the  polymer.  The  Aifln  cata¬ 
lysis  failed  lo  polymerize  sfi£-butyl  methacrylale. 
(ASTIA  abstract) 


PIB. 08:002 

Polytechnic  Insl.  of  Brooklyn.  Insl.  of  Polymer 
Research,  N.  Y. 

PREPARATION  OF  o-VINYLBENZYL-d-s-BUTYL 
SULFIDE.  AN  ATTEMPTED  ASYMMETRIC  POLYMER 
SYNTHESIS,  by  C.  G.  Overberger  and  L.  C.  Palmer. 
June  1955,  17p.  lncl.  dlagrs.  refs.  (Technical  nole  no. 
1)  ([  AFjOSR-TN-55-192)  (AF  18(600)970)  AD  68544 

Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  78: 
666-669,  Feb.  5,  1956. 

The  preparation  of  o-vlnylbenzyl-d-s-butyl  sulfide  Is 
described.  This  optically  active  monomer  was  polymer¬ 
ized  and  copolymerized  with  a  free  radical  catalyst  In 
an  attempt  lo  effect  an  asymmetric  polymer  synthesis. 
After  quantitatively  removing  the  sulfur  and  the  opti¬ 
cally  active  group  by  hydrogenolysls  with  Raney  nickel, 
lhe  resulting  polymer  and  copolymer  were  found  lo  be 
optically  Inactive  and  an  x-ray  diagram  of  a  stretched 
polymer  film  showed  11  lo  be  nonorlenled.  (Conlraclor's 
abstract) 


PIB.  08:003 

Polytechnic  Inst,  of  Brooklyn.  Inst,  of  Polymer 
Research,  N.  Y. 

ASYMMETRIC  POLYMER  SYNTHESIS,  by  C.  G.  Over 
berger,  A.  B.  Flneslone,  and  L.  C.  Palmer.  Final 
technical  repl.  Ocl.  31,  1955,  4p.  [  AFOSR-TR-55- 
34  J  (AF  18(600)970)  AD  78665  Unclassified 

The  work  accomplished  on  the  preparation  of  asym¬ 
metric  polymers  Is  reviewed.  Abstracts  are  pre¬ 
sented  for  the  technical  notes  submitted  under  this 
task,  contract  no.  AF  18(600)970. 


PIB.  09:001 

Polytechnic  Insl.  of  Brooklyn.  Microwave  Research  Insl. , 
N.  Y. 

REAlUtANGl  E  ,  MENT  COLLISIONS,  by  B.  A.  Llppmann. 
Dec.  14,  1955  [  1 6 J p.  (Research  rept.  no.  R-454-55; 
PIB -384)  (l  AFjOSR-TN-55-468)  (AF  18(600)1505) 

AD  84600  Unclassified 

The  quantum  mechanical  theory  of  rearrangement  col¬ 
lisions  Is  discussed.  In  particular,  are  considered: 

(a)  the  transformation  of  the  state  vector  from  the 
original  basis  to  the  basis  of  the  rearranged  system: 

(b)  the  conditions  for  the  equivalence  of  the  "post"  and 
"prior"  Interactions  when  computing  matrix  elements; 


and,  (c)  the  extension  of  Schwinger's  variational  prin¬ 
ciple  to  rearrangement  collisions.  (Contractor's  ab¬ 
stract) 


PIB. 09:002 

Polytechnic  Insl.  of  Brooklyn.  Microwave  Research  Insl. , 
N.  Y. 

DESIGN  OF  FEEDBACK  SYSTEMS,  by  E.  J.  Angelo, 

Jr.  Jan.  31,  1956  [22]p.  lncl.  dlagrs.  refs.  (Repl. 
no.  R-449-55;  PIB-379)  (AFOSR-TN-58-146)  (AF  18- 
(600)1505)  AD  86305  Unclassified 

An  examination  Is  made  on  the  relationship  between  sys¬ 
tem  configuration  and  system  performance  with  the  ob¬ 
jective  of  establishing  practical  guides  lo  aid  In  choos¬ 
ing  the  configuration  lo  be  used.  This  study  revealed 
that  the  dynamic  performance  of  a  linear  feedback  sys- 
lem  depends  primarily  on  the  over-all  transmission 
(closed- loop  transfer  function),  T0,  and  the  sensitivity 
function,  S;  11  Is  Independent  of  the  system  configuration 
used  lo  realize  these  functions.  In  order  lo  achieve  an 
optimum  design,  attention  should  be  directed  toward  the 
choice  of  optimum  transfer  and  sensitivity  functions; 
the  system  configuration  can  then  be  chosen  for  greatest 
convenience  In  realizing  these  functions.  This  state¬ 
ment  Implies  a  design  procedure  consisting  of  2  parts: 

(1)  lhe  choice  of  optimum  functions  for  T0  and  S,  and 

(2)  the  choice  of  system  components  and  configuration 
lo  realize  these  functions  when  certain  components 
(such  as  the  servo  motor)  are  specified.  (ASTIA  ab- 
slracl) 


PIB. 09:003 

Polytechnic  Insl.  of  Brooklyn.  Microwave  Research 
Insl.  ,  N.  Y. 

PROCEEDINGS  OF  THE  SYMPOSIUM  ON  MODERN 
NETWORK  SYNTHESIS,  NEW  YORK,  APR.  13-15, 

1955,  Vol.  V,  ed.  by  J.  Fox.  Ann  Arbor,  Mich., 
Edwards  Brothers,  Inc.,  1956,  528p.  lncl.  dlagrs. 
tables,  refs.  (Sponsored  jointly  by  Office  of  Naval 
Research,  l  Air  Force  J  Office  of  Scientific  Research, 
and  Signal  Corps  under  [  AF  18(600)15051) 

Unclassified 

A  broad  review  Is  presented  of  significant  contributions 
lo  network  synthesis  during  the  period  from  approxi¬ 
mately  1951  to  1955.  It  deals  with  passive  and  recip¬ 
rocal  networks,  nonreciprocal  networks,  and  active 
networks.  The  following  papers  are  presented:  (1) 
Passive  Network  Synthesis,  by  It.  M. Foster;  (2)  8*0- 
thesls  of  Nonreclprocal  Networks,  by  H.  J.  Carlin;  (3) 
Synthesis  of  Active  Networks,  by  W.  R.  Bennett:  (4) 
Driving-Point  Impedance  Synthesis  Using  Maximally 
Lossy  Elements,  by  J.  H.  Westcott;  (5)  jjetwprjtB  WlUl 
out  Mutual  Reactance,  by  A.  D.  Flatkow;  (6)  On  Pseudo- 
Scattering  Matrices,  by  Y.  Oono;  (7)  New  Methods  of 
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Containing  Two  Kinds  of  Element,- ,  by  F.  H.  EHerlz; 

(9)  Synthesis  ol  Four-Wire  Conference  Networks  and 
Related  Problems,  by  V.  Belevllch;  (10)  A  Fourier 

(ll)  Optimum  Pulse  Shape  tor  C  ‘gUaLXEanamlaalon.  by 

A.  E.  Laemmel;  (12)  Linear  Leasi  Squares  Filtering 
and  Prediction  of  Sampled  Signals,  by  S.  P.  Lloyd  and 

B.  McMillan;  (13)  Some  Applications  of  the  Laurent 
Schwartz  Distribution  Theory  to  Network  Problems,  by 
P.  A.  Clavier;  (14)  Time  Domain  Filter  Operations,  by 
G.  R.  Lang;  (15)  Algebraic  and  Topological  Foundations 
ol  Network  Synthesis,  by  S.  Okada;  (16)  Duality,  Partial 
Duality  and  Contact-Transformations,  by  E.  Colin 
Cherry;  (17)  Transfer  Impedance  of  Reciprocal  Passive 
Two- Ports  with  Prescribed  Transfer  and  Reflection 
Coefficients,  bv  H.  Plloty;  (18)  Reflectlonless  Trans¬ 
mission  through  2N-Termlnal-Palr  Networks. by  J .  F . 
Kllnkhamer;  (19)  Tchebvcheff  Approximations  for 
Amplitude  and  Delay  with  Rational  Functions,  by  D. 
Helman;  (20)  Network  Response  In  Terms  of  Behavior 
at  Imaginary  Frequencies,  by  A.  Papoulls;  (21)  Net¬ 
work  Theorems  for  Wideband  Transistor  Amplifiers , 

by  G.  L.  Malthael  and  G.  P.  Plolnlkoff;  (22)  The  Syn¬ 
thesis  of  Active  Filters,  by  J.  G.  Linvill;  (23)  Internal 
Feedback  and  Neutralization  of  Transistor  Amplifiers, 
by  A.  P.  Slern,  C.  A.  Aldridge,  and  W.  F.  Chow;  (24) 
Transient  Analysts  of  Feedback  Systems  with  Time  De¬ 
lay.  by  K.  Kupfmuller.  The  symposium  is  concluded 
with  a  round  table  discussion  on  lhe  practical  implica¬ 
tions  of  modern  network. 


PIB. 09:004 

Polytechnic  lnsl.  ol  Brooklyn.  Microwave  Research  lnsl. , 
N.  Y. 

PROCEEDINGS  OF  THE  SYMPOSIUM  ON  NONLINEAR 
CIRCUIT  ANALYSIS.  NEW  YORK,  APR.  25-27,  1956, 
Vol.  VI,  ed.  by  J.  Fox  and  M.  Crowell.  Ann  Arbor, 
Mich.,  Edwards  Brothers,  Inc.,  1956,  456p.  Incl.  Ulus, 
dlagrs.  tables,  refs.  (Sponsored  jointly  by  Air  Force 
Office  of  Scientific  Research  under  AF  18(690)1505, 
Office  of  Naval  Research,  and  Signal  Corps) 

Unclassified 

A  survey  of  fundamental  principles  of  nonlinear  circuits 
with  Illustrative  examples.  Included  are:  advances  In 
nonlinear  theory;  stability  theory;  applications  of  non 
linear  theory;  properties  of  closed  loop  systems;  Im¬ 
portance  of  Initial  conditions;  mathematical  aspects  of 
subharmonic  response;  a  new  describing  function; 
equivalent  linearization,  dynamic  programming;  final 
value  systems;  Markov  process  distribution;  feedback 
system  synthesis;  nonlinear  sampled  dala  systems; 
piecewise  linear  analysts  and  synthesis;  general  energy 
relations;  and  complex  convolution  as  applied  to  non¬ 
linear  problems. 

PIB.  09:005 

Polytechnic  Inst,  of  Brooklyn.  Microwave  Research 
Inst.,  N.  Y. 

ACTIVE  NETWORK  SYNTHESIS,  by  I.  M.  Horowitz. 


[  1956]  [  6 ] p.  Incl.  dlagrs.  L  AF  18(600)1505] 

Unclassified 


Presented  al  I.R.E.  National  ConvenUon,  New  York, 
Mar.  19-21,  1956. 

Published  In  I.  R.  E.  Convention  Record,  Pari  2:  38-45, 
1956. 

A  discussion  Is  presented  of  synthesis  of  transfer  func¬ 
tions  In  the  form  of  unbalanced  slructures  utilizing  re¬ 
sistors,  capacllors,  and  active  elements  (lranslslors 
or  lubes).  Three  experimental  networks  and  results 
are  presented. 


PIB.  09:006 

Polytechnic  Inst,  of  Brooklyn.  Microwave  Research  Insl., 
N.  Y. 

NETWORK  THEORY  IN  THE  PRACTICAL  DESIGN  OF 
CONTROL  SYSTEMS,  by  J.  G.  Truxal.  [  1956  J  t  5  J  p. 
Incl.  dlagrs.  [  AF  18(600)1505  J  Unclassified 

Presented  al  I.  R.  E.  National  Convention,  New  York, 
Mar.  19-21,  1956. 

Published  In  1.  R.  E.  Convention  Record,  Part  2:  3-7, 
1956. 

Typical  applications  of  realization  techniques,  feedback 
theory,  and  measurement  techniques  In  the  field  of  net¬ 
work  theory  are  described.  Some  of  lhe  problems 
which  are  of  Interest  to  lhe  control  engineer  are  ana¬ 
lyzed.  The  correlaUon  of  network  theory  and  feedback 
control  system  design  Is  discussed. 


PIB.  09:007 

Polytechnic  Insl.  of  Brooklyn.  Microwave  Research 
Inst. ,  N.  Y. 

SYNTHESIS  OF  NONREC1PROCAU  NETWORKS,  by 
H.  J.  Carlin.  [  1956  j  t  34  j  p.  loci,  dlagrs.  refs. 

AF  18(600)1505  j  Unclassified 

Presented  al  Symposium  on  Modern  Network  Synthesis, 
New  York.  Apr.  13-  15,  1955. 

Publtshed  In  Proc.  of  lhe  Symposium  on  Modern  Net 
work  Synthesis,  New  York  (Apr.  13  15,  1955),  Ann 
Arbor,  Mich.,  Edwards  Brothers,  Inc.,  v.  5:  11-44, 
1956. 

Some  of  lhe  synthesis  techniques  which  can  be  used  for 
n-lermlnal-palr  nonreciprocal  networks  are  described. 
Items  discussed  Include:  (1)  single  frequency  and  fre 
quency  Invariant  networks,  (2)  synthesis  of  reac  lance 
networks  In  lhe  frequency  domain,  (3)  synthesis  of 
general  passive  networks  In  the  frequency  domain  amt 
(4)  synthesis  of  acilve  networks. 
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Polytechnic  Inst,  of  Brooklyn.  Mtcrowave  Research  Inst. , 
N.  Y. 

MODIFICATION  OF  THE  BRILLOUIN- WIGNER  PER¬ 
TURBATION  METHOD,  by  B.  A.  Llppmann.  [  1956] 

[  2 1  p.  (AF  18(600)1505)  Unclassified 

Published  In  Phvs.  Rev.,  v.  103:  1149-1150,  Sept.  1, 
1956. 

By  using  the  method  of  Goldhammer  and  Feenberg,  a 
simple,  generally  valid  prescription  for  Improving  the 
Brtllouln-Wlgner  perturbation  procedure  Is  derived. 
(Contractor's  abstract) 


PIB. 09:009 

Polytechnic  Inst,  of  Brooklyn.  Microwave  Research 
Inst.,  N.  Y. 

R-C  TRANSISTOR  NETWORK  SYNTHESIS,  by  I.  M. 
Horowitz.  [  1956 j  [l2Jp.  (AF  18(600)1505;  continued 
by  AF  18(603)105)  Unclassified 

Presented  at  National  Electronics  Conference,  Chicago, 
111.  Oct.  1-3,  1956. 

Published  In  Proc.  National  Electronics  Conference, 
v.  12:  818-829,  1956. 

The  transistor  with  Its  numerous  attractive  features 
lends  Itself  readily  to  exploitation  as  a  circuit  element, 
tn  conjunction  with  resistors  and  capacitors,  It  may  be 
used  to  synthesize  transfer  functions  otherwise  requiring 
Inductors.  Synthesis  procedures  for  this  purpose  have 
been  described  In  the  literature.  One  gap  In  these  pro¬ 
cedures  has  been  the  lack  of  any  unrestricted  method  for 
realizing  non- minimum  phase  transmission  zeros  In  the 
form  of  simple  unbalanced  networks.  This  paper  fills 
this  gap  with  an  R-C- transistor  synthesis  technique  for 
realizing  transmission  zeros.  The  synthesis  philosophy 
Is  In  the  tradition  of  Brune,  Darlington  and  Dasher  In 
that  a  driving  point-impedance  Is  developed  In  ladder 
form  by  means  of  a  cascade  of  canonical  sections.  Each 
section,  consisting  of  a  T  structure  of  four  passive  ele¬ 
ments  In  parallel  with  one  transistor,  realizes  one  pair 
of  zeros  and  In  the  process,  reduces  the  degree  of  the 
drlblng- point  Impedance  by  two.  Alignment  Is  thus  con¬ 
siderably  simplified  because  there  is  no  interaction  be¬ 
tween  sections  with  respect  to  their  transmission  zeros. 
Experimental  examples  are  given  and  methods  are  des¬ 
cribed  for  making  the  transfer  function  so  Insensitive  to 
the  transistors,  as  to  permit  Interchange  of  transistors 
of  different  manufacturers,  with  negligible  effect  on  the 
network  characteristics.  (Contractor's  abstract) 

PtB.  10:001 

Polytechnic  Inst,  of  Brooklyn.  Microwave  Research 
Inst  ,  N.  Y. 

NON- RECIPROCAL,  NETWORK  THEORY  APPLIED  TO 
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FERRITE  MICROWAVE  DEVICES  (Abstract),  by  H.  J. 
Carling.  [  1956]  [l]p.  (AF  18(603)105;  continuation 
of  AF  18(600)1505)  Unclassified 

Presented  at  meeting  of  the  British  Inst,  of  Electrical 
Engineering,  London  (England),  Oct.  29,  1956. 

The  network  expressions  for  the  physical  realizability 
of  non-reciprocal  structures  are  briefly  examined. 
These  are  then  applied  to  a  discussion  of  the  properties 
of  linear  ferrtte  microwave  devices.  Applications  In¬ 
clude  properties  and  equivalent  circuits  for  one-way 
lines,  multiport  circulators,  multiport  power  dividers, 
variable  directional  couplers,  phase  shifters,  and 
ferrite  duplexero.  Some  discussion  ts  also  given  to  the 
use  of  non-reciprocal  circuit  concepts  In  the  measure¬ 
ment  of  the  terminal  properties  of  linear  ferrite  de¬ 
vices  by  means  of  equivalent  circuits,  and  by  the  ap¬ 
plication  of  a  theorem  which  separates  reciprocal  and 
non- reciprocal  effects  tn  measurement  techniques. 
Finally  a  brief  Introduction  ts  given  to  the  use  of  sym¬ 
metry  operators  tn  analyzing  the  circuit  properties  of 
microwave  Junctions  containing  ferrites.  (Contractor's 
abstract) 


PtB.  10:002 

Polytechnic  Inst,  of  Brooklyn.  Mtcrowave  Research 
Inst.,  N.  Y. 

SENSITIVITY  CONSIDERATIONS  IN  ACTIVE  NETWORK 
SYNTHESIS,  by  J.  G.  Truxal  and  I.  M.  Horowitz. 

!  1 956 j  lll.p.  lncl.  dlagrs.  (AF  18(603)105) 

Unclassified 

Presented  at  Second  Midwest  Symposium  on  Circuit 
Theory,  East  Lansing,  Mich.,  Dec.  3-4,  1956. 

Published  In  Proc.  Second  Midwest  Symposium  on  Cir¬ 
cuit  Theory,  p.  6-1-6-11,  1956. 

Attempt  Is  made  to  Indicate  the  Increased  flexibility 
attainable  In  feedback  system  realization  If  the  Input 
signals  can  be  characterized  as  belonging  to  a  restricted 
class  — for  example,  pure  sinusoids  with  only  the  net¬ 
work  gain  of  Interest,  damped  sinusoids  or  decaying 
exponentials,  or  typical  transient  test  signals  such  as 
step  functions,  tn  the  first  case,  the  real  part  of  the 
classical  sensitivity  function  must  be  evaluated  at  real 
frequencies  In  the  band  of  Interest;  In  the  second  case, 
the  value  of  the  classical  sensitivity  function  at  a  spec¬ 
ified,  complex  value  of  frequency  Is  pertinent;  and  In 
the  third  case,  the  root-  locus  method  Indicates  the  con 
figuration  and  realization  by  which  the  loci  can  be  made 
to  move  so  as  to  preserve  the  desired  characteristics 
of  the  transient  response  (e.  g. ,  radially  expanding  or 
contracting  to  leave  the  overshoot  unaltered  by  changes 
In  x).  tn  each  case,  the  active,  feedback  network  can 
possess  self  calibration  properties  (low  sensitivity) 
without  the  high  loop  gain. 
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POM.  01:001 

[  Pomona  Coll.  Dept,  ol  Physics,  Claremont,  Calif.  ] 

SUB  MICROSCOPIC  STRUCTURE  DETERMINATION 
BY  LONG  WAVELENGTH  X-RAY  DIFFRACTION,  by 
B.  L.  Henke  and  J.  W.  M.  DuMond.  [  1955  j  [  15 ] p. 
lncl.  lllus.  dlagrs.  refs.  (Bound  with  Its  AFOSR-TN- 
57-436;  AD  136426)  [  AF  18(000)1045  J 

Unclassified 

Also  published  in  Jour.  Appl.  Phys. ,  v.  36:  903-917, 
July  1955. 

This  paper  reviews  the  theory  of  low  angle  x-ray  dif¬ 
fraction  as  applied  In  the  long  wavelength  region  for  the 
determination  of  particle  sizes  and  shapes  and  other 
structural  features  In  lhe  submlcroscoplc  size  range 
and  emphasizes  the  advantages  lo  be  gained  by  employ¬ 
ing  lhe  longer  x-ray  wavelengths  (8  lo  25  A).  11  also  Is 
Intended  lo  serve  as  an  Introduction  lo  a  description  of 
an  entirely  new  Instrumental  technique  developed  for 
this  long  wavelength  range  utilizing  a  dlffractlcn  appa¬ 
ratus  consisting  of  a  special  gas-filled  x-ray  tube  and 
a  total  reflection  camera  In  which  the  primary  radiation 
Is  simultaneously  monochromatlzed  and  made  to  con¬ 
verge  to  a  point  focus.  The  sample  for  study  Is  placed 
In  the  converging  pari  of  the  primary  beam  and  the  dif¬ 
fraction  patterns  are  formed  around  the  point  focus  on 
a  photographic  film.  (Contractor's  abstract) 


POM.  01:002 

Pomona  Coll.  [  Depl.  of  Physics]  Claremont,  Calif. 

DIFFRACTION  MICROSCOPY  -  A  LIGHT  MICROSCOPE 
METHOD  FOR  THE  MEASUREMENT  OF  SUBMICRON 
PARTICLES  (Abstract),  by  B.  L.  Henke.  [  1956:  [  1 J  p. 
[AF  18(600)1045]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  30-Feb.  3,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  II,  v.  1: 

34,  Jan.  30,  1956. 

Submlcroscoplc  particles  can  be  detected  by  using  the 
conventional  dark-fletd  Illumination  which  consists  of 
an  Intense  hollow  cone  of  radiation  that  converges  from 
the  substage  condenser  to  a  point  on  the  sample  and  then 
spreads  out  with  sufficient  angle  to  "miss"  the  objective. 
By  reducing  lhe  size  of  the  aperture  stop  of  the  objective 
and  the  angular  "thickness"  of  the  Illuminating  cone,  the 
radiation  which  forms  a  point  Image  Is  characteristic  of 
a  particular  angle  of  scattering  from  a  particle.  A  meth¬ 
od  has  been  developed  for  varying  lhls  half- angle  of  the 
Utumlnatlng  cone  and  for  measuring  the  light  flux  which 
forms  an  Image  point.  Information  Is  thus  obtained  as  to 
the  angular  distribution  In  the  forward  direction  of  en¬ 
ergy  which  Is  scattered  from  a  single  particle.  The 
deduv.'*<vn  of  particle  size  becomes  relatively  straight¬ 
forward  for  the  Important  class  of  problems  Involving  a 
small  difference  between  the  refractive  Index  of  the 


particle  and  that  of  the  surrounding  medium  -  a  con¬ 
dition  which  usually  obtains  for  biological  materials  In 
solution,  for  example.  The  diffraction  theory  ae  ap¬ 
plied  In  low  angle  x-ray  diffraction  techniques  can  be 
used  for  this  case  of  "  soft"  ecatlerers  In  the  0. 1  p  to 
1  p  range.  (Contractor's  abstract) 

POM.  01:003 

Pomona  Coll.  [Dept,  of  Physics]  Claremont,  Calif. 

SEMIEMPIRIC AL  METHOD  FOR  THE  COMPUTATION 
OF  MASS  ABSORPTION  COEFFICIENTS  FOR  THE 
LONG  WAVE-LENGTH  X-RAY  REGION  (Abstract),  by 
R.  While  and  B.  L.  Henke.  [1956]  [2]p.  [AF18- 
(600)1045]  Unclassified 

Presented  al  meeting  of  the  Amer.  Phyr.  Soc. ,  New 
York,  Jan.  30-Feb.  3,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc. ,  Series  □,  v.  1: 
34-35,  Jan.  30,  1956. 

The  measurement  of  absorption  coefficients  In  the  x- 
ray  wavelength  region  of  5  to  50  A  le  usually  very  dif¬ 
ficult  because  of  the  necessity  for  working  In  vacuum 
and  for  obtaining  and  measuring  very  small  sample 
thicknesses.  A  considerable  amount  of  work  has  been 
accomplished  on  the  theoretical  derivation  of  photoelec¬ 
tric  absorption  cross  sections,  bul  none  of  these  seems 
to  constitute  a  practical  basis  for  an  extensive  compu¬ 
tation  of  mass  absorption  coefficients.  Nevertheless 
wave- mechanical  theory  does  suggest  that  a  "univer¬ 
sal”  absorption  equation  should  exist  for  this  long 
wavelength  region  ol  the  form  (p/p)  (A/X)  * 
fK  (X/Xj)  ♦  fL  (X/Xj).. .  In  which  (p/p)  le  the  mass 

absorption  coefficient,  A  Is  the  atomic  weight,  Xj  and 
X j  are  characteristic  wavelengths  which  "measure" 
the  binding  of  electrons  In  the  K  and  L  shells  and  which 
consequently  depend  on  the  atomic  number  of  the  ele¬ 
ment,  and  fg  and  f,  are  universal  functions.  An  em¬ 
pirical  method  has  been  developed  which  has  permuted 
the  determination  of  these  universal  functions  and  the 
characteristic  wavelengths  from  available  absorption 
data.  The  "universal"  functions  have  been  expressed 
In  both  tabulated  and  equation  form  and  do  permit  a 
rapid  and  precise  computation  of  mass  absorption  co¬ 
efficients  for  wavelengths  In  the  5  to  50  A  region  which 
lie  below  the  critical  L- absorption  edge  for  the  particu¬ 
lar  element.  (Contractor's  abstract) 

POM.  01:004 

[  Pomona  Coll.  Dept,  of  Physics,  Claremont,  Calif.  ] 

SLIDE  RULE  FOR  RADIOGRAPHIC  ANALYSIS,  by  B. 

L.  Henke.  [1956]  [3]p.  lncl.  lllus.  dlagr.  table. 
(Bound  with  Its  AFOSR-TN- 57-436;  AD  136426) 

[  AF  18(600)1045  ]  Unclassified 

Also  published  In  Rev.  Sclent.  Instruments,  v.  27: 
1043-1045,  Dec.  1956. 
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A  simple  slide  rule  has  been  developed  which  will  per¬ 
mit  a  rapid  and  accurate  determination  of  radiographic 
sample  transmission,  of  absorption  Index,  pm,  and  of 
the  photographic  film  density  corresponding  to  the  direct 
x-ray  beam  by  means  of  a  single  setting  of  the  sliding 
scale.  (Contractor’s  abstract) 


Princeton  U. ,  N.  J. 

N6orl-10503,  Project  Squid  see  under  Princeton  U. 
James  Forrestal  Research  Center,  N.  J.  (Project 
SQUID)  Item  nos.  PRI.  11:142-PRI.  11:160. 


Princeton  U.  Aeronautical  Engineering  Lab. ,  N.  J. 

N6orl-10503,  Project  Squid  see  under  Prlncton  U. 
James  Forrestal  Research  Center,  N.  J.  (Project 
SQUID)  item.no,  PRI.  11:161. 


PRI.  01:001 

Prtnceton  U.  [  Aeronautical  Engineering  Lab.  ]  N.  J. 

HYPERSONIC  VISCOUS  FLOW  OVER  A  FLAT  PLATE 
(Abstract),  by  L.  Lees  and  R.  F.  Probsteln.  [  1 052  J 
tljp.  [AF  33(038)250)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  31,  Feb.  1-2,  1952. 

Published  In  Phys.  Rev.,  v.  86:600,  May  15,  1952. 

The  steady  hypersonic  flow  of  a  viscous,  heat  conduct¬ 
ing  gas  over  a  semi -Infinite  flat  plate  Is  exa1  .Ined  In  a 
region  away  from  the  leading  edge.  As  a  result  of  'he 
curvature  of  the  relatively  thick  boundary  layer,  varia¬ 
tions  In  pressure  are  propagated  Into  the  main  stream 
along  Mach  lines,  with  a  subsequent  Interaction  be¬ 
tween  the  "tnvlscld"  field  and  the  boundary  laye- 
growlh.  Solution  of  this  problem  shows  that  the  Im¬ 
portant  generating  parameter  Is  M3/(Rex)‘A  ,  where, 

M  is  the  free  stream  Mach  number  and  Rex  the  Reynolds 
number  based  on  distance  from  the  leading  edge.  By 
successive  Iterations  between  the  "Internal"  and  "ex¬ 
ternal"  fields,  asymptotic  expansions  In  terms  of 
M3/(Rex)'^  are  found  for  the  flow  quantities  such  as 
pressure,  velocity,  temperature,  etc.  The  zero 
pressure  gradient  flat- plate  boundary  layer  solution  ts 
the  first  approximation  In  the  expansions.  It  is  shown 
that  there  Is  a  wedge -like  domain  where  the  "higher 
order"  viscous  terms  In  the  x- momentum  equation  can 
be  neglected.  In  addition  to  the  horizontal  pressure 
gradient,  the  gradient  normal  to  the  plate  Is  evaluated. 
From  the  results,  the  region  of  validity  of  the  zero 
pressure  gradient  boundary  layer  solution,  as  well  as 
the  error  made  In  the  skin  friction  and  heat  transfer 
rate  determined  by  this  solution,  can  be  found.  When 
M^/(Rex)'i  Is  not  small,  compared  to  one,  the  error 
Is  considerable.  (Contractor's  abstract) 


PRI.  01:002 

Princeton  U.  Aeronautical  Engineering  Lab. ,  N.  J. 

ON  THE  BOUNDARY  LAYER  EQUATIONS  IN  HYPER¬ 
SONIC  FLOW  AND  THEIR  APPROXIMATE  SOLUTIONS, 
by  L.  Lees.  Sept.  20,  1952,  lOp.  lncl.  dlagrs.  (Rept. 
no.  212)  (AF  33(038)250)  ATI-169812 

Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  20: 
143-145,  Feb.  1953. 

Analytical  solutions  of  the  Prandtl  boundary  layer 
equations  are  obtained  for  the  problem  of  the  "strong" 
Interaction  between  the  leading-edge  shock  and  the 
viscous  layer  over  a  flat  plate  at  hypersonic  velocities. 


PRI.  01:003 

Princeton  U.  Aeronautical  Engineering  Lab. ,  N.  J. 

ON  A  SOLUTION  OF  THE  ENERGY  EQUATION  FOR 
A  ROTATING  PLATE  STARTED  IMPULSIVELY  FROM 
REST,  by  R.  F.  Probsteln.  Sept.  20,  1952,  lOp. 
refs.  (Rept.  no.  213)  (AF  33(038)250)  ATI- 16981 3 

Unclassified 

The  problem  of  the  steady,  laminar  Incompressible 
flow  of  a  fluid  over  an  Infinite  plate  rotating  at  a  con¬ 
stant  velocity  was  first  solved  by  von  Kerman.  Re¬ 
cently  the  associated  heat  transfer  problem  for  the 
von  Karmin  example  was  calculated  by  Millsaps  and 
Pohlhausen.  The  purpose  of  this  paper  Is  to  show  that 
when  heat  conductivity  Is  Included  a  solution  for  the 
Initial  phase  of  the  Impulsive  start  may  be  obtained. 
Apart  from  an  academic  viewpoint,  this  solution  offers 
an  Interesting  mathematical  analogy  to  the  steady  hy¬ 
personic  laminar  flow  over  a  semllnflnlte  flat  plate 
with  a  "self-induced"  pressure  gradient. 

PRI.  01:004 

Princeton  U.  Aeronautical  Engineering  Lab. ,  N.  J. 

ON  THE  RECOVERY  FACTOR  FOR  HYPERSONIC 
FLOW  WITH  A  SELF-INDUCED  PRESSURE  GRADI¬ 
ENT,  by  R.  F.  Probsteln  and  L.  Lees.  [  1953)  [2jp. 
(AF  33(038)250)  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  20:  291  - 
292,  Apr.  1953. 

This  paper  gives  In  closed  form  the  first  approxima¬ 
tion  for  the  wall  temperature  In  hypersonic  flow  with 
a  self- Induced  pressure  gradient  due  to  the  laminar 
boundary  layer.  T>ie  equilibrium  wall  temperature 
has  exactly  the  same  value  as  for  zero  pressure  gradi¬ 
ent.  Thus  Busemann's  conclusion  that  the  recovery 
temperature  Is  unaffected  by  pressure  gradient  for 
Pr  =  1  Is  generalized  to  arbitrary  Pr,  at  least  lor  the 
case  of  weak  Interaction  In  hypersonic  flow.  (Appt. 
Mech.  Rev.  abstract) 
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PRI.  02:001 

Princeton  U.  Aeronautical  Engtneorlng  Lab. ,  N.  J. 

STABILITY  OF  THE  LAMINAR  BOUNDARY  I  AYER 
WITH  INJECTION  OF  COOL  GAS  AT  THE  WALL,  by 
L.  Lees.  May  20,  1948,  24p.  dtagrs.  (Kept.  no. 

139)  (Sponsored  Jotntly  by  [  Offtce  o!  Naval  Research 
and  Atr  Force  Office  of  Sclentlftc  Research]  under 
N6ort-27008)  Unclasstfled 

The  mtnlmum  critical  Reynolds  number,  or  "stabtttty 
limit"  for  the  laminar  boundary  flow  of  a  hoi  gas  over 
a  porous-cooled  flat  plate  ts  calculated  as  a  function 
of  the  rate  of  coolant  tnjectlon  from  the  computed 
veloctty  and  temperature  dtstrtbutions  across  the 
boundary  layer.  The  result  Is  found  that  for  low  rales 
of  coolant  injection,  the  stabtltzlng  effect  of  the  heal 
transfer  at  the  wall  Is  dominant,  and  the  laminar  flow 
ts  actually  more  stable  than  the  tsother.nai  dlastus 
flow  over  a  non-porous  flat  plate.  For  large  Injection 
rates  the  mtnlmum  crttlcal  Reynolds  number  declines 
extremely  rapidly,  and  the  flow  ts  almost  certainly 
turbulent.  (Contractor's  summary,  modified) 

PRI.  02:002 

Princeton  U.  Aeronautical  Engineering  Lab. ,  N.  J. 

INTER  .ION  BETWEEN  THE  LAMINAR  BOUNDARY 
LAYER  OYER  A  PLANE  SURFACE  AND  AN  INCIDENT 
OBLIQUE  SHOCK  WAVE,  by  L.  Lees.  Jan.  24,  1949, 
45p.  (Repl.  no.  143)  (Sponsored  jointly  by  Office  of 
Naval  Research  and  [  Atr  Force  Office  of  Scientific 
Research]  under  N6orl- 27006  and  Bureau  of  Ordnance 
under  NOrd- 7920,  Task  no.  PRN-2-E)  U6017; 

ATI -55006  Unclassified 

The  problem  of  the  Interaction  between  the  laminar 
boundary  layer  over  a  plane  surface  and  an  oblique 
shock  wave  Incident  on  the  surface  Is  treated  by  sepa¬ 
rating  the  flow  In  the  Immediate  vicinity  of  the  "shock" 
from  the  rest  of  lhe  flow  tn  the  viscous  gas  layer  ad¬ 
jacent  lo  the  surface. 

PRI.  02:003 

Prlncelon  U.  Aeronautical  Engineering  Lab. ,  N.  J. 

STABILITY  OF  THE  SUPERSONIC  LAMINAR  BOUND 
ARY  LAYER  WITH  A  PRESSURE  GRADIENT,  by  L. 
Lees.  Nov.  20,  1950,  27p.  dtagrs.  tables,  refs. 

(Rept.  no.  167)  (Sponsored  jointly  by  Office  of  Naval 
Research  and  Air  Force,  Office  of  Scientific  Re¬ 
search  under  NCorl  27006)  U15373:  ATI-93359 

Unclassified 

The  effect  of  a  negative  pressure  gradient  on  supersonic 
laminar  boundary  layer  stability  was  qualitatively  con 
sidered.  Approximate  minimum  critical  Ueynoldx  nuni 
bers  (Re)  were  calculated  for  several  insulated  sym¬ 
metrical  circular-arc  airfoils  al  Mach  numbers  (M)  of 
1.5,  2  0.  and  3.  0.  Velocity  atal  temperature  dlslrlbu 


tlons  were  obtained  by  the  Dorodntuyn-Pohlhausen 
method  based  on  the  von  Karman  momentum  tntegral 
equation.  The  boundary  layer  was  completely  stabtltzed 

al  low  M’s  for  parameters  X.  I  (M) 

whtch  exceeded  a  crttlcal  value  dependent  only  on  M  and 
lhe  tag  properties,  *wheie  6  is  the  boundary- layer 
thickness,  v  the  gas  veloctty  tn  adtabatlc  steady  flow, 
x  the  surface  distance,  and  f  (M)  a  function  of  M.  The 
aerodynamtc-heating  destabittztng  effect  was  domtnant 
at  M-  2  and  the  mtnlmum  crttlcal  Re  increase  was 
small  until  A  -  11.  The  negative  pressure  gradient 
was  not  Influential  at  M--  3  for  tnsulated  surfaces. 
Comparisons  between  the  stabtllty-ttmlt  distribution 
over  the  alrfotl  at  M*l.  5  and  the  Re  tncrease  based 
on  b  tndtcated  (1)  lhe  existence  of  an  unstable 
laminar- layer  flow  In  the  forward  half  of  fotl  6%  thick 
al  an  angle  of  attack  a  =  0“  wtth  the  complete  stabili¬ 
zation  at  the  70%  chord  station  for  Re  >  7.  5  x  10®,  (2) 
a  small  unstable  region  at  a  =0“  for  fotl  10%  lhick 
until  Re  >  3  x  10®  wtth  stabilization  at  midchord,  (3) 
a  large  unstable  region  on  the  upper  surface  of  fotl 
6%  thick  at  a  =  4°  and  Re  =  7.  5  x  10®  and  an  tnstg- 
ntflcant  region  on  the  lower  surface  unttl  Re>  3  x  10®, 
(4)  compete  siabtttzailon  below  the  given  Re  values, 
and  (5)  complete  Instability  at  M=  2  and  a  =  0°  for 
both  foils  wtth  Re  =  7. 5  x  10®.  Transition  on  the  air¬ 
foil  was  apparently  delayed  at  low  M’s  to  a  greater 
extent  than  tnsulated  flat  plates  for  7.  5  x  10®  <  Re  < 

5.  0  x  10®.  A  stronger  stabtltzlng  effect  a  was  pos¬ 
tulated  on  the  lower  rather  than  lhe  upper  surface. 

The  negattve  pressure-gradtent  effect  ts  expected  lo 
Increase  with  the  thtckness  ralto. 

PRI.  02:004 

Prlncelon  U.  Aeronautical  Engineering  Lab. ,  N.  J. 

A  PRELIMINARY  INVESTIGATION  OF  A  SHOCK 
WAVE  -  TURBULENT  BOUNDARY  LAYER  INTER¬ 
ACTION,  by  S.  M.  Bogdonoff  and  A.  H.  Solarskl. 

Nov.  30,  1951,  I4p.  lllus.  dtagrs.  (Repl.  no.  184) 
(Sponsored  jotnlly  by  Office  of  Naval  Research  and 
Atr  Force  Offtce  of  Scientific  Research  under  N6ort- 
27006)  U21272;  ATI- 134070  Unclasstfled 

Presented  al  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  N.  Y.,  Jan.  31,  Feb.  1  2,  1952. 

Also  published  In  Phys.  Rev.  v.  86:  601,  May  15,  1952. 

Preliminary  data  In  the  form  of  sialic  and  pllol  pres¬ 
sure  distributions  and  shadow  and  Schlieren  photo¬ 
graphs  have  been  obtained  for  the  Interaction  of  a  2.09 
pressure  raUo  shockwave  with  a  turbulent  boundary 
layer  on  a  flat  wall  at  M  =  2.  97.  Separation  of  lhe 
boundary  layer  appears  to  be  Incipient,  and  a  model 
of  the  Interaction  has  been  constructed. 

I'LL  02:005 

Prlncelon  U.  Aeronautical  Engineering  Lab. .  N.  J 
A  MIXING  THEORY  FOll  THE  INTERACTION 


.*094  < 


AIR  FORCE  SCIENTIFIC  RESEARCH 


PRI.  02:006  -  PRI.  03:004 


BETWEEN  DISSIPATIVE  FLOWS  AND  NEARLY-ISEN- 
TROP1C  STREAMS,  by  L.  Crocco  and  L.  Lees.  Jan.  15, 
15,  1952,  lv.  lncl.  dlagrs.  rels.  (Rept.  no.  187) 
(Sponsored  jointly  "y  Office  of  Naval  Research  and 
[Air  Force]  Office  of  Scientific  Research  under  N6orl- 
27006)  U21273:  ATI-134246  Unciasstlied 

Also  publithed  In  Jour.  Aeronaut.  Sctences,  v,  19: 
649-676,  Oct.  1952. 

By  means  of  a  slmpltfted  theoretical  "model",  this  re¬ 
port  lreats  the  general  ctass  of  flow  problems  char¬ 
acterized  by  the  Interaction  between  a  vtscous,  or 
dtsslpative  flow  near  the  surface  of  a  solid  body,  or  tn 
Us  wake,  and  an  "outer"  nearty-tsenlroptc  slream. 

PRI.  02:006 

Prlncelon  U.  AeronauUcal  Engineering  Lab. ,  N.  J. 

ON  THE  STABILITY  OF  LAMINAR  BOUNDARY  LAYER 
FLOW,  by  S.-l.  Cheng.  [  1952J  24p.  tncl.  refs. 

(Rept.  no.  211)  (Sponsored  jotntly  by  Offtce  of  Naval 
Research  and  [Air  Force]  Offtce  of  Sclentlftc  Re¬ 
search  under  N6orl- 27006;  continued  by  N6onr- 27006) 
U24723;  ATI-168952  Unclassified 


Oct.  1953. 


i  Quart.  Appl.  Math.,  v.  11:346-350, 


The  stabtltly  of  lhe  laminar  boundary  layer  Is  deter¬ 
mined  by  lhe  local  flow  properUes  for  both  the  com¬ 
pressible  and  lhe  Incompressible  flow  wllhln  lhe  order 
of  approxlmaUon  attempted  by  previous  lnvesllgalors. 
11  Is  concluded  thal  the  verUcal  velocity  component  Is 
the  most  crlUcal  faclor  thal  had  been  neglected  In  pre¬ 
vious  stability  InvesllgaUons  of  lhe  laminar  boundary 
layer  flow. 


PHI.  03:001 


Prlncelon  U.  .  Dept,  of  Aeronautical  Engineering  ,  N.  J. 


PRI.  03:002 

PrtncetonU.  Depl.  of  Aeronautical  Engineering,  N.  J. 

ON  THE  FLOW  AT  THE  REAR  OF  A  TWO-DIMENSION¬ 
AL  SUPERSONIC  AIRFOIL  WITH  THICKNESS,  by  R.  F. 
Probstetn.  May  1,  1953,  3p.  (Rept.  no.  228)  (Spon¬ 
sored  jointly  by  Offtce  of  Naval  Research  and  [Air 
Force]  Offtce  of  Sclentlftc  Research  under  N6onr- 
27006)  AD  9822  Unctasstfted 

Published  In  Jour.  Aeronaut.  Sctences,  v.  20:  580- 
581,  Aug.  1953. 

A  correction  ts  given  to  a  treatment  of  the  problem 
of  the  flow  deflection  tmmedlalely  rearward  of  a  two- 
dtmenstonal  supersonic  atrfoll  by  Kahane  and  Lees  tn 
1948.  The  authors  expressed  the  change  In  dynamtc 
pressure  through  an  tsenlroptc  wave  as 

bq  =  Qj  (  ±  Gj  9  +  G2  62  ±  Gj  92  +  ....), 

and  through  a  shock  wave  as 

AQ  ~  Qj  (  1  Gj  6  ♦  G2  9  2  ±  (G3-H)  9  3  + _ ), 

where  q  =  p  W2/2  (  p  =  density,  W  =  flow  velocity), 

0  Is  the  deflection,  posiltve  In  a  counterclockwise 
sense,  and  qj  ts  lhe  dynamtc  pressure  ahead  of  the 
wave.  The  corrected  value  for  G-j  should  be 


(MJ  -  I)  '■  •' 


where  M  Is  the  flow  Mach  number  ahead  of  the  wave. 
Pill.  03:003 

Princeton  U.  Depl.  of  Aeronaultcal  Engineering,  N.  J. 

A  STUDY  OF  SHOCK  WAVE  TURBULENT  BOUNDARY 
LAYER  INTERACTION  AT  M  =  3,  by  S.  M.  Dogdonoff, 
C.  E.  Kepler,  and  E.  Sanlorenzo.  July  1953,  lv.  tncl. 
Ulus,  dlagrs.  refs.  (Rept.  no.  222)  (Sponsored  jointly 
by  Office  of  Naval  Research  and  Air  Force,  Office  of 
Scientific  Research  under  N6onr-27006)  AD  16740 

Unclasstfted 


A  PRELIMINARY  STUDY  OF  REYNOLDS  NUMBER  EF 
FECTS  ON  BASE  PRESSURE  AT  M  2.95,  hy  S.  M. 
Dogdonoff.  June  12,  1951,  lip.  lncl.  Ulus.  (Rept.  no. 
182)  (Sponsored  jointly  by  Office  of  Naval  Research  and 
1  Air  Force.  Office  of  Scientific  Research  under  NGonr- 
2700G;  continuation  of  N6orl-27006)  U1H319;  ATI-111230 

Unclassified 

Alsu  published  lU  Jour.  Aeronaut.  Sciences,  v.  19:  201 
206,  Mar.  1952. 

A  preliminary  study  was  carried  out  to  determine  the 
effect  of  Reynolds  number  on  the  base  p-essure  of  a 
simple  cone  cylinder  body  of  revolution.  Tests  were 
made  at  M  2.  95  over  a  range  of  Reynolds  numbers 
from  0.  6  X  10®  to  18  X  10®.  The  body  was  tested  In  the 
smooth  condition  and  with  transition  fixed  by  several 
dtllerenl  roughness  bands.  Detailed  results  are  given. 


An  experimental  study  has  been  made  of  the  effect  of 
the  Interaction  of  varying  strength  shock  waves  with  a 
turbulent  boundary  layer  at  a  Mach  number  of  about  2.  9 

PRI.  03:004 

Prlncelon  U.  Dept,  of  Aeronautical  Engineering  N.  J. 

INI  ENACTION  OF  A  TURBULENT  BOUNDARY  LAYER 
WITH  A  STEP  AT  M  3,  by  C.  E.  Kepler  and  S.  M. 

I! ogdon off.  Sept.  1,  1953,  tv.  lncl.  Ulus,  dlagrs.  refs 
(Kept.  no.  238)  (Sponsored  jointly  by  Office  of  Naval 
Research  and  Air  Force  Office  of  Scientific  lie 
search  under  N6onr  27006/  AD  20686  Unclassified 

An  experimental  Investigation  ol  the  Row  over  a  two 
dimensional  slep  was  carried  oul  al  a  Macli  number  of 
2  92.  The  separalton  ol  a  turbulent  boundary  layer 
and  ,he  assoc taled  shock  wave  pattern  were  sludied  all 
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the  step  height  was  varied  from  1/3  to  2  times  the 
boundary  layer  thickness.  The  Interaction  was  observed 
by  Schlleren  and  shadowgraph  techniques,  supplement¬ 
ing  the  wall  static  pressure  surveys  and  detailed  total 
head  surveys  through  Interaction.  Reverse  flow 
regions  weie  Investigated  by  using  a  minute  total  head 
tube  which  would  face  downstream  as  well  as  upstream. 

PRI.  03:008 

Princeton  U.  [Dept,  of  Aeronautical  Engineering]  N.  J. 

REMARKS  ON  "INTERACTIONS  BETWEEN  WHOLLY 
LAMINAR  OR  WHOLLY  TURBULENT  BOUNDARY 
LAYERS  AND  SHOCK  WAVES  STRONG  ENOUGH  TO 
CAUSE  SEPARATION"  [BYG.  E.  GADD],  by  S.  M. 
Bogdonoff.  Nov.  17,  1953,  2p.  tncl.  Ulus.  (Sponsored 
jointly  by  Office  of  Naval  Research  and  [Air  Force] 
Office  of  SclenUflc  Research  under  N6onr-2700C) 

AD  49151  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  21:  138-139, 
Feb.  1954. 

Gadd's  analysis  of  InteracUons  between  laminar  or 
turbulent  boundary  layers  and  shock  waves  strong 
enough  to  cause  separation  (Jour.  Aeronaut.  Sciences, 
v.  20:  729,  Nov.  1953)  Is  discussed  briefly  by  Bogdonoff 
of  the  Gas  Dynamics  Laboratory  (GDL),  James 
Forrestal  Research  Center.  It  ts  pointed  out  that  data 
obtained  at  GDL  differ  considerably  from  the  experi¬ 
mental  results  of  Gadd.  The  GDL  Investigations, 
carried  out  at  M~3,  show  separaUon  occurring  at  a 
watl-staUc-pressure  ratio  between  2.  0  and  2. 1,  as 
compared  with  Gadd's  2.  5.  A  plot  of  the  Gadd  and  GDL 
data  concerning  the  effect  of  pressure  raUo  on  the 
"Influence  regions"  (those  regions  as  defined  by  Gadd 
as  the  theoretical  point  of  Impingement  of  the  Incident 
shock  to  the  beginning  of  the  Interaction  divided  by  the 
displacement  thickness  of  the  boundary  layer  ahead  of 
the  Interaction)  reveals  further  disagreement,  it  Is 
conjectured  that  this  disagreement  may  have  resulted 
from  Gadd's  use  of  generators  that  did  not  span  the  wind 
tunnel,  and  hts  assumption  of  the  baste  velocity  profile 
at  the  reattachment  point  Is  questionable.  Therefore, 
tt  ts  believed  that  the  results  of  the  Gadd  analysis  as 
applied  to  the  prediction  of  the  Interaction  of  a  turbulent 
boundary  layer  with  a  shock  are  not  completely  valid. 


PRI.  03:006 

Princeton  U.  Dept,  of  Aeronautical  Engineering,  N.  J. 

SEPARATION  OF  A  SUPERSONIC  TURBULENT 
BOUNDARY  LAYER,  by  S.  M.  Bogdonoff  and  C.  E. 
Kepler.  Jan.  1954,  t8p.  tllus.  refs.  (Kept.  no.  249) 
[  AFOSR-TN- 54-44  (Sponsored  jointly  by  Office  of 

Naval  Research  and  i  Air  Force  j  Ofltce  of  Scientific 

Research  under  NtSonr-27006)  AD  27902 

Unc  lasstfled 


Also  published  In  Jour.  Aeronaut.  Sciences,  v.  22: 
414-424,  Jjne  1955. 

The  separation  of  a  supersonic  turbulent  boundary 
layer  under  the  effect  of  a  strong  adverse  gradient  hn.s 
been  studied  at  M~3  by  examining  In  detail  the  phe¬ 
nomena  of  flow  over  a  step  and  shock  wave-boundary 
layer  Interaction.  Wall  static  pressures,  total  head 
surveys  and  optical  techniques,  Including  the  use  of 
color  Schlleren,  were  used  to  provide  a  model  of  the 
separaUon  phenomena.  It  was  found  that:  (1)  When 
the  separated  region  Is  small,  the  phenomena  appears 
to  be  quite  different  than  when  the  separated  region  Is 
large.  For  small  regions  the  gradients  are  stronger 
and  large  changes  can  occur  for  small  changes  In  the 
disturbance.  (2)  SeparaUon  at  M~3  occurred  at  a 
pressure  ratio  of  about  2,  about  two  to  three  boundary 
layer  thicknesses  from  the  start  ol  the  Interaction  and 
was  quite  unaffected  by  the  flow  downstream.  (3)  A 
considerable  pressure  rise  occurs  after  the  separation 
point.  The  peak  pressure  ratio  of  about  2.  6  occurs 
approximately  six  to  eight  boundary  layer  thicknesses 
downstream  of  the  start  of  the  Interaction.  (4)  These 
results,  combined  with  other  Investigations,  Indicate 
a  very  small  change  In  separaUon  pressure  ratio  with 
Mach  number.  (5)  The  effect  of  Reynolds  number  on 
the  phenomena  appears  to  be  negligible.  (6)  The  de¬ 
tailed  model,  showing  considerable  pressure  rise  after 
separaUon,  appears  to  be  susceptible  only  to  the  type 
of  theoretical  treatment  proposed  by  Crocco  and  Lees. 
However,  considerably  more  results  on  mixing  rates 
are  needed  for  Its  direct  application. 

PRI.  03:007 

Princeton  U.  Dept,  of  Aeronautical  Engineering,  N.  J. 

THE  PEAK  PRESSURE  RISE  ACROSS  AN  OBLIQUE 
SHOCK  EMERGING  FROM  A  TURBULENT  BOUNDARY 
LAYER  OVER  A  PLANE  SURFACE,  by  L.  Crocco  and 
R.  F.  Probsteln.  Mar.  1954  [  35  ] p.  lncl.  dlagrs. 
refs.  (Rept.  no.  254)  ([  AF  JOSR-TN-64- 105)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research  and  LAtr 
Force]  Office  of  Sclentiltc  Research  under  Nilonr- 
27006)  AD  45651  Unclassified 

A  method  is  given  for  predicting  the  peak  pressure 
rise  across  an  oblique  shock  wave  emerging  from  a 
turbulent  boundary  layer  over  a  plane  surface,  for 
conditions  both  up  to  and  beyond  those  necessary  to 
separate  the  flow.  The  generalized  parameters  of  the 
Crocco  Lees  Mixing  Theory  are  utlltzed  tn  the  analysis. 
(Contractor's  summary) 


Pttl.  03:008 

Princeton  U.  Dept,  of  Aeronautical  Engineering,  N.  J. 

THE  TRANSVERSE  CURVATURE  EFFECT  IN  COM¬ 
PRESSIBLE  AXIALLY  SYMMETRIC  LAMINAR  BOUND 
ARY  LAYER  FLOW,  by  R.  F.  Probstetn  and  D.  ElUott. 
Apr.  (954  [63]p.  tncl.  dlagrs.  tables,  refs.  (Rept. 
no.  281)  i  AFOSR-TN-54-124]  (Sponsored  jointly  by 


Presented  at  annual  meeting  of  the  tnst.  ol  the  Aeronaut. 
Sciences,  New  York.  Jan.  25-29,  1954. 
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Ofllce  ol  Naval  Research  and  [Air  Force  I  Office  of 
Scientific  Research  under  N6onr-27006)  AD  45752 

Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  23: 
208-224,  236,  Mar.  1956. 

The  viscous  transverse  curvature  effect  In  compress¬ 
ible  axially  symmetric  laminar  boundary  layer  flow 
was  Investigated.  The  effect  was  characterized  by  the 
parameter  A/r0  which  Is  the  ratio  of  the  boundary- 
layer  thickness  to  body  radius.  By  a  generalization  of 
Mangler's  transformation,  the  boundary  layer  equations 
are  reducible  to  an  almost  2-dlmenslonal  form.  This 
simplifies  the  analysis  for  2  asymptotic  flow  regions 
characterized  by  A/r0  »1  and  A/r0  less  than  or  of  the 
order  of  unity.  For  the  latter  case,  the  additional  term 
In  the  momentum  and  energy  equation,  which  differ¬ 
entiates  It  from  the  2-dlmenslonal  form,  behaves  like 
an  axial  pressure  gradient.  The  asymptotic  solutions 
for  the  velocity  and  temperature  can  be  found  for  zero 
pressure  gradient  when  the  body  shapes  go  like  r0=  axn 
and  r0=aebx.  The  zero01  approximation  Is  the  Mangier 
result.  The  first  order  correction  to  the  Mangier  for¬ 
mulation  Pr-  1  shows  that  In  the  case  of  the  cone  and 
cylinder  the  effect  on  both  the  skin  friction  coefficient 
and  heat  transfer  rate  can  become  appreciable  in  the 
range  where  A/r0  Is  less  than  or  of  the  order  of  unity. 
At  a  constant  A/r0,  the  effects  are  Increased  In  magni¬ 
tude  when  either  the  ratio  of  wall  to  free  stream  tem¬ 
perature,  or  Mach  number,  Is  Increased.  Also,  all 
other  conditions  being  equal,  for  the  same  value  o! 

A/r0  the  skin  friction  coefficient  and  heat  transfer  In¬ 
crease  on  the  cylinder  Is  greater  than  that  on  the  cone. 
(ASTLA  abstract) 


PRI.  03:009 

Princeton  U.  Dept,  of  Aeronautical  Engineering,  N.  J. 

THE  TRANSVERSE  CURVATURE  EFFECT  IN  COM¬ 
PRESSIBLE  AXIALLY  -  SYMM  ET1UC  LAMINAR  BOUND¬ 
ARY  LAYER  FLOW  INCLUDING  THE  EFFECTS  OF 
PRESSURE  GRADIENT,  by  D.  Elliott.  July  1954 
[l06jp.  lncl.  dlagrs.  tables,  refs.  (Rept.  no.  269) 
(Sponsored  jointly  by  Ofllce  ol  Naval  Research  and 
i  Air  Force  J  Office  ol  Scientific  Research  under  N6onr- 
27006)  Unclassified 

The  viscous  transverse  curvature  effect  In  compressible 
axially- symmetric  laminar  boundary  layer  flow  has 
been  Investigated,  and  It  Is  found  that  the  effect  Is  char¬ 
acterized  by  the  parameter  .-/rQ  which  Is  essentially 
the  ratio  of  the  boundary  layer  thickness  to  the  body 
radius.  It  Is  shown  that  the  Uusentann  and  Crocco  In¬ 
tegrals  of  the  two  dimensional  energy  equation  for 
I*r  1,  are  still  valid  for  axially -symmetric  flow  In 
which  the  transverse  curvature  effects  are  considered. 
By  a  generalisation  of  Mangler's  transformation  It  Is 
then  shown  that  lhe  boundary  layer  equations  are  re¬ 
ducible  to  an  almost  two-dimensional  form,  making  the 
analysis  simpler  for  two  asymptotic  How  regions  char¬ 
acterized  by  .  /ru  >•>  1  and  ;./r„  less  than  or  of  the 
order  of  ur.lty.  It  Is  with  the  latter  region  that  the 
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present  j^aper  is  primarily  concerned,  and  for  this 
case  It  Is  shown  that  the  additional  term  in  the  momen¬ 
tum  and  energy  equations  which  differentiates  them 
from  the  two-dimensional  form,  behaves  like  an  axial 
pressure  gradient,  on  quantities  such  as  the  skin  fric¬ 
tion  and  heat  transfer  coefficients.  On  this  basis,  the 
results  of  previous  authors  are  Interpreted.  Except 
for  the  cases  of  a  "near  paraboloid”  with  zero  pressure 
gradient,  and  a  cylinder  with  linear  external  velocity 
distribution,  where  similar  profiles  can  be  found  foi 
all  values  of  A/r0,  It  Is  necessary  to  obtain  the  "exact” 
solutions  In  the  range  where  A/r0  Is  less  than  or 
possibly  of  the  order  of  unity,  by  means  of  asymptotic 
expansions  In  ascending  powers  of  a  parameter  which 
Is  small  compared  to  unity  but  proportional  to  A/rc. 

It  Is  shown  how  the  asymptotic  solutions  can  be  found 
for,  (1)  the  velocity  and  temperature  distributions  for 
the  compressible  zero  pressure  gradient  case  when  the 
body  shapes  are  given  by  r0  =  axn  and  r0  =  aebx,  and 
(2)  the  velocity  distribution  for  Incompressible  flow 
with  an  external  velocity  of  the  form  ue  =  bxm  past  a 
body  given  by  r0  =  axn.  The  zero*11  approximation  Is 
the  Mangier  result.  In  the  case  of  the  cone  and 
cylinder  with  zero  pressure  gradient  where  the  equa¬ 
tions  have  been  numerically  Integrated  for  Pr  =  1,  the 
first  order  correction  to  the  Mangier  formulation 
shows  that  the  effect  on  both  the  skin  friction  and  heat 
transfer  coefficients  can  become  appreciable  In  the 
range  where  o/r0  Is  less  than,  or  of  the  order  of  unity. 
At  a  constant  A/r0,  the  effects  are  Increased  In  mag¬ 
nitude  when  either  the  ratio  of  the  wall  to  free  stream 
temperature,  or  Mach  number,  Is  Increased.  Also, 
all  other  conditions  being  equal,  for  the  same  value  of 
u/r0  the  skin  friction  coefficient  and  heat  transfer  In¬ 
crease  on  the  cylinder,  is  greater  than  that  on  the  cone. 
For  flows  with  pressure  gradient,  the  transverse 
curvature  term  behaves  again  like  a  favorable  pressure 
gradient,  and  tends  to  delay  both  separation  and  tran¬ 
sition  when  compared  with  axl- symmetric  flows  In 
which  the  transverse  curvature  effect  Is  neglected. 
(Contractor’s  summary) 


PRI.  03:010 

Princeton  U.  Dept,  of  Aeronautical  Engineering,  N.  J. 

VISCOUS  EFFECTS  IN  SUPERSONIC  FLOW.  Final 
rept.  Mar.  1,  1955  [  21 J  p.  lncl.  dlagrs.  refs. 

[  AFOSR-TR-55-11  !  (Sponsored  Jointly  by  Office  of 
Naval  Research  and  !  Air  Force,  Office  of  Scientific 
Research  under  N6onr- 27006)  AD  63163 

Unclassified 

A  review  Is  presented  of  the  studies  conducted  on 
viscous  effects  In  supersonic  flows.  The  supersonic 
wind-tunnel  [acllltles  are  briefly  described.  Using 
these  wind  tunnels,  experimental  base  pressure  In¬ 
vestigations  were  carried  out,  and  studies  of  laminar 
and  turbulent- boundary  layers  in  strong,  adverse 
gradients  were  made. 

1‘rlncton  U.  [Dept,  of  Aeronautical  Engineering  J  N.  J. 
For  contract  Nonr-03201  see  Item  nos.  PRI.  12:001- 
PK1. 12:004. 
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Prtnceton  U.  Dept,  of  Aeronautical  Engtneertng,  N.  J. 

SOME  ASPECTS  OF  UNSTEADY  LAMINAR  BOUNDARY 
LAYERS,  byS. -I.  Cheng.  July  1,  1955  [  64  J  p.  tncl. 
dlagrs.  tables.  (Rept.  no.  311)  ([ AF ] OSR-TN-55- 
172)  (AF  18(600)498;  continuation  of  N6onr-27006) 

AD  76587  Unclasstfted 

Also  published  In  Quart.  Appl.  Math.,  v.  14:337-352, 
Jan.  1957. 

The  viscous  flow  over  a  semttnflnlte  flat  plate  started 
to  move  with  velocity  u  =  0  for  t  £  0  and  U'-tn  for 
t  ^0  ts  analyzed  tn  detatl  with  the  boundary-layer  equa¬ 
tions.  Particular  emphasis  ts  put  on  the  jotntng  of  the 
solution  at  downstream  tnflntty  where  the  flow  field  Is 
substantially  x-tndependent  and  the  solution  In  the  up¬ 
stream  regton  near  the  leading  edge  where  the  flow 
fteld  Is  definitely  x-dependent.  The  method  of  trying 
to  perturb  the  downstream  x-tndependent  Rayletgh-type 
solution,  Including  the  possibility  of  stngular  perturba¬ 
tions.  fatls  to  Introduce  any  nonvanishing  x-dependent 
perturbations.  This  may  be  due  to  the  parabolic  nature 
of  U<e  Ucundaiy  Uycr  vqu'iUunc,  but  M  can  altL  be  con¬ 
ceived  physically  that  such  a  process  ts  invalid.  A 
series  solution  Is  then  constructed  from  the  leading 
edge  under  U*  boundary -layer  acaumpUui  that  vnrtlrlty 
does  not  dtffuse  In  the  longitudinal  dtrectlon.  Numeri¬ 
cal  results  show  that  for  practically  all  values  of  n,  the 
skin  friction  approaches  the  value  given  by  the  x-depen- 
dent  Rayleigh  type  solution  to  wtttdn  a  %  or  2  when  the 
distance  from  the  leadtng  edge  Is  about  4/10  of  the  dis¬ 
tance  travelled  by  the  plate.  Continuation  of  the  solu¬ 
tion  Into  the  downstream  region  for  the  flow  field  near 
the  plate  can  he  effected  by  regular  perturbations.  It 
Is  seen  that  such  a  continuation  must  eventually  ap¬ 
proach  the  Hay letgh- type  solution  In  the  far  downstream 
regton;  hence,  the  solution  so  determined  passes  the 
proper  limiting  behaviors  at  both  small  x  and  large  x. 
The  limiting  betavlors  of  the  solution  at  small  t  anti 
large  t  are  also  found  to  be  proper.  (Contractor's  ab 
stracl) 


PRI.  04:002 

Prtnceton  U.  Depl.  jf  Aeronautical  Engineering,  N.  J. 

A  STUDY  OF  THE  ANTlCt-ASTlC  DEFLECTIONS.  OF 
THIN  PLATES  IN  BENDING,  by  J.  J.  Glnoux.  Aug. 
1955  19  p.  Inc I.  dlagrs.  (Rept.  no.  320)  {  AF  OSH  ■ 

TN  -  55  198)  (A1  111(000)498)  AD  93809 

Unclassified 

A  theory  developed  by  Y.  Yoler  (The  anllclasHt  bending 
of  thlu  plait; >,  Calif.  Inst,  of  Tectr.  Thesjs,  1952)  Is 
used  to  compute  the  maximum  values  of  unite lastlc  dr 
flectlons  obtained  In  the  bending  of  thin  plates.  Three 
separate  regimes  characterized  by  dlflerenl  types  of 
(lellecttoiis  are  obtained  fur  the  case  of  constant  spun 
wise  curvature  anti  no  support  elfects.  The  maximum 
{H.sttlve  anil  negative  dellectlons  are  computed  as  a 


function  of  the  width  and  thickness  of  the  plate.  The 
results,  which  are  of  tnterest  tn  supersonic  nozzle 
construction,  are  presented  In  the  form  of  eastly  used 
charts. 


PRI.  04:003 

Princeton  U.  Dept,  of  Aeronautical  Engineering,  N.  J 

INTERACTION  OF  A  SHOCK  WAVE  WITH  A  TURBU¬ 
LENT  BOUNDARY  LAYER  AT  M  =  3.  85,  by  I.  E.  Vas 
and  S.  M.  Bogdonoff.  Apr.  1955,  9p.  lllus.  dtagrs. 
refs.  (Rept.  no.  294)  (AFOSR-TN-55-199)  (AF  18- 
(600)498)  AD  201644  Unclassified 

The  results  of  an  experimental  Investigation  of  the  In¬ 
teraction  between  Incident  shock  waves  and  a  turbulent 
boundary  layer  at  M  =  3.  85  are  presented.  The  pres¬ 
sure  ratio  across  the  shock  wave  was  varied  from  1.  5 
to  3.  0.  Schlteron  and  shadowgraph  pictures  were 
taken,  static  pressures  were  measured  along  the  wall, 
and  the  separation  pressure  ratio  was  determined.  The 
phenomena  observed  were,  In  general,  similar  to  those 
observed  at  M  =  2.  92.  For  low  Incident  shock  pres¬ 
sure  »M1.a  (m.  the  l.t),  the  pressure  aL.f.g 

the  wall  rose  smoothly  to  a  maximum  value  with  no 
separation.  For  a  shock  pressure  ratio  greater  than 
i'cjui  2  2  an  t-JlrcUur  pvTnl  occurred  In  tSe  ttaLbc 
pressure  distribution,  and  separation  was  observed. 

For  incident  shock  pressure  rattos  >  2.6,  the  over-all 
phenonenon  remained  similar,  only  the  scale  of  the 
Interaction  changed.  The  measured  pressure  ratio 
at  the  separation  point  was  2.4,  as  compared  to  a 
value  of  about  2. 1  at  M  2.  92.  (Contractor’s  ab¬ 
stract) 


PRI.  04:004 

Princeton  U.  Dept,  of  Aeronauttcal  Engineering,  N.  J. 

INTERACTION  OF  A  1  URBULENT  BOUNDARY  l-AYF.ll 
WITH  A  STEP  AT  M  --  3.  85.  hy  1.  E.  Vas  and  S.  M. 
Bogdonoff.  Apr.  1955  57  ,  p.  tncl.  lllus.  dlagrs. 

table.  (Kept.  no.  295)  (AFOSlt-TN-55-200)  (AF  18- 
(600)498)  AD  201645  Unclassified 

This  experimental  Investigation  of  the  flow  of  a  turbu 
lent  boundary  layer  ovt  r  a  forward  fating  step  was 
carried  out  at  a  Mach  number  ol  3.  85.  The  effects  of 
Mach  number  upon  the  ptienomeiion  were  determined, 
and  a  comparison  was  made  with  results  obtained  pre¬ 
viously  at  M  2.  92.  The  separation  and  shock  wave 
pattern  were  obtained  for  steps  varying  troll!  25  to 
about  2  houndary  -  layer  thicknesses.  Sctnieren  and 
shadowgraph  pictures  were  taken,  static  pressu-es 
were  measured  ahead  o!  lire  step,  and  tlir  pressure 
ratio  needed  to  separate  the  boundary  layer  was  found. 
Tile  measured  peak  pressure  ratio  agreed  with  the 
peak  pressure  value  of  Crocco  1’rohstetn.  A  detailed 
t  dal  head  study  w-as  made  of  ttie  liow  field  ahead  ol 
one  ol  the  larger  steps,  'the  maximum  reverse  vr 
I'Kttlrs  measured  tn  the  separated  region  were  tn  the 
order  ot  0.  7  M.  (Contractor's  abstract,  modified; 
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Princeton  U.  Dept,  of  Aeronautical  Engineering,  N.  J. 

A  DETAILED  STUDY  OF  THE  INTERACTION  OF  A 
14«  SHOCK  WAVE  WITH  A  TURBULENT  BOUNDARY 
LAYER  AT  M  =  2.9,  by  I.  E.  Vas.  Apr.  1955  [  50  J  p. 
lncl.  Ulus,  dlagrs.  (Rept.  no.  296)  (AFOSR-TN-55- 
201)  (AF  18(600)498)  AD  210241  Unclassified 

A  detailed  study  has  been  made  of  the  2-dlmenslonal 
InteracUon  between  a  shock  wave  and  a  turbulent  bound¬ 
ary  layer.  The  shock  was  generated  by  a  14°  wedge 
located  In  the  free  stream  at  a  Mach  number  of  2.  92. 
Total  head  profiles  were  taken  of  the  enUre  InteracUon 
region.  The  separaUon  region  extended  about  6-1/2 
boundary  layer  thicknesses  In  length  and  3/4  boundary 
layer  thicknesses  In  height.  The  maximum  reverse 
velocity  measured  was  0.39  M.  The  pressure  at  the 
separaUon  point  was  about  2. 1  Umes  the  free  stream 
static  pressure.  The  pressure  at  which  separation 
occurred  was  also  determined  for  wedges  varying  from 
8*  to  13°.  No  separation  was  evidenced  for  *he  8* 
•.‘■ock  gene  ruing  rase  The  pressure  ratio  at  separa¬ 
tion  was  found  to  be  relaUvely  Independent  of  shock 
strength.  (Contractor's  abstract) 


PM.d4.OiX 

Princeton  U.  Dept,  of  Aeronautical  Engineering,  N.  J. 

THE  EFFECT  OF  SUPPORT  INTERFERENCE  ON  THE 
BASE  PRESSURE  OF  A  BODY  OF  REVOLUTION  AT 
HIGH  REYNOLDS  NUMBERS,  by  K.  R.  Stvler  and  S.  M. 
Eogdonoff.  Oct.  1955  t  41 J  p.  lncl.  Ulus,  dlagrs.  refs. 
(Kept.  no.  332)  (AFOSR-TN-55-301)  (Sponsored  Jointly 
by  Office  of  Naval  Research  under  N6onr-  27006  and 
Air  Force  Office  of  Scientific  Research  under  AF  18- 
(600)408)  AD  79469  Ur. Classified 

An  experimental  Investigation  has  been  made  of  the 
eflect  of  a  rear  support  sting  on  the  base  pressure  of  an 
oglve-cyllnder  body  at  a  Mach  number  of  2.  97  and  at 
Reynolds  numbers  from  10  x  10®  to  40  x  10®.  The  body 
was  mounted  on  wtngs  to  permit  the  measurement  of  a 
Iree  base  pressure.  Stings  having  diameters  from  0.  6 
to  0.0625  times  the  body's  base  dtameter  were  employed 
to  check  the  sting  ellect.  Checks  were  made  to  assure 
that  the  present  results  were  not  affected  by  finite  sting 
length.  A  second  oglve-cyllnder  body,  without  mounting 
wings,  was  supported  on  a  rear  sting  !o  check  the  effect 
oi  the  wtng  on  the  base  pressure.  For  the  range  of 
Reynolds  numbers  considered  In  thts  Investigation,  no 
critical  sttng  dlame.er  was  lound  to  extst.  In  fact,  the 
variation  of  base  pressure  with  sting  diameter  was 
greatest  tor  the  smallest  diameters.  The  error  In  base 
pressure  Introduced  by  a  sting  of  any  given  diameter 
was  lound  to  be  a  lunctton  ol  Reynolds  number.  Although 
the  curves  ol  base  pressure  vs  sttng  stre  showed  a  tend 
ency  to  level  off  at  the  lower  sttng  diameters,  the  as 
sumption  by  several  Investigators  that  this  Indicated  a 
critical  sting  sire  was  lound  to  be  In  error.  (Con 
tractor's  abstract) 


PRI.  04:007 

Princeton  U.  Dept,  of  Aeronautical  Engineering,  N.  J. 

THE  CRITICAL  STUDY  OF  A  BOUNDARY  CONDITION 
ON  PRANDTL'S  BOUNDARY  LAYER  THEORY  AND 
ITS  APPLICATIONS,  by  S.  -I.  Cheng.  Sepl.  1955, 

38p.  (Rept.  no.  329)  ([  AF  JOSR-TN-55-340)  (AF  18- 
(600)498)  AD  74767  Unclassified 

A  method  Is  presented  whereby  the  physical  argument 
of  similitude  or  qualitative  experimental  Information 
can  be  circumvented  In  constructing  the  boundary  layer 
solutions.  The  necessity  of  additional  assumptions  or 
information  Is  regarded  as  due  to  the  Incomplete  math¬ 
ematical  formulation  of  Prandtl's  boundary  layer 
theory.  The  absence  of  longitudinal  diffusion  of  vor- 
tlcity  according  to  the  boundary  layer  theory  does  pro¬ 
vide  an  x-wlse  boundary  condition  which  leads  to  a 
unique  determination  of  the  x-wlse  expansion  param¬ 
eters  lor  Constructing  The  downstream  boundary  layer 
solution.  The  ordinary  subsonic  and  supersonic 
steady  boundary  layer  problems  for  a  thin  body  In  a 
uniform  stream  arc  discussed,  and  ditto**  nt  types  of 
series  expansions  are  deduced  for  different  types  of 
Inflow.  The  steady  hypersonic  boundary  layer  prob¬ 
lems  are  treated,  and  proper  series  expansions  are 
determined  without  making  any  assumption  with  re¬ 
gard  to  the  matching  procedure.  The  results  of 
applying  this  method  to  unsteady  problems  are  quoted 
from  previous  work  by  Cheng  (Princeton  U.  Dept,  of 
Aeronautfcal  Engineering  rept.  no.  311,  1955)  and  by 
Cheng  and  Elliott  (rept.  no.  318,  to  be  published).  The 
generality  of  the  principle,  and  the  method  Involved 
suggests  that  this  boundary  condition  be  supplemented 
to  the  mathematical  formulation  of  Prandtl's  boundary 
layer  theory.  This  supplement  appears  necessary, 
not  only  from  the  mathematical  point  of  view,  but  also 
from  the  physical  point  of  view  that  the  boundary  layer 
Ihet.ry  should  sulfite  a  scltrilot.  without  additional 
physical  argumenls.  (Contractor's  abstract) 


PRI.  04:008 

Princeton  U.  Dept,  of  Aeronautical  Engineering,  N.  J. 

INTERACTION  OF  BOUNDARY  LAYER  AND  COM 
PKESSIBLE  FLOW,  by  L.  Crocco.  [l955j  l38p. 
lncl.  lllus.  dlagrs.  rels.  (AF  ]B(600)498) 

UnclasstUed 

Published  In  Proc.  Conference  on  High  Speed  Aero¬ 
nautics,  Polytechnic  Inst,  of  Brooklyn,  N.  Y.  (Jan. 

20  25,  1955),  1 955,  p.  75-112. 

A  number  of  fads  are  pointed  out.  (1)  Both  laminar 
and  turbulent  compressible  boundary  layer  on  tn- 
sulated  walls  can  be  treated  by  a  untiled  theory  based 
only  on  the  lullowtng  assumption  that'  (a)  the  stagna 
lion  temperature  Is  uniform  tn  the  whole  field,  (b)  the 
Incompressible  laminar  and  turbulent  bou' lary  layers 
constitute  two  distinct  one  parameter  1:-  les;  and  (c) 
the  velocity  distribution  ol  any  compressi.ie  lamtnar 
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or  turbulent  boundary  layer  can  be  obtained  Irom  thal 
of  a  corresponding  Incompressible  boundary  layer 
through  the  Howarth  y-lransformatlon.  (2)  For 
arbitrarily  high  Mach  numbers  the  laminar  boundary 
layer  on  a  flal  plate  has  a  subsonic  behavior  and  Is 
able  lo  propagate  upstream  the  effects  of  applied  dis¬ 
turbances.  (3)  For  high  supersonic  velocities  lhe 
lurbulenl  boundary  layer  on  a  flal  plate  exhibits  a 
supersonic  behavior  and  Is  unable  lo  propagate  dis¬ 
turbances  In  the  upslream  direction  unless  11  first 
switches  lo  subcrltlcal  conditions.  (4)  The  switch  of 
a  lurbulenl  boundary  from  supercritical  lo  subcrltlcal 
conditions  can  take  place  through  a  "jump,  "  that  Is,  a 
concentrated  region  where  fast  changes  of  pressure, 
velocity  and  distributions  take  place,  and  within  which 
the  boundary  layer  assumptions  fall  lo  be  satisfied. 

(5)  The  jump  ts  Impossible  (or  only  exceptionally  pos¬ 
sible)  starling  from  subcrltlcal  (laminar)  conditions. 

(6)  A  separated  flow  Is  always  subcrttical.  (7)  When 
a  supersonic  turbulent  boundary  layer  becomes  re- 
allarhed  lo  the  wall,  It  musl  go  from  subcrltlcal  lo 
super  c rltlt.il  conditions  through  a  critical  point,  sepa¬ 
rating  an  upstream  region  where  an  additional  dis¬ 
turbance  can  be  propagated  upstream,  from  a  down¬ 
stream  raglin  from  which  no  such  f  reparation  Is 
possible.  ( 'ontractor's  conclusions,  modtfted) 


PRI.  04:009 

Princeton  U.  Depl.  of  Aeronautical  Engineering,  N.  J. 

SOME  EXPERIMENTAL  STUDIES  OF  THE  SEPARA¬ 
TION  OF  SUPERSONIC  TURBULENT  BOUNDARY 
LAYERS,  by  S.  M.  Bogdonoff.  June  1955  I  18  Jp. 
incl.  dlagrs.  refs.  (Rept.  no.  330)  (AFOSR-TN-56- 
04)  (AF  18(000)498)  AD  81050  Unclasstfted 

Also  published  In  Heat  Transfer  and  Flutd  Mech.  Inst.  - 
Preprint  of  papers,  Calif.  U. ,  Los  Angeles,  June  1955, 
preprtnt  no.  5. 

Studtes  were  conducted  of  several  stmple  geometries, 
t.e. ,  fully  developed  turbulent  boundary  layers  and 
gradients,  Impressed  by  shock  waves,  which  are 
generated  wtthtn  the  layers  under  tnvesttgalton  or  Im¬ 
pressed  from  external  flows.  Tests  Indicated  that  the 
wall  static  pressure  ratio  at  which  separation  occurs 
Is  approximately  a  linear  function  of  Mach  number  tn 
the  1.  35  to  3.  85  range;  tt  vartes  from  a  pressure 
ratio  of  about  1.4  at  M  1.  35  to  approximately  2.  4  at 
M  3.85.  Strong  changes  occur  tn  the  Interaction 
phenomenon  when  the  separation  regton  ts  small.  The 
peak  pressure  rattos,  which  are  a  combination  of  the 
separation  pressure  ratio  and  an  addttlonal  ratto  re¬ 
sulting  from  mtxlng,  tndteate  an  tncreased  effect  of 
mtxlng  with  lncreastng  Mach  number.  A  study  of  the 
pressure  rattos  whtch  can  be  obtatned  before  separa 
tton  occurs  Indicates  a  Itnear  relatton  wtth  Mach  num 
bei  whtch  Is  higher  than  the  separation  pressure  ratio 
or  peak  pressure  ratto  once  the  separation  occurs. 
Results  provtde  for  the  predtetton  of  separation,  the 
peak  pressure  rattos,  and  the  pressure  ratto  before 
separation  occurs  for  superstate  turbulent  boundary- 


layers  In  lhe  range  from  M  =  1  lo  3.  85.  (ASTIA  ab- 
slract) 


PRI.  04:010 

Prlncelon  U.  Depl.  of  Aeronautical  Engineering,  N.  J. 

THE  UNSTEADY  LAMINAR  BOUNDARY  LAYER  ON 
A  FLAT  PLATE,  by  S.  -I.  Cheng  and  D.  Ellloii.  Sepl. 
1955  [ 95] p.  tncl.  dlagrs.  tables,  refs.  (Rept.  no. 

318)  ( AFOSR-TN-  56- 115)  (AF  18(000)498)  AD  82511 

Unclassified 

Also  published  In  Trans.  Amer.  Soc.  Mech.  En¬ 
gineers,  v.  79:  725-733,  May  1957. 

The  unsteady  lamtnar  boundary  layer  on  a  flal  plale 
moving  with  an  arbitrary  velocity  Uw(l)  lnlo  an  Incom¬ 
pressible  fluid  al  rest  has  been  Investigated.  The  mo¬ 
tion  Is  taken  to  start  from  rest  at  a  time  1-0  with 
uw|t)  continuous  at  t  -  0  and  lnlliiltety  dttlcTcntlablc 
for  all  t  >  0.  Under  these  conditions,  a  solution  Is 
constructed  which  Is  valid  tor  all  t  and  x,  where  x  Is 
4b#  dUttnre  frctii  Cm  leading  edge  of  lhe  plate.  The 
solution  )s  also  shown  lo  be  valid  for  the  flow  after  a 
long  ttme  when  Uw(t)  does  not  satisfy  the  above  condi¬ 
tions.  The  effecl  of  compressibility  for  small  Mach 
numbers  has  been  discussed  briefly.  (Contraclor's 
abstract) 

PRI.  04:011 

Prtnceton  U.  Dept,  of  Aeronautical  Engineering,  N.  J. 

AN  APPROXIMATE  THEORY  OF  TURBULENT  BOUND 
ARY  LAYER  SHOCK  WAVE  INTERACTION,  by  A.  G. 
Hammttl.  Apr.  1950  [44jp.  tncl.  tllus.  dtagrs. 
table,  refs.  (Rept.  no.  340)  ([  AF  j  OSR-TN-50-100) 
(AF  18(000)498)  AD  86320  Unclassified 

The  shock  wave  turbulent  boundary  layer  problem  was 
Investigated  tn  the  absence  of  skin  frtctlon  and  momen¬ 
tum  addition  from  the  free  stream.  The  analysis 
presented  ts  based  on  2  main  assumptions:  (1)  momen¬ 
tum  and  mass  are  conserved  In  the  boundary  layer 
through  the  Interaction  and  (2)  the  turbulent  boundary 
layer  Is  essentially  a  1  parameter  famtly.  It  ts  shown 
that,  to  a  first  approximation,  most  of  the  experi¬ 
mental  observations  for  oblique  shock  wave  boundary 
layer  Interactions,  wtth  the  exception  of  the  lengths  of 
the  interaction  regton,  can  be  explained  by  flow  mudels 
which  do  not  Include  momentum  changes  caused  by 
shear  forces.  The  boundary  layer  contains  enough 
momentum  to  overcome  the  pressure  rtses  encountered. 
Methods  which  were  developed  make  It  possible  to  cal 
culate  the  boundary  layer  conditions  behind  any  partic¬ 
ular  interaction,  and  to  consider  the  effects  of  a  dis¬ 
turbed  boundary  layer  before  an  Interaction.  The 
cases  of  flow  through  an  Incident  reflected  shock  wave, 
tn  a  corner,  and  over  a  forward  facing  step  are  treated. 
The  differences  between  various  shock  wave  conflguia 
tlons  can  he  explained  by  using  flow  mudels  which 
correspond  to  these  configurations.  The  way  In  which 
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the  pressure  forces  are  applied  to  the  boundary  layer 
accounts  for  the  different  results  obtained  with  the 
various  configurations. 
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Princeton  U.  Depl.  of  Aeronautical  Engineering,  N.  J. 

A  SIMPLE  METHOD  FOR  THE  CONSTRUCTION  OF 
FIXED  TWO  DIMENSIONAL  WIND-TUNNEL  NOZZLES 
WITHOUT  MACHINED  CONTOURS,  by  S.  M.  Bogdonoff. 
Sept.  1955  [lljp.  lncl.  lllus.  dlagr.  (Rept.  no.  321) 

( [  AF ]  OSR-TN-56- 167)  (AF  18(600)498)  AD  86588 

Unclassified 

A  simple  and  Inexpensive  method  for  the  construction 
jf  accurately  shaped  2-dlmenslonal  wind-tunnel  nozzle 
blocks  has  been  developed.  No  templates  are  required, 
and  the  only  accurate  machine  work  Is  limited  to  drilling 
holes  at  fixed  poslUons  using  a  jig  borer.  Plate-backing 
by  any  of  several  lechnlques  has  been  successful,  with 
plasUc  materials  offering  lhe  best  possibility  for  future 
applications.  (Contractor's  abslract) 
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THEORY  OF  COMBUSTION  INSTABILITY  IN  LIQUID 
PROPELLANT  ROCKET  MOTORS,  by  L.  Crocco  and 
S. -1.  Cheng.  London,  Bullerworlhs  Scientific  Publi¬ 
cations,  1956,  200p.  lncl.  dlagr.  tables,  refs.  (NATO 
AGARDograph  repl.  no.  8)  (Sponsored  jointly  by 
Bureau  of  Aeronautics  under  [  N6orl-2  f006  i  and  [Air 
Force  Olflce  of  Scientific  Research  i  under  AF  18(600)- 
498)  Unclassified 

Using  presenl  knowledge  ol  lhe  combustion  process  at¬ 
tempt  Is  made  In  this  paper:  (1)  to  establish  a  rational 
explanation  for  lhe  exlslence  of  a  detrimental  and  of  a 
non-delrtmenlal  type  of  rough  combustion,  (2)  lo  dis¬ 
tinguish  a  number  of  mechanisms  which  may  be  re¬ 
sponsible  for  lhe  appearance  of  the  detrimental  lype, 

(3)  to  gtve  for  some  of  these  mechanisms  plausible 
quantitative  formulations,  and  (4)  lo  analyze  In  detail 
the  results  of  lhe  theoretical  developments. 


1*111.04:014 

l’rlnceton  U.  Dept,  ot  Aeronautical  Engineering,  N.  J. 

UNSTEADY  1 A  MINA  It  BOUNDARY  l  AYER  ON  A  FIAT 
PLATE,  by  S. -1.  Cheng  and  D.  Elltott.  1956  18.  p. 

(AF  18(600)498)  Unclassified 

Published  in  lleat  Transler  and  fluid  Mech.  Inst.  - 
Preprints  ol  Papers,  Stanford  U. ,  Caltl. ,  June  1956. 
preprint  no  t4. 

Study  Is  made  ol  the  boundary  layer  on  a  flat  plate 
occupying  the  positive  hall  ol  the  x  axis  when  the  main 


stream  velocity  ue  Is  a  function  of  the  time  t  only  and 
ue  (0)  =  0.  A  series  expansion  centered  on  the  leading 
edge  Is  developed,  and  It  Is  asserted  that  the  solution 
possesses  the  correct  behavior  at  small  t  or  large  x. 


PRI.  04:015 

Princeton  U.  [Dept,  of  Aeronautical  Engineering]  N.  J. 

ON  THE  INTERACTION  OF  SUPERSONIC  TURBULENT 
BOUNDARY  LAYERS  AND  SHOCK  WAVES,  by  S.  M. 
Bogdonoff.  [  1956]  [lOjp.  lncl.  lllus.  dlagr. 

[AF  18(600)498]  Unclassified 

Published  In  Proc.  Ninth  International  Congress  of 
Appl.  Mech.,  Brussels  (Belgium),  (Sept.  5-13,  1956), 
v.  4:  145-154,  1957. 

As  part  of  an  overall  study  of  viscous  effects  In  super¬ 
sonic  flows,  a  combined  experimental  and  theoretical 
program  has  been  carried  out  In  attempt  to  arrive  al 
a  better  fundamental  understanding  of  the  Interaction 
of  supersonic  turbulent  boundary  layers  and  shock 
waves.  The  pertinent  results  obtained  to  date  are 
briefly  reviewed.  An  experimental  framework  Is  de¬ 
veloped  which  can  be  used  to  predict  separation,  pres¬ 
sure  ratio,  peak  pressure  ratio,  and  the  pressure  ratio 
for  Incipient  separation  for  supersonic  turbulent  bound¬ 
ary  layers  at  Mach  numbers  up  to  4.  The  basis  Is 
provided  for  a  theoretical  Investigation  which  neglects 
the  skin  friction  and  mixing  from  the  external  stream. 


PRI.  05:001 

Princeton  U.  Depl.  of  Electrical  Engineering,  N.  J. 

NONLINEAR  CONTROL  SYSTEMS  RESEARCH  PROJ¬ 
ECT.  Final  interim  progress  rept.  July  1,  1952  - 
June  30,  1953.  July  1,  1953  [  86  j  p.  lncl.  lllus. 

(AF  33(038)22614)  AD  45751  Unclassified 

The  basic  properties  of  certain  classes  of  feed-back 
control  systems  using  nonlinear  components  were  In¬ 
vestigated.  Elements  possessing  nonlinear  operating 
characteristics  greally  complicate  lhe  problem  of  de¬ 
termining  lhe  stability  of  leed-back  systems  and  may 
give  rise  lo  cerlatn  non-unique  modes  of  response  lo 
an  Input  signal.  The  Investigation  Included:  (1)  lhe 
study  of  the  philosophy  underlying  lhe  design  of  non¬ 
linear  control  systems  In  an  attempt  to  develop  logical 
and  systematic  methods  of  control  network  synthesis 
which  will  result  tn  Improved  performance  while  also 
Insuring  stable  operation  of  the  system  for  all  possible 
types  ol  excitation,  and  (2)  the  study  of  lhe  operation  ol 
cerlatn  special  types  of  nonlinear  servomechanisms 
which  are  of  considerable  practical  Importance  and 
which  can  be  used  as  tests  ol  the  theoretical  design 
methods. 
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PRI.  05:002 

Prtnceton  U.  Dept,  of  Electrical  Engineering,  N.  J. 

NONLINEAR  CONTROL  SYSTEMS  RESEARCH  PROJ¬ 
ECT.  PART  I.  A  NONUNEAR  COMPENSATING  CON¬ 
FIGURATION  FOR  SATURATING  SERVOMECHANISMS. 
PART  H.  PERFORMANCE  OF  POSITIONAL  SERVO¬ 
MECHANISMS  USING  TWO- PHASE  INDUCTION  MO¬ 
TORS,  by  R.  C.  Willmotl  and  D.  R.  Scatty.  Termina¬ 
tion  rept.  Dec.  31,  1954,  lv.  incl.  illus.  refs.  (AF  33- 
(038)22614)  AD  65494  Unclasstfied 

Two  theses  are  presented  which  treat  the  following 
topics:  (1)  nonlinear  compensation  of  a  saturating 
servomechanism;  and  (2)  the  performance  of  positional 
servomechanisms  using  2-phase  Induction  motors. 


PRI.  05:003 

Prtnceton  U.  Depl.  of  Eleclrtal  Engineering,  N.  J. 

NONLINEAR  CONTROL  SYSTEMS  RESEARCH  PROJ¬ 
ECT.  PART  I.  NONLINEAR  COMPENSATION  OF  A 
SATURATING  SERVOMECHANISM,  by  R.  C.  Wtllmolt. 
[Dec.  31,  1954]  53p.  tncl.  tllus.  refs.  (Pt.  1  of  its 
termination  repl.  AD  65494)  (AF  33(038)22614) 

AD  65494(a)  Unclasstfied 

A  study  ts  presented  which  considers  the  problem  of 
compensation  for  a  servomechanism  whose  power 
amplification  element  operates  in  saturation  over  a 
good  pari  of  the  duly  cycle.  The  problem  may  be 
viewed  as  that  of  finding  the  simplest  possible  com¬ 
puter  network  that  will  allow  attaining  rertatn  specifi¬ 
cations  on  output  responses  to  given  Inputs.  The  con¬ 
dition  Is  Imposed  that  the  system  output  be  absolutely 
stable  at  the  error  null.  The  condttlon  of  an  oscillation 
of  amplitude  less  than  the  oulpul  error  toleration  Is 
also  eltmtnaied. 


PRI.  05:004 

Prtnceton  U.  Dept,  of  Electrical  Engineering,  N.  J. 

NONLINEAR  CONTROL  SYSTEMS  RESEARCH  PROJ¬ 
ECT.  PART  H.  PERFORMANCE  OF  POSITIONAL 
SERVOMECHANISMS  USING  TWO- PHASE  INDUCTION 
MOTORS,  by  D.  R.  Scally.  [Dec.  31.  1954.  31p. 

Ulus.  (Pt.  2  of  11s  termination  rept.  AD  65494) 

(AF  33(038)22614)  AD  65494(b)  Unclassified 

A  study  was  made  of  the  switching  transient  effect  on 
a  high-performance  positional  servomechanism.  Step 
voltage  Inputs  were  applied  al  different  points  In  the 
reference  voltage  cycle,  and  the  transient  responses 
were  taken.  The  effect  of  the  system's  inertia.  In  de 
creasing  the  switching  transient  effect,  was  Investigated 
together  with  the  effect  of  saturation  upon  the  system's 
frequency  response.  Investigation  was  also  made  of  a 
dual  tleld  control  system  This  system  was  compared 
to  that  with  single  field  control,  on  the  basis  of  dynamic 


performance  and  switching  transient  effect.  The  ad¬ 
vantages  and  disadvantages  of  the  system  are  pointed 
out. 


PRI.  06:001 

[  Prtnceton  U.  Dept,  of  Mathematics,  N.  J.  ] 

STATIONARITY,  BOUNDEDNESS,  ALMOST  PERIO¬ 
DICITY  OF  RANDOM- VALUED  FUNCTIONS,  by  S. 
Bochner.  Nov.  1955,  36p.  incl.  refs.  (Rept.  no.  2) 

([  AFjOSR-TN-55-365)  (AF  18(600)1379)  AD  79170 

Unclassified 

Also  publtshed  in  Proc.  Third  Berkely  Symposium 
on  Mathematical  Statistics  and  Probability,  Calif.  U. , 
v.  2:7-27,  1954-1955. 

Pi evtons  work  by  Bochner  (Proc.  Nat.  Acad.  Scl. ,  v. 
40:  289-294,  1954)  relative  to  the  following  problem  is 
extended.  Let  x(t)  be  a  random-valued  function  on 
-UJ<  t  <oo,  and  let  y  =  A  x  be  a  linear  operation  which 
is  commutative  with  translations  on  the  t  axis.  In 
parltcular,  lei  Ax  donate  the  dlfference-dtfferer.tial 

V  dpx(t  -t  g) 

operator  /  .  /  ,  C  p  wtth  constant 

p  =  0  c  =0 

complex  coefficients  Cp(j  and  arbitrary  real  spans  x  a 
for  some  r  *  0,  or  the  more  general  operalor 

— f  c* 

/  .  I  xp(t-t  )dCp(t ),  tn  which  C0(t ),.. .  Cr(i) 

p  —  0  *<" 

are  complex  functions  of  bounded  vacation, 

d C p ( t )J  <  p  =  0f...,r.  Several  nonequiva- 

“  L*J 

lei.l  versions  of  lhe  following  result  are  established. 

If  y(l)  ts  slationary,  and  if  there  exists  a  solution  x(l) 
which  ts  bounded  tn  1  tn  a  suitable  sense,  then  some 
olher  solution  x°(l),  which  neeu  nol  be  x(l)  Itself,  is 
again  slationary.  (ASTIA  abslracl) 


PRI.  06:002 

Princeton  U.  Depl.  of  Mathematics  N.  J. 

ON  GENERALIZED  STURM  tJO'JVILLE  OPERATORS, 
by  W.  Feller.  19551  [20  p.  I  AF  18(600)1379 

Unclassified 

Published  Jji  Proc.  Conference  on  Differential  Equa¬ 
tions,  Maryland  U.,  College  Park,  (Mar.  17-19, 
1955),  1950,  p.  251  270. 

The  author  continues  his  study  of  the  generalized 
Sturm- Llouvllle  operators  (Ann.  Math.,  v.  61:90 
105,  1955;  Comm.  Pure  Appl.  Math.,  v.  8:  203-216, 
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1955).  He  again  considers  the  class  of  nontrivial 
linear  operators  Q  whose  domain  and  range  are  In  the 
space  of  continuous  functions  and  which  are  of  local 
character  and  have  the  minimum  property.  The  work 
of  the  previous  papers  Is  greatly  reduced  by  assuming 
Qto  be  regular  In  the  sense  thal  there  are  two  linearly 
Independent  solutions  of  ilw-  0  in  the  neighborhood  of 
each  point.  It  is  shown  that  there  exist  strictly  in¬ 
creasing  functions  s(x)  andm(x),  s  being  continuous 
each  thit  if  w'x)  la  any  vjr  -vnr-lvl-iig  (real  ur  r-mpiexi 
solution  of  flw  0,  the  operator  fl  has  the  represenla- 
tlon 


Here  Dm  and  Ds  are  generalized  derivatives  with  re- 
specl  tom  and  s  respectively.  Using  this  represenla- 
Uon,  the  Weyl  llmll  point  limit-circle  classification 
and  relayed  exislence  theorems  are  developed  In  a 
Hilbert  space  whose  norm  Is  J  f  (x)2dm(x)  so  lhat  Cl 
Is  self-adjoint  In  this  space.  The  following  typographi¬ 
cal  errors  were  noled:  (a)  In  (5.  3)  the  lnequallly  Is 
reversed;  (b)  In  (7. 11)  and  (7.  19)  lhe  lower  limits  of 
lhe  first  Integrals  should  be  s  ralher  than  s0;  (c)  the 
Inequality  lwo  lines  below  (9.  3)  should  beflF(f;)  >  0. 
(Math.  Rev.  abstracl) 


Pl’.I.  06:003 

Prlncelon  U.  Dept,  of  Mathematics,  N.  J. 

STUltM- LIOUVILLE  AND  HEAT  EQUATIONS  WHOSE 
EIGENFUNCTIONS  ARE  ULTRA  SPHERICAL  POLY¬ 
NOMIALS  OR  ASSOCIATED  BESSEL  FUNCTIONS,  by 
S.  Bochner.  [  1955  i  [26 Ip.  lncl.  refs.  (AF  18- 
(600)1379)  Unclassified 

Published  In  Proc.  Conference  on  Differential  Equa 
tions,  Maryland  U. ,  College  Park  (Mar.  17-19,  1955), 
1956,  p.  23-48. 

For  fixed  y  l  0  lei  P„(x)  !’„(•,•  )(x)  (n  0,1,...), 

be  the  polynomial  solution  of  (1  -  x2)P"  -  (2  y  ♦  lJxP’* 
-\„P  where  -  n(n  *  2v),  normalised  by  P„(l)  1, 

and  write  -  1/J'll  {f’n(x)J  2  <l  '  *2)  "  F<”' 

f  (x)  (  -1  x  1)  with  absolutely  convergenl  Fourier 
expansion  p  nanPn(x)  consider  the  mapping 
f  (x)  f(x;y)  given  hy  f(x;y)  c  p  nanPn(x)lVy)-  Thf‘ 
first  pari  of  the  Investigation  centers  round  the  fact 
that  this  mapping  has  "property  1’",  namely  that 
f  (x)  0  In  -1  x  <,  1  Implies  f(x;y)  >  0  in  -3  _  x, 

y  ,  1.  There  Is  a  continuous  analogue  of  this  result 
Intel  ins  of,  in  effect,  Bessel  func  lions.  Apparent!;, 
distinct  examples  of  property  1‘  can  be  constructed 
from  functions  on  a  group  in  terms  of  group  represeula 
lions.  In  the  next  section  a  study  of  the  partial  differ 
ential  equations  (1  x2)  fx,  (2  *  l)x  f  s  I  ,  leads 

to  the  kernel  K(x,  y;t)  t  „  expt  t  i,,)  l1|)(x)l':|(y). 

The  tact  that  K(x,y;t)  >  0  Is  deduced  In  a  rather  sink 
lag  way  from  a  study  of  ttie  semi  ring  id  bounded 
sequences  ;c„]  sucli  that  i.,na|il’I1(x)  a  0  In  1  1 

| postulating  absolute  convergence)  Implies 


Z  p  nanPn(x)  >  0  in  -1  <  x  <  1.  General  expressions 
are  found  for  such  [cnj,  and  also  for  a  "homogeneous 
slochastic  process"  {  cn(t)  J  (for  definitions  ana  for¬ 
mulae  see  the  review  of  the  author’s  previous  note, 
Proc.  Nat.  Acad.  Scl.  U.S.A.  40  (1954),  1141-1147; 
MR  16,  834).  Continuous  analogues,  corresponding 
to  l%x  *  (2  Y/x)  I  x  ~  l  j,  are  also  formulated. 

Finally,  in  connection  with  the  probabilistic  interpre¬ 
tation,  the  author  outlines  the  role  of  "subordinators" 
in  assessing  the  reliUv*  grinaty  of  bucnogetcous 
processes,  as  explained  more  fully  In  his  book, 
Harmonic  analysis  and  the  theory  of  probability  (Univ. 
of  California  Press,  1955,  Ch.  4;  MR  17,  273). 

(Malh  Rev.  abstract) 


PRI.  06:004 

[  Princeton  U.  Dept,  ot  Mathematics,  N.  J.  J 

CURVATURE  AND  BETTI  NUMBERS  IN  REAL  AND 
COMPLEX  VECTOR  BUNDLES,  by  S.  Bochner. 

[  1 956  j  [  29  J  p.  [AF  18(600)13791  Unclassified 

Published  In  Unlv.  e  Polltec.  Torino.  Rend.  Sem. 

Mat.  ,  v ,15:  225-253,  1955-56. 

The  theory  of  differential  geometry  for  veclor  bundles 
based  on  tensor  calculus  as  previously  developed 
(C.anad.  Jour.  Math.,  v.  3:  460-470,  1951)  is  re¬ 
viewed  and  extended.  An  N-dlmenslonal  vector  bundle 
over  an  n-dimenslonal  space  Mn  was  described  by  a 
so-called  matrix  structure,  a  syslem  of  transition 
matrices  a  ®  (y;  x)  belween  any  lwo  Intersecting  ele¬ 
ments  (x)  and  (y)  In  a  fixed  covering  of  Mn  by  a  sys¬ 
lem  of  neighborhoods,  the  a  ®  (y;  x)  being  subjected 
lo  the  consistency  properties  a^(z;  y)a[}(y;  x) 
aA(z;  x)  and  a®(x;  x)  bA.  A  generic  point  of  the 

veclor  bundle  Is  ellher  a  conlravarlant  vectorold  uA 
with  the  iranslllon  relations  u’A(y)  a^(y;  x)uB(x)  or 

a  covariant  veclorold  1^  wllh  lhe  Iranslllon  relations 
t A*(y )  a^(x;  y)fn(x).  More  generally,  matrix 

structures  ot  the  form  a^jKy;  x)  (r  “  1 ,  2,  . . .  s)  ot 

various  dimension  Nr  with  no  connection  belween  them, 
likewise  have  a  slruclure  as  their  Kronecker  product. 

A  general  mixed  tensorold  of  the  typo  tjyjij^  B*1 

can  be  defined,  while  ordinary  tensors  are  defined 
with  respect  to  the  classical  structured  y*  ix*.  The 
tensor  algebra  and  tensor  analysis  In  sucli  metric  and 
non-metric  bundles  are  developed  In  the  first  two 
sections  ot  the  present  paper.  The  following  are 
proved  In  the  third  section.  (1)  On  a  compact  metric 
Mn,  if  a  vectorold  ^  satisfies  an  equation  of  the  form 

g'»-  s  gm'  . 

A,  r,  s  All  C 

'A  he  re  the  comma  denote*  covarunt  differentiation 
leaving;  the  metric  invariant,  and  A  tin  tensorold 
is  jKJSltlve  definite,  then  ^  Is  Identic  ally  /.rro,  If 
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SAB  ls  only  P3SiUve  aemi-deftnile,  then  SA  r  =  0  and 
SA“  Zq  -  0.  (II)  On  a  non-compact  Mn,  the  entire 
conclusion  holds  If  the  vectorold  has  "boundary  value 
zero"  In  the  following  sense.  To  each  e  >  0  there 
corresponds  a  compact  subset  M/j  of  Mn  such  that 
BAB?a5b<:  c2  for  all  points  outside  Mn£.  A  sym¬ 
metric  or  skew- symmetric  lensorold  Is  then  con¬ 
sidered  of  the  type  6AjAj  In  1  compact  Mn; 

the  general  theorem  ls  then  applied  lo  the  harmonic" 

lensorold  F  ..  ,  .  defined  as  a  tensorold  satisfying 

Ai,^  lp 

F,Atil2. . .  tp,  j  =  ^  {:  Atil2. . .  j. . .  lp,  lq  and 
1 

gtJ  ^At1t2...tp.1t,j  -  0. 

The  last  section  is  devoled  to  complex  vector  bundles. 


PRI.  06:005 

[  Prtncelon  U.  Dept,  of  Mathematics,  N.  J.  J 

[  SYSTEMS  OF  PARTIAL  DIFFERENTIAL  EQUATIONS 
RELATED  TO  GREEN'S  FORMULAS  J  SysUmes  des 
Equations  aux  d£rlv£es  partlelles  qul  se  rallachenl  aux 
formules  de  Green,  by  S.  Bochner.  [  1956]  [  8 i p. 

LAF  18(600)13791  Unclassified 

Presented  al  a  Colloquium  organized  by  the  French 
Cenler  of  Scientific  Research,  Nancy  (France),  Apr. 
9-14,  1956. 

The  solutton  ts  tnvestigaled  of  a  system  of  parltal 
differential  equations  In  a  bounded  domain.  In  terms  of 
the  solution  of  a  related  system  of  equations  tn  the 
neighborhood  of  lhe  frontier,  and  of  Green’s  integral 
and  Green's  formula.  A  consideration  ls  tncluded  of 
the  analytic  continuation  of  lhe  solution  of  such  a  sys¬ 
tem  of  equations.  The  paper  ls  presented  as  an  out¬ 
growth  of  earlier  and  similar  results  whtch  were  given 
as  terms  of  two  spectal  cases  (analytic  and  ineromor- 
phtc  conttnuatton  by  means  of  Green's  formula.  Ann. 
Math. ,  v.  44:  652  673,  1943). 


PRI.  07:00t 

Princeton  U.  Dept,  of  Physics,  N.  J. 

SHOCK  LOADING  OF  RECTANGULAR  STRUCTURES, 
by  W.  Bleakney.  Jan.  to,  1952,  57p.  tllus.  dtagrs. 
tables,  refs.  (Technical  repl.  no.  ll-lt)  (Spon'.reC 
jointly  by  Offtce  of  Naval  Research,  1  Air  Force  (."lice 
of  Sclentlftc  Research,  and  Offtce  of  Ordance  Research 
under  N6ort-t0502)  U21736;  ATI- 163038 

Unclasstfted 

The  shock  loading  of  two-dtmenstonal  rectangular 
blocks  has  been  Investigated  as  a  function  of  length  to 
hetght  ratto,  shock  strength,  and  Mine  after  Impact. 

A  shock  pressure  ralto  of  about  t.  95  was  used  for 


diffraction  experiments  on  blocks  having  length: 
hetght  -  1:8  (thin  wall),  1:1,  3:1,  andoc:l  front  and 
back  (step  up  and  step  down).  In  addition,  the  1:1 
block  was  studied  al  shock  strengths  of  1.  26,  1. 48, 
3.05,  and  5.00.  Pressure  distributions  are  also 
given  for  these  same  strengths.  A  peaked  shock 
having  a  pressure  ratio  of  1.48  has  been  obtained  In 
lhe  shock  tube,  and  although  the  pressure  drops  only 
to  about  hall  of  Us  maximum  value,  effecls  appear 
which  are  not  predicted  by  straight-forward  modifi¬ 
cation  of  flal-top  shock  data.  These  include  the  rapid 
decrease  of  lhe  average  pressure  on  the  front  face  to 
a  value  below  the  free  stream  pressure  and  the  per¬ 
sistence  of  average  pressure  on  the  back  above  thal 
corresponding  lo  free  air  pressure.  (Contractor's 
abstract) 


PRI.  07:002 

Prtncelon  U.  Dept,  of  Physics,  N.  J. 

A  METHOD  FOR  MODIFICATION  OF  THE  PRESSURE 
PROFILE  IN  A  SHOCK  TUBE,  by  D.  R.  White  and 
D.  K.  Welmer.  Apr.  1952,  9p.  dlagrs.  (Technical 
repl.  no.  11-12)  (Sponsored  jointly  by  Office  of  Naval 
Research,  [Air  Force]  Office  of  Scientific  Research, 
and  Office  of  Ordnance  Research  under  N6orl- 10502) 
U22733;  ATI-158692  Unclassified 

A  thin  piece  of  sheeting  suspended  across  a  shock  tube 
acts  as  a  piston  which  may  be  accelerated  by  the  In¬ 
cident  shock  and  decelerated  by  a  wtre  grtd.  The  wide 
range  of  pressure  profiles  thus  made  possible  should 
facilitate  study  of  blasl  loading  of  structures,  shock 
formaUon  from  a  compression  and  effecls  due  to  con¬ 
ditions  within  the  shock  front.  A  wave  form  of  150 
jisec.  positive  duraUon  was  produced  tn  lesls  with  a 
grtd  of  1/e-tn.  hardware  cloth  lo  catch  the  0.0011-ln. 
paper  diaphragm  and  a  shock  of  tnverse  pressure 
raUo  of  0.  8. 


PRI.  07:003 

Princeton  U.  Depl.  of  Phystcs,  N.  J. 

THE  CYLINDER  AND  SEMICYLINDER  IN  SUBSONIC 
FLOW,  by  H.  H.  Btngham,  D.  K.  Wetmer,  and  W. 
Griffith.  July  1952,  tOp.  tllus.  dtagrs.  (Technical 
rept.  no.  11-13)  [  Sponsored  jointly  by  Offtce  of  Navat 
Research,  Atr  Force  Offtce  of  Scientific  Research  and 
Offtce  of  Ordnance  Research  under  N6ort-t0502) 
U242t0;  ATI- 188948  Unclassified 

This  ts  a  conUnuatton  of  tnvesttgattons  at  Prtncelon 
on  the  transient  flow  tnduced  by  a  shock  wave  striking 
an  object.  The  attempt  ts  made  to  observe  transtUon 
to  steady  condtttons.  The  research  here  ts  related  to 
a  stmttar  study  of  the  cyltnder  tn  transonic  flow  An 
EvililiLLua  f  ISlCfiLire  lor  interferometry  of  Density 

ts  appended.  (Contractor's  summary) 
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PRI.  07:004 

Prtnceton  U.  Dept,  of  Phystcs,  N.  J. 

OPTICAL  STUDIES  OF  BOUNDARY  LAYER  PHENOM¬ 
ENA  ON  A  FLAT  PLATE  AT  MACH  NUMBER  2.  35,  by 
R.  [W.  ]  Ladenburg  and  D.  Bershader.  Final  tech.  rept. 
Dec.  15,.  1952,  Iv.  tncl.  tllus.  diagrs.  tables,  refs. 

[  Sponsored  jotntly  by  Offtce  of  Naval  Research,  Air 
Force  Offtce  of  Sctentlftc  Research,  and  Offtce  of 
Ordnance  Research  under  N6orl- 10502]  AD  332t 

Unclassified 

A  supersonic,  "blow-down"  type  wind  tunnel  of  3  In.  x 
3  tn.  test  section  and  maxtmum  flow  duration  of  6  sec 
nas  been  constructed  and  applied  to  the  optical  study  of 
boundary-layer  growth  along  the  flat  stde  of  narrow, 
steel  half- wedges  al  zero  angle  of  attack  tn  a  uniform 
stream  where  M  -  2.  35  ±  one  per  cent.  Denstty  meas¬ 
urements  were  made  with  a  5  tn.  Zehnder-Mach  tnter- 
ferometer  and  supplemental  data  were  obtained  by 
schlteren  and  shadow  photography,  static  pressure  read¬ 
ings,  thermocouple  temperature  measurements  and  a 
new  phosphorescence  technique  for  tndtcatlng  surface 
temperatures.  (Contractor's  summary,  modtfted) 

Prtnceton  U.  Frick  Chemtcal  Lab. ,  N.  J. 

N6orl- 10503,  Pioject  Squid  see  under  Prtnceton  U. 
James  Forrestal  Research  Center,  N.  J.  (Project 
SQUID1  Item  nos.  PRI.  1I:I62-PRI.  11:172. 

PRI.  08:001 

Princeton  U.  t  Frick  Chemtcal  Lab.  J  N.  J. 

MEASUREMENT  OF  DIELECTRIC  CONSTANT  AND 
LOSS,  by  J.  G.  Powles  and  C.  P.  Sinyth.  [1954] 

[  54  j  p.  Incl.  dtagrs.  refs.  [  AF  18(600)1331] 

Unclasstfted 

Published  In  Phys.  Melhods  Org.  Chem. ,  v.  I:  2279- 
2332,  1954. 

This  Is  a  review  article  covering  lhe  following  loptcs: 

I.  Theory  of  dleleclrtc  constanl  and  loss.  II.  Introduc¬ 
tion  lo  measurement  techniques.  III.  The  frequency 
range  60  lo  108  cycles  per  second.  (1)  measuring  cells; 
(2)  bridges;  (3)  resonance  methods;  (4)  combination  appa¬ 
ratus;  and  (5)  eteclrode  polarlzalton  effecls.  IV.  The 
microwave  region,  3  a  109  to  6  *  1010  cycles  per  second. 
(1)  resonalor  methods;  and  (2)  transmission  methods. 

V.  The  frequency  range  108  to  3  a  I0a  cycles  per  sec¬ 
ond.  VI.  Frequencies  below  60  cycles  per  second. 

There  are  104  foreign  and  domestic  references  ctted 
covering  a  ltme  period  from  1895  to  1953. 

Pltl.  08:002 

Princeton  U.  [  Frick  Chemical  Lab.  i  N.  J. 

DIELECTRIC  HEt-AXATlON  OF  SOME  SPHEROIDAL 
MOLECULES,  by  It.  C.  Miller  and  C.  P.  Smyth. 

[  Oct.  18,  1955  2  p.  Inc t .  table.  [  AFOSlt-TN  55- 

376  [  AF  1 8' 600)  1331  Unclassified 
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Presented  at  National  Research  Council  Conference 
on  Electrical  Insulation,  Poccno  Manor,  Pa. ,  Oct. 

19,  1955. 

In  this  study,  the  effect  of  dtpole  orientation  on 
relaxation  time  tn  nonspherlcal  molecules  was  con¬ 
sidered.  The  crttlcal  wavelengths  and  viscosities  of 
lrtoaanc  (I),  pyrtdtne  (II),  paraldehyde  (HI),  and 
colltdtne  ((CH3)3  CjHjN)  (IV)  were  measured  at  a 
number  of  temperatures,  the  results  obtained  at  60°C 
betng  presented  tn  a  table.  It  Is  pointed  out  that  I  and 
II  are  nearly  the  same  in  molecular  shape  and  stze; 
however,  tn  I  the  moment  Is  normal  to  the  ring,  while 
tn  n  tt  ts  In  the  plane  of  the  ring.  Both  the  crttlcal 
wavelength  and  the  viscosity  of  I  are  1. 7  times  as 
large  as  those  of  n.  Therefore,  tf  tt  ts  assumed  that 
the  critical  wavelength  Is  proportional  to  vlscostty, 
the  data  Indicate  that  direction  of  the  moment  has  no 
effect  on  the  critical  wavelength,  in  and  IV  are  nearer 
tn  shape  and  stze  than  are  I  and  n  as  tndlcated  by 
thetr  almost  equal  viscosities  and  molar  volumes. 
Nevertheless  the  crttlcal  wavelength  of  m,  havtng  tts 
moment  normal  to  the  rtng,  is  twtce  as  large  as  that 
of  IV.  This  result  and  that  for  I  ts  explained  by  the 
fact  that  both  I  and  m  are  disc -like  tn  shape,  making 
tt  necessary  for  them  to  turn  over  tn  becoming  ortented 
tn  a  field.  This  "turning  over"  disturbs  neighboring 
molecules  much  more  than  rotation  about  the  axis 
of  symmetry  as  tn  the  cases  of  H  and  IV;  thus,  the 
relaxation  times  of  the  dtsc-llke  molecules  are  ex¬ 
pected  to  be  longer.  The  effect  Is  greater  for  the  2 
tr [methyl- substituted  compounds  which  are  more  ex¬ 
tended  tn  the  plane  of  the  disc. 


Pltl.  08:003 

Prlncelon  U.  Frick  Chemical  Lab. ,  N.  J. 

MICROWAVE  ABSORPTION  AND  MOLECULAR 
STRUCTURE  IN  LIQUIDS.  XV.  THE  CRITICAL 
WAVELENGTHS  OF  SOME  SHORT-CHAIN  ALIPHATIC 
AND  CYCLIC  KETONES  AND  OF  PHENYL  ETHER, 
by  J.  H.  Calderwood  and  C.  P.  Smyth.  Ocl.  14,  1655 
[  3 ] p.  tncl.  tables.  (AFOSR-TN-55  384)  (AF  18 
(500)1331)  AD  106080  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  78. 
1295-1297,  Apr.  5,  1956. 

The  dielectric  constants  and  losses  of  acetone, 
n-heplanone  2,  n-heptanone-4,  cyclohexanone, 
acetophenone,  2-acetonaphthone,  benzophenone  and 
phenyl  ether  have  been  measured  al  wavelengths  of 
1. 24,  3.  22  and  10.  4  cm  al  temperatures  between  1  * 
and  90".  The  low  frequency  dleleclrtc  constanls,  re¬ 
fractive  Indices,  denstlles,  and  viscosities  have  also 
been  measured.  Cole  and  Cole  arc  plots  have  been 
drawn  and  have  been  used  to  calculate  the  critical 
wavelengths  al  which  the  loss  Is  a  maximum.  The 
crttlcal  wavelengths  and  the  ratios  of  critical  wave¬ 
length  to  viscosity  are  examined  In  their  relations  lo 
molecular  size  and  shape.  The  critical  wavelength  of 
2-acetonaphthone  Is  larger  and  Itiat  of  phenyl  elher  Is 
smaller  than  would  be  expected.  As  observed  In 
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prevtous  work,  marked  changes  tn  molecular  shape 
may  cause  marked  Irregularities  tn  the  relations 
between  molecular  volume,  critical  wavelength  and 
vtscostty.  (Contractor's  abstract) 


PRt.  08:004 

Prtnceton  U.  Frick  Chemtcal  Lab. ,  N.  J. 

DtPOLE  MOMENTS  AND  STRUCTURES  OF  TWO 
HETEROPOLAR  CYANINE  DYE  MOLECULES,  by 
A.  J.  Petro,  ('.  P.  Smyth,  and  L.  G.  S.  Brooker. 

July  7,  1956  [4jp.  tncl.  tables,  refs.  (AFOSR-TN- 
55-477)  (AF  t8(600)1331)  Unclassified 

Presented  al  Delaware  Valley  regional  meeting  of  the 
Amer.  Chem.  Snr. ,  Phtlariel^ila,  Pa.,  F“t.  H,  1V5-3, 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  78:  3040- 
3043,  July  5,  1956. 

The  n.  locular  dipole  '.KH.mr.t6  ol  2  ryanl’w  dy«*  haw* 
been  measured  In  very  dtlute  solutions  tn  dloxane. 
Compartson  of  the  observed  moment  values  9.  8  and 
t3.  3  x  t0_t®  wtth  those  calculated  for  lhe  posstble 
resonating  sLuotures  Indicates  ll.at  a  full,  u.  . u  <i  r  1  > 
full,  electronic  charge  Is  carried  by  the  acidic  radical 
of  the  molecule,  while  an  equal  positive  charge  Is 
divided  equally  betwia  r  the  nitrogens  of  t*u  2  basic 
nuclei.  (Contractor's  abstract) 


PRt.  08:005 

Princeton  U.  Frick  Chemical  Lab. ,  N.  J. 

DIELECTRIC  BEHAVIOR  AND  STRUCTURE  by  C.  P. 
Smyth.  New  York,  McGraw-Hill,  t955,  441p.  lnct. 
dlagrs.  tables,  refs.  [  AF  18(600)t331  ] 

Unc  lasslfled 

The  theory  of  dielectric  behavior  as  exemplified  In 
dielectric  constant  and  loss  Is  presented  In  the  first 
two  chapters,  the  experimental  Information  and  In¬ 
terpretation  In  the  next  three,  and  the  methods  of 
measure  merit  In  Ctaptet  VI.  Infot  matlo..  uii  the  de¬ 
termination  of  dipole  moments  ts  given  In  Chapters 
Vt  and  Vlt,  a  general  account  of  their  relations  to 
mole,  ular  structure  tn  Chapter  VUl,  and  a  detailed 
tabulation  and  Interpretation  of  the  moments  of  the 
principal  types  of  compound  In  Chapters  IX  lo  XU. 
Amino  acids,  peptides,  and  proteins  are  treated  tn 
Chapter  XIII,  and  Induced  polarisation,  particularly 
optical  refraction,  In  the  last  Chapter. 


PRI.  08:006 

Prtnceton  U.  .  Frtck  Chemical  l.ab.  N.  J. 

MICROWAVE  ABSORPTION  AND  MOLECULAR 
STRUCTURE  IN  LIQUIDS.  XVI.  DIPOLE  DIRECTION 


AND  RELAXATION  TIME  tN  PYRIDINE,  TRIOXANE, 
AND  THEIR  SYMMETRICAL  TRIMETHYL  DERIVA¬ 
TIVES,  by  R.  C.  Mtller  and  C.  P.  Smyth.  Feb.  2, 

1 956,  9p.  tncl.  tables,  refs.  (AFOSR-TN-56-51) 

(AF  1 8( 600)1 331 )  AD  81043  Unclasstfted 

Also  published  In  Jour.  Phys.  Chem.,  v.  60:  1354- 
1356,  Oct.  1956. 

Measurements  of  dtelectrtc  constant  and  loss  have 
been  carried  out  at  wavelengths  of  t.  24,  3. 22,  and 
10.4  cm  and  300  m  and  at  temperatures  from  20°  to 
80°C  upon  coltldtne,  or  2,  4,  6-trtmethytpyrldtne  (I), 
svm-trtoxane.  and  paraldehyde.  The  vtscosttles  and 
denstties  have  also  been  measured.  The  results  are 
combined  with  those  previously  published  for  pyrtdtne 
to  Investigate  the  effect  of  dipole  ortentatlon  tn  the 
n  olerulf,  upon  dielectric  relaxation.  Paraldehyde 
and  I,  In  spite  of  much  larger  molecular  size,  have 
virtually  the  same  viscosity  as  pyridine;  however,  the 
critical  wavelength,  at  which  the  dielectric  loss  Is  a 
maximum,  has  a  value  for  I  approximately  4  times 
Ibat  (or  pyridine,  probably  because  of  c lotas  packing 
of  the  trtangutar  I  molecules  tn  the  liquid  and,  also, 
because  of  thetr  larger  stze.  Paraldehyde,  which  has 
a  molecule  slmtlar  tn  stze  and  shape  lo  that  of  I,  has 
«  critical  Wavelength  about  twice  a o  large,  presumably, 
because  the  dipole  Is  perpendicular  to  the  molecular 
triangle  Instead  of  parallel  to  It  as  In  I,  thus  requiring 
the  triangular  slat  s  Ui  turn  over  Instead  of  rotating 
In  their  plane  when  ortentatton  occurs  tn  the  applted 
fteld.  (Contractor’s  abstract) 


PRt.  08:007 

Prtncelon  U.  Frick  Chemlcat  Lab. ,  N.  J. 

MICROWAVE  ABSORPTION  AND  MOLECULAR 
STRUCTURE  tN  LtQUIDS.  XVII.  DtELECTRIC 
RELAXATION  TIMES  AND  SHAPES  OF  RIGID  MOLE 
CHEFS,  hyf  P  S.mylh  Mar  IS  1B96  f  6  p  U-rt 
table,  refs.  (AFOSR-TN-56-119)  (AF  18(600)1331) 
AD  82515  Unclassified 

Also  published  In  Proc.  Nat'l.  Acad.  Sciences,  v.  42: 
234-239,  May  1958. 

Abstract  published  In  Science,  v.  t23:  675,  1956. 

The  retaxr.iton  times  and  vtscostltes  of  5  homologous 
series  of  compounds  with  more  or  less  flexible  mole¬ 
cules  were  calculated  from  measured  dielectric 
constants  and  losses.  The  results  oblatned  showed  a 
tendency  of  the  molecular  relaxation  time  and  lhe 
viscosity  to  Increase  with  Increasing  molecular  stze 
In  a  pure  liquid  and  of  the  relaxation  time  to  Increase 
with  viscosity,  as  required  by  the  equation 
HI  Iva^/kT,  where  ts  lhe  molecular  relaxa¬ 
tion  time,  a  the  sphere  of  radius,  and  \  the  Internal 
friction  coefficient.  Many  exceptions  to  this  tendency 
occur,  and  apparently  the  Increase  tn  relaxation  time 
with  viscosity  may  be  the  result  of  the  Increase  tn 
molecular  site,  which  also  Increases  die  viscosity. 
Although  the  attachment  of  a  Clfj  group  to  a  ring  may 
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not  Impede  viscous  Ilow,  and  may  even  facilitate  It, 
apparently  Us  protrusion  Impedes  the  molecular  ro¬ 
tation  necessary  for  orientation  In  an  applied  field, 
and  thus  lengthens  the  relaxation  time. 


PRI.  08:008 

Prince  Ion  U.  [  Frick  Chemical  Lab.  ]  N.  J. 

DIELECTRIC  RELAXATION  AND  MOLECULAR  SHAPES 
OF  SOME  ALKYL-SUBSTITUTED  BENZENES,  PYRI- 
D1NES,  AND  NAPHTHALENES,  by  A.  J.  Pelro,  R.  W. 
Rampolla,  and  C.  P.  Smyth.  [June  1956]  6p.  incl. 
tables.  (AFOSR-TN-56-255)  [  AF  18(600)1331  ] 

AD  88975  Unclassified 

Also  published  in  Proc.  130th  meeting  of  the  Amer. 
Cham.  Soc.,  Atlantic  City,  N.  J. ,  Sept.  16-21,  1956. 

In  this  study  of  the  relationships  between  molecular 
size  and  shape  and  dielectric  relaxation  In  liquids,  a 
group  of  benzene- ,  pyridine-,  and  naphthalene  deriva¬ 
tives  are  considered  In  order  lo  delermine  the  effecl 
of  substitution  on  the  aromatic  ling.  As  a  result,  the 
dielectric  constants  and  losses  of  several  alkyl-sub- 
stituled  benzenes,  pyrldlnes,  and  naphthalenes  have 
been  measured  In  the  pure  liquid  state  al  wavelengths 
of  1. 25  and  3.  22  cm  and  al  temperatures  between  1° 
and  60°C.  In  addition,  results  have  been  obtained  for 
dilute  solutions  of  pyridine  In  benzene.  The  low- 
frequency  dielectric  constants,  refractive  Indices, 
densities,  and  viscosities  have  also  been  obtained. 

From  these  data,  Cole-and-Cole  arc  plols  have  been 
drawn,  being  used  lo  determine  the  critical  wavelengths 
al  which  the  loss  Is  a  maximum.  These  results  are 
collected  In  a  lable.  For  some  of  the  compounds, 
molecular  relaxation  times,  ratios  of  relaxation  times, 
viscosity  al  M‘C,  and  activation  energies  for  viscous 
flow  and  dielectric  relaxation  are  presented. 


PRI.  08:009 

Princeton  U.  Frick  Chemical  Lab. ,  N.  J. 

MICROWAVE  ABSORPTION  AND  MOLECULAR 
STRUCTURE  IN  LIQUIDS.  XVm.  THE  RELAXATION 
TIMES  OF  FOUR  RIGID  POLAR  MOLECULES  SUR¬ 
ROUNDED  BY  NONPOLAR  MOLECULES  OF  SIMILAR 
SIZES  AND  SHAPES,  by  R.  C.  Miller  and  C.  P.  Smyth. 
Sepl.  1956,  lOp.  Incl.  tables.  (AFOSR-TN-56-416) 

(AF  18(600)1331)  AD  96225  Unclassified 

Also  published  in  Jour.  Amer.  Cheni.  Soc.,  v.  79: 
308-310,  Jan.  20,  1957. 

In  this  study,  the  dielectric  constant  at  300- m  wave¬ 
length  and  the  dielectric  constant  and  loss  at  10.  66-cm 
wavelength  were  measured  for  quinoline  (1)  and 
Isoqulnollne  (II)  over  a  range  of  te>n]>eratures.  The 
results  were  combined  with  those  of  previous  meas¬ 
urements  to  revise  critical  wavelength  values.  The 
corrected  values  ugree  well  with  the  earlier  values  for 
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I,  but  differ  somewhat  from  those  for  n.  Similar 
measurements  were  obtained  for  dilute  solutions  of 
pyridine  (ID)  and  a-trloxane  in  CgHg,  and  of  I  and  II 
in  naphthalene  al  577  m  and  3. 22  and  1.  244  cm.  Com¬ 
parison  of  the  values  of  the  molecular  relaxation 
times  calculated  for  the  4  substances  in  the  pure  liquid 
stale  with  the  relaxation  times  for  the  solutions  Indica¬ 
tes  lhal,  for  these  molecules,  the  method  of  calculating 
the  molecular  relaxation  time  and  the  assumption  of 
iis  proportionality  lo  liquid  viscosity  are  noi  bad 
approximations.  The  closeness  of  the  molecular  re¬ 
laxation  times  of  m  and  -trloxane  lo  each  other  suggests 
lhal  the  in  molecule  may  rolale  with  almost  equal  ease 
around  axes  In  the  plane  of  ihe  ring,  and  perpendicular 
lo  this  clone.  The  relaxation  times  of  the  CgHg  and 
naphthalene  molecules  are  considered  in  the  light  of 
those  of  in  and  Irloxane  In  CgHg  solution,  and  of  I  and 
n  In  naphthalene  solution,  respectively.  The  difference 
between  the  relaxation  times  of  1  and  n  shows  a  con¬ 
siderable  amount  of  orientation  of  both  molecules  by 
rotation  oui  of  ihe  plane  of  the  rings.  (C.  A.,  1957:6256d) 


PRI.  09:001 

Princeton  U.  James  Forrestai  Research  Center,  N.  J. 

SOUND  DISPERSION  IN  CIS-  AND  TRANS- DICH LORO- 
ETHYLENE  VAPORS,  by  M.  [J.  ]  Boudart.  [1953] 

[  2  ]p.  (AF  33(038)23976)  Unclassified 

Published  In  Jour.  Chem.  Phys. ,  v.  21:  955-956,  May 
1953. 

Contrary  lo  Seite  et  al.  (Jour.  Chem.  Phys. ,  v.  20: 
1899-1902,  Dec.  1952),  irans-dlchloroethylene  cannot 
be  considered  as  an  ideal  gas.  The  values  of  v0 
(sound  velocity  reduced  lo  zero  pressure),  calculated 
for  both  isomers  using  the  second  vlrlal  coefficients 
of  the  Berlhelot  equation  of  stale,  yield  single  disper¬ 
sion  waves  for  each  isomer,  there  being  no  marked 
difference  In  the  behavior  of  the  isomers. 


PRI.  09:002 

Princeton  U.  James  Forrestai  Research  Center,  N.  J. 

FLAME  PROPAGATION  RATES  AND  THE  CHEMICAL 
NATURE  OF  THE  ATTACHMENT  SURFACE,  by  L. 
Lapldus,  J.  B.  Rosen,  and  R.  N.  Wilhelm.  Apr. 

1953  [  31  j  p.  Incl.  dlagrs.  tables,  refs.  (Technical 
rept.  no.  1)  (AF  33(038)23976)  AD  13156 

Unclassified 

Also  published  In  Indus.  Engineering  Chem. ,  v.  49: 
1181-1186,  July  1957. 

Experimental  results  and  theoretical  deductions  are 
presented  concerning  the  effect  of  catalytic-chemical 
properties  of  surfaces  on  the  boundary  conditions  of 
stabilized  flames.  Normalized  flame  velocity- vs- 
percentage  CKq  curves  were  ohtalned  with  a  slot  rate 
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burner  and  CH4-alr  combustible  mixtures  for  combina¬ 
tions  of  the  following  conditions:  2  different  geometri¬ 
cally  shaped  brass  burner  tips,  and  wel  and  dry  sur¬ 
faces  of  brass,  MgO,  and  PI.  The  surfaces  were  main¬ 
tained  at  32"  and  Si“C  with  total  volumetric  flow  rales 
of  1.44  and  1.70  cu  fl/mln,  respectively.  Flame  prop¬ 
agation  rates  were  Identical  for  all  surfaces  when  they 
contained  moisture  either  In  equilibrium  with  that  In 
the  room  air  or  when  thoroughly  welled.  Propagation 
rales  for  moisture- laden  surfaces  and  the  rale  for  dry 
MgO  were  the  same.  PI,  the  mosl  polenl  chain  breaker, 
fexhiblted  the  greatest  difference  between  the  wel  and 
dry  velocity.  The  flame  velocity  Increased  with  an 
Increasing  CH4/alr  ratio  with  a  maximum  al  the  siol- 
chlomelrlc  ratio;  al  higher  concentrations,  the  flames 
became  turbulent  and  produced  a  sharp  Increase  In  the 
propagation  rate.  Simultaneously,  differences  between 
surfaces  with  respect  lo  the  substrate  or  molslure 
condition  disappeared.  A  theoretical  analysis  Is  In¬ 
cluded  of  the  rale  of  surface  combination  of  free  radi¬ 
cals  and  the  resulting  effect  on  the  flame  propagation 
rate.  The  surface  recombination  coefficients  compare 
favorably  with  literature  values  of  the  recombination  of 
H  atoms  on  differently  conditioned  surfaces. 
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Princeton  U.  James  Forreslal  Re  .arch  Cenler,  N.  J. 

KINETICS  AND  MECHANISMS  OF  THE  "WATER-GAS" 
REACTIONS,  by  W.  M.  Graven  and  F.  J.  Long.  May 
1953  [  37  j  p.  lncl.  dlagrs.  tables,  refs.  (Technical 
rept.  no.  2)  (AF  33(038)2J976)  AD  14060 

Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. .  v.  76: 
2002-2607,  May  20,  1954. 

A  kinetic  study  was  made  of  the  2  opposing  reactions 
comprising  the  HaO-gas  equilibrium.  Experimental 
measurements  were  made  with  a  quartz  vessel  at  900" C 
and  a  flow  rale  which  allowed  a  reaction  Ume  of  about 
0.  5  sec.  The  following  rate  expressions  were  obtained: 

-  57. 000 
ltT 

d/dt  H20  9.5  x  10I0e _ 1  H2.  '^ICOgj  aixl 

1*2.5  [COj  /  [  Hjl 

-sum 

RT 

d  dt  COj .  5. 0  x  10l2e  CO  ,  1  2  H2Ol 

(1*8.  0  i  H^TT^CO  )■  2 

lor  the  COj  H  and  CO-steam  reactions,  respectively. 
Homogeneous  chain  mechanisms  Involving  the  chaln- 
propagallng  steps  OH  «  CO^sH  «  C02  and  H  •  HjO  ^ 
OH  •  1L,  Initiation  by  dissociation  of  H  or  sleam,  and 
termination  by  atom  or  atom- radical  recombination 
substantially  agreed  with  the  data.  (Contractor's  ab¬ 
stract) 
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Prlncelon  U.  James  Forrestal  Research  Center,  N.  J. 

CONTRIBUTION  TO  THE  THEORY  OF  FAST  RE¬ 
ACTION  RATES,  by  R.  De  Vogelaere  and  M.  Boudarl. 
July  1953  [  42 J  p.  lncl.  dlagrs.  (Technical  repl.  no. 

3)  (AF  33(038)23976)  AD  14057  Unclassified 

Also  published  In  Jour.  Chem.  Phys.  v.  23:  1236- 
1244,  July  1955. 

Classical  calculations  were  made  of  the  motion  of  a 
mass  polnl  on  a  potential  surface.  The  surface  cor¬ 
responds  to  a  reaction  of  the  type  AB  +  A  =  A  +  BA  and 
Is  characterized  by  a  single  saddle  polnl.  For  the 
mathematically  similar  problem  of  the  allowed  cone 
of  cosmic  radiation,  a  description  Is  given  of  the  possi¬ 
bility  of  a  substantial  decrease  of  the  transmission 
coefftclenl  above  a  critical  energy  of  the  syslem.  Un¬ 
stable  secondary  periodic  „rtUs  appear  above  the 
critical  energy;  the  region  on  the  surface  between  2 
secondaries  Is  designated  the  pseudobasin.  The  ap¬ 
pearance  of  a  pseudobasin  may  result  In  a  substantial 
decrease  of  the  reaction  yield.  The  verage  distance 
of  the  boundaries  of  the  pseudobasin  ft-ttr  the  ridge  Is 
0.  5  al  E  =  1.  5  Eg  and  1  al  E  =  2Eg,  where  E  Is  the 
total  energy  and  Es  Is  the  saddle- point  energy.  The 
result  Is  independent  of  the  analytical  expression  of 
the  surface.  Consequences  of  the  phenomenon  are 
discussed. 
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Prlncelon  U.  James  Forreslal  Research  Cenler,  N.  J. 

THEORY  OF  LAMINAR  FLAME  STABILITY,  by  J.  B. 
Rosen.  July  1953  [75ip.  lncl.  dlagrs.  tables,  ref*. 
(Technical  repl.  no.  4)  (AF  33(038)23976)  AD  16739 

Unclassified 


Apr.  1954. 


I  Jour.  Chem.  Phys.,  v.  22:733-748, 


The  stability  of  the  steady- state  solution  of  the  flame 
equations  Is  Investigated  both  generally  and  by  means 
of  a  specific  numerical  example.  The  method  Is  lo 
solve  the  linearized  syslem  of  partial  differential 
equations  resulting  from  an  Instantaneous  heat  release 
perturbation  of  the  steady- stale  solution.  A  complete 
numerical  solution  of  this  partial  system,  obtained  by 
the  use  of  a  high-speed  digital  computer,  Is  presented. 
A  stability  condition,  based  on  an  approximate  analytic 
solution,  ts  given.  The  existence  of  stability  limits  Is 
suggested  as  an  explanation  of  Inflammability  Until*. 
(Contrary,  r's  abstract) 
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PRESENCE  OF  OZONE,  by  D.  Garvin.  Sept.  1953 
[  34  ]  p.  Incl.  dtagrs.  tables,  refs.  (Technical  rept. 
no.  5)  (AF  33(038)23978)  AD  18439  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  76: 
1523-1527,  Mar.  20,  1954. 

The  rate  and  mechanism  of  CO  oxidation  was  studied  In 
mixtures  of  CO,  O,  N,  and  O3  at  atmospheric  pressure 
and  from  430°  to  585°K.  The  slight  production  of  C02 
was  explained  by  the  reaction  CO  +  O  +  M— >C02  +  M 
whtch  has  no  activation  energy  and  occurs  every  103 
3-body  collision.  The  O  atom  was  supplied  by  the  de¬ 
composition  of  O3.  The  stmtlarttles  between  the 
activation  energies  from  the  empirical  analysis  and 
those  of  the  Jahn  mechanism  (Zellschr.  anorganische 
Chem. ,  v.  48:  260,  1906)  for  O3  decomposition  and 
the  agreement  of  pre- exponential  factors  with  photo¬ 
chemical  work  made  this  explanation  more  plausible 
than  one  based  upon  a  dtrect  CO  +  O3  reaction.  The 
results  are  tabulated  and  graphic  relationships  are 
presented. 
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Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 

KINETICS  OF  THE  OXIDATION  OF  CYCLOHEXANE 
WtTH  DtNITROGEN  PENTOXIDE,  by  J.  C.  D.  Brand 
Jan.  1954  [  25  ]  p.  tncl.  tllus.  refs.  (Technical  repl. 
no.  8)  t AFOSR-TN-54-t9j  (AF  33(038)23976) 

AD  25265  Unclasslf'ed 


hydrogen  superoxide  (H2O4).  Kruglyakova  and 
Emanuel  (Doklady  Akad.  Nauk  SSSR,  83:593,  1952) 
had  reported  the  formation  of  H2O4  by  the  dimerization 
of  HOj  radtcals  in  the  thermal  decomposition  of 
aqueous  H202;  vartous  analyses  which  were  destgned 
to  detect  H2O4  in  tne  presence  of  H2O2,  however, 
failed  to  indicate  the  presence  of  the  superoxide.  An 
attempt  was  made  to  substantiate  evtdence  reported 
by  Stadnlk  (Doklady  Akad.  Nauk  SSSR,  87:445,  1952) 
for  the  presence  of  H202  in  water  which  absorbs  active 
Intermediates  from  a  hydrogen -oxygen  dtffusion  flame. 
Apparatus  was  built  tn  which  the  flame  was  formed  tn 
close  proximity  to  a  moving  stream  of  cold  HjO.  The 
results  showed  that  oxides  of  N  were  present  tn  the 
absorbing  solution,  but  hydrogen  peroxides  were  ab¬ 
sent.  Since  HNOj  would  destroy  any  H202  In  the 
solution,  the  expertment  was  inconclusive  in  determin¬ 
ing  the  abtltty  of  the  apparatus  to  trap  active  Inter¬ 
mediates  from  the  hydrogen-oxygen  flame.  (ASTIA 
abstract) 
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Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 

COMBUSTION  WAVE  STABILITY  AND  FLAMMA¬ 
BILITY  LIMITS,  by  J.  B.  Rosen.  Jan.  1954,  6p. 
dtagrs.  (Technical  rept.  no.  10)  [  AFOSR-TN-54-35  J 
(AF  33(038)23976)  AD  27850  Unclasstfted 

Also  published  In  Jour.  Chem.  Phys. ,  v.  22:  750-751, 
Apr.  1954. 


Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  77: 
2703-2707,  May  20,  1955. 

Quantitative  measurements  on  the  velocity  of  oxidation 
of  cyclohexane  by  Nj05  tn  CCI4  solution  at  0“  and  20<’C 
are  described.  The  results  are  Interpreted  In  terms  of 
a  mechanism  tn  which  the  hydrocarbon  oxidation  ts 
tnitlaled  by  attack  of  an  NO3  radical  generated  by  disso¬ 
ciation  of  NjOj.  The  principal  products  of  the  reaction 
are  cyclohexyl  nitrate  and  nilrocyclohexane  whtch  are 
formed  tn  btmolecular,  parallel  reactions  of  the  cyclo¬ 
hexyl  radical  wtth  NOj.  Cyclohexyt  nttrtte  was  an  tn- 
termedtate  tn  the  formatton  of  cyclohexyl  nitrate.  NOj 
retarded  the  reaction  by  lowertng  the  steady -stale  con¬ 
centration  of  NO3.  The  Initial  rate  of  reactton  at  20  “C 
was  Independent  of  the  presence  of  HNO3  between  0  and 
0  3  .iol/i. 


A  method  ts  presented  whtch  ts  also  used  tn  determin¬ 
ing  the  region  of  stabtllty  tn  the  parameter  space  of  a 
flame -propagating  medium  wtth  stmple  kinetics.  The 
method  Involves  a  stmplifted  slabtltly  condition  tn 
which  only  the  Itneartzed  1-dlmenslonal  energy  equation 
ts  considered  along  wtth  Just  those  terms  tnvolvtng  the 
temperature  perturbalton  1.  The  resulting  eigenvalue 
problem  ts  transformed  so  as  to  be  formally  equivalent 
to  the  t-dtmenslonal  Schrodlnger  equation  for  a 
parttcle  in  a  potenttal  field.  The  resullB  of  the  con¬ 
sequent  analysts  suggest  that  the  stabtllty  Umll  has  tls 
phy steal  counterpart  tn  the  flammability  Itmlt,  outside 
of  which  a  steady  combustion  wave  no  longer  propa¬ 
gates. 
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Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 
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THE  HETEROGENEOUS  CAttBON  MONOXIDE  KEAC- 
Prlncetou  U.  James  Forrestal  Research  Center,  N.  J.  TtON  ON  SILVER,  by  D.  Garvtn.  Feb.  1954  10. p. 

tncl.  tllus.  (Technlcat  note  no.  It)  ([  AF  jOStt-TN- 
EXPEtttMENTAl.  STUDtES  OF  HYDROGEN  SUPER  54  61)  (AF  33(038)23976)  AD  42798  Unclassified 

OXIDE  FORMATtON,  by  J.  D.  McKinley,  Jr.  Jan. 

1954,  17p.  lllus.  tables.  (Technical  rept.  no.  9)  Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  76: 

.  AFOSR-TN  54  34;  (AF  33(033)23976)  AD  27849  1581,  Mar.  20,  1954. 

Unclasstfted 


Experiments  were  performed  to  verify  the  existence  of 
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Both  the  efftetent  decomposition  of  ozone  by  silver 
(and  sltver  oxide)  and  the  reduetton  of  stiver  oxide  by 
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carbon  monoxide  are  well  known.  In  the  course  of  a 
study  of  the  thermal  reaction  between  carbon  monoxide 
and  ozone  In  the  gas  phase,  we  have  observed  the  pro¬ 
duction  of  carbon  dioxide  on  a  silver  surface  which  Is 
In  contact  with  a  gas  stream  containing  Doth  ozone  and 
carbon  monoxide.  Tne  results  of  a  limited  number  of 
experiments  on  this  heterogeneous  reaction  are  re¬ 
ported  here.  In  addition,  the  following  section  contains 
some  remarks  on  the  analytical  determination  of  carbon 
dioxide  In  CO  -  O3  containing  mixtures.  (ASTIA  ab¬ 
stract) 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

STAHILJZATION  OF  ENERGY  RICH  MOLECULES.  I. 
ENERGY  IrtANaFLK  WITH  HYDROGEN,  by  M.  'LJ.  ] 
Boudart  and  J.  T.  Dubois.  Mau  1954  [  32  ]p.  lncl. 
dlagrs.  tables.  (Technical  note  no.  6)  ([AF]OSR-TN- 
54-81)  (AF  33(038)23976)  AD  42797  Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  23:223-229, 
Feb.  1955. 


CALS  IN  THE  HYDROGEN  ATOM-OZONE  REACTION, 
by  J.  D.  McKinley,  Jr.,  D.  Garvin,  and  M.  J. 
Boudart.  Oct.  1954  [  13  j  p.  lncl.  Ulus,  dlagr.  table, 
refs.  (Technical  note  no.  15)  ([  AF  JOSR-TN-54-249) 
(Also  bound  with  Its  AFOSR-TN-55- 164:  AD  65496) 

(AF  33(038)23976)  AD  50136  Unclassified 

Alsr  published  In  Proc.  Symposium  on  The  Airflow 
and  The  Aurorae,  Queen's  U. ,  Belfast  (Ireland) 

(Sept.  6-7,  1955),  N.  Y. ,  Pergamon  Press,  1955, 
p.  264-269. 

Also  auhllched  Ir,  Jour.  Chem.  Phys.,  v.  23-  784  766, 
May  1955. 

Near  Infrared  emission  spectrograms  of  vlbrationally 
excited  hydroxyl  radicals  In  the  ground  state  have  been 
obtained  upon  mixing  H  atoms  and  ozone.  A  recent 
tnteTpretxttoT.  ot  a  parHeulai  w/arte  o!  Uit  tight  sky 
radiation  has  been  verified.  A  nonequilibrium  distri¬ 
bution  of  energy  between  the  reacUon  products  Is  In¬ 
dicated.  (Contractor's  abstract) 


PRI.  09:014 


The  increase  In  fluorescence  yield  of  (t-naphthylamlne 
vapors  In  the  presence  of  foreign  gases  provides  a  new 
powerful  method  for  studying  energy  exchange.  The 
effect,  discovered  by  Neporent,  Is  analyzed  IdneUcally 
and  the  analogue  of  the  Stern- Volmer  equaUon  for  this 
effect  Is  derived.  Neporent's  data  are  recalculated  In 
the  light  of  this  analysis,  fluorescence  stabilization 
by  oeuterlum  and  sulfur  hexafluoride  Is  studied  experi¬ 
mentally  following  the  procedure  of  Neporent.  It  is 
concluded,  In  particular,  that  the  vlbraUonal  and 
rotational  modes  of  Ihe  hydrogen  molecules  are  Inactive 
4n  the  WKHxttor,  or  deescUilkm  of  vU.ralL  .al  energy 
of  complex  molecules.  (Contractor's  abstract) 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

COMBUSTION  WAVE  STABILITY  AND  FLAMMA¬ 
BILITY  LIMITS,  U.  by  J.  B.  Rosen.  Sept.  1954  [  29  .  p. 
lncl.  dlagrs.  table,  refs.  (Technical  note  no.  12) 

(1  AFiOSR-TN-54-  177/  (AF  33(038)23976)  AD  45801 

Unclassified 

The  simple  model  studied  in  this  exploratory  Investi¬ 
gation  has  proved  useful  In  two  Important  respects. 

It  has  shown  that  solutions  to  the  steady  state  flame 
equations  do  not  necessarily  correspond  to  the  stable 
propagation  of  a  steady  state  flame,  and  that  the 
mathematical  stability  limit  corresponds  In  Its  general 
features  to  experimentally  determined  flammability 
limits.  (Contractor's  abstract) 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
THE  PRODUCTION  OK  EXCITED  HYDROXY!  RADI 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

THE  VIBRATIONAL  SPECTRUM  OF  METHYL  NI¬ 
TRATE,  by  J.  C.  D.  Brand  and  T.  M.  Cawthon.  Oct. 
1954  [l8]p.  lncl.  dlagrs.  tables,  refs.  (Technical 
note  no.  14)  ( [  AF  J  OSR-TN-54-  292)  (AF  33(038)- 
239761  AD  50137  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  77: 
319-323,  Jan.  25,  1955. 

The  Infrared  xtfcorplR*  of  methyl  nUr&Ve  In  Mve  viper 
and  liquid  phase  has  been  measured  In  the  range  2- 1 5n 
and  frequencies  have  been  assigned  to  all  the  funda¬ 
mental  vibrations  except  the  two  torsional  modes. 

The  characteristic  frequencies  of  the  -ONO2  group  are 
at  1672  (yjf),  1287  (g),  854  (s),  759  (m),  657  (m)  and 
578  (m)  cm*1.  The  heat  capacity  (Cp  =  16.  2  cal  mol'1) 
and  entropy  (S^gg  2  r  75-  97  e-  u- )  °f  methyl  nitrate 
vapor  have  been  calculated  assuming  free  Internal 
rotation.  Comparison  of  the  statistical  and  thermal 
entropies  Indicates  that  the  barriers  hindering  Internal 
rotation  are  small,  and  the  Infrared  band  contours  and 
Raman  depolarization  factors  are  Interpreted  assuming 
free  rotation  about  the  O-N  bond.  (Contractor's 
abstract) 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

HIGH  TEMPERATURE  REACTION  KINETICS  OF  THE 
SYSTEM:  Il2  HI  -  i2.  by  W.  M.  Graven.  Oct. 
1954  28  p.  tncl.  dlagrs.  tables,  rels.  (Technical 

note  no.  13)  (  AF  OSIt-TN  54-293)  (AF  331038) 
23976)  AD  49985  Unclassified 
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Also  published  tn  Jour.  Amer.  Chem.  Scv..,  v.  78: 
3297-3300,  July  20,  1956. 

An  Investigation  at  700°  C  ot  '.he  kinetics  of  the  reac¬ 
tions  which  comprise  the  equilibrium 

2HI  =  H2  +  12 

has  been  effected  with  the  use  of  a  flow  techntque 
whtch  permttted  a  reaction  time  of  approximately  0.  5 
sec.  The  results  are  tn  accord  wtth  bimolecular 
mechanisms  for  which  the  rate  constants 

kj  3.  59  x  1012exp(-49200/.RT)  1.  mole_1sec. 

k2  1.  23  x  1012exp(-4100/RT)  1.  mole' 'sec. _1 

have  been  calculated  for  decomposition  of  hydrogen 
Iodide  and  combination  of  hydrogen  and  todtne,  respec¬ 
tively.  (Contractor's  abstract) 
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Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 

KINETICS  OF  THE  THERMAL  DECOMPOSITION  OF 
AMMONIUM  NITRATE,  by  T.  M.  Cawthon  and  H. 

Taylor.  Nov.  1954  [  23  J  p.  lncl.  dlagrs.  tables,  refs. 
(Technical  note  no.  17)  (l  AF  JOSR-TN-54-334) 

(AF  33(038)23976)  AD  50205  Unclassified 

The  rate  of  thermal  decomposition  cf  ammonium  ni¬ 
trate  has  been  determined  as  a  function  of  temperature 
and  the  amount  of  ammonium  nitrate  decomposing. 

These  data  are  expressed  by  the  equation: 

4N20/dt  kl  NH4N03  j  In  which  k  5.  62  x  10l2exp 

(-39900/RT)  sec1.  Kinetics  of  the  decomposition 
reaction,  determined  by  the  dependence  of  the  decom¬ 
position  rate  on  the  concentration  of  ammonium  nitrate 
In  mixed  nitrate  melts,  are  consistent  with  a  mechanism 
which  Involves  as  the  rate-controlling  step,  reaction  of 
ammonia  with  hydrated  nltrontum  Ion  to  give  nltramlde. 
According  to  this  mechanism,  the  energy  of  activation 
for  the  thermal  decomposition  of  ammonium  nitrate  Is 
due  largely  to  the  endothermldty  of  the  reaction: 

NH4+  *  N03‘  NIL)  +  II.NO3. 

(Contractor's  abstract) 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

THE  TUEHMA1  DECOMPOSITION  OF  ALIPHATIC 
AMINE  NITRATES,  by  T.  M.  Cawthon  and  H.  Taylor. 
Dec.  1954  52  p.  lncl.  dlagrs.  tables,  rels  (Tech 

r.lcal  note  no.  18)  (  AF  OSlt  TN  54  365)  (AF  33- 
(038)23976)  AD  52430  Unclassified 
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ts  proporttonal  to  the  amount  of  methyl  ammonium 
nttrate  decomposing,  and  Initial  ftrst  order  rate  con¬ 
stants  for  the  formatton  of  nitrogen  are  expressed  by 
the  Arrhenius  equatton: 

k  =  1.45  x  109  exp(-30,  000/RT)  sec'1. 

A  mechanism  for  the  decomposition  of  methyl  ammo¬ 
nium  nitrate  ts  proposed.  Thts  mechanism  Involves  as 
the  slow  step,  reaction  of  methyl  amtne  wtth  hydrated 
nitronlum  ton  to  gtve  methyl  nltramlne,  and  methyl 
nitramtne  ts  assumed  to  decompose  raptdly  to  gtve 
etther  nitrous  oxide  or  nltrtte  ton  as  one  of  the  prod¬ 
ucts.  The  rate  of  nitrogen  formation  In  the  thermal 
decomposition  of  tertiary  butyl  ammonium  nitrate  has 
been  determined  as  a  function  of  temperature  and  the 
amount  of  terttary  butyl  ammonium  nitrate  decomposing 
and  expressed  by  the  equation: 

-43,  600 
RT 

dN^  =  6.  4  x  1014  [C4H9NH3N03J  mole  sec'1 

dt 

A  mechanism  analogous  to  the  methyl  ammonium  ni¬ 
trate  mechanism  Is  proposed  for  the  thermal  decom¬ 
position  of  tertiary  butyl  ammonium  nitrate.  A  general 
mechanism  which  ts  consistent  wlih  the  decomposition 
kinetics  and  observed  volatile  products  from  methyl 
ammonium  nitrate,  tertiary  butyl  ammonium  nitrate, 
tso  butyl  ammonium  nttrate,  trtfluoro  ethyl  ammonium 
nitrate  and  dtmethyl  ammonium  nitrate,  Is  proposed 
for  the  thermal  decomposition  of  primary  altphatlc 
amine  nitrates.  (Contretor's  abstract) 


PRI.  09:018 

Princeton  U.  James  Forrestal  Research  Cemer,  N.  J. 

ISOLATION  OF  HOz  FROM  THE  HYDROGEN-OXYGEN 
DIFFUSION  FLAME,  by  J.  D.  McKinley,  Jr.  July 
1954:  Up.  (AF  33(038)23970)  Unclassified 

Published  In  Jour.  Chem.  Phys.  ,  v.  22:  1258,  July 
1954. 

A  technique  Is  described  lor  the  tsolatlon  of  H02  and 
Identification  of  Intermediate  species  tn  a  hydrogen, 
oxygen  diffusion  flame.  This  research  Is  fully  reported 
In  Technical  note  no.  9,  Item  no.  PRI.  09:008. 


PHI.  09:019 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

V1DKATIONAL  RELAXATION  TIMES  BY  THE  IMPACT 
TUBE  METHOD.  I.  EXTENSION  OF  METHOD  TO 
LONG  RELAXATION  TIME  RANGE.  II.  INVESTI¬ 
GATION  OF  THE  OXYGEN  H20,  OXYGEN-D.,0 
SYSTEM,  by  C.  S.  Tuesday  and  M.  |  J.  Uoudari.  Jan. 
1955  60  p.  incl.  dlagrs.  lahles,  rels.  (Technical 

note  no.  7)  (  AF  OSR  TN-55  67)  (AF  33(0-'B)2397C; 
AD  57918  Lnclasslfled 


The  rate  of  methyl  ammonium  nitrate  decomposition 


The  theory  of  the  Impact  lube  method  Is  discussed  and 
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the  general  equations  derived,  The  compressible  flow 
solution  for  expansion  is  derived  and  used  to  obtain  a 
general  solution  of  the  equation.  Special  cases  of  the 
general  solution  are  considered,  and  the  invalidity  of 
the  assumption  of  incompressible  nozzle  flow  is  demon¬ 
strated.  Numerical  solutions  of  the  equations  are  given, 
and  are  used  in  an  Investigation  of  the  influence  of  H2O 
and  D20  on  the  vibrational  relaxation  time  of  oxygen. 
The  ie salts  !&r  the  H2<J- oxygen  system  art  found  to 
agree  with  the  results  obtained  using  sonic  methods, 
thus  establishing  the  validity  of  the  treatment.  H20  is 
shown  to  be  much  more  effective  in  transferring  vibra¬ 
tional  energy  from  oxygen  than  D2O.  This  Is  attributed 
to  the  near  resonance  in  vibrational  levels  of  oxygen 
and  H20  which  results  In  resonance  vibrational  energy 
exchange.  This  concept  Is  utilized  In  a  proposed 
mechanism  which  satisfactorily  explains  the  experi¬ 
mental  results.  (Contractor's  abstract) 


PRI.  09:020 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

THE  HIGH  TEMPERATURE  HYDROGEN-BROMINE 
REACTION,  by  D.  Garvin  and  M.  Plooster.  June  27, 
1955  [78jp.  lncl.  dlagrs.  tables,  refs.  (Technical 
note  no.  16)  ([  AF  JOSR-TN-55-163)  (AF  33(038)23976) 
AD  65495  Unclassified 

Also  published  In  Jour.  Amer.  Cnem.  Soc.,  v.  78: 
6003-6008,  Dec.  5,  1956. 

A  survey  was  made  of  methods  of  rapid  adiabatic  com¬ 
pression  of  gas  mixtures.  The  H-Br  reactions  at  tem¬ 
peratures  between  800"  anti  1000“K  were  studied  by 
using  a  modified  shock  tube  technique.  A  study  of  the 
strengths  of  the  shock  waves  in  the  modified  shock  tube 
system  shows  that:  (1)  the  shock  waves  generated  pro¬ 
duce  temperatures  higher  than  those  calculated  (as¬ 
suming  a  reversible  adiabatic  process);  and  (2)  the 
terminal  pressure  of  the  process  was  generally  greater 
than  1  atmosphere.  In  addition,  when  a  high-pressure 
reservoir  has  essentially  an  infinite  diameter,  the  shock 
wave  s  are  stronger  than  those  predicted  for  a  shock  tube 
of  uniform  cross  section  at  a  given  ratio  of  pressures 
at  the  diaphragm.  The  reaction  process  was  studied  by 
measuring  photometrically  the  changes  In  Dr  concen¬ 
tration  In  the  compressed,  heated  gas.  Reaction  ap¬ 
peared  to  take  place  by  a  near-adlabatlc  thermal  explo¬ 
sion  mechanism.  From  the  Induction  periods  of  the 
thermal  explosions,  It  Is  shown  that  reaction  was  slower 
than  would  be  predicted  by  the  extrapolated  rate  of  the 
low-temperature  reaction,  with  an  apparently  lowered 
activation  period.  An  approximate  theoretical  treat¬ 
ment  of  the  behavior  of  the  H  Dr  reaction  under  non- 
steady-state  reaction  conditions  Is  presented.  Satis¬ 
factory  agreement  Is  found  between  the  experimentally 
observed  Induction  periods  and  those  calculated  on  the 
basis  of  a  nonsteady  -  stale  reaction.  Exact  agreement 
between  theory  and  experiment  Is  dlfflcull  to  obtain 
because.  \l)  theie  is  some  siattei  tn  the  expcitnii-utal 
data:  and  (b)  the  rates  of  dissociation  of  Ur2  molecules 
and  the  recombination  of  Dr  atoms  are  very  uncertain. 

1  AbTIA  abstract) 


PRI.  09:021 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

THE  REACTIONS  OF  ATOMIC  HYDROGEN  WITH 
OZONF  AND  WITH  OXYGEN,  by  J.  D.  McKinley,  Jr. 
and  D.  Garvin.  May  1955  [  20  J  p,  lncl.  dlagrs.  tables, 
refs,  (Technical  note  no.  19)  ([  AF  jOSR-TN-55- 164) 
i  Als.i  h.w»d  with  its  AFoGK-TN-54-249,  AD 
(AF  33(038)23976)  AD  65496  Unclassified 

Also  published  in  Proc.  Symposium  on  The  Airflow  and 
The  Aurorae,  Queen’s  U. ,  Belfast  (Ireland)  (Sept.  6-7 
1955),  N.  Y. ,  Pergamon  Press,  1955,  p.  264-269. 

Also  published  in  Jour.  Amer.  Chem.  Soc.,  v.  77: 
5802-5805,  Nov.  20,  1955. 

The  reactions  of  oxygen  and  ozone  with  atomic  hydro¬ 
gen  at  room  temperature  have  been  studied  In  a  low 
pressure  flow  system,  and  the  products  (trapped  at 
liquid  nitrogen  temperature)  have  been  determined. 

The  yields  of  water,  hydrogen  peroxide  and  "evolved" 
oxygen  under  various  operating  conditions  are  com¬ 
patible  with  the  view  that  product  formation  occurs 
primarily  by  radical  recombination  reactions  in  the 
cold  trap.  Hydroxyl  is  the  Immediate  precursor  of  all 
water  formed  (and  of  a  small  amount  of  peroxide)  while 
the  fate  of  perhydroxyl  Is  the  formation  of  hydrogen 
peroxide  (in  the  cold  trap)  and  either  hydroxyl  or  mo¬ 
lecular  oxygen  In  the  pretrap  phase.  (Contractor’s 
abstract) 


PRI.  09:022 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

A  REVIEW  OF  VIBRATIONAL  ENERGY  EXCHANGE, 
by  C.  S.  Tuesday.  July  1955,  35p.  refs.  (Technical 
note  no.  20)  ( I  AF  j  OSR-TN-55-248)  (AF  33(038)- 
23976)  AD  74768  Unclassified 

The  general  methods  of  measuring  vibrational  relaxa¬ 
tion  times  (ultrasonic  techniques,  Impact-tube  methods 
shock-tube  methods,  and  Interrupted- radiation  tech¬ 
niques)  are  reviewed.  In  addition,  the  more  Important 
theoretical  treatments  of  vibrational  energy  exchange 
and  related  experimental  results  are  considered. 
(Contractor's  abstract) 


PRI.  09:023 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

FLAMF  PROPAGATION  HATEb  ALONG  A  N1CI1HO.ME 
5UHFACE,  by  A.  L.  Thomas  and  It.  H.  Wlthc’m. 

Sept.  1955,  lv.  lncl.  Ulus,  dlagrs.  tables,  refs. 
(Technical  note  no.  22)  ( .  AF  OSH-TN  55  361) 

(AF  33(038)23976)  AD  75394  Unclassiited 

The  rales  ol  flame  propagation,  along  a  slol  burner,  ol 
premixed  methane  air  flames  at  gas  compositions  In 
the  range  10.  2  ■  14.  6‘£  methane  have  been  determined 
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as  a  (unction  of  surface  temperature  In  the  temperature 
range  25°C  -  300“C.  The  surface  was  Nlchrome  V. 

The  slot  spacing  was  1/16  In.  and  the  average  contact 
time  of  the  gas  Issuing  from  the  burner  with  the  heated 
walls  of  the  burner  was  In  the  time  Interval  0. 014  to 
0.072  sec.  The  rate  of  flame  propagation  Increased 
with  surface  temperature.  The  propagation  velocity 
for  a  12.4%  gas  mixture  Increased  from  63  cm/sec  at 
25“C  to  132  cm/sec  at  SOO'X.  Two  statistical  design 
experiments  have  Indicated  that  tn  the  region  of  turbulent 
flame  propagation,  the  average  rate  of  propagation  ts 
constant  for  a  given  surface  temperature,  gas  flow  rate 
and  composition,  Independent  of  prepropagation  surface 
conditioning.  No  Instabilities  tn  average  flame  propa¬ 
gation  rates  were  detected.  (Contractor's  abstract) 


PRI.  09:024 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

THE  TEMPERATURE  STABILITY  OF  THE  LAMINAR 
COMBUSTION  WAVE,  by  J.  F.  Wehner.  July  30,  1955, 
13p.  (Technical  note  no.  24)  ([  AF  JOSR-TN- 55-426) 
(AF  33(038)23976)  AD  78704  Unclassifted 

Also  published  In  Combustion  and  Flame,  v.  1:  339-345, 
Sept.  1957. 

The  solution  to  a  simplified  form  of  the  linearized 
time-dependent  energy  equation  of  a  laminar  flame  has 
been  considered  as  an  attempt  to  develop  a  crlterton  for 
the  stability  of  such  a  flame.  This  stmpllfled  equation 
ts  always  unstable  In  contrast  to  some  previously  con¬ 
sidered  approximations  which  are  always  stable,  it  ts 
shown  that  the  solution  of  this  slmpltfted  equation  may 
be  used  as  a  starting  point  In  the  solution  of  the  com¬ 
plete  ttme-dependent  equations  as  a  very  strenuous  test 
of  the  stablltty  of  a  flame.  (Contractor's  abstract) 

PRI.  09:025 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

THE  FREE  ELECTRON  MODEL  AND  THE  FLUORES¬ 
CENCE  OF  CATACONDENSED  HYDROCARBONS,  by 
B.  Stevens.  Dec.  1955  [  29 J  p.  lncl.  dlagrs.  refs. 
(Technical  note  no.  25)  (AFOSR-TN- 56-39)  (AF  33- 
(038)23976)  AD  80551  Unclassifted 

The  effect  of  vlbrattons  of  (he  conjugated  perimeters  of 
catacondensed  hydrocarbons  on  their  tr  orbital  energies 
and  w  transition  frequencies  as  given  by  the  free- 
elec  Iron  model  Is  discussed.  The  free  electron  model 
gives  the  n  orbital  energies  and  hence  ”  transition 
frequencies  In  terms  of  the  length  of  the  conjugated  sys¬ 
tem.  Owing  to  In- plane  vibrations  of  the  C-C  bonds 
along  the  perimeter,  this  length  varies  so  that  the  tran¬ 
sition  frequency  depends  upon  the  nuclear  configuration 
at  the  lnslanl  of  transition.  The  most  probable  con¬ 
figurations  are  derived  In  terms  of  the  vibrational 
properties  of  the  perimeter  treated  as  a  collection  of 
Independently  vibrating  C-C  bonds  with  the  Imposition 
of  certain  restrictions.  Insofar  as  electronic  transitions 
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are  determined  by  the  most  probable  nuclear  configura¬ 
tions  of  the  perimeter,  term  series  are  obtained  for 
the  vibrational  structure  of  absorption  and  fluorescence 
spectra  of  this  type  of  molecule.  Following  a  tentative 
assignment  of  the  strongest  absorption  and  fluorescence 
bands  of  the  benzene  molecule,  these  term  series  are 
compared  with  those  obtained  previously  and  values 
obtained  for  the  Increase  In  C-C  bond  length  upon 
excitation  together  with  the  zero-point  amplitudes  of 
the  C-C  bond  are  of  the  expected  order.  Qualitative 
aspects  of  the  fluorescence  phenomenon  and  associated 
spectra  are  discussed  tn  terms  of  a  2-dlmenslonal 
energy  diagram,  and  It  ts  suggested  that  the  transfer 
of  excess  vibrational  energy  of  the  excited  molecule 
may  be  accounted  for  by  a  colltsionally  Induced  intra¬ 
molecular  process.  (Contractor's  abstract) 

PRI.  09:026 

Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 

A  THEORETICAL  DISCUSSION  OF  THE  CONDITIONS 
NECESSARY  FOR  CHEMILUMINESCENCE,  by  J.  C. 
Polanyt.  Feb.  1956,  9p.  (Technical  note  no.  21) 
(AFOSR-TN- 56- 93)  (AF  33(038)23976)  AD  82008 

Unclassified 

Also  published  In  Proc.  Symposium  on  The  Airglow  and 
the  Aurorae,  Queen's  U. ,  Belfast  (Ireland)  (Sept.  6-7, 
1955),  N.  Y. ,  Pergamon  Press,  1955,  p.  346-350. 

The  conditions  necessary  for  chemtlumlnescence  are 
discussed  for  an  atomic  reaction  A  +  BC  -»AB  +  C.  A 
method  is  outltned  by  which  It  should  be  possible  to 
calculate  the  expected  light  yield  for  a  reaction  of  this 
type.  The  method  consists  In  the  calculation  of  the 
total  probability  that  the  reaction  will  take  place  with 
r* 

BC  extended  to  ^  BC,  a  critical  separation  corre¬ 
sponding  to  a  repulsive  energy  between  AB  and 
C  s  ( [  A  H  |  -  N0hv),  where  v  Is  the  minimum  fre¬ 
quency  of  the  emitted  light  and  AH  ts  the  heat  of  reac¬ 
tion.  A  preliminary  calculation  indicates  that  the 
method  wtll  predtet  absolute  Itght  yields  tn  satisfactory 
agreement  with  the  observed  values  for  the  reactions 
Na  +  X  Hg— *NaX  +  Hg  (X  =  Cl,  Br,  1. ) 


PHI.  09:027 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

THE  PHOTOLUMINESCENCE  AND  ASSOCIATED 
PROCESSES  OF  COMPLEX  ORGANIC  MOLECULES 
IN  THE  VAPOR  PHASE,  by  B.  Stevens.  Feb.  1956, 
Olp.  lncl.  dlagrs.  tables,  refs.  (Technical  note  no. 

26)  (AFOSR-TN- 56  105)  (AF  33(038)23976)  AD  82019 

Unc  lasslfled 

Also  published  In  Chem.  Rev.,  v.  57  439-477,  June 
1957. 

A  general  pholoklnellc  scheme  Is  constructed  for  a 
complex  fluorescent  molecule  In  the  vapor  phase.  The 
12  processes  considered  most  probable  following 
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excitation  by  ultra-violet  absorption  are  discussed  with 
reference  to  the  behavior  of  those  molecules  of  this  class 
which  have  been  investigated  photometrically.  The  re¬ 
lationship  between  the  intensity  of  fluorescence  emitted 
by  a  certain  volume  of  vapor  and  the  measured  quantity 
is  treated  in  some  detail  since  variations  in  the  latter 
vay  bw  czuswl  ly  factors  Uljer  ILau  a  chwif*  it.  - 
rescence  yield  from  which  information  concerning  the 
rates  of  the  various  photokinetic  processes  is  obtained. 
The  rate  of  first-order  fluorescence  emission  provides 
the  yardstick  with  which  the  rate  constants  of  competing 
processes  may  be  measured,  and  for  some  time  fluo¬ 
rescence  quenching  data  have  been  used  to  determine 
the  relative  rates  of  very  fast  colllsional  deactivation 
processes.  More  recently  similar  measurements  have 
been  utilized  to  assess  the  rate  constants  of  first-order 
radiationless  deactivation  of  the  excited  molecule  which 
are  found  to  increase  exponentially  with  the  molecular 
vibrational  energy  reserve.  The  inhibition  of  this  proc¬ 
ess  by  colllsional  transfer  of  excess  vibrational  energy 
to  inert  gas  molecules  results  in  fluorescence  'enhance- 
ment',  the  quantitative  treatment  of  which  provides  an 
elegant  method  for  obtaining  vibrational  energy  transfer 
data  which  reflect  the  properties  of  inert  gas  as  well  as 
Uuuleseeut  llioteeuies.  (Cuairactol 's  aiisti  act) 


PRI.  09:028 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

FIRST-ORDER  DECOMPOSITION  OF  EXCITED 
ANILINE  MOLECULES  IN  THE  VAPOR  PHASE,  by  D. 
Stevens.  Mar.  23,  1966  [ljp.  incl.  diagr.  table. 
(AFOSR-TN-  56- 127)  (AF  33(038)23976)  AD  86004 

Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  24:  1272-1273, 
June  1956. 

In  this  study  concerning  aniline  excited  by  radiation  of 
2950-2500  A”  the  following  relation  was  derived,  d 
3.  6  x  1013  exp(  -1200/RTyjp),  where  d  is  the  probability 
of  dissociation.  The  similarity  of  this  rate  equation  and 
that  obtained  for  2-naphthylamine  (I),  excited  in  the 
region  2804-2537  A,  lends  support  to  the  suggestion  that 
dark  deactivation  in  the  case  of  I  results  from  photo- 
decomposition. 


PRI.  09:029 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

RATE  OF  THE  REACTION:  H  *  Oj-»  OH  +  02.  AN 

ANALYSIS  OF  A  PRODUCT  EMITTER  FLAME,  by  D. 
Garvin  and  J.  D.  McKinley,  Jr.  June  1956,  4p.  incl. 
table,  refs.  (Technical  note  no.  28)  AFOSR-TN-56- 
132  (AF  33(038)23976)  AD  86008  Unclassified 

Also  published  in  Jour.  Chem.  Phys.,  v.  24:  1256,  June 
1956. 

Reaction  rate  measurements  of  the  reaction  H  *  O3  — * 


OH  +  O2  was  studied  by  the  Polanyi  diffusion  flame 
method.  Ozone  was  bled  through  a  narrow  nozzle 
(0.  018  cm  inside  diam)  into  a  low  pressure  atmosphere 
of  H  and  H2.  The  near  IR  emission  of  OH  was  photo¬ 
graphed.  The  plate  exposure  was  related  to  the  reac¬ 
tion  rate  by  means  of  an  extension  of  diffusion  flame 
ttieuty  to  the  Case  whe  t  e  the  eulleelitratiou  el  ab  Vhtef- 
mediate  is  determined.  Utilizing  gas  ljinetic  collision 
diameters  of  2.  5,  2.  75,  4.  5,  and  5.  0  A  for  H,  H2,  OH 
and  O3,  respectively,  kinetic  theory  formulas,  and 
averaging  procedures,  the  specific  rates  for  2  cases, 
which  met  the  severe  photographic  and  method  limita¬ 
tions,  were  2.4  t  0.3  x  10“  and  2.  5  *  0.  9  x  10®  1/mol- 
sec  or  a  collision  efficiency  of  about  1/300.  In  the  case 
of  an  alternative  interpretation  where  there  is  reaction 
upon  every  collision,  the  average  life  for  vibrationally 
OH*  of  8  x  10-5  sec  js  obtained. 


PRI.  09:030 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

THE  REACTIONS  OF  TRIFLUOROMETHYL  RADICALS 
WIT  H  HYDROGEN  ISOTOPES,  by  J.  C.  Polanyi.  Mar. 
1956  L 13 J p.  incl.  diagrs.  tables,  refs.  (Technical 
note  no.  28)  (AFOSR-TN-56-147)  (AF  33(038)23976) 
AD  86306  Unclassified 

At  the  present  stage  of  development  of  the  theory  of 
reaction  rates,  reactions  which  differ  only  in  the 
isotopic  masses  of  the  reagents  are  particulary  suited 
to  theoretical  treatment.  Recently  measurements  have 
been  made  of  the  absolute  rates  over  a  range  of  tem¬ 
peratures  for  the  following  rapid  reactions:  CF3  + 
H2-FCF3H,  E  9.  5  ±  0.7;  CFj  +  HD-4CF3H,  E 
10.  5  ±  1.  5;  CF3  +  HD-»  CF3D,  E  =  10.  1  ±  1.  5;  and 
CF3  +  D2->  CF3D,  E  =  10.  2  ±  0.  7  kcal  mole'  *.  The 
expertffivrrtsd  TtSuiU  ait  disiuSsid  l.itUUM  inVii.vs 
of  collision  theory,  and  the  absolute  theory  of  reaction 
rates.  The  values  for  the  pre-exponential  factors, 
A‘*00“K)  predicted  by  the  absolute  theory  correspond 
to  a  'steric  factor’  of~10"3,  which  is  in  agreement 
with  observation.  The  calculated  trend  in 
values  in  the  series  of  reactions  is  only  in  partial 
agreement  with  observation;  it  is  not  possible,  on  the 
basis  of  the  present  experimental  data,  to  say  whether 
this  discrepancy  arises  from  a  shortcoming  in  the 
theoretical  treatment  or  In  the  experimental  method. 
Theoretical  and  experimental  evidence  is  adduced  for  a 
V'u£?%£V4V%  in  yff  elyuiieviUl  4«.im  if  ila. 

series  of  reactions  H  +  H2,  CH3  *  H2,  and  CF3  +  H2. 
(Contractor's  abstract) 
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NEAR  INFRARED  EMISSION  FROM  THE  H,  O3  RE¬ 
ACTION.  1.  WAVELENGTH  MEASUREMENTS  OF 
HYDROXYL  VIDRATION  ROTATION  BANDS.  11. 
OXYGEN  EMISSION  BANDS,  hy  T.  M.  Cawthon  and 
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J.  D.  McKinley,  Jr.  Mar.  1956  [l2jp.  lncl.  Ulus, 
tables,  refs.  (Technical  note  no.  30)  (AFOSR-TN-56- 
148)  (AF  33(038)23976)  AD  86307  Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  25:  585-586, 
Sept.  1956. 

Wavelength  measurements  are  reported  for  several 
rotational  lines  of  8  vibration  bands  of  OH  (*ir)  produced 
In  the  low  pressure  diffusion  flame  of  O3  In  atomic  H. 
Vibrational  levels  derived  from  these  measurements 
are  compared  with  the  literature  values.  Attempts  to 
photograph  OD  bands  from  the  O3,  D  atom  flame  were 

unsuccessful.  Oxygen  bands  Identified  as  due  to  the 

1  +  3<— •  - 

forbidden  electronic  transition,  2-> g— >  2~,g,  have  been 
observed  In  the  flames  with  atomic  D  and  atomic  H. 
(Contractor's  abstract) 


Pill.  09.032 

Princeton  U.  James  Forrestal  Research  Center,  N.  I. 

THE  FLAME  ATTACHMENT  ZONE  OF  LAMINAR 
PREMIXED  METHANE-AIR  FLAMES,  by  A.  L.  Thomas 
and  R.  H.  Wilhelm.  Feb.  1956,  lv.  lncl.  Ulus,  dlagrs. 
tables,  refs.  (Technical  note  no.  27)  (AFOSR-TN-56- 
159)  (AF  33(038)23976)  AD  86319  Unclassified 

Research  was  concerned  with  the  attachment  of  flames 
to  surfaces.  Laminar  flames  were  selected  for  study  to 
give  a  frame  of  reference  for  work  with  turbulent 
flames.  Studies  were  made  of  the  effect  on  flame  prop¬ 
erties  of  the  composlUonal  control  of  the  flame  attach¬ 
ment  zone  A  flame  model  Is  proposed  as  a  phenomeno¬ 
logical  Interpretation  of  associated  events  In  laminar 
flame  stabilization  at  surfaces.  Determinations  were 
made  of  flame  blowoff,  flashbick,  and  extinction 
characteristics  for  laminar  CH^-alr  systems  stabilized 
In  various  Inert  and  oxidant  atmospheres  and  stabilized 
In  air  with  oxidant  (Inert  or  comhustlble)  Issuing  into 
the  zone  of  flame  attachment.  Detailed  results  are 
presented  for  (1)  premixed,  laminar  Cffz-alr  flames; 
ami  (2)  premixed,  turbulent  CH^-alr  flumes.  Results 
showed  that  small  amounts  of  foreign  gas,  at  less  than 
1  to  2 %  of  the  premixed  gas  flow,  greatly  affect  and 
shape  the  pattern  of  blowoff  stability.  The  Introduction 
of  an  auxiliary  mass  of  gas  to  enrich  the  local  attach 
ment  zone  was  considered  an  alternate  to  stabilization 
with  a  pilot  light  which  Introduces  heat  Into  the  critical 
flame  base  zone.  The  concept  of  critical  boundary 
velocity  gradient  correlated  well  with  blow-off  and  flash¬ 
back  data  which  were  obtained  on  rectangular  orifices 
for  different  orifice  widths  In  atmospheres  of  air,  O, 
and  inert  gases  (CO2,  He,  and  N).  Turbulent  flames 
were  stabilized  both  at  the  rim  of  a  tubular  burner  and 
on  a  porous  metallic  tube  which  was  placed  at  right 
angles  to  the  premixed  stream  to  serve  as  a  bluff  object 
stabilizer. 


PRI.  09:033 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

THE  FLAT  FLAME  BURNER  AND  ITS  CHARACTER¬ 
ISTICS  AS  APPLIED  TO  THEORETICAL  STUDIES,  by 
J.  W.  Jenkins.  Sept.  1955,  48p.  lncl.  lllus.  dlagrs. 
tables,  refs.  (Technical  note  no.  23)  (AFOSR-TN-56- 
221)  (AF  33(038)23976)  AD  88028  Unclassified 

The  flat  flame  burner  consists  of  a  1-ln.  burner  tube 
packed  with  Cu  gauze  and  closed  at  one  end  by  a  1/4-ln. 
stainless- steel  porous  plate  with  a  mean  pore  size  of 
5  d.  The  burner  tube  Is  surrounded  by  a  water  jacket 
with  the  water  Inlet  at  the  bottom  and  the  outlet  at  the 
top  adjacent  to  the  burner  surface.  A  spiral  within  the 
jacket  directs  the  water  flow  around  and  against  the  top 
of  the  burner  tube.  Thermistors  which  are  coupled  to 
an  ac  bridge  circuit  and  calibrated  against  a  Beckmann 
thermometer  are  used  for  measuring  Inlet  and  outlet 
water  temperatures.  Uniformity  of  the  stream  tempera¬ 
tures  Is  obtained  by  jet  mixers  positioned  upstream  In 
the  fluid  flow.  The  water  flow,  which  Is  measured  by 
a  capillary  flowmeter,  and  the  temperature  rise  Indi¬ 
cate  the  heat  removed  from  the  flame  front  through  the 
burner  plate.  Tests  were  conducted  on  96%  technical 
grade  CH4  and  99%  CP  propane.  Gas  flows  were  meas¬ 
ured  by  rotameters  before  the  gas  passed  to  a  mixing 
chamber;  a  traveling  microscope  measured  the  dead 
spaces  from  the  base  of  the  luminous  flame  to  the 
burner  surface;  and  an  Eppley  thermopile  was  used  for 
comparative  radiation  measurements.  Results  Indicated 
that  the  flat  flame  burner  can  be  a  useful  and  reliable 
toot  for  flame  studies.  The  principal  disadvantages  of 
the  burner  are  the  difficulty  of  Insuring  a  uniform  flow 
and  the  Influence  of  edge  effects.  A  simple  flame- lift 
method  which  Is  proposed  for  the  rapid  exploratory 
determination  of  Ihe  adiabatic  flame  velocities  appears 
accurate  to  within  10%.  (AST1A  abstract) 


l’Rl.  09:034 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

A  HEIATIONSHIP  BETWEEN  SOME  BOND  PROP 
ERTIES  OF  DIATOMIC  MOLECULES  AND  THE  ION¬ 
IZATION  POTENTIALS  OF  THEIR  CONSTITUENT 
ATOMS,  l>y  1J.  Stevens.  June  1956  18  p.  lncl. 

dlagrs.  tables,  refs.  .  Technical  note  no.  34 
(AFOSH  TN-56-249)  (AF  33(038)23976)  .AD  88309 

Unclassified 

in  this  study,  an  examination  Is  made  of  (t)  kr,~  2 
N(tA  *  1[L,  the  empirical  relationship  between  the  force 
constant  k,  bond  length  r„  and  bond  order  N  of  the 
diatomic  molecule  AU  In  Its  ground  slate,  and  the  first 
Ionization  potentials  lA  •  i(_y  of  the  atoms  A  ami  B. 

This  relationship  Is  satisfactory  for  the  hydrogen  hallJes 
ami  for  stable  diatomic  molecules.  For  molecules 
having  totals  of  2,  12,  ami  14  electrons  In  their  valence 
shells,  the  expression  is  mudified  by  Introducing  2  con¬ 
stants,  a  and  b,  becoming:  (2)  klatbrj,)2  2  -  N(fA  •  iyj) . 


•  715 


■  i  -  a  1 


1  *  -  -  1  * 1 


AIR  FORCE  SCIENTIFIC  RESEARCH 


PRI. 09:035  -  PRI.  10:001 


where  a  =  0.  52  and  b  =  1.2.  Expression  1  ts  compared 

o  0.  75 

with  Gordy’s  expression,  (3)  k  =  aN(XAXB/rg)  +b, 
where  XA  and  Xg  are  the  electronegatlvttles  of  the 
bonded  atoms,  and  In  most  cases  a  =  I.  of  =  2^" 
Expression  1  has  the  theoretlcat  advantage  that  the 
dlmenstons  on  both  stdes  are  equivalent,  which  ts  not 
the  case  (or  Gordy's  expression  If  X  has  the  dtmenston 
of  energy.  Expression  3,  however,  has  the  advantage 
of  much  wider  application,  although  tt  Is  expected  that 
expression  1  could  be  applted  to  any  bond  If  the  bonded 
radicals  tonizatlon  potentials  were  known.  The  latter 
expression  Is  satisfactory  for  covalent  dtatomtc 
motecules  tn  the  ground  state. 

PRI.  09:035 

Prtnceton  0.  James  Forrestal  Research  Center,  N.  J. 

THE  REACTIONS  OF  TRIFLUOROMETHYL  RADtCALS 
WtTH  HYDROGEN  ISOTOPES,  by  P.  D.  Ayscough  and 
J.  C.  Polanyt.  Jan.  24,  1956  { lOjp.  tnct.  dtagrs. 
tables,  refs.  (Rept.  no.  NTC-3985)  (tn  cooperatton 
with  National  Research  Counctl  of  Canada.  Dtv.  of  Pure 
Chemtstry,  Ottawa.)  (AF  33(038)23976)  AD  119162 

Unclasstfted 

Also  published  In  Trans.  Faraday  Soc. ,  v.  52:961-970, 
July  1956. 

The  photolytlc  decomposition  of  hexatluoroacetone  has 
been  used  to  produce  trtfluoromethyl  radtcats  for  a 
study  of  their  reactions  wtth  hydrogen  tsotopes.  Acti¬ 
vation  energtes  for  the  4  reactions:  CF3  +  ^-iCFjH, 

CF3  »  HD-»CF3H,  CF3  +  HD-4CF3D  and  CFj  *  D2-> 
CF3D  were  found  to  be,  respectively,  9.  5  ±  0.  7, 

10.  5  11.5,  10.  2  i  1.  5  und  tO.  2  i  0.  7  kcal  mole-1. 

The  results  are  discussed  tn  detail  In  terms  of  the 
colltston  theory  and  the  absolute  theory  ot  reactton 
rates.  Evidence  ts  adduced  for  a  progressive  decltne 
In  pre-exponential  factor  down  the  sertes  of  reacttons: 

H  +  H2,  CH3  +  H2,  CF3  *  H2.  (Contractor's  abstract) 


located  between  2  stagnation  chambers.  Tube  Inlet 
stagnation- to- outtet  static  pressure  ratios  up  to  8  and 
static  pressures  up  to  2000  psta  were  tnvesttgated. 
Osctllattons  were  generated  tn  the  air  ftow  by  tocatlng 
a  sharp-edged  sonic  orlftce  of  several  stzes  at  a  section 
near  the  heat-transfer  tube  tnlet.  Some  experiments 
were  conducted  wtth  an  orifice  at  the  tube  exit  section. 
An  HF  response  pressure  measuring  system  incorpo¬ 
rating  a  special  pressure  transducer  was  emptoyed  for 
recordtng  the  frequency  and  amptttude  of  the  oscillations 
tn  the  atr  flow.  The  tncrease  tn  the  rate  of  heat  trans¬ 
fer  was  evaluated  from  measurements  of  the  stagnation 
temperatures  of  the  air  at  the  tntet  and  exit  sections  of 
the  heat-transfer  tube.  A  selective  bibliography  of  184 
references  on  heat  transfer  in  oscillating  ftow  ts 
appended. 


PRI.  09:037 

Prtnceton  l).  James  Forrestal  Research  Center,  N.  J. 

STABILITY  OF  THE  OZONE  FLAME  PROPAGATION, 
by  J.  B.  Rosen.  [  1 956 J  [  6 J p.  tncl.  tables.  (AF  33- 
(038)23976)  Unctasslfted 

Pnhllshed  In  Stxth  Symposium  (International)  on  Com- 
bustton,  YateU. ,  New  Haven,  Conn.  (Aug.  19-24, 
1956),  N.  Y. ,  Retnhold,  1957,  p.  236-241. 

Application  ts  made  of  a  general  theory  of  lamtnar 
flame  stabtltty  previously  presented  (J.  B.  Rosen, 

Jour.  Chem.  Phys. ,  v.  22:  733,  1954)  to  study  the 
stabtltty  of  the  steady- state  ozone  flame  propagation. 
The  steady-state  equations,  as  well  as  the  chemical 
ktnettc  and  transport  coefftctents,  are  those  gtven  and 
solved  by  Hlrschfelder,  Curtiss,  and  Campbell  (Jour. 
Phys.  Chem.,  v.  57:403,  1953).  Some  simplifications 
tn  the  steady- state  solutton  gtven  by  von  Karman  and 
Penner  (Selected.  Combustion.  Problems,  London, 
Butterworths’  Sctentiftc  Publications,  1954,  p.  5-41) 
are  also  utilized. 


P«t.  10:001 
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HEAT  TRANSFER  tN  OSCIL.t.ATtNG  FLOW,  by  J.  t\ 
Layton.  Ftnat  rept.  July  1,  1953-Sept.  30,  1 954 .  May 
15,  1956,  !v.  Ir.cl.  tttus.  dtagrs.  tables,  refs.  (Aero¬ 
nautical  engineering  rept.  no.  266a)  (AF  33(038)23976) 
AD  115834  Unclasstfted 

Exploratory  research  was  conducted  to  determine  the 
effect  of  tow- amplitude,  AF  osctllattons  tn  air,  [lowtng 
through  a  tube,  upon  the  over  all  heat  transfer  from  the 
tube  watt  to  the  [lowtng  medtuin.  The  results  of  the  re¬ 
search  tndlcated  an  tncrease  tn  the  rate  of  heat  transfer 
of  approximately  40%  above  that  lor  steady  How  under 
the  conditions  provided  by  the  experimental  apparatus. 
Air  flowed  through  a  heavy  wall  stainless-steet  tube 


Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 

KtNETICS  OF  FORMATION  OF  POROUS  OR  PAR¬ 
TIALLY  DETACHED  SCALES,  by  C.  E.  Btrchenalt. 
July  1954,  7p.  (Metallurgy  rept.  no.  1)  ([AFlOSR- 
TN-  54-286)  (AF  t8(600)967)  AD  49866 

Unclasstfted 

An  examtnatton  ts  made  of  the  variety  of  klnettc  rela¬ 
tions  which  may  be  found  for  the  oxidation  of  soltd 
metals  accordtng  to  several  systematic  procedures. 
Particular  attention  ts  gtven  to  the  time  sequence  tn 
whtch  various  rate  laws  may  govern  the  process.  The 
need  for  more  careful  correlation  of  mtcrostructures 
wtth  rate  measurements  ts  emphastzed.  The  posstble 
role  of  plasttc  deformation  is  also  considered. 
(Contractor's  abstract) 
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Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 

SURFACE  ACTIVITY  METHODS  FOR  THE  DETER¬ 
MINATION  OF  DIFFUSION  COEFFICIENTS  IN  SOLIDS, 
by  R.  H.  Condit  and  C.  E.  Birchenall.  Apr.  1955 
r  21  ]  p.  lncl.  diagrs.  refs.  (Metallurgy  rept.  no.  2) 

([  AFJOSR-TN-55-159)  (AF  18(600)967)  AD  63449 

Unc  lasstfled 

The  surface  activity  method  of  determining  diffusion 
coefftctents  In  solids  Is  examtned  wtth  emphasis  on  the 
proper  treatment  of  the  radtation  absorption  problem 
under  a  variety  of  geometrical  conditions  whtch  may 
be  employed  tn  diffusion  measurements.  The  theoreti¬ 
cal  equations  have  been  tested  for  several  geometrtes 
with  the  Mn  Koj  radiation  from  Fe5®  sources. 
(Contractor's  abstract) 
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Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 

KINETICS  OF  FORMATION  OF  POROUS  OR  PAR¬ 
TIALLY  DETACHED  SCALES,  by  C.  E.  Birchenall. 
Jan.  23,  1957  [  0  ]  p.  tncl.  dtagrs.  table,  refs. 
(AFOSR-TN- 55-461)  (AF  18(600)967)  AD  115050 

Unclasslfted 

Also  published  In  Jour.  Electrochem.  Soc.,  v.  t03: 

6t9  624,  Nov.  1956. 

Growth  of  oxide  scales  on  metals  ts  often  accompanted 
by  the  development  of  porosity  tn  the  oxide  or  at  the 
metal-oxide  Interface.  These  Irregularities  should  af¬ 
fect  the  kinetics  of  the  reaction  and,  If  Ignored,  may 
lead  to  Incorrect  conclusions  about  the  mechantsm  of 
the  reaction.  A  number  of  stmple  models  tn  whtch 
pores  are  assumed  to  grow  tn  the  oxide  or  at  the  Inter¬ 
face  are  Investigated,  and  It  Is  shown  that  a  sequence 
of  ranges  governed  by  dtfferent  kinetics  might  he  found 
Hi  oeveral  cttct.  Recent  ekptrtn.vr.ts  which  .-eei.,  tv 
contradict  Wagner's  theory  of  scale  growth  are  dis¬ 
cussed,  and  an  explanation  In  terms  of  pore  growth  Is 
offered.  (Contractor's  abstract) 


Pllt.  t0:004 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

THE  REACTIONS  OF  IRON-NICKEL  ALLOYS  WITH 
OXYGEN,  by  M.  J.  Brabers,  W.  J.  Heldeger,  and  C. 
E.  Birchenall.  Feb.  29,  t956,  t6p.  lncl.  Ulus,  tables, 
refs.  (Metallurgy  rept.  no.  5)  (AFOSR-TN- 56 - 1 02) 
(AF  18(600)967)  AD  820t5  Unclassified 

Also  published  In  Jour.  Chlm.  Phys. ,  v.  53:  810-816 
Oct.  1956. 

In  order  to  understand  the  kinetics  of  the  oxidation  of 
Fe  N1  alloys,  It  Is  desirable  to  know  the  nature  of  the 
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Fe-Nl-O  equtltbrta.  Fe-Nt  alloys  of  several  com¬ 
positions  have  been  partially  oxidized  and  then  equili¬ 
brated  by  maintaining  them  tn  a  closed  system  at  1050° 
or  1095°C  for  an  extended  pertod.  The  products  have 
been  examtned  microscopically  by  x-ray  diffraction  and 
chemical  analysts  to  determine  thetr  structure  and  com¬ 
position.  The  3-phase  field  for  alloy-wustite-sptnel 
has  been  located  approximately,  and  the  sense  of  some 
of  the  2-phase  tie  lines  has  been  established.  It  is 
posstble  to  rationalize  much  of  the  earlier  work  on  the 
kinettcs  of  oxidation  of  Fe-Nl  alloys  and  to  estimate  the 
Importance  of  some  sources  of  error  tn  the  determina¬ 
tion  of  thermodynamic  activities  by  the  formation  of 
thin  oxtde  ftlms  in  hydrogen- water  vapor  mtxtures.  A 
summary  of  lattice  constant  determinations  are  gtven. 


PRI.  1 0:005 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

THE  GROWTH  OF  FERROUS  SULFIDE  ON  IRON,  by 
R.  A.  Meussner  and  C.  E.  Birchenall.  May  15,  1 956 
[38]p.  tncl.  tllus.  diagrs.  tables,  refs.  (Metallurgy 
rept.  no.  7)  (AFOSR-TN-56-384)  (AF  18(600)967) 

AD  96041  Unclasslfted 

Also  publtshed  tn  Corrosion,  v.  1 3:  677  + ,  689  +  ,  Oct. 


The  rate  of  growth  of  FeS  on  Fe  In  S  vapor  has  been 
studied  between  650  and  900°C  and  between  10  and 
500  mm  pressure  of  S.  When  differences  In  conditions 
are  taken  tnto  account  the  rates  seem  to  be  substantially 
higher  than  those  found  by  Hauffe  and  Rahmel  (Zettschr. 
Phys.  Chem. ,  v.  199:152,  t952).  The  behavior  of 
Inert  markers  and  the  sulftdatlon  of  eutectic  mtxtures 
of  Fe  and  FeS  tndtcate  that  the  Fe  ton  ts  much  more 
mobile  tn  FeS  than  the  sulftde  ton.  Self-dtffuston 
coefftctents  for  the  Fe  tons  have  been  calculated 
approximately  assumtng  that  Wagner's  theory  of  scale 
growth  (Atom  Movements.  Amer.  Soc.  for  Metals, 
CleveUwl,  1951)  U  tppUcaUv  U  hatt  beet.  r*ote4  tt.M 
markers  are  often  found  a  considerable  distance  from 
their  expected  location  at  the  metal-sulfide  interface. 
This  has  attributed  to  cracking  at  the  Interface  In  some 
cases  and  to  t.rteile. enct  Wltl.  giowt).  by  the  markets 
in  other  cases.  It  has  been  shown  that  unoxidtzable  In¬ 
clusions  slowdown  the  rate  of  sulfidation.  (Contractor's 
abstract) 


PRI.  10:006 

Princeton  U.  Janies  Forrestal  Research  Center,  N.  J. 

CAVITY  FORMATION  IN  IRON  OXIDE,  by  D.  W. 
Juenker,  11.  A.  Meussner,  and  C.  E.  Birchenalt.  Aug. 
1,  t956  !  34 7  p.  lncl.  lllus.  diagrs.  (Metallurgy  rept. 
no.  8)  (AFOSR-TN- 56- 389)  (AF  18(600)967)  AD  96047 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C.,  Apr.  28  30,  1955. 
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Also  published  In  Corrosion,  v.  14:  57-64,  Jan.  1958. 

Also  published  In  Phvs.  Rev.,  v.  99:  657-658,  July  15, 
1955. 

A  study  Is  made  of  the  deep  oxidation  of  Fe  at  high  tem¬ 
peratures  and  tn  an  O2  atmosphere.  Large  cavttles  are 
always  found  In  specimens  whose  total  oxygen  content 
has  been  brought  to  that  of  ”FeO”.  The  scale  thickness 
of  such  spectmens,  along  with  other  evtdence,  tmpltes 
that  "FeO"  Is  plasttc  tn  the  temperature  range  tn  whtch 
tt  ts  stable,  while  one  or  both  of  the  higher  oxides  Is 
relatively  rigid.  Evtdence  Is  presented  which  Indtcates 
that  Fe  ts  transported  to  Its  surrounding  scale  wtth  Itttle 
or  no  body  dtffuslon  path;  the  mechanism  tnvolved  Is  not 
Identified.  An  expression,  analogous  to  the  parabolic 
rate  law  of  scaltng  of  plane  spectmens,  Is  developed  for 
application  to  cylindrical  geometry.  (Contractor's 
abstract) 


PRI.  10:007 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

PLASTIC  FLOW  OF  IRON  OXIDES  AND  THE  OXIDA¬ 
TION  OF  IRON,  by  J.  D.  Mackenzie  and  C.  E. 
Blrchenall..  Aug.  31,  1956  [  IOjp.  tncl.  Illus.  dlagrs. 
(Metallurgy  rept.  no.  10)  (AFOSR-T.N-56-435)  (AF  18- 
(600)967)  AD  96518  Unclasslfted 

Also  published  In  Corrosion,  v.  13:  783  ,  786  ,  Dec. 
1957. 

In  thts  study,  It  ts  shown  that  the  oxidation  of  Fe  In  Oj 
Is  accompanied  by  the  formation  of  a  central  box-like 
cavtty,  the  dimensions  of  which  are  tdenttcal  to  those  of 
the  original  Fe  specimen.  The  decrease  tn  stze  of  this 
cavtty  wtth  lncreastng  temperature  and  tts  disappearance 
when  the  lul  l.iatlun  ol  magnetite  and  tieluntite  is  excluded 
by  a  controlled  oxidizing  [otentlal  Indicates  that  the 
plastic  properties  of  the  oxides  may  be  an  Important 
facto*-.  This  Is  qualitatively  toidirtaed  by  the  measure¬ 
ment  of  the  relattve  plasticity  of  the  3  oxtdes  at  800" 
-1000“C  tn  a  specially  designed  apparatus,  whtch  ts 
diagrammed.  (Contractor's  abstract) 


PRI.  10:008 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

EFFECT  OF  NONCOLLIMATED  RADIATION  ON  SUK 
FACE  ACTIVITY  METHODS  FOR  THE  DETERMINATION 
OF  DIFFUSION  COEFFICIENTS  IN  SOLIDS,  by  R.  H. 
Condlt  and  C.  E.  Blrchenall.  1956  4  p.  inrl. 

dlagrs.  (AF  18(600)967)  Unclassified 

Publishes! lQ  Jour.  Metals,  v.  8.  1-4,  Oct.  1956. 

The  contributions  of  radiations  arrivin'  at  a  dlffuston 
spectmen  surface,  including  angles  other  than  90", 
have  be-n  evaluated  for  a  number  of  counting  geometries. 
Modifications  are  proposed  for  the  Stelgman,  Shockley, 


and  Nix  equation  for  the  surface  activtty  method,  the 
Gruzin  equation  for  the  residual  activity  method,  and 
the  Gatos  and  Kurtz  equation  for  autoradiography  on  an 
oblique  section  through  the  dlffuston  zone.  The  theo¬ 
retical  equations  for  absorption  of  a  dtvergent  beam 
from  a  plane  source  as  detected  at  a  point  counter  have 
been  shown  to  agree  with  experimental  results  for 
extended  counters  under  not  very  restricted  conditions. 
MnKc  radiation  from  Fe55  was  used  to  obtain  a  mono¬ 
chromatic  source  of  x-rays.  (Contractor’s  abstract) 


Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 
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Atlantic  Research  Corp. ,  Alexandria,  Va. 

PROPAGATION  OF  TURBULENT  FLAMES,  by  A.  C. 
Scurlock  and  J.  H.  Grover.  [  1 953 j  [l4jp.  tncl.  tllus. 
refs.  ([Proj.  Squtd  technical  rept.  no.  ARC-t-Pj; 
technical  rept.  no.  54)  (Sponsored  jotntly  by  f  Offtce  of 
Naval  Research  and  Air  Force  Office  of  Scientific  Re¬ 
search]  under  N6ort-10503  and  Nonr-48501)  AD  22660 

Unclasstfted 

Also  published  In  Fourth  Sympostum  (International)  on 
Combustton,  Mass.  Inst,  of  Tech. ,  CamLrtdge  (Sept. 
1-5,  1952),  Baltimore,  Wllltams  Wtlkins,  1953, 
p.  645-658. 

A  theory  for  propagation  of  turbulent  flames  Is  proposed 
whtch  differs  in  many  respects  from  previous  concepts. 
Turbulence  Is  assumed  only  to  wrinkle  and  extend  the 
flame  area.  The  laminar  flame  veloctty  Is  thus  assumed 
to  rematn  constant  and  unaffected  etther  by  any  In¬ 
crease  In  transport  properties  or  by  flame  curvature. 

An  intttally  flat  flame  surface  of  tnftnlte  extent  propa¬ 
gating  through  a  flowtng  combustible  mixture  agitated 
by  Isotropic  turbulence  of  given  scale  and  Intensity  Is 
considered.  For  this  system  a  relation  Is  obtained 
which  expresses  the  ratio  of  turbulent  flame  area  to 
tnlttal  area  of  the  fiat  flame  In  terms  of  the  mean- square 
displacement  of  a  flame  element  from  the  flame  front, 

y^,  and  the  scale.  As  time  passes  and  the  tnittally  flat 
flame  is  wrtnkled  by  turbulence,  three  effects  are  of  Im¬ 
portance  tn  determtntng  the  area  of  the  wrinkled  flame: 
(a)  eddy  diffusion  assoclateo  with  turbulence  tn  the  un¬ 
burned  gases  which  tends  to  Increase  y^;  (b)  propagation 
of  flame  Into  the  unburned  gases  which  tends  to  reduce 

y^;  and  (c)  shear  and  eddy  diffusion  gradtents  due  to  the 
density  decrease  of  the  gases  upon  passage  through  the 

flame  front  which  tends  to  Increase  y ^ .  Consideration 
Is  given  to  these  three  Important  effects  acting  Inde¬ 
pendently  and  together  on  flames,  and  calculated  results 
are  compared  with  existing  experimental  data. 
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Atlantic  Research  Corp.,  Atexandna,  Va. 

EXPERIMENTAL  STUDIES  ON  TURBULENT  FLAMES, 
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by  A.  C.  Scurlock  and  J.  H.  Grover.  [Dec.  1953 J 
[33 ip.  tncl.  tllus.  dtagrs.  refs.  (Proj.  Squtd)  (Spon¬ 
sored  jointly  by  Offtce  of  Naval  Research  and  [Air 
Force  Office  of  Scienttftc  Research.)  under  [  N6orl- 
10503 J  and  Nonr-48501) 

Unclasst'ted 

Presented  at  NATO-AGARD  Combustion  Colloquium, 
Cambridge  U.  (England),  Dec.  7-11,  1953. 

Published  in  Selected  Combustion  Problems,  Cambrtdge 
U.  (England)  (Dec.  7-11,  1953),  London,  Butterworths 
Scientific  Publications,  1954,  p.  215-247. 

Both  turbulent  diffusion  flames  and  turbulent  flames 
propagating  in  homogeneous  mixtures  are  considered. 
For  turbulent  diffusion  flames,  typical  experimental 
results  are  reviewed  whtch  establtsh  that  mixing, 
principally  by  eddy  diffusion,  controls  the  burning 
process.  For  both  confined  and  unconflned  turbulent 
flames  propagating  In  homogeneous  mixtures,  the 
limited  experimental  results  useful  for  comparison  with 
theory  are  reviewed.  Demonstrated  are:  the  magnitude 
of  the  increase  in  flame  velocity  resulting  from  turbu¬ 
lence,  ihe  increase  in  flame  dtslortlon  and  in  turbulent 
flame  velocity  wtth  distance  downstream  from  the 
stabilizer,  ihe  characteristic  structure  of  the  instan¬ 
taneous  flame  front,  and  for  confined  flames,  the 
presence  of  flame -gene rated  turbulence.  The  experi¬ 
mental  results  are  compared  with  a  theo-y  for  the  effect 
of  large-scale  turbulence,  previously  developed  by  the 
authors,  which  assumes  that  turbulence  only  wrinkles 
the  flame  front  without  changing  Sy,,  and  relates  S-p/S^ 
lo  the  dimensionless  parameters  v'/S|_,i  pu/  Pb,  and 
S^l/l^.  Three  effects  are  taken  into  account  in  ihe 

theory:  eddy  diffusion,  (lame  propagation,  and  flame¬ 
generated  turbulence.  Agreement  of  theory  and  expert  - 
menl  is  acceptable  In  some  Instances,  but  In  others  the 
need  for  further  refinement  of  the  theory  is  evident, 
indicated  refinements  include  provision  fur  effects  ol 
flame  curvature  and  of  flame  front  Instability  (when  11 
exlsis)  on  S-p,  provision  for  effect  of  "flame  Reynolds 

number"  on  percentage  conversion  of  available  energy 
to  lurhulence,  and  provision  for  ihe  effect  on  S-p  of 
nonisotropy  of  ihe  flame-generaled  turbulence.  Ad¬ 
ditional  experimental  work  is  necessary  lo  establish 
ihe  exact  nature  of  lhese  effects.  Experimental 
approaches  which  should  yield  useful  data  are  suggested. 
Consideration  of  ihe  effect  of  rate  of  Increase  of  turbu¬ 
lent  flame  area  In  decreasing  Sj  indicates  only  a  very 

small  reduction  even  under  extreme  conditions.  The 
possibility  is  discussed  that  al  very  high,  but  obtainable, 
volumetric  heal  release  rates  the  combustion  process 
may  approach  that  of  homogeneous  chemical  reaction 
and  that  under  lhese  conditions  chemical  reaction  rate 
may  become  controlling.  (Contractor’s  summary) 


Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

PRI.  11:003 

Atlantic  Research  Corp. ,  Alexandria,  Va. 

PRELIMINARY  EVALUATION  OF  A  ROTATING  FLAME 
STABILIZER  AS  A  MEANS  OF  ACHIEVING  HIGHER 
HEAT-RELEASE  RATES  PER  UNIT  OF  COMBUSTION- 
CHAMBER  VOLUME,  by  J.  H.  Grover,  M.  G.  Kesler, 
and  A.  C.  Scurlock.  Oct.  1956  [23Jp.  tncl.  illus. 
tables.  (Proj.  Squtd  technical  rept.  no.  ARC-2- P) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Atr 
Force  Office  of  Scientific  Research,  and  Offtce  of 
Ordnance  Research  under  N6orl-10503)  AD  108766 

Unclassifted 

Presented  at  naltonal  fall  meettng  of  the  Araer.  Rocket 
Soc.,  Buffalo,  N.  Y.,  Sept.  24-26,  1956. 

Also  published  in  Jet  Propulsion,  v.  27:  386-391,  Apr. 
1957. 

Rotatton  of  a  cylindrical  flame  holder  with  tts  longitu¬ 
dinal  axis  normal  to  the  flow  of  combustible  gases  about 
a  transverse  axis  parallel  to  ihe  flow  resulted  tn  the 
generation  of  flame  front  at  higher  rates  than  a  station¬ 
ary  flame  holder.  The  volumetrtc  heat-release  rates 
were  increased,  but  the  rotation  tended  to  reduce  the 
stability  limits.  For  any  one  tatlpipe  length,  the  com¬ 
bustion  efficiency  Increased  with  incieaslng  rotation 
rate.  This  increase  tended  to  be  greater  the  lower  the 
inlet-gas  velocity.  The  power  requtred  to  overcome 
the  rotational  drag  was  calculated  to  be  usually  less 
than  the  losses  from  wall-friction  or  from  ihe  axial 
drag  of  the  flame  holder. 


PRI.  11:004 

Bureau  of  Mines,  Pittsburgh,  Pa. 

BURNING  -  VEI  .OCITY  MEASUREMENTS  IN  A  SPHEItf 
CAL  VESSEL  WITH  CENTRAL  IGNITION,  by  J.  Manton, 
G.  von  Elbe,  and  B.  Lewis.  1953  t  G  j  p.  Incl.  tables, 
refs.  Proj.  Squid  techntcal  rept.  no.  BUM-5-P. 
(Sponsored  jointly  by  Office  of  Naval  Research,  Air 
Force  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6orl - 10503  . ,  NAonr-25  47, 
and  AF  18(600)156)  Unclassified 

I’lllillahed  >'l  Fourth  Symposium  (International)  on  Com¬ 
bustion,  Mass.  Insl.  of  Tech. ,  Cambridge  (Sepl.  1-5, 
1952),  Baltimore,  Williams  Wilkins,  1953,  p.  358- 
363. 

The  method  is  reviewed  of  computing  burning  velocity 
from  experimental  records  of  pressure  rise  and  flame 
growth  in  a  spherical  vessel  with  central  ignition.  This 
apparalus,  experimental  procedure,  and  new  experi 
meiils  lhat  have  been  performed  are  described. 
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PRI.  11:005 

Bureau  of  Mines,  Pittsburgh,  Pa. 

BURNING-VELOCITY  MEASUREMENTS  ON  SLOT 
BURNERS.  COMPARISON  WITH  CYLINDRICAL 
BURNER  DETERMINATIONS,  by  J.  M.  Singer.  [  1953  J 
[  7 ]  p.  lrtcl.  ltlus.  dlagrs.  tables,  rets.  [Proj.  Squid 
technical  rept.  no.  BUM-6-PJ  (Sponsored  jointly  by 
Office  of  Naval  Research,  [Air  Force  Office  of  Sclen- 
Uflc  Research,  and  Office  of  Ordnance  Research  under 
N6orl- 10503  j ,  NAonr-25-47,  and  AF  18(600)158) 

Unclassified 

Published  In  Fourth  Symposium  (International)  on  Com¬ 
bustion,  Mass.  Inst,  of  Tech. ,  Cambridge  (Sept.  1-5, 
1952),  BalUmore,  Williams  &  Wilkins,  1953,  p.  352- 
358. 

The  Iruncaled-cone,  Bunsen  burner  technique  of  meas¬ 
uring  burning  velocity  is  applied  to  flames  of  propane- 
air,  methane-air,  and  ethylene-air  mixtures  from  rec¬ 
tangular  burner  tubes  (slot  burners).  Analysis  of  ex¬ 
perimental  results  show  the  truncated  cone  method  of 
calculation  lo  give  burning  velocities  for  the  plane  com¬ 
bustion  waves  thus  obtained,  which  probably  correspond 
closely  with  true  burning  velocities.  The  values  show 
agreement  with  those  obtained  by  measurements  in  a 
spherical  ve-.sel  with  central  ignition;  they  are  somewhal 
lower  than  those  obtained  for  the  curved  combustion 
waves  of  cylindrical  burners  due  lo  removal  of  the  effect 
of  combustion-surface  curvature  of  the  cylindrical  lube. 


PRI.  j  ;:006 

Bureau  of  Mines,  Pittsburgh,  Pa. 

THE  EXISTENCE  AND  STABILITY  OF  SIMPLE,  ONE¬ 
DIMENSIONAL,  STEADY-STATE  COMBUSTION  WAVES, 
by  J.  M.  Richardson.  [  1953]  [  8  j  p.  refs.  I  Proj. 

Squid  technical  repl.  no.  BUM-4-Pi  (Sponsored  jointly 
by  Office  of  Naval  Research,  [  Air  Force  Office  of  Scleu 
title  Research,  and  Office  of  Ordnance  Research  under 
NGorl- 10503  ]  and  NAonr-25-47)  Unclassified 

Published  in  Fourth  Symposium  (International)  on  Com¬ 
bustion,  Mass.  Inst,  of  Tech. ,  Cambridge  (Se pi.  i  ■  5, 
1952),  Baltimore,  Williams  &  Wilkins,  1953,  p.  182- 
189. 

The  existence  and  stability  of  one -dimensional,  steady- 
state  combustion  waves  are  analyzed  for  the  case  of  a 
simplified  model  of  a  combustion  wave  using  only  one 
state  variable.  A  simple  analytical  approximation  is 
devised  for  the  determination  of  the  steady- stale  solution 
and  its  limits  of  existence.  Tue  nonplanar  transient 
problem  linearized  in  deviations  from  the  one-dimension¬ 
al  steady  state  can  be  treated  by  an  exact  method.  It  is 
found  that  the  one  dimensional  steady  stale,  when  it 
exists,  is  always  stable. 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 
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Bureau  of  Mines,  Pittsburgh,  Pa. 

OPEN  TURBULENT  FLAMES,  by  B.  Karlovttz.  [  1953] 
[Sip.  inci.  lllus.  dlagrs.  [Proj.  Squid  technical  rept. 
no.  BUM-9-P]  [  Sponsored  jointly  by  Office  of  Naval 
Research,  Air  Force  Office  of  Scientific  Research,  and 
Office  of  Ordnance  Research  under  N6orl- 10503  and 
NAonr-25-47]  Unclassified 

Published  In  Fourth  Symposium  (International)  on  Com¬ 
bustion,  Mass.  Inst,  of  Tech. ,  Cambridge  (Sept.  1-5, 
1952),  Baltimore,  Williams  &  Wilkins,  1953,  p.  60-67. 

The  history  of  the  elucidation  of  turbulent  itame  phe¬ 
nomena  is  reviewed.  The  understanding  of  the  effects 
of  small  and  large  scale  turbulence  and  the  concept  of 
flame  generated  turbulence  are  discussed.  The  phe¬ 
nomena  and  theory  of  the  stability  of  turbulent  flames 
are  presented  together  with  a  discussion  of  the  Im¬ 
portance  of  the  concept  of  a  critical  boundary  velocity 
gradient. 


PRI.  11:008 

Bureau  of  Mines,  Pittsburgh,  Pa. 

THE  PROBLEM  OF  IGNITION,  by  G.  von  Elbe.  [  1953  J 
[8jp.  incl.  dlagrs.  table,  refs.  [Proj.  Squid  technical 
repl.  no.  BUM-8-PJ  [  Sponsored  jointly  by  Office  of 
Naval  Research,  Al*  Force  Office  of  Scientific  Research, 
and  Office  of  Ordnance  Research  under  N6orl-10503  and 
NAonr-25-47]  Unclassified 

Published  in  Fourth  Symposium  (International)  on  Com¬ 
bustion,  Mass.  Insl.  of  .'ech. ,  Cambridge  (Sepl.  1-5, 
1952),  Baltimore,  ’’  l Rian'S  L  Wilkins,  1953,  p.  13-20. 

A  survey  is  made  of  theoretical  and  experimental  studies 
concerning  the  formation  of  a  combustion  wave  by  a 
spark  or  other  local  source  in  an  explosive  medium. 
Ignition  of  an  explosive  gas  mixture  by  an  electric  spark 
is  considered,  and  development  discussed  of  a  thermal 
model  which  Includes  an  observable  quantity,  the  min¬ 
imum  flame  diameter.  Use  of  the  concept  of  excess 
enthalpy  h,  accompanying  a  combustion  wave  when  heat 
transport  by  conduction  exceeds  the  opposing  flow  of 
enthalpy  by  lnt ‘rdlffusion  of  reactants  and  products, 
permits  an  equation  for  the  minimum  ignition  energy, 
il  =  ird2h  where  d  is  the  critical  flame  diameter  or 
quenching  distance  between  electrodes.  The  excess 
enthalpy  per  unit  area,  h,  can  be  computed  from  the 
heal  conductivity  u  of  the  mixture,  the  burning  velocity 
Su,  and  the  flame  temperature  Tb,  by  the  equation 
h  —  (*i/Su)  (Tb  -Tu)  where  Tu  is  the  temperaiure  of  the 
fresh  gas.  Comparison  of  theoretical  and  experimental 
data  on  minimum  ignition  energies  and  quenching  dis¬ 
tances  indicates  the  theory  lo  be  basically  correct. 
Discrepancies  are  analyzed  indicating  the  value  of  h 
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calculated  from  the  thermal  model  to  be  too  great  In 
mixtures  where  transport  of  enthalpy  by  diffusion  Is 
significant.  Research  concerning  Ignition  by  electri¬ 
cally  heated  wire,  healed  spherical  pellets,  and  pilot 
flames  Is  summarized. 


PRI.  11 -.009 

Bureau  of  Mines,  Pittsburgh,  Pa. 

THE  RELATION  BETWEEN  SAMPLING-TUBE  MEAS¬ 
UREMENTS  AND  CONCENTRATION  FLUCTUATIONS 
IN  A  TURBULENT  GAS  JET,  by  J.  M.  Richardson,  H. 

C.  Howard,  Jr.,  and  R.  W.  Smith,  Jr.  [1953]  [  4  ]  p. 
lncl.  table.  [  Pro].  Squid  technical  repl.  no.  BUM-3-P] 
(Sponsored  jointly  by  Office  of  Naval  Research,  [Air 
Force  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6orl- 10503]  and  NAonr- 
25-47)  Unclassified 

Published  In  Fourth  Symposium  (International)  on  Com¬ 
bustion,  Mass.  Inst,  of  Tech. ,  Cambridge  (Sept.  1-5, 
1952),  Baltimore,  Williams  &  Wilkins,  1953,  p.  814- 
817. 

A  method  (Hawthorne  et  al.  Third  Symposium  on  Com¬ 
bustion,  Flame  and  Explosion  Phenomena,  p.  266-288, 
1949),  for  estimating  the  concentration  (ratio  of  oxldanl- 
equlvalenl  moles  of  reacted  and  unreacted  fuel  lo  the 
tolal  oxldanl-equlvalenl  moles  of  both  the  fuel  and 
oxidant)  fluctuation  In  a  gas  jel  from  the  composition 
of  gas  removed  through  a  chilled  sampling  tube,  Is  ex¬ 
tended  and  refined.  A  redefinition  Is  made  of  the  dis¬ 
tribution  of  concentration  In  lhe  gas  jel,  previously 
assumed  to  be  Gaussian  In  calculation  of  the  mean 
square  deviation  of  the  concentration  from  the  composi¬ 
tion  of  the  withdrawn  gas.  A  more  reatlstlc  type  of 
distribution  function  than  the  Gaussian  Is  utilized  In  the 
present  trealmenl. 


PRI.  11:010 

Bureau  of  Mines,  Pittsburgh,  Pa. 

STUDIES  ON  TURBULENT  FLAMES.  A.  FLAME 
PROPAGATION  ACROSS  VELOCITY  GRADIENTS.  B. 
TURBULENCE  MEASUREMENT  IN  FLAMES,  by  B. 
Karlovltz,  D.  W.  Dennlston,  Jr.  and  others.  ll953J 
[8ip.  lncl.  Ulus,  dlagrs.  [  Proj.  Squid  technical 
rept.  no.  BUM-7-P]  (Sponsored  jointly  by  Office  of 
Naval  Research,  [  Air  Force  Office  of  Scientific  Re¬ 
search,  and  Office  of  Ordnance  Research  under  N6orl- 
10s03  j ,  NAonr-  25-47,  and  AF  18(600)156) 

Unclassified 

Published  In  Fourth  Symposium  (International)  on  Com 
bustion,  Mass.  Inst,  of  Tech. ,  Cambridge  (Sept.  1-5, 
1952),  Baltimore,  Williams  fc  Wilkins,  1953,  p.  613- 
620. 


Prlncelon  U.  James  Forreslal  Research  Cenler,  N.  J. 
(Projecl  SQUID) 

Theoretical  consideration  of  the  heal  flow  from  the 
reaction  zone  of  a  laminar  flame  lnlo  the  unburned 
explosive  mixture  shows  thal  In  the  presence  of  a 
velocity  gradient  the  heal  flow  Is  spread  out  over  a 
larger  volume  of  gas,  thus  decreasing  the  laminar 
burning  velocity.  Exacl  llmlls  where  propagation  of 
the  flame  would  cease  cannol  be  predicted,  but  the 
calculated  laminar  burning  velocity  Is  reduced  several¬ 
fold  by  the  effecl  of  velocity  gradient  al  the  experimen¬ 
tally  observed  limit.  Two  Ionization  probe  techniques 
are  described  for  measuring  turbulence  in  or  near 
flames,  and  experimental  results  obtained  by  both 
methods  are  given.  For  regions  where  the  flame  from 
Is  nol  loo  slrongly  dlslorled,  average  flame  from 
fluctuation  velocity  agrees  with  the  velocity  of  turbulent 
fluctuations. 


PRI.  11:011 

Bureau  of  Mines,  Pittsburgh,  Pa. 

A  TURBULENT  FLAME  THEORY  DERIVED  FROM 
EXPERIMENTS,  byB.  Karlovllz.  [Dec.  1953]  [27jp. 
lncl.  lllus.  dlagrs.  tables,  refs.  (Proj.  Squid)  [Spon¬ 
sored  Jointly  by  Office  of  Naval  Research,  Air  Force 
Office  of  Scientific  Research,  and  Office  of  Ordnance 
Research  under  NAonr-25-47  and  N6ori-10503] 

Unclassified 

Presented  al  NATO-AGARD  Combustion  Colloquium, 
Cambridge  U.  (England),  Dec.  7-11,  1953. 

Published  In  Selected  Combustion  Problems,  Cambridge 
U.  (England)  (Dec.  7-11,  1953),  London,  Bullerworths 
Scientific  Publications,  1954,  p.  248-274. 

The  structure  of  lurbulenl  flames  burning  In  explosive 
mixtures  Is  described  and  Illustrated  by  examples.  A 
theory  of  lurbulenl  burning  velocity  Is  developed,  based 
on  this  flame  structure.  The  cardinal  point  of  this 
theory  Is  the  calculation  of  the  time  Interval,  during 
which  a  small  portion  of  the  Instantaneous  combustion 
wave  has  statistical  correlation  with  the  random  motion 
of  a  certain  mass  of  gas.  A  comparison  of  measured 
values  of  the  turbulent  burning  veloclly  with  the  pre¬ 
dictions  of  this  theory  points  lo  the  possibility  of  turbu¬ 
lence  generation  by  the  turbulent  flame.  The  mechanism 
Is  described  by  which  the  lurbuient  flame  can  generate 
additional  turbulence  and  a  theory  of  this  process  Is 
developed,  which  permits  the  calculation  of  the  Intensity 
of  flame-generated  turbulence.  Turbulence  Intensities 
calculated  from  measured  turbulent  burning  veloclly 
data  are  In  good  agreement  with  turbulence  Intensities 
calculated  from  this  theory.  For  an  Independent  ex¬ 
perimental  lest  of  both  theories  the  direct  measurement 
of  the  turbulence  Intensity  In  the  flame  will  be  necessary. 
This  appears  feasible.  A  relationship  Is  derived  between 
the  burning  velocity,  scale  of  turbulence,  and  the  thick¬ 
ness  of  the  turbulent  flame  brush.  Measurement  of  the 
flame  brush  thickness  by  an  electronic  probe  therefore 
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Prlncelon  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

glvet  Information  about  the  scale  of  turbulence  In  the 
flame.  Further  experimental  work  Is  required  to  com¬ 
plete  the  experimental  lest  of  the  theory  of  turbulent 
flames,  and  to  establish  Its  range  of  validity.  In  the 
dlscusston  of  this  and  a  previous  paper  (Experimental 
Studies  in  Turbulent  Flames,  by  A.  C.  Scurlock  and 
J.  H.  Grover,  see  Item  no.  PRI.  11 :002)  G.  H.  Mark- 
sleln  considered  the  Interaction  of  flame  with  upstream 
turbulence  by  means  of  linearized  analysis,  and  K.  Wohl 
presented  supplementary  experimental  data  on  burning 
veloctty  of  melhane-alr,  bulane-atr,  and  propane-atr 
mixtures.  (Contractor's  summary,  modtfted) 


PRI.  11.012 

Bureau  of  Mtnes,  Pittsburgh,  Pa. 

THE  SURFACE  MIGRATION  OF  CARBON  ON  TUNG¬ 
STEN,  by  R.  Klein.  Jan.  20,  1954  [8jp.  tncl.  dtagr. 
(Proj.  Squid  technical  repl.  no.  BUM-11- P;  repl.  no. 
1147)  ([AF  j  OSR-TN- 54- 12)  ([  Sponsored  jointly  by 
Office  of  Naval  Research,  Atr  Force  Office  of  Scientific 
Research,  and  Offtce  of  Ordnance  Research  under  N6ort- 
10503  j  and  CSO-670-54-9)  AD  89980 

Unc  lasstfled 

Also  published  In  Jour.  Chem.  Phys. ,  V.  22:  1406- 
1413,  Aug.  1954. 

The  surface  mtgration  of  carbon  on  tungsten  was  ob¬ 
served  with  the  fleld-emtsston  nitcroscope  technique. 

The  carbon  source  was  a  carefully  outgassed  5-mll 
dtameter  graphtle  ftlament.  The  vacuum  attatned  tn  the 
system,  exclusive  of  heltum,  was  of  lhe  order  of 
10'  mm  Hg.  The  tungsten  point  was  shadowed  wtth 
carbon  and  heated  to  a  given  temperature;  observations 
of  the  emission  patterns  were  made  at  room  temperature 
at  vartous  ttine  tntervals.  The  mlgratton  occurs  at  a 
measurable  rate  starttng  about  850°K.  It  Is  charac¬ 
terized  by  a  sharp  boundary  of  a  form  whtch  clearly 
shows  that  the  (011)  and  (121)  planes  are  avoided.  An 
acttvatton  energy  of  55  *  7  kcal/mole  was  calculated 
for  the  process  by  application  of  the  theory  of  dtffustou 
with  a  sharp  movtng  boundary.  (Contractor’s  abstract) 


PRI.  1 1:01 3 

Bureau  of  Mtnes,  Pittsburgh,  Pa. 

KINETICS  OF  THE  GAS  PHASE  OXIDATION  OF 
FORMALDEHYDE,  by  M.  t>.  Scheer.  June  1,  1954 
12  p.  tncl.  dtagrs.  tables,  refs.  (Proj.  Squtd  tech¬ 
nical  rept.  no.  BUM  17 -P;  rept.  no.  1 1 63 j  (  AF  OSIt- 
TN-54  1 61 J  Sponsored  jotntly  by  Offtce  of  Naval  Re¬ 
search,  Atr  Force  Offtce  of  Sctenttftc  Research,  and 
Offtce  of  Ordnance  Research  under  N’Cort- 10503  and 
CsO-670-54-9  Unclasstfted 

PuliUslied  111  Fifth  Sympostum  (International)  on  Cam- 


Prtncelon  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

bustlon,  Plllsburgh  U. ,  Pa.  (Aug.  30-Sept.  3,  1954), 

N.  Y.,  Reinhold,  1955,  p.  435-446. 

In  thts  study,  at  lhe  end  of  each  reaction  or  after  any 
period  of  reaction,  the  pressure  of  the  sample  was 
determined  rapidly,  then  mass-spectromeler  scanned 
for  CO,  CO2,  O,  H,  HCHO,  and  peroxides.  Evidence 
ts  presented  for  the  peroxtde-destroylng  property  of 
Hg  vapor.  Therefore  It  Is  necessary  to  assume  2  types 
of  slclchlometry,  one  tn  whtch  peroxides  rapidly  are 
decomposed,  forming  no  HCOOJI,  and  the  other  tn  which 
peroxides  decompose  less  raptaly,  forming  HCOOH  tn 
addflton  to  other  compounds.  The  followtng  mechanism 
Is  proposed: 

(I)  for  the  main  chain: 

(1)  HCHO  +  02— »HCO  ♦  H02  (chain  tnlltatlng) 

(2)  HCO  ♦  02— sHCOj  (chatn  continuing) 

(3)  HCO3  +  HCHO— IHCOOOH  ♦  HCO  (chain 

continuing) 

(4’)  HCO3  ♦  02-+CO  ♦  H02  ♦  02  (chain  ler- 
mlnatlng) 

(4)  HCOj  ♦  M— »  CO  ♦  H02  ♦  M  (chain  termi¬ 

nating) 

(5)  HO2  +  wall— » destruction 

(II)  for  the  rapid  decomposition  of  HCOOOH: 

(6)  2HCOOOH  ♦  active  surface  or  Hg  vapor — + 

2CO  ♦  2HzO  ♦  02 

(7)  2HCOOOH  +  wall — ►  2COz  ♦  2H2  +  02 

(III)  for  an  aged  vessel: 

(8)  HCOOOH  ♦  2HCHO->(CH2OH)2  02  ♦  CO 

(9)  (CH2  OH)2  02  ♦  wall — SHCOOH  ♦  COz  ♦  2H2 
(6')  2HCOOOH  ♦  tnacttve  surface— *2CO  ♦ 

2H20  ♦  02 

(7')  2HCOOOH  ♦  wall— »2COz  ♦  2H2  ♦  2H2  ♦  02. 
PRI.  11:014 

Bureau  of  Mtnes,  Pittsburgh,  Pa. 

PHOTODECOM  POSITION  OF  FORMALDEHYDE,  by  L. 

J.  Schoen.  May  20,  1954,  5p.  Incl.  dlagr.  lables.  refs. 
(Proj.  Squid  techntcal  repl.  no.  BUM-16-P;  rept.  no. 
1160)  (  AF  OSR-TN- 54-162)  ([  Sponsored  jotntly  by 
Office  of  Naval  Research,  Atr  Force  Office  of  Sclenttftc 
Research,  and  Office  of  Ordnance  Research  under  N6ort- 
10C03  and  CSO-  670-  54-9)  Unclasslfted 

PllUUliiitflLlll  Fifth  Symposium  (International)  on  Com¬ 
bustion,  Pittsburgh,  Pa.  (Aug.  30-Sept.  3,  1954), 

N.  V.,  Itetnhold,  1955,  p.  786-790. 

An  estimate  of  the  Itmtttng  energy  of  dtssoctatton  of  the 
C-H  tand  tn  the  formyl  radtcal,  HCO,  was  obtatned  by 
the  phdolysts  of  formaldehyde  tn  which  deutertum  was 
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used  as  a  tracer  for  hydrogen  atoms.  A  mechanism  is 
suggested  for  the  photodecomposition  from  which  ad¬ 
ditional  Information  may  be  deduced.  (Contractor's 
abstract) 
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Bureau  of  Mines  [  Pittsburgh,  Pa.  j. 

THE  THERMODYNAMICS  OF  COMBUSTION  GASES: 
TEMPERATURES  OF  ACETYLENE-AIR  FLAMES,  by 
R.  W.  Smith,  Jr.,  J.  Manton,  and  S.  R.  Brinkley,  Jr. 
Feb.  1954,  14p.  Incl.  tables,  refs,  ([Proj.  Squid 
technical  rept.  no.  BUM-10-Rj  ;  rept.  no.  5035)  ([Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  and  [  Air 
Force  Office  of  Scientific  Research  ,  under  NAonr-25- 
47  and  N6ort- 10503)  AD  26692  Unclassified 

The  thermodynamic  properties  of  the  products  of  com¬ 
bustion  of  acetylene-air  flames  are  presented.  The 
composition  at  thermodynamic  equilibrium  of  the  com¬ 
bustion  products  are  given  for  temperatures  and  pres¬ 
sures  as  follows:  T(°K)  1400- [  200) -2800;  P(atm) 

0.01,  0.05,  0.10,  0.5,  1.0.  The  results  are  presented 
In  table  form  for  various  values  of  fuel-air  ratio. 


Pftl.  11:016 

Bureau  of  Mines,  Pittsburgh,  Pa. 

THE  PYROLYSIS  OF  FORMALDEHYDE,  by  R.  Klein, 

M.  D.  Scheer,  and  L.  J.  Schoen.  Apr.  12,  1955  l  3  ,  p. 
Incl.  dlagr.  tables.  (Proj.  Squid  technical  rept.  no. 
BUM- 19-P:  rept.  no.  1177)  (  AF  '  OSR-TN- 55-456) 

(  Sponsored  jointly  by  Office  of  Naval  Research,  Air 
Force  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research,  under  NGorl- 10503  ,  and  CSO-670- 
54-9)  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  78:  50 
52,  Jan.  5,  1956. 

The  pyrolysis  of  formaldehyde  Is  shown  to  occur  pre 
dominantly  by  a  chain  reaction.  Carhon  monoxide  and 
hydrogen  are  formed  In  accordance  with  second-order 
rate  laws.  Methyl  alcohol  results  from  a  homogeneous 
blmolecular  reaction.  An  unspecified  condensation 
product,  amounting  to  a  smalt  fraction  of  the  reacted 
formaldehyde,  is  also  Indicated.  The  thermal  decompo¬ 
sition  of  mixtures  of  CH2O  and  CD2O  gives  H2,  D2  and 
HD  in  proportions  such  that  P^y  PH^1’U2  ls  a  collS(a,1, 

equal  to  about  3.  6.  The  pyrolysis  of  CH2O  and  D2 
mixtures  shows  that  the  hydrogen  atom  concentration, 
although  smalt,  exceeds  that  which  would  arise  from 
the  thermal  decomposition  of  hydrogen  atone.  (Con 
tractor's  abstract) 
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Bureau  of  Mines,  Pittsburgh,  Pa. 

THE  OXYGEN  INDUCED  HYDROGEN-DEUTERIUM 
EXCHANGE,  by  R.  Klein,  M.  D.  Scheer,  and  L.  J. 
Schoen.  Feb.  3,  1955,  15p.  Incl.  tables.  (Proj.  Squid 
technical  rept.  no.  BUM-20-P;  rept.  no.  1176) 

[  AFOSR-TN-55-457 J  ([Sponsored  jointly  by  Office  of 
Naval  Research,  Air  Force  Office  of  Scientific  Re¬ 
search,  and  Office  of  Ordnance  Research  under  N6orl- 
10503  j  and  CSO- 670- 54- 9)  Uncfasslfled 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  78: 
47-49,  Jan.  5,  1956. 

The  H2-D2  exchange  reaction,  Investigated  In  detail  by 
A.  Farkas  and  L.  Farkas  (Nature,  v.  132:  894,  1933; 
Proc.  Roy.  Soc.  (London),  v.  152A:  124,  1935),  was 
shown  to  be  homogeneous,  gas-phase,  and  to  proceed 
by  a  mechanism  Involving  atoms.  It  Is  shewn  In  this 
study  that  trace  amounts  of  02  can  lnrre-se  the  velocity 
of  the  exchange  reaction  by  several  orders  of  magnitude, 
fn  a  series  of  experiments,  It  was  found  that:  (a)  agree¬ 
ment  with  the  Farkas- Farkas  rate  data  could  be  ob¬ 
tained  If  02-free  H2-D2  mixtures  were  reacted  In  out- 

gassed  quartz  vessels;  (b)  the  exchange  velocities  for 
1:1  H2'd2  mixtures  Increased  In  the  following  order: 

(1)  02-free  mixture  In  baked- out  quartz  vessel;  (2) 
02-free  mixture  In  an  unbaked  quartz  vessel;  (3)  02 

(3  parts/1000)  mixture  In  baked-out  quartz  vessel;  and 
(4)  02  (3  parts/1000)  mixture  In  a  quartz  vessel  pre¬ 
viously  exposed  to  H2O  vapor.  From  observations  with 
different  surface- to-volume  ratios  of  the  reaction 
vessel,  It  was  concluded  that  the  mechanism  for  the 
O2- Induced  exchange  Involves  chain  Initiation  at  the 
wall  with  chain  termination  In  the  gas  phase.  (Con¬ 
tractor's  abstract) 
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Bureau  of  Mines,  Pittsburgh,  Pa. 

STABILIZATION  AND  TEMPERATURE  MEASUREMENT 
OF'  FLAT  COOL  FLAMES',  hy  It.  J.  Forestl.  1955 
.  8  p.  Incl.  Ulus,  dlagrs.  table.  (Proj.  Squid  technical 
rept.  no.  BUM-18-P)  (  Sponsored  jointly  by  Office  of 
Naval  Research,  Air  Force  Office  of  Scientific  Re¬ 
search,  and  Office  of  Ordnance  Research  under  N6orl- 
10503  j  and  NAonr-25-47)  Unclassified 

Published  In  Fifth  Symposium  (International)  on  Com¬ 
bustion,  Pittsburgh  U. ,  Pa.  (Aug.  30-Sepl.  3,  1954), 

N.  Y.,  Relnhold,  1955,  p.  582-589. 

A  burner  of  the  Rowling  type  (Fuel,  v.  28;  25,  1949) 
was  constructed  and  modified  so  that  low- temperature 
flame  could  be  stahtltzed.  Preliminary  studies  were 
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carrted  out  In  which  requirements  for  stabilization  were 
observed,  temperature  measurements  through  the  Ilame 
recorded,  and  several  gas  samptes  cottected  and  ana¬ 
lyzed.  Stabtllzed  coot  Itames  were  produced  with 
diethyl  ether,  n-heptane-alr  mixtures,  and  n-hexane- 
atr  mixtures.  The  appearance  of  these  three  Itames 
were  atl  simitar  with  a  thin  lower  Ilame  (tool  Ilame) 
near  the  burner  tip  and  hotter  secondary  flame  above 
It.  The  ether  flame  could  be  stabilized  without  pre¬ 
heating  but  the  hydrocarbon  flames  required  preheating 
up  to  ~225*C.  A  table  la  given  of  gas  composition  at 
three  positions  relative  to  ether-air  cool  and  secondary 
flames.  The  first  position,  just  upstream  of  the  cool 
flame  shows  little  reaction;  the  second  position,  between 
cool  and  secondary  flames,  shows  evidence  of  consider¬ 
able  reaction;  the  third  position,  above  the  secondary 
flame,  Indicates  practically  all  the  reactants  consumed. 
Temperature  profiles  through  the  combustion  region 
indicated  a  rapid  rise  In  temperature  through  the  visible 
cool  flame,  followed  by  a  distance  relatively  constant 
temperature,  then  another  rapid  rise  In  temperature  In 
the  region  of  the  visible  secondary  flame  with  a  slope 
not  so  great  as  In  the  cool  flame.  As  mixture  becomes 
leaner  the  two  flames  move  closer  together  and  finally 
merge.  The  ellecl  of  preflAme  temper  Mure  Increase 
is  to  increase  the  distance  between  the  two  flames  with¬ 
out  changtng  the  temperatures  of  the  cool  and  secondary 
flames. 
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Bureau  of  Mines,  Pittsburgh,  Pa. 

STUDY  OF  PRESSURE  DEPENDENCE  OF  BURNING 
VELOCITY  BY  THE  SPHERICAL  VESSEL  METHOD, 

tijf  J.  Mai.li.il  uitil  X..  b,  WlilUttii,  July  19uu,  lip. 

Ulus.  refs.  (Frcj.  Squid  technical  rept.  no.  BUM- 
12-P;  rept.  no.  1186)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Air  Force  Office  of  Scientific  Re¬ 
search,  and  Office  of  Ordnance  Research  under  N6orl- 
10503  and  NAonr-25-47)  AD  64154  Unclassified 

Also  published  In  Proc.  Gas  Dynamics  Symposium, 
Northwestern  U. ,  Evanston,  Ill.  (Aug.  22-24,  1955), 
1956,  p.  151-157. 

Burning-velocity  measurements  over  the  pressure  range 
from  1.  5  to  1/25  atm  showed  that  pressure  dependence 
is  variable  and  apparently  a  function  of  burning  velocity. 
Burning  velocities  below  50  cm/sec  varied  inversely 
with  pressure.  In  the  50-  to  100-cm/sec  range,  burning 
velocity  was  almost  constant  with  pressure;  from  100 
cm/sec  upward,  burning  velocity  Increased  with  pres- 
surt.  Offfltrvattims  InulltMed  IhM  butiAng  vetotWe* 
must  approach  a  constant  value  at  very  low  pressures. 


PRI.  11:021 

Bureau  of  Mines,  Pittsburgh,  Pa. 


Bureau  ol  Mtnes,  Pittsburgh,  Pa. 

BURNING  VELOCITIES  BY  THE  BUNSEN  BURNER 
METHOD.  I.  HYDROCARBON-OXYGEN  MIXTURES 
AT  ONE  ATMOSPHERE.  II.  HYDROCARBON-AIR 
MIXTURES  AT  SUBATMOSPHERIC  PRESSURES,  by 
J.  M.  Stnger,  J.  Grumer,  and  E.  B.  Cook.  July  1955, 
21p.  Ulus.  refs.  ^roj.  Squid  technical  rept.  no.  bUM 
13-P)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Air  Force  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6orl-10503  and  NAonr-25- 
47)  AD  64155  Unclassified 

Also  published  In  Proc.  Gas  Dynamics  Symposium, 
Northwestern  U. ,  Evanston,  Ill.  (Aug.  22-24,  1955), 
1956,  p.  139-150. 

The  Bunsen-burner  technique  ol  measurtng  burntng 
veloctty  was  applied  to  the  lolloping  last  burning  mix¬ 
tures:  methane -oxygen,  ethane- oxygen,  and  propane- 
oxygen  at  atniosphertc  pressure.  Hydrocarbon- at r 
mtxtures  ol  methane-atr,  propane-atr  and  ethylene-atr 
were  tnvesttgated  by  the  same  technique  at  subatmos- 
phertc  pressure.  The  potentialtttes  ol  the  Bunsen- 
burner  method  were  re-examtned;  the  disadvantages 
tnherent  tn  att  burner  methods  are  dtscussed. 


SIGNIFICANCE  OF  QUENCHING  BY  PORTS  IN  BURN¬ 
ING-VELOCITY  MEASUREMENTS  BY  BUNSEN- 
BURNER  METHODS,  by  J.  M.  Stnger,  J.  Grumer,  and 
E.  B.  Cook.  Mar.  1956,  3p.  tllus.  (Proj.  Squid  tech¬ 
nical  repl.  no.  BUM- 14 -P)  (Sponsored  jotntly  by  Ofltce 
of  Naval  Research,  Air  Force  Ofltce  ol  Sctentlftc  Re¬ 
search,  and  Ofltce  ol  Ordnance  Research  under  N6ort- 
lOau’j  ano  NAonr-aO-4?)  AD  dslak  unciassilieo 

Also  published  In  Jet  Propulsion,  v.  26:989,  Nov.  1956. 

An  experiment  was  Initiated  pertaining  to  the  role  of 
flame  port  diameters  In  burning  velocity  measurements 
by  burner  methods.  Two  photographs  are  presented  of 
a  0.  8  stoichiometric  CH3-air  flame  stabilized  by  a 

1.0-cm-dtam  col!  of  1-mm-od  stainless  steel  tubing, 
with  and  without  water-cooling,  the  coti  was  hot  tn  the 
latter  tnstance.  Both  photographs  are  practically  Identi¬ 
cal,  showing  the  absence  ol  major  quenching  by  the  port 
over  most  of  the  Ilame.  A  stmtlar  experiment  wtth 
stolchtometrtc  CH^-alr  Itames  resulted  tn  an  tncrease 

tn  flame  hetght  ol  about  4  to  5%  when  ihe  gtowtng  hot 
cotl  was  water-cooled.  The  small  tncrement  tn  burntng 
veloctty,  tndteated  by  the  change  In  Ilame  height,  may 
be  the  resutt  of  preheating  of  unburned  gas  by  the  glowing 
hot  cott.  Another  mechanism,  posstbly  that  ol  Ilame 
cooling  hy  the  ambtent  atmosphere,  should  be  considered 
to  explatn  low  burning  velocities  obtained  on  small  port 
burners. 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

PRI.  11:022 

Bureau  of  Mines,  Ptttsburgh,  Pa. 

FLAME  PROPAGATION  IN  CYLINDRICAL  TUBES 
NEAR  THE  QUENCHING  LIMIT,  by  J.  M.  Singer  and 
G.  von  Elbe.  Aug.  1956  [  1 2  J  p.  lncl.  lllus.  table,  refs. 
(Pvoj.  Squid  technical  rept.  no.  BUM-15-P)  (Sponsored 
jolntty  by  Office  of  Naval  Research,  Air  Force  Offtce  of 
Scientific  Research,  and  Office  of  Ordnance  Research 
under  N6orl-10503  and  NAonr-25-47)  AD  104496 

Unclass  lfted 

Also  pnhllshed  In  Sixth  Symposium  (International)  on 
Combustion,  YaleU.,  New  Haven,  Conn.  (Aug.  19-25, 
1956),  N.  Y.,  Relnhold,  1957,  pp.  127-130. 

Ltnear  flame  speeds  at  near-quenching  ltmlts  were  ob¬ 
tained  for  CHj  air  mixtures  to  test  Lewls-von  Elbe 

theory  that  the  axial  burning  velocity  and  the  linear 
flame  speed  at  quenching  are  about  equal  to  the  standard 
burning  veloctty.  Uniform  flame  movement  In  downward 
propagation  was  ubUinrt!  within  »  few  re"tlmp(ers  after 
Ignition.  Nonsymmetrlcal  tilting  of  the  flame  front  In¬ 
creased  the  Instability  and  caused  lower  linear  flame 
speeds  and  burning  velocities.  The  dead- space  distances 
l ir rinsed  sharply  lor  Lear  and  rlr>  nlxtarrs  The  data 
conftrmed  the  prediction  of  Lewis  and  von  Elbe. 


PRI.  11:023 

California  Inst,  of  Tech. ,  Pasadena. 

THERMAL  CONDUCTIVITY  OF  FLUIDS.  NITROGEN 
DIOXIDE  IN  THE  LIQUID  PHASE,  by  G.  N.  Richter 
and  B.  H.  Sage.  July  1956  [27]p.  lncl.  lllus.  tables, 
refs.  (Proj.  Squid  technical  rept.  no.  CIT-l-P) 
(Sponsored  jointly  by  Offtce  of  Naval  Research,  Air 
Force  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6orl-10503)  AD  104498 

Unclassified 

The  thermal  conductivity  of  nitrogen  dioxide  was  meas¬ 
ured  between  40“  and  160“F  and  at  pressures  to  5000 
pst.  Equipment  of  spherical  configuration  was  con¬ 
structed  for  the  measurements.  The  results  are  pre¬ 
sented  In  graphtcal  and  tabular  form.  Measurements 
of  electrical  energy  addition,  temperature  differences, 
and  thermal  losses  lndtcated  a  probable  error  tn  the 
reported  valuec  of  thermal  conductivity  of  0.  0015 
Btu/hr-ft-  “F. 


PRI.  1 1:024 

California  U.  Inst,  of  Engineering  Research,  Berkeley. 

PRANDTL  NUMDEIt  DETERMINATION  BY  MEANS  OF 
RECOVERY  FACTOR  MEASUREMENTS,  by  R.  A. 
Seban,  S.  Scesa,  and  A.  Levy.  Sept.  1954,  35p.  tncl. 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

lllus.  tables.  (Proj.  Squid  technical  rept.  no.  UCB- 
1-R)  (Sponsored  jointly  by  Office  of  Naval  Research, 
[Air  Force]  Office  of  Scientific  Research,  and  Office 
of  Ordnance  Research  under  N6orl-10503)  AD  46387 

Unclassified 

A  cylindrical  probe  was  used  to  measure  the  difference 
between  stagnation  and  wall  temperatures.  Recovery 
factors  were  obtained  for  the  laminar  boundary  layer 
flow  of  air,  N,  He,  and  He-N  mixtures  In  the  100“  to 
600*  F  range.  The  Prandtl  number  was  Inferred  from 
the  recovery  factor  results  In  which  the  square  of  the 
measured  recovery  factor  was  within  3%  of  the  available 
values  of  the  Prandtl  number  for  air  and  N  and  within 
1%  when  corrected  for  theoretically  evaluated  enors; 
these  are  magnitudes  of  uncertainty  comparable  to 
that  on  the  Individual  properties  for  which  the  Prandtl 
number  Is  evaluated.  The  less  decisive  results  ob¬ 
tained  with  He  and  He-N  mixtures  tndlcatcd  the  available 
Prandtl  number  values  for  He  may  be  too  high. 


PRI.  1 1 :025 

California  U.  [Inst,  of  Engineering  Research]  Berkeley. 
SUPPLEMENTARY  INFORMATION  ON  PRANDTL 

number  determination  by  means  of  recovery 

FACTOR  MEASUREMENTS,  fcv  R.  A.  Seban  and  A. 
'Levy.  Nov.  1955,  4p.  lllus.  (Proj.  Squid  technical 
rept.  no.  UCB-2-R)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Air  Force  Office  of  Scientific  Re  - 
search,  and  Office  of  Ordnance  Research  under  N6orl- 
10503)  AD  75713  Unclassified 

Additional  measurements  made  with  air  In  the  500  to 
700  “F  range  Indicate  that  magnitude  of  the  square  of 
the  apparent  recovery  factor  remains  the  same  to 
675“ F.  The  source  of  the  error  In  the  platinum  probes 
Is  unresolved,  but  It  appears  to  be  associated  with  the 
presence  ol  oxygen  \i  the  gas,  since  the  a.io.uati/n*  be¬ 
havior  was  not  experienced  when  operating  with  nitrogen 
at  temperatures  up  to  625“F.  Results  of  measurements 
with  Bakellte  probes  were  about  the  same  as  the  re¬ 
sults  pcevtcuety  obtained  with  platinum  ptobet.  (or  lit 
and  helium  In  the  100  to  200 “F  range. 


PRI.  11:026 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

SHORT  TIME  HIGH  TEMPERATURE  BENDING 
FATIGUE  PROPERTIES  OF  SHEET  MATERIALS,  by 
F.  J.  GlUlg.  Sept.  8,  1949,  29p.  lncl.  tltus.  tables, 
refs.  (Proj.  Squid  technical  memo.  no.  CAL-30-[M]) 
(Sponsored  jointly  by  Office  of  Naval  Research  and 
[Air  Force  Offtce  of  Scientific  Research]  under  NSort- 
lt901  and  l  N6ort- 10503] )  AD  123217  Unclasslfted 

Qualitative  short-time  high- temperature  fatigue  studies 
were  made  for  three  heat  reststant  alloys.  The 
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PRI.  11:027  -  PRI.  11:031 


Princeton  U.  James  Fcrestal  Research  Center,  N.  J. 
(Project  SQUID) 

complexity  of  the  mechanism  of  high  temperature  fatigue 
failure  was  established.  The  Investigation  brought  out 
the  limitations  of  the  constant  deflection  type  fatigue 
machine  for  high  temperature  work.  A  number  of 
proolems  are  proposed  for  further  investigation. 


PRI.  11:027 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

DEVELOPMENT  OF  HIGH  TEMPERATURE  METALLO- 
SCOPE,  by  E.  H.  Kinelskl.  Sept.  19,  1949,  22p.  lncl. 
lllus.  refs.  (Proj.  Squid  technical  memo.  no.  CAL- 
31- [Mj )  (Sponsored  jointly  by  [Office  of  Naval  Re- 
Starch  and  Olllce  ui  Scientific  Restart h .  under  Htorl- 
11901  and  [  N6ori- 10503  J )  U13502;  ATI-86539 

Unclassified 

A  high  twnperatttf*  <retaUo«Ctpt  was  designed  and  tullt 
which  satisfactorily  took  photo  and  clnemlcrographs  of 
24S-T  Al  microstructure  up  to  1000" F  under  a  maximum 
vacuum  -A  4  i  l  -Smm  ^  Hg  Ternary  rutrcUc  mi  lling 
was  photographed  at  935‘F  in  24S-T  Al.  Preliminary 
attempts  to  secure  photomicrographs  of  heat  SAE-4130 
steel  and  70-30  cartridge  brass  were  unsuccessful  due 
to  aii  oxide  formation  which  obttteiated  the  micro¬ 
structure. 


PRI.  11:028 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

AN  EVALUATION  OF  THE  POTENTIAL  MERITS  OF 
DUCTED  PULSEJETS,  by  G.  Rudlnger.  Oct.  1949, 

4 Op.  lncl.  dlagrs.  (Proj.  Squid  technical  memo.  no. 
CAL- 32- [  M  ]  ;  rept.  no.  DD-420-A-31)  (Sponsored 
jointly  by  Office  of  Naval  Kesearcn  and  i  Air  Force 
Office  of  Scientific  Research;  under  N6orl- 11901  and 
[  N6ori-10503  j )  U11310;  ATI-78578  Unclassified 

A  ducted  pulsejet  Is  a  conventional  pulsejet  completely 
submerged  In  a  surrounJlng  duct,  thus  permitting 
operation  at  flight  velocities  which  are  so  high  that  a 
pulsejet  alone  would  not  function.  An  analysis  of  such 
a  power  plant  Is  presented  In  which  the  nonsteady  phe¬ 
nomena  are  replaced  by  "effective”  steady  state  condi¬ 
tions,  and  certain  other  simplifying  assumptions  are 
Introduced,  An  analysis  of  the  ramjet  based  on  similar 
assumptions  Is  also  carried  out.  It  Is  concluded  that 
the  ducted  pulsejet  should  have  a  definite  field  of  appll 
cation  In  the  subsonic  range  of  flight  velocities  and 
possibly  even  up  to  low  supersonic  velocities,  but  any 
tlnal  decision  on  the  best  power  plant  for  a  specific 
application  will  also  depend  on  additional  considerations 
not  treated  here;  l.e. ,  drag  or  relative  importance  of 
engine  size  vs  fuel  consumption. 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

PRI.  11:029 

Cornell  Aeronautical  Lab. ,  Inc. ,  Buffalo,  N.  Y. 

LINEARIZED  SOLUTION  OF  NONSTEADY  FLOWS 
THROUGH  DUCTS,  by  W.  Squire  and  T.  R.  Goodman. 
Mar.  1950,  38p.  lncl.  lllus.  (Proj.  Squid  technical 
memo.  no.  CAL-33-[Mj)  (Sponsored  jointly  by  Office 
of  Naval  Research  and  [  Air  Force  Office  of  Scientific 
Research  J  under  N6orl-11901  and  [N6orl-10503j ) 
U11181;  AD  201062  Unclassified 

Part  I:  An  attempt  was  made  to  determine  the  wave 
phenomena  resulting  from  a  duct  of  slowly  varying 
cross  section  by  linearizing  the  Langranglan  equation 
ol  tiVvAlWi.  Tbt  duel  WHS  placed  It,  &  subsonic  ill 
stream;  the  velocity  at  the  exit  v/as  controlled  and 
given  as  a  function  of  time.  A  solution  for  the  first 
order  equations  was  obtained  for  a  straight  duct.  The 

sUttUun  o!  •  -wHitrlcU  (UunpU  wzt  rm,  pa«*  »Ul 

those  obtained  by  the  method  of  characteristics  and  by 
the  linearization  of  the  Euterlan  equations.  Part  H: 

A  linear  solution  the  periodically  pmlsatlng  flow  In¬ 
side  a  tube  of  constant  cross-sectional  area  was 
attempted.  The  tube  was  submerged  In  a  flowing  gas 
so  that  Its  axis  was  parallel  to  the  flow.  Higher- order 
solutions  wtit  derived  loi  Mil  velocity  -  and  pleasure  - 
(orcing  function  of  the  differential  equations  and  the 
boundary  conditions.  A  general  solution  Is  given  tor 
the  first-order  terms. 


PHI.  11:030 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

FORCED  SHOCK  OSCILLATIONS  IN  DIFFUSERS,  by 
J.  G.  Logan,  Jr.  Apr.  1950,  9p.  lllus.  dlagrs. 

(Pioj.  Squid  technical  memo.  no.  CAL-12-iM,,  rept. 
no.  DD-420-A-32)  (Sponsored  jointly  by  Office  of  Naval 
Research  and  l  Air  Force  Olllce  of  Scientific  Research] 
under  N6wrl-U00I  mod  I  N6crt-U)5u3  U  Uifci.42  ATI- 
96025  Unclassified 

An  experimental  technique  lor  the  study  of  shock  motion 
In  diffusers  under  the  Influence  of  downstream  pressure 
oscillations  Is  described.  The  results  of  preliminary 
experiments  Indicate  that  the  maximum  pressure  ampli¬ 
tude  of  these  disturbances  that  will  permit  the  shock  to 
be  retained  In  a  dlfluser  is  approximately  a  linear 
function  of  diffuser  length  and  frequency.  These  experi¬ 
mental  results  are  compared  with  those  predicted 
theoretically  by  Kantrowltz. 


PHI.  11:031 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

FLAME  PROPAGATION  STUDIES,  by  G.  H.  Markstein 
.  1950  7  p.  Proj.  Squid  technical  rept.  no.  CAl,- 

51  -P  (  Sponsored  jointly  by  Office  of  Naval  Research 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

and  Air  Force  Office  of  Scientific  Research]  under 
N6ori-11901  and  [  N6ori-10503] ) 

Unclassified 


A  general  discussion  of  flame  propagation  is  presented. 
Particular  emphasis  is  placed  on  the  mutual  interaction 
of  flame  propagation  and  flow  disturbances.  Experiments 
performed  at  the  Cornell  Aeronautical  Lab.  concerning 
investigations  of  flame  structure  are  described. 
(Contractor's  abstract) 


PRI.  11:032 

Cornell  Aeronautical  Lab.,  Inc.,  Buffalo,  N.  Y. 

PERFORMANCE  OF  SINGLE-FLOW  JET  ENGINES,  by 
J.  V.  Foa.  May  1,  1950  [98jp.  incl.  diagrs.  tables, 
refs.  ([Proj.  Squid  technical  rept.  no.  CAL-46-P-Rj; 
technical  rept.  no.  20)  (Sponsored  jointly  by  Office  of 
Naval  Research  and  [  Air  Force  Office  of  Scientific  Re¬ 
search.!  under  N6ori-11901  and  [  N6ori- 10503  j ) 

U13611,  ATI-alu33  Unclassified 

A  generalized  method  is  presented  analyzing  the  per¬ 
formance  of  existing  or  conceivable  power  plants  of  the 
single-flow  type  of  jet  engine.  The  method  is  based  on 
the  description  of  the  modes  of  compression,  heating, 
and  expansion  of  the  working  fluid  in  terms  of  parameters 
that  can  be  varied  continuously  over  their  respective 
range s  cl  practical  Mgnl&unte.  TV  thrust  spcciltc 
Impulse  of  single-flow  jet  engines  are  then  derived  as 
functions  of  such  parameters.  This  method  yields  a 
direct  comparison  of  the  performance  of  existing  engines, 
together  with  an  Indication  of  the  extent  to  which  they 
may  be  improved. 


PRI.  11:033 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

A  RECORD  OF  CONFERENCE,  SPONSORED  BY  THE 
MATERIALS  PANEL  OF  PROJECT  SQUID  IN  WASHING¬ 
TON,  D.  C.  ON  MAY  24,  1950  ON  FATIGUE  OF 
METALS  AT  HIGH  TEMPERATURES,  comp,  by  H.  J. 
Yearlan,  ed.  by  P.  K.  Porter.  May  24,  1950,  178p. 
Incl.  Ulus,  diagrs.  refs.  ([Proj.  Squid  technical  rept. 
no.  CAL-60-R;  technical  rept.  no  21)  (Sponsored  jointly 
by  Office  of  Naval  Research  and  Air  Force  Office  of 
Scientific  Research!  under  N6ori- 11901  and  [  N6orl- 
10503  ,)  U13983;  ATI-92366  Unclassified 


The  following  papers  are  Included: 


T.  J.  Dolan:  i 
Freudenthal:  1 


lure  Field,  by 
Site,  by  A.  M. 


d,  by  F.  B.  Fuller;  , 


PRI.  11:032  -  PRI.  11:035 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

by  N.  E.  Promisel  and  is.  L.  Olcott;  Strain  Rate  As¬ 
pects  of  Fatigue  Testing,  by  N.  J.  Grant;  Effect  of 


Published  in  Durham  Res.  Rev.,  v.  1:  8-14,  May  1950.  Teo 


Properties,  by  W.  E.  Jones  and  G.  B.  Wilkes;  High 
Temperature  Fatigue  Program  at  C.  A.  L. ,  by  L.  W. 
Smith;  Creep  and  Rupture  Properties  of  Temperature 


g,  by  B.  J.  Lazan;  and  ] 


by  W.  F.  Simmons  and  H.  C.  Cross. 


PRI.  11:034 

Cornell  Aeronautical  Lab.,  Inc.,  Buffalo,  N.  Y. 

THE  STRUCTURE  OF  FLAMES  BURNING  IN  TUBES. 
PART  I.  FLAME  STRUCTURE  IN  SLOW  BURNING 
MIXTURES  OF  HYDROCARBONS,  AIR  AND  NITROGEN, 
by  G.  H.  Markstein.  Oct.  1,  1950,  22p.  illus.  diagrs. 
refs.  ([Proj.  Squid  technical  rept.  no.  CAL-53-P-RJ; 
technical  rept.  no.  24)  (Sponsored  jointly  by  Office  of 
Naval  Research  and  [  Air  Force  Office  of  ScienUfic 
Research!  under  N6ori-11901  and  [ N6ori-10503] ) 
U16a41;  All-usubb  Unclassified 

Also  published  in  Jour.  Aeronaut.  Sciences,  v.  1C: 
199-209,  Mar.  1951. 

The  structure  of  flames  burning  in  tubes  has  been 
studied.  Slow- burning  flames  in  rich  mixtures  of  higher 
hydrocarbons,  air  and  nitrogen  were  found  to  assume  a 
eeWttlw  structure  In  tiit  iAst'ce  el  turbulence  In  Ua 
approach  stream.  Lean  mixtures  gave  smooth  disc- 
shape  flames,  the  transition  from  cellular  to  noncellular 
f limes  taking  jlacw  at  stalehl. metric  cumpcalUco.  Ad¬ 
dition  of  hydrogen  caused  appearance  of  cell  structure  in 
lean  mixtures  of  all  hydrocarbons.  For  fuel  concentra¬ 
tions  between  1.2  and  1.4  times  stoichiometric,  the 
average  cell  diameter  d  of  n-butane-air-nltrogen  flames 
remained  constant  at  atmospheric  pressure.  In  the 
range  of  1/3  to  1  atmosphere,  it  varied  according  to  the 
expression  d-  pV4  =  Const.  Within  the  same  range  of 
fuel  concentrations  and  at  atmospheric  pressure,  aver¬ 
age  cell  size  for  various  hydrocarbons  and  fuel  molec¬ 
ular  weight  M  were  related  by  d-  M*/^  =  Const.  Pre¬ 
liminary  work  on  flame  structure  in  fast-burning  mix¬ 
tures  indicated  a  close  connection  between  cellular 
flame  structure  and  vibratory  flame  motion.  Theoret¬ 
ical  interpretations  of  the  observed  phenomena  are 
discussed.  (Contractor's  abstract) 


PRI.  11:035 

Cornell  Aeronautical  Lab.,  Inc.,  Buffalo,  N.  Y. 

SINGLE  FLOW  JET  ENGINES  -  A  GENERALIZED 
TREATMENT,  by  J.  V.  Foa.  May  15,  1951  [  1 2 j  p. 
Incl.  diagrs.  refs.  ( i  Supplement  to  Proj.  Squid  tech¬ 
nical  rept.  no.  CAL-46-P-Rj;  technical  rept.  no.  20) 
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PRI.  11:036  -  PRI.  11:040 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

(Sponsored  jointly  by  Office  of  Naval  Research  and  [  Air 
Force  Office  of  Scientific  Research]  under  N6orl-11901 
and  [  N6orl- 10503  ] )  U20731 ;  ATI  -  200937 

Unclassified 

Also  published  In  Jour.  Amer.  Rocket  Soc.,  v.  21: 
115-126,  Sept.  1951. 

Generalized  performance  equations  are  obtained  for 
single  flow  air  breathing  jet  engines  from  entropy  con¬ 
siderations.  The  analysis  Is  simplified  by  the  use  of 
convenient  paiameters  In  the  description  of  the  modes 
of  compression,  combustion,  and  expansion.  The 
generalized  equations  are  applied  to  a  few  cases  of 
current  Interest,  for  the  purpose  of  Illustration. 


PRI.  11:036 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

INTERACTION  OF  FLOW  PULSATIONS  AND  FLAME 
PROPAGATIONS,  by  G.  H.  Marksteln.  [  1951  ]  [2]p. 

[  Proj.  Squid  technical  memo.  no.  CAL-37-M-PI 
(Sponsored  jointly  by  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  ResearchJ  under  N6ort-11901 
and  [N6orl- 10503  J)  U20884;  ATI-112519 

Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  18: 
428-429,  June  1951. 

Some  qualitative  preliminary  results  are  presented  In 
connection  with  studies  of  flame  propagating  from  the 
open  to  closed  end  of  straight  tubes  containing  premixed 
combustible  gas.  Pressure  oscillations  accompanied  by 
cellular  flame  structures  were  observed.  The  first- 
order  perturbation  theory  of  flame  front  stability  Is 
generalized  to  Include  the  case  of  vibratory  flame  motion. 


PRI.  11:037 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

A  NEW  FORM  OF  HEAT  ENGINE  UTILIZING  PRES¬ 
SURE  WAVES  (Unclassified  title),  by  A.  Hertzberg  and 
J.  G.  Logan,  Jr.  Aug.  15,  1951,  12p.  lllus.  dlagrs. 
refs.  (Proj.  Squid  technical  memo.  no.  CAL-35-[M.J; 
rept.  no.  DD-420-A-35)  (Sponsored  jointly  by  Office 
of  Naval  Research  and  [  Air  Force  Office  of  Scientific 
Research]  under  N6orl-11901  and  [  N6orl- 10503  ] ) 
CC996;  ATI-123992  Confident!::', 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

G.  J.  Guarnlerl.  Sept.  28,  1951,  22p.  lllus.  dlagrs. 
refs.  (Proj.  Squid  technical  memo.  no.  CAL-38-[Mj; 
rept.  no.  DD-420-A-38)  (Sponsored  jointly  by  Office 
of  Naval  Research  and  [Air  Force  Office  of  Scientific 
ResearchJ  under  N6ori-11901  and  [  N6ori- 10503]) 
U20707;  ATI-128995  Unclassified 

An  Investigation  was  made  to  determine  the  effects  of 
cyclic  loading  on  the  high  temperature  creep  deforma¬ 
tion  rate  of  metals,  particularly  as  related  to  conditions 
encountered  In  jet  propulsion  engines.  Armco  Iron  and 
commercial  high  purity  aluminum  were  used  to  estab¬ 
lish  generalizations  concerning  the  following  variables: 
(a)  amplitude  of  cyclic  load  between  0  and  50%  of  the 
mean  stress;  (b)  temperature  (cold  working  and  anneal¬ 
ing  ranges);  and  (c)  frequency  of  load  variation  from 
1. 5  to  4,  200  c/min.  The  data  show  that  the  superposi¬ 
tion  of  a  cycles  load  upon  a  static  tensile  load  In  a 
creep  test  on  Armco  Iron  will  not  necessarily  cause 
deformation  io  proceed  at  an  Increased  rate  provided 
the  frequency  Is  high  enough  for  the  conditions  of  stress 
and  temperature  which  prevail.  Only  a  limited  amount 
of  data  was  obtained  for  the  aluminum  prior  to  termina¬ 
tion  of  the  project. 


PRI.  11:039 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

LIMITING  HIGH  TEMPERATURE  CREEP  AND 
RUPTURE  STRESSES  OF  SHEET  ALLOYS  FOR  JET 
APPLICATIONS,  by  G.  J.  Guarnlerl  and  J.  Salvaggi. 
Sept.  28,  1951,  8p.  dlagrs.  tables,  refs.  (Proj.  Squid 
technical  memo  no.  CAL-39- [  M] ;  rept.  no.  DD-420- 
A-39)  (Sponsored  jointly  by  Office  of  Naval  Research 
and  [Air  Force  Office  of  Scientific  Research]  under 
Noorl-11901  and  [  N6orl- 10503  ] )  U20276;  ATI- 122296 

Unclassified 

High  temperature  creep  and  fracture  stresses  have 
been  determined  for  24  alloys  In  sheet  form  over  the 
range  of  service  temperatus  es  and  times  of  Interest 
to  designers  of  jet  aircraft  parts.  Tests  of  several 
hundred  hrs  were  conducted  on  austenitic  stainless 
steels  and  Inconel  X  between  1200*  to  1800°F;  cobalt 
base  alloys  between  1500°  to  1800*  F;  low-alloy  ferritic 
steels  between  800°  and  1200“F;  and  24S-T3  alclad 
aluminum,  and  FS-1H  magnesium.  While  the  data 
presented  were  obtained  from  a  single  heat  for  each 
material,  they  provide  a  design  basis  for  efficient 
utilization  of  sheet  alloys  in  high  temperature  service. 
(Contractor's  abstract) 
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Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

CYCLIC  LOADING  EFFECTS  ON  THE  CREEP  PROP¬ 
ERTIES  OF  SHEET  MATERIALS,  by  F.  J.  Gllllg  and 


Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

SPECTROSCOPIC  STUDY  OF  COMBUSTION,  by  G.  H. 
Rothgery  and  J.  T.  Grey.  Summary  rept.  Sept.  28, 


AIR  FORCE  SCIENTIFIC  RESEARCH 


PHI.  11:041  -  PRI.  11:044 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

1951,  13p.  dlagrs.  (Proj.  Squid  technical  memo.  no. 
CAL- 34-  [  M  J )  (Sponsored  jointly  by  Office  of  Naval 
Research  and  [Air  Force  Office  of  Scientific  Research] 
under  N6ori- 11 901  and  [  N6ori-10503  J )  U20729;  ATI- 
130556  Unclassified 

A  study  of  combustion  pnenomena  at  low  pressure  has 
been  made  through  a  spectrographlc  examination  of 
stable  flames.  A  range  of  burner  pressures  and  oxygen- 
fuel  ratio  has  been  Investigated.  The  relative  intensity 
of  the  OH,  CH,  and  C2  bands  has  been  studied  as  a 
function  of  the  combustion  parameters,  burner  pressure, 
mass  flow,  oxygen- fuel  ratio,  and  partial  pressure  of 
fuel.  A  correlation  between  the  variations  found  for 
the  relative  Intensity  of  lhese  bands  as  a  function  of 
pressure  and  a  previously  suggested  mechanism  of 
formation  of  CH  radicals  has  been  noted. 


PRI.  11:041 

Cornell  Aeronautical  Lab. ,  Inc. ,  Buffalo,  N.  Y. 

ON  THE  PERFORMANCE  ANALYSIS  OF  THE  DUCTED 
PULSEJET,  by  G.  Rudlnger.  Oct.  1951,  32p.  dlagrs. 
tables.  (Proj.  Squid  technical  memo.  no.  CAL-36- 
[M-P];rept.  no.  DD-420-A-36)  (Sponsored  jointly  by 
Office  of  Naval  Research  and  [Air  Force  Office  of 
Scientific  Research]  under  N6orl-11901  and  [  N6ort- 
10503.)  U20277;  ATI- 122295  Unclassified 

Chapter  III  of  this  memorandum,  The  Magnitude  of  the 

was  presented  at  the  First  National  Congress  of  Applied 
Mechanics,  Chicago,  III.,  June  1951. 

Ducting  of  a  pulsejet  Is  ..  means  to  keep  the  engine 
operating  at  flight  Mach  numbers  at  which  unducted 
conventional  engines  would  not  operate.  It  also  allows 
the  primary  engine  to  take  advantage  of  the  possible  ram 
precompression  which  Is  not  utilized  In  the  case  of  con 
volitional  pulsejets.  Since  no  methods  are  available  to 
analyze  In  detail  the  periodic  flow  phenomena  that  occur 
In  engines  of  this  type,  some  approximate  method  of 
performance  calculation  Is  required.  Depending  on  the 
shroud  configuration,  mixing  of  the  pulsejet  exhaust 
with  the  remaining  shroud  flow  may  or  may  not  take 
place.  In  the  latter  case,  methods  of  analysis  developed 
for  single-flow  engines  may  be  applied;  while  In  the 
former,  only  the  equivalent  steady  flow  approximation 
appears  to  be  feasible  at  the  present  time.  Estimates 
are  derived  for  the  magnitude  of  the  flow  pulsations  In 
the  shroud;  and  on  the  basis  of  this,  a  discussion  of  the 
equivalent  steady  flow  approximation  Is  presented.  Un¬ 
fortunately,  It  Is  found  that  only  a  rough  estimate  of  the 
potential  engine  performance  can  be  made.  However, 
from  the  performance  computed  for  various  conditions, 

It  Is  possible  to  draw  conclusions  ahout  the  merits  of 
various  configurations.  (Contractor's  abstract) 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

PRI.  11:042 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

SUMMARY  REPORT  ON  VALVELESS  PULSEJET 
INVESTIGATION,  by  J.  G.  Logan,  Jr.  Oct.  1951, 

19p.  dlagrs.  refs.  (Proj.  Squid  technical  memo.  no. 
CAL-42- [  M-PJ ;  rept.  no.  DD-420-A-37)  (Sponsored 
jointly  by  Office  of  Naval  Research  and  [Air  Force 
Office  of  Scientific  Research]  under  N6orl-11901  and 
[  N6ori-10503j)  U20275;  ATI- 122297  Unclassified 

Summary  published  In  Durham  Res.  Rev.,  v.  2:  5-10, 
Dec.  1951. 

The  investigations  conducted  at  Cornell  Aeronautical 
Lab.  with  valveless  pulsejet  engines  from  Oct.  1948 
to  Sept.  1951  and  the  whirling  arm  tests  of  6-in.  valve¬ 
less  pulsejets  conducted  at  the  Chesapeake  Bay  Annex 
of  the  Naval  Research  Lab.  between  Jan.  1951  and 
Sept.  1951  are  described. 

PRI.  11:043 

Cornett  Aeronautical  Lab.,  Inc.,  Buffalo,  N.  Y. 

NONSTEADY  FLOW  IN  STRAIGHT  DUCTS,  by  C. 
Ferrari,  tr.  by  R.  H.  Cramer.  Nov.  1951,  40p.  Inc I. 
dlagrs.  (Proj.  Squid  technical  memo.  no.  CAL-43- 
[  Mj )  (Sponsored  jointly  by  Office  of  Naval  Research 
and  [Air  Force  Office  of  Scientific  Research]  under 
NOort-11901  and  [  N6orl-10503  J )  U22417;  ATI- 152538 

Unclassified 

Presented  at  the  International  Union  of  Appl.  and 
Theoretical  Mech.  Colloquium  on  Nonlinear  Vibrations, 
Sept.  18-22,  1951  on  the  lie  de  Porguerolles. 

The  nonsteady,  lsentropic  flow  of  a  liquid  or  gas  In  a 
straight  duct  with  deformable  sides  is  Investigated  by 
the  method  of  characteristics.  A  closed-form  solution 
In  parametric  form  Is  derived  by  replacing  the  thermo¬ 
dynamic  equation  of  state  with  a  fictitious  equation  oy 
applying  a  similarity  principle  which  enables  transfer 
between  the  unknown-real  »nd  the  known-fictitious 
system.  The  result  is  applied  to  the  analysis  of  the 
fuel  Inlet  system  of  a  diesel  engine.  A  generalization 
of  the  equation  of  motion  Is  Included  for  the  case  where 
the  changes  of  stale  are  not  lsentropic. 


PRI.  11:044 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

STUDY  OF  FLOW  OSCILLATIONS  IN  RAMJETS  (Un¬ 
classified  title),  by  G.  H.  Marksteln.  Termination 
rept.  Nov.  1951,  38p.  incl.  dlagrs.  refs.  (Proj.  Squid 
technical  memo.  no.  CAL-4i-[Mi)  (Sponsored  jointly 
by  Office  of  Naval  Research  and  1  Air  Force  Office  of 
Scientific  Research]  under  N6o:T-li90t  and  [  Nborl- 
10503])  C7711;  ATI-143593  Confidential 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

PRI.  11:045 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

NON-ISOTROPIC  PROPAGATION  OF  COMBUSTION 
WAVES,  byG.  H.  Marksteln.  [Apr.  14,  1952  J  [  2  J  p. 

[  Proj.  Squid  technical  rept.  no.  CAL-54-P]  (Sponsored 
jointly  by  Office  of  Naval  Research  and  [Air  Force 
Office  of  Scientific  Research]  under  N6orl-II90I  and 
[  NOorl- 10503  J  U24559;  ATI- 170653  Unclassified 

Also  published  In  Jour.  Chem  Phys. ,  v.  20:  1050- 
1052,  June  1952. 

A  reply  Is  made  to  a  criticism  of  the  author's  treatment 
of  combustion  wave  Instability. 


PRI.  11:046 

Cornell  Aeronautical  Lab. ,  Inc. ,  Buffalo,  N.  Y. 

THE  INFLUENCE  OF  WALL  MATERIAL  ON  COM¬ 
BUSTION,  by  P.  E.  Ert-e,  J.  T.  Grey,  and  J.  L.  Beal. 
Summary  rept.  Sept.  1952,  I5p.  Ulus,  tables.  (Proj. 
Squid  technical  memo.  no.  CAL-40-[M])  (Sponsored 
jointly  by  Office  of  Naval  Research  and  [  Air  Force 
Office  of  Scientific  Research]  under  N6orl-II90I  and 
[N6orl-10503j)  AD  7159  Unclassified 

The  possible  catalytic  effect  of  various  wall  materials 
arai  surface  conditions  of  premixed  fuel  and  air  has  been 
Investigated  In  heavily  Insulated  tubes  of  small  Internal 
diameter.  In  comparison  with  Inconel,  various  metals 
and  their  respective  oxides  exhibited  no  appreciable 
difference.  Silica,  however,  exhibited  a  positive  effect. 
No  significant  effect  could  be  traced  to  the  Internal  sur 
face  condition  of  the  tube. 


PRI.  11:047 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

THREE-DIMENSIONAL  LtQUID  ANALOG  FOR  THE 
DETERMINATION  OF  TEMPERATURE  DISTRIBUTION, 
by  G.  A.  Sterbutzel  and  J.  L.  Beal.  Oct.  1 952,  22p. 
lllus.  (Proj.  Squid  technical  memo.  no.  CAL-44-  Mj) 
(Sponsored  jointly  by  Office  of  Naval  Research  and  !  Air 
Force  Office  of  Scientific  ttesearchj  under  N6orl - 1 1 90t 
and  [  N6orl- 10503  ] )  AD  11618  Unclassified 

The  development  and  use  of  a  three-dimensional  liquid 
analog  for  the  determination  of  steady  state  temperature 
patterns  in  a  structure  are  described.  The  particular 
analog  model  was  used  to  Investigate  temperatures  In  a 
rocket  motor  whose  wall  was  cooled  by  a  liquid  flowing 
In  ducts  surrounding  the  combustion  chamber.  (Con¬ 
tractor’s  abstract) 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

PRI.  11:048 

Cornell  Aeronautical  Lab. ,  lnc.,  Buffalo,  N.  Y. 

THRUST  AND  DP-AG,  by  R.  C.  Weatherston.  L  1 952  j 
[2]p.  [Proj.  Squid  technical  rept.  no.  CAL-55-P] 
(Sponsored  jointly  by  Office  of  Naval  Research  and  [Air 
Force  Office  of  Scientific  Research!  under  N6orl-I0503) 

Unclassified 

Pnhllshed  In  Jour.  Amer.  Rocket  Soc.,  v.  22:  343-344, 
Nov. -Dec.  1952. 

In  a  letter  to  the  editor,  an  attempt  is  made  to  arrive 
at  a  standard  and  realistic  definition  of  the  available 
thrust  of  a  jet  engine. 


PRI.  11:049 

Cornell  Aeronautical  Lab.,  Inc.,  Buffalo,  N.  Y. 

CELLULAR  FLAME  STRUCTURE  AND  VIBRATORY 
FLAME  MOVEMENT  IN  N-BUTANE-METHANE  MIX¬ 
TURES,  by  G.  H.  Marksteln  and  L.  M.  Somers. 

[  1 953  J  [  9  J  p.  incl.  lllus.  [Proj.  Squid  technical  rept. 
no.  CAL-52-P]  (Sponsored  jointly  by  [  Office  of  Naval 
Research  and  Air  Force  Office  of  Scientific  Research] 
under  N6orl- 10503)  AD  22742  Unclassified 

Also  published  In  Fourth  Symposium  (International)  on 
Combustion,  Mass.  Inst,  of  Tech. ,  Cambridge  (Sept. 
1-5,  1952),  Baltimore,  Williams  &  Wltklns,  1953, 
p.  527-535. 

Cellular  structure  and  vibratory  flame  movement 
studies  with  mixtures  of  n-butane  and  methane  showed 
a  shift  of  the  transition  from  smooth  flames  to  fully 
developed  cell  structure  to  richer  mixtures  than  for  a 
single  higher  hydrocarbon.  Only  oscillations  of  the 
fundamental  organ-pipe  frequency  occurred  In  a  2- ft 
tube,  and  the  maximum  amplitudes  of  these  oscillations 
were  significantly  larger  In  mixtures  that  burned  with 
cellular  flame  structure  than  others.  In  a 4  -  ft  tube, 
excitation  of  the  fundamental  frequency  was  preceded 
by  the  first  harmonic  for  mixture  burning  with  cellular 
flame  structure.  The  amplitudes  of  these  oscillations 
showed  no  correlation  with  cell  structure. 
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Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

INSTABILITY  PHENOMENA  IN  COMBUSTION  WAVES, 
byG.  H.  Marksteln.  il953,  10  p.  Incl.  lllus.  table, 

refs.  [Proj.  Squid  technical  rept.  no.  CAl  57- P; 
technical  rept.  no.  55  (Sponsored  jointly  by  Office 
of  Naval  Research  and  Air  Force  Office  of  Scientific 
Uesearcii  under  NCori- 10503)  AD  >27-13 

Unclassified 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

Also  published  In  Fourth  Symposium  (International)  on 
Combustion,  Mass.  Inst,  ol  Tech. ,  Cambridge  (Sept. 
1-5,  1952),  Baltimore,  Williams  &  Wilkins,  1953, 
p.  44-59. 

Theory  and  experiment  on  stability  In  combustion  waves 
are  reviewed.  Reference  is  made  to  cellular  and  poly¬ 
hedral  flames  and  to  pressure  and  flow  oscillations 
associated  wllh  combustion. 


PRI.  11:051 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

A  SLOT  BURNER  METHOD  FOR  STUDYING  COM¬ 
BUSTION  WAVE  INSTABILITY,  by  G.  H.  Markstcln 
and  L.  M.  Somers.  Mar.  2,  1953  [l  p.  Incl.  Ulus. 
[Proj.  Squid  technical  memo.  no.  CAL-45-Pj  (Spon¬ 
sored  jointly  by  (  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research]  under  N6orl-11901 
and  [  N6ori- 10503  ] )  AD  25131  Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  21:941,  May 
1953. 

A  discussion  of  the  methods  of  quantitative  study  of  com¬ 
bustion  wave  Instability  Is  presented.  A  slot  burner 
setup  is  described  which  eliminates  the  shortcomings 
of  the  tube  technique  without  accepting  all  the  drawbacks 
of  polyhedral  flame  studies. 
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Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

INTERACTION  OF  A  PLANE  FLAME  FRONT  WITH  A 
PLANK  SINUSOIDAL  SHEAR  WAVE,  by  G.  H.  Marksteln. 
May  6,  1953,  2p.  incl.  illus.  ( [  Proj.  Squid  technical 
rept.  no.  CAL- 56  P  :  technical  rept.  no.  53)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research  and  Air  Force 
Office  of  Scientific  Research:  under  NCorl- 10503) 

AD  00047  Unclassified 

AlSUJJUllllstieiLlll  Jour.  Aeronaut.  Sciences,  v.  20: 

5HI  582,  Aug.  1953. 

The  problem  of  the  normal  Intersec  lion  of  a  shear  wave 
and  a  combustion  wave  Is  treated.  Results  are  presented 
In  terms  of  the  amplitudes  of  velocity  perturbations  and 
flame  front  deflection  relative  to  that  of  the  upstream 
shear  flow. 
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Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

THE  USE  OF  THE  SHOCK  TUBE  FOR  STUDYING 
CHEMICAL  KINETICS  (Abstract),  by  A.  Heitzherg  and 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

W.  Squire,  t  1 953  J  [  2  J  p.  (Sponsored  jointly  by  Office 
of  Naval  Research  and  [  Air  Force  Office  of  Scientific 
Research]  under  N6ori-10503)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C.,  Apr.  30-May  2,  1953. 

Published  in  Phvs.  Rev.,  v.  91:469-470,  July  15,  1953. 

A  modified  shock  tube  Is  described  for  studlng  the 
kinetics  of  chemical  reactions  with  a  characteristic 
time  on  the  order  of  10' 3  sec  at  high  temperatures. 

The  reactant  sample  is  heated  by  a  strong  shock  wave 
and  then  coded  rapidly  by  an  expansion  wave  to  freeze 
the  reaction.  Calculations  show  that  extremely  high 
temperatures  and  cooling  rates  can  be  obtained  under 
closely  controlled  conditions.  (Contractor's  abstract) 


PRI.  11:054 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

ON  THE  REFLECTION  OF  SHOCK  WAVES  FROM  AN 
OPEN  END  OF  A  DUCT,  by  G.  Rudlnger.  Aug.  1954, 
34p.  Ulus.  refs.  (Proj.  Squid  technical  rept.  no.  CAL- 
61-P)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Air  Force  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6orl- 10503)  AD  52851 

Unclassified 

Presented  in  part  at  Second  Canadian  Symposium  on 
Aerodynamics,  Toronto,  Onl. ,  Feb.  25-26,  1954. 

Also  published  in  Jour.  Appl.  Phys.,  v.  26:981-993, 
Aug.  1955. 

The  readjustment  of  the  mean  exil  pressure  to  its 
steady  flow  equilibrium  level,  following  the  arrival 
of  a  shock  wave  at  an  open  end  of  a  duel,  has  been  in¬ 
vestigated.  For  a  cylindrical  duel  In  which  the  gas  Is 
Initially  at  rest,  a  solution  based  on  acoustic  theory 
was  ohlalned  In  the  form  of  a  Fourier  integral.  The 
nature  of  this  solution  was  eslahlished  as  a  series  of 
damped  harmonic  oscillations  superposed  on  an  ex¬ 
ponential  pressure  decay.  The  actual  pressure  decay 
curve  was  obtained  by  numerical  integrations.  The 
same  problem  was  altacked  experlmenlally  using  a 
shock  lube  of  3.  23  in  l.d.  From  pressure  records 
taken  some  distance  from  the  open  end,  the  "effective'1 
exit  pressure  was  derived.  It  was  found  thal  the  exit 
pressure  deviates  appreciably  from  its  steady-flow 
equilibrium  value  during  a  time  in  which  a  sound  wave 
could  travel  about  three  duct  dlamelers.  Satisfactory 
agreement  between  theory  and  experimenl  was  ohserved 
for  shock  pressure  ratios  up  to  about  1.  9  (In  air)  al¬ 
though,  near  this  limit,  significant  devlallons  due  to 
wal.  friction  were  observed  toward  Ihe  end  of  the  pres¬ 
sure  decay  region.  For  slill  stronger  shocks,  the  ln- 
fleer.ce  of  (he  decay  time  on  lire  phenomena  Inside  the 
dues  oe tomes  unimportant  while  friclion  effects 


731 


AfR  FORCE  SCfENTIFfC  RESEARCH 


PRI.  11:055  -  PRI.  11:057 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

dominate.  The  possible  significance  of  the  log  In  the 
establishment  of  steady-flow  boundary  conditions  In 
practical  applications  Is  discussed,  In  particular,  for 
cases  where  the  acceleration  of  the  gas  by  the  reflected 
expansion  wave  may  be  of  Importance.  (Contractor's 
abstract) 


PRf.  11:055 

Cornell  Aeronautical  Lab. ,  Inc. ,  Buffalo,  N.  Y. 

ON  THE  STABfLITY  OF  A  PLANE  FLAME  FRONT  IN 
OSCfLLATING  FLOW,  by  G.  H.  Marksteln  and  W. 

Squire.  Nov.  5,  1954  [  9  J  p.  Inch  lllus.  refs.  [Proj. 
Squid  technical  rept.  no.  CAL-66-P]  (Sponsored  jointly 
by  Office  of  Naval  Research,  (Air  Force]  Office  of 
Scientific  Research,  and  Office  of  Ordnance  Research 
under  N6orl-10503)  AD  83852  Unclassified 

Also  published  In  Jour.  Acoust.  Soc.  Amer. ,  v.  27: 
416-424,  May  1955. 

lteicitt  tXperii.ltl.tal  studies  ifcveated  cl  iluae  _u.0ic.LUuu 

between  spontaneous  excitation  of  organ-pipe  oscillations 
by  flames  propagating  In  tubes  and  flame  front  Insta¬ 
bility  characterized  by  cellular  structure.  On  the  basis 
of  these  observations  a  dominant  mechanism  of  vibratory 
flame  movement  Is  proposed,  consisting  of  the  following 
two  steps:  (1)  as  a  consequence  of  acceleration  Insta¬ 
bility,  the  oscillation  of  the  gas  column  alternatingly 
distorts  and  flattens  the  flame  front,  thus  creating  the 
observed  vibration-induced  cell  structure;  and  (2)  the 
distortions  of  the  flame  front  cause  In  turn  periodic 
changes  of  flame  surface  area  and  therefore  of  burning 
rate.  Spontaneous  oscillations  are  excited  if  the  phase 
relation  between  burning  rate  vibration  and  pressure 
ostlHattoti  Is  fav  .raUe,  5:.  this  paper  only  the  first 
step  Is  analyzed.  The  linearized  treatment  yields 
stability  limits  In  terms  of  dimensionless  parameters 
representing  amplitude  and  frequency  of  gas  column 
oscillation  and  wavelength  of  flame  front  distortion. 

The  properties  of  the  flame  front  entering  Into  the 
analysis  are  the  ratio  of  densities  of  unburned  and 
burned  gases,  the  burning  velocity  of  the  plane  flame 
front,  and  a  characteristic  length  that  determines  Its 
stability  In  the  absence  of  oscillations.  Results  In 
qualitative  agreement  with  experimental  observations 
are  derived.  (Contractor's  abstract) 


PRI.  11:056 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

INTERACTION  BETWEEN  PRESSURE  WAVES  AND 
FLAME  FRONTS,  by  G.  H.  Marksteln  and  D.  Schwartz. 
Feb.  1955,  6p.  lllus.  (Proj.  Squid  technical  rept.  no. 
CAL-62-M)  (Sponsored  jointly  by  Office  ot  Naval  Re¬ 
search,  Air  Force  Oftke  of  Scientific  Research,  and 
Ottlce  ot  Ordnance  Research  under  NGorL  10503) 

AD  53841  Unclassified 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

Also  published  In  Jet  Propulsion,  v.  25:  174-176,  Oct. 
1955. 

A  shock  tube  method  was  developed  for  studying  the 
effects  of  pressure-wave  disturbances  on  ftame 
propagation.  Preliminary  results  of  the  Interaction 
phenomenon  were  obtained  with  oscillographic  records 
of  the  pressure  transients  and  schlleren  high-speed 
motion  pictures.  A  pressure  record  obtained  with  air 
In  a  combustion  chamber  was  compared  with  a  pressure 
record  obtained  while  burning  a  stoichiometric  butane- 
air  mixture  In  the  chamber.  A  sequence  of  frames  are 
shown  from  a  schlleren  motion  picture  of  flame  front- 
pressure  wave  Interactions  In  a  stoichiometric  butane- 
air  mixture. 


PRf.  11:0S7 

Cornell  Aeronautical  Lab.,  fnc.  ,  Buffalo,  N.  Y. 

A  NEW  SHOCK  '  UBE  TECHNIQUE  FOR  THE  STUDY 
OF  HIGH  TEMPERATURE  GAS  PHASE  REACTIONS, 
by  H.  S.  Gtlck,  W.  Squire,  and  A.  He.Uue.g.  Api 
1955,  33p.  lncl.  lllus.  tables,  refs.  (Proj.  Squid 
technical  rept.  no.  CAL-63-P)  (Sponsored  jointly  by 
Office  of  Naval  Research,  [Air  Force]  Office  of  Scien¬ 
tific  Research,  and  Office  o'  Ordnance  Research  under 
N6orl- 10503)  AD  58832  Unclassified 

Also  published  in  Fifth  Symposium  (International)  on 
Combustion,  Pittsburgh  U. ,  Pa.  (Aug.  30-Sept.  3, 
1954),  N.  Y.,  Reinhold,  1955,  p.  393-402. 

A  large  evacuated  tank,  separated  from  the  high-pres¬ 
sure  section  by  a  second  diaphragm,  was  added  to  a 
shock  tube  for  the  study  of  high- temperature  chemical 
kiliLtiLs.  A  sampit  ol  reaitaiit  gas  ill  Hie  shook  tube 
Is  subjected  to  a  controlled  hlgh-temperature  pulse 
with  real  gas  temperatures  up  to  several  thousand 
degrees  Kelvin  and  cooling  rates  In  excess  of  103 
“K/msec.  Quantitative  data  can  be  obtained  on  the 
equilibrium  state  of  the  reacted  gas  and  the  kinetics  of 
the  approach  to  equilibrium.  The  gas  sample  In  the 
shock  is  heated  and  compressed  by  the  Incident  and 
reacted  shock  waves.  Atter  the  passage  of  the  shock 
waves  through  the  reacting  gas,  the  gas  remains  heated 
and  at  rest  until  the  rapid  cooling  by  the  tank  generated 
expansion  wave  occurs.  The  amplitude  of  the  tempera¬ 
ture  pulse  Is  determined  by  the  pressure  and  speed  ot 
the  sound  ratios  of  the  high  and  low-pressure  gases. 
The  pulse  duration  Is  controlled  by  the  length  ot  the 
shock  tube  and  by  the  time  delay  between  the  breaking 
of  the  diaphragms.  Helium  was  used  as  the  drivel  gas. 
By  using  an  auxiliary  shock  tube  and  variable  length 
ducts  to  power  diaphragm  piercing  needles,  a  satis 
tactory  method  was  devised  for  breaking  the  second 
diaphragm  atter  the  rupture  ot  the  first  diaphragm  with¬ 
in  a  delay  accuracy  ot  100  ,isec.  Preliminary  experi¬ 
ments  were  performed  on  the  reaction  1/2  N2  * 

1,-2  02?^ NO.  From  2500"  to  3000  VK,  concentrations 
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of  NO  whtch  approached  equilibrium  values  were  found. 
An  esttmate  of  the  reaction  rate  was  made  by  assuming 
a  btmolecular  mechanism  from  the  data  obtained  below 
2500"K.  A  least-square  ftt  of  the  spectflc  reaction- 
rate  constant  data  gave  an  activation  energy  of 
40  kcal/mol. 


PRI.  11:058 

Cornell  Aeronautical  Lab. ,  Inc. ,  Buffalo,  N.  Y. 

CELLULAR  SLOT  BURNER  FLAMES,  by  G.  H. 
Marksteln  and  D.  Schwartz.  June  1955,  28p.  tllus. 
refs.  (Proj.  Squid  technical  rept.  no.  CAL-64-P) 
(Sponsored  jointly  by  Office  of  Naval  Research,  [  Air 
Force  J  Offtce  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6orl- 10503)  AD  62883 

Unclasstfled 

Also  published  in  Proc.  Gas  Dynamics  Symposium, 
Northwestern  U. ,  Evanston,  ill.  (Aug.  22-24,  1955), 
1956,  p.  83-94. 

A  slot  burner  method  for  investigating  cellular  flame 
structure  was  developed.  Steady  flames  consisting  of 
a  single  row  of  cells  separated  by  straight  and  parallel 
ridges  were  obtained  on  the  burner  over  fairly  wide 
ranges  of  combustible  mixtures  composition  and  flow 
rate.  Rich  butane- air  mixtures  were  employed  in  this 
study.  Streak  camera  records  of  nonsteady  cellular 
flames  were  obtained.  Within  the  range  of  equivalence 
ratios  between  1.  25  and  1.45,  mtnimum  cell  width  re¬ 
mained  almost  constant,  with  an  Indication  of  a  shallow 
minimum  of  0.  31  cm  at  an  equivalence  ratio  of  1.  36; 
for  rtcher  mtxtures,  the  cell  width  Increased  up  to 
0,  060  cm  for  an  equivalence  ratio  of  1.  75. 


PRI.  11:059 

Cornell  Aeronautical  Lab. ,  fnc. ,  Buffalo,  N.  Y. 

IMPROVE  3  WAVE  DIAGRAM  PROCEDURE  FOR  SHOCK 
REFLECTir'N  FROM  AN  OPEN  END  OF  A  DUCT,  by 
G.  Rudlnger.  June  955,  6p.  Ulus.  (Proj.  Squid  tech¬ 
nical  rept.  no.  CAL-6F-P)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Offlc°  of  Sclenttfic  Research,  and 
Office  of  Ordnance  Researci.  under  N6orl- 10503) 

AD  64152  Unclassified 

Also  .published  ill  Jour.  Appl.  f’hys. ,  v.  27:  1339-  1341, 
Nov.  1955. 

Tile  recently  derived  Improved  boundary  conditions  for 
the  reflection  of  weak  shock  waves  from  an  open  end  of 
a  duct  can  be  well  approximated  by  a  centered  expansion 
wave  if  the  center  of  the  latter  is  located  on  the  leading 
characteristic  of  the  reflected  wave  and  at  some  distance, 
e,  outside  the  duct.  An  empirical  formula, 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

e/D  =  (0.90  +  2x531  )  (y  +  1.08)-3.  8,  was  derived, 

(Pl/Po)'1 

where  D  is  the  duct  diameter,  Pj/pq  the  shock  pres¬ 
sure  ratio,  and  Y  the  specific  heat  ratio.  This  result 
allows  application  of  the  tmproved  boundary  conditions 
without  losing  the  convenience  of  the  customarily  used 
wave-dtagram  procedure.  (Contractor's  abstract) 


PRI.  11:060 

Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

A  FLOW  INSTABILITY  FOLLOWING  SHOCK  REFLEC¬ 
TION  FROM  A  FLARED  END  OF  A  DUCT,  by  G. 
Kudtnger  and  L.  M.  Somers.  Sept.  1955,  lOp.  incl. 
illus.  (Proj.  Squid  technical  rept.  no.  CAL-67-M) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Air 
Force  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6ori-10503)  AD  70001 

Unclassified 

Also  published  in  Jet  Propulsion,  v.  25:  541-544,  Oct. 
1955. 

Studtes  tndicated  that  violent  pressure  osclllaUons  may 
occur  In  a  duct  following  the  reflection  of  a  shock  wave 
from  a  flared  end.  These  osctllations  could  be  quali¬ 
tatively  explained  by  alternate  periods  of  separation 
and  reattachment  of  the  flow  in  the  flare.  This  vtew 
is  supported  by  high-speed  schlieren  motion  pictures  of 
the  flow  just  outside  the  exit  of  the  flare.  The  pictures 
show  that  a  number  of  vortices  are  emitted  from  the 
duct  when  pressure  osctllations  appear.  The  insta¬ 
bility  occurs  only  when  the  flow  becomes  supersonic 
In  part  of  the  flare. 


PRI.  11:061 

Cornell  Aeronautical  Lab. ,  Buffalo,  N.  Y. 

REFLECTION  OF  PRESSURE  WAVES  FROM  AN  OPEN 
END  OF  A  DUCT  (Abstract),  by  G.  Rudtnger.  !  1955  1 
[lip.  [  Sponsored  jotntly  by  Office  of  Naval  Research, 
Air  Force  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  !  N6ort- 10503  j ) 

Unclassified 

Presented  at  meeting  of  the  Amer.  I’hys.  Soc. ,  New 
York,  Jan  30- Feb.  3,  i056. 

Published  in  Bull.  Amer.  Phys.  Soc.,  Sertes  II,  v.  1: 
15,  Jan.  30,  1956. 

When  pressure  waves  in  a  duct  reach  an  open  end,  a 
three-dimensional  wave  pattern  Is  established  In  the 
vicinity  of  the  exit.  These  waves  tend  to  adjust  the 
exit  pressure  to  the  level  It  would  have  If  the  flow 
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remained  steady  bm  turther  arriving  waves  continually 
modify  the  adjustment  process.  The  Instantaneous  exit 
boundary  condltons  which  determine  the  reflected  waves 
depend  therefore  on  the  history  of  the  flow.  In  the 
analysis  of  a  nonsteady -flow  problem  by  means  of  a  wave 
diagram,  tills  difficulty  la  customarily  circumvented  by 
the  assumption  that  the  exit  pressure  adjusts  Instan¬ 
taneously  to  Its  steady-flow  level.  In  the  present  ln- 
Vcstlgatiuu,  the  rtipuiiSf  ul  the  exit  pieSSuf  _  to  an 
arbitrary  Incident  wave  was  derived  from  the  response 
to  an  Incident  shock  wave  by  means  of  a  Duhamel  Inte¬ 
gral.  A  general  wave  diagram  procedure  Is  des-crlbed 
which  corrects  the  boundary  conditions  at  any  instant 
for  the  effects  of  the  flow  history.  The  correction  is 
found  to  be  small  but  may  occasionally  be  significant. 
(CoritfSMor's  abstract) 
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Cornell  Aeronautical  Lab. ,  Inc.,  Buffalo,  N.  Y. 

BOUNDARY  CONDITIONS  IN  NONSTEADY  FLOW,  by 
G.  Rudtnger.  Aug.  1956  L  14  J  p.  tncl.  illus.  refs. 

(Proj.  Squid  technical  rept.  no.  CAL-69-P)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Air  Force  Office 
<J  Sd-enUBe  Research,  and  Office  of  Urdt  a**1  n  arid 
under  N6orl-10503)  AD  104981  Unclassified 

Also  published  In  Proc.  Ninth  International  Congress  of 
Yppl.  Mech. ,  Dnieeele  (Belgium)  (Sept,  i  II,  H»W), 
v.  3:  152-164,  1957. 

Boundary  condlUons  are  surveyed  which  are  encountered 
In  a  wave-diagram  analysts  of  problems  that  Involve 
quasi-one  dimensional  nonsteady  flow  in  a  duct.  Bound - 
ui y  Cuiktitluns  tor  open  ends  ufe  presented  which  were 
derived  by  means  of  the  acoustic  theory  discussed  by 
Uudinger  (Jour.  Appl.  Phys. ,  v.  26:  981,  1955)  to 
accounl  for  the  effect  of  the  flow  history.  The  actual 
flow  conditions  In  the  reflected  wave  lag  behind  those 
which  are  computed  on  the  basis  of  the  steady- flow 
houndary  conditions.  This  lag  is  of  the  order  of  3D,a0 

after  the  reflection  of  a  shock  wave,  where  D  represents 
the  duct  diameter  and  is  the  speed  of  sound  of  the 
Initially  quiet  gas. 
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Cornell  Aeronautical  1. ah. .  Inc,,  Buffalo,  N.  Y. 

A  SHOCK  TUBE  STUDY  OF  FLAMES  FRONT- PRESSURE 
WAVE  INTERACTION,  by  G.  H.  Marksteln.  Aug.  1956, 
lv.  lncl.  Illus.  :“fs.  (Proj.  Squid  technical  rept.  no. 
CAL-68  P)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Air  Force  Oiflce  of  Scientific  Research,  and 
Office  of  Ordnance  Research  under  Nborl- 10503) 

AD  104497  Unclassified 

Also  published  lu  Sixth  Symposium  (International)  on 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

Combustion,  Yale  U. ,  New  Haven,  Conn.  (Aug.  19-24, 
1956),  N.  Y. ,  Reinhold,  1957,  p.  387-398. 

The  Interaction  of  Initially  laminar  stoichiometric 
butane-air  flames  with  shock  waves  of  several  pressure 

l  atiua  was  investigated.  Sehlie.en  ojllll  jihottgf  IjltfS 

and  streak  records  showed  that  reflection  and  trans¬ 
mission  of  the  incident  shock  wave  from  the  side  of  the 
U'Avtmied  gas  Initially  oeewred  Wu-rdlug  to  theoretical 
expectation.  Pressure  transients  near  the  bottom  and 
top  of  the  combustion  chamber,  and  of  flame  radiation, 
were  recorded.  The  radiation  transients  showed 
gradual  Increases  during  and  alter  wave  Interaction 
and  yielded  maxima  which  depended  on  the  shock-pres¬ 
sure  ratio.  The  absence  of  abrupt  changes  of  radiation 
dur:  vg  passage  of  the  stmek  waves  through  the  flame 
Indicated  that  the  radiation  may  be  regarded  as  a  rough 
measure  of  Instantaneous  burning  rate. 


PRI.  11:064 

Cornell  Aeronautical  Lab.,  Inc.,  BuIIalo,  N.  Y. 

Fl.'1W  DISTURBANCES  INDUCED  NEAR  A  SLIGHTLY 
WAV  {  CONTACT  SURFACE,  OR  FLAME  FRONT, 
TRAVERSED  BY  A  SHOOK  WAVE,  hy  O  H  Markste'i 
Oct.  1956,  4p.  (Proj.  Squid  technical  rept.  no.  CAL- 
70- P)  ([  Sponsored  jointly  by  Oiflce  of  Naval  Research, 
Air  Force  Olfice  of  Scientific  Research,  and  Office  of 
Urdna  ire  Resnurh!  wv’er  N(urt-lu503)  AD  luu7t5 

Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  24: 
238-239,  Mar.  1957. 

Tie?  el.  Ms  A  sl.edt  waves  on  ftamt  strutter  are 
analyzed  In  an  attempt  to  determine  the  modifications 
required  In  the  Instability  concept  of  Taytor  (Proc. 

Roy.  Soc.  London  A,  v.  201:192,  1950).  The  analysis 
Is  simplified  by  computing  the  ellect  of  a  constant 
acceleration  of  a  very  short  duration  \  and  ol  such 
magnitude  that  the  equation  ”i  U  Is  satisfied.  This 
simplification  Is  equivalent  ...  neglecting  compressi¬ 
bility  effects  or  regarding  the  speed  ol  sound  as  lnllnlte. 
The  analysis  shows  that  lor  a  sullldently  large  Initial 
distortion,  the  disturbance  velocities  may  be  ol  the 
same  order  ol  magnitude  as  the  velocity  U. 


PRI.  11:005 

Dartmouth  Coll.  Thayer  School  ol  Engineering,  Hanover, 
N.  11. 

FlAiME  STABILITY  OF  LIQUID- VAPOR  OXYGEN  MIX¬ 
TURES,  hy  J.  A.  Browning  and  M.  L.  Thorpe.  Feb. 

11,  1952,  45p.  lncl.  dlagrs.  tables,  rels.  (Proj. 

Squid  technical  memo.  no.  DART-1  M  )  (Sponsored 
jointly  by  Olllce  ol  Naval  Research  and  Air  Force 
Olllce  o!  Scientific  Research  under  Nonr-43801  and 
N6orl-  10503  .  )  U24 106;  ATI- 167375  Lndassllled 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

The  flame  stability  curves  for  a  variety  of  liquid  fuels 
burned  In  oxygen  have  been  determined  under  varying 
conditions  of  stream  temperature,  flame  tube  diameter, 
and  flame  tube  length-to-dlameter  ratio.  Insufficient 
heat  has  been  added  to  vaporize  the  fuel  completely; 
thus,  both  the  liquid  and  vapor  states  of  the  fuel  are 
present  In  the  mixtures.  Results  show  a  marked 
similarity  between  these  flames  and  their  gaseous  fuel 
counterparts,  except  at  low  stream  temperatures  and 
high  fuel  concentrations,  when  a  large  portion  of  the 
fuel  remains  In  the  liquid  phase.  Benzene- oxygen  flames 
appear  to  have  favorable  non-oxldlzlng  qualities  In¬ 
herent  In  acetylene  flames,  and  have  the  ability  to  pro¬ 
duce  strong  fusion  welds  In  steel.  (Contractor's  ab¬ 
stract) 


PRI.  11:066 

Dartmouth  Coll.  Thayer  School  of  Engineering,  Hanover, 
N.  H. 

BASIC  FLAME  STUDIES  AND  THEIR  RELATIONSHIP 
TO  WELDING  EQUIPMENT,  by  J.  A.  Browning  and 
M.  L.  Thorpe.  Oct.  1952,  4p.  lncl.  lllus.  (Proj. 
Squid  technical  memo.  no.  DART-3- [P])  (Sponsored 
jointly  by  [Office  of  Naval  Research  and  Air  Force 
Office  of  Scientific  Research]  under  N6orl-10503  and 
[  Nonr-43801  ] )  Unclassified 

Also  published  lit  Welding  Jour.  Res. ,  Suppl. ,  Oct. 


From  an  analysis  oi  the  known  principles  of  flame 
stabilization  remedies  are  suggested  that  might  elimi¬ 
nate  continued  burning  of  a  fuel- air  mixture  after 
flashback  has  taken  place  In  a  welding  torch.  The  use 
of  benzene  for  welding  and  a  test  apparatus  designed 
for  a  study  of  the  simplest  elements  of  a  welding  flame 
are  briefly  described.  (Contractor's  abstract) 


PRI.  11:067 

Dartmouth  Coll.  Thayer  School  of  Engineering,  Hanover, 

N.  H. 

FLAME  STABILITY  OF  LIQUID- VAPOR  AIR  MIXTURES, 
by  J.  A.  Browning  and  M.  L.  Thorpe.  Oct.  2,  1952, 

15p.  lllus.  (Proj.  Squid  technical  memo.  no.  DART- 
2- 1  M  J )  (Sponsored  jointly  by  Office  of  Naval  Research 
and  ,  Air  Force  Office  of  Scientific  Research  under 
N6orl- 10503)  AD  5517  Unclassified 

The  flame  stability  diagrams  for  mixtures  with  air  of 
normal  heptane,  Iso-octane,  and  benzene  burned  in  the 
open  atmosphere  above  Bunsen  tubes  have  been  deter¬ 
mined  under  varying  conditions  of  stream  temperature 
and  tube  diameter.  Results  are  nearly  Identical  to  those 
obtained  for  gaseous  fuels  except  at  low  temperatures 
and  high  tuel  concentrations  when  a  portion  of  the  fuel 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

remains  In  the  liquid  phase.  The  use  of  a  short  outer 
tube  enclosing  the  base  of  an  air-fuel  flame  serves  as 
an  efficient  stabilizing  device.  Flow  velocities  through 
the  Bunsen  tube  can  be  increased  to  very  high  values 
without  danger  of  overheating  the  stabilization  device. 
(Contractor's  abstract) 


PRI.  11:068 

Dartmouth  Coll.  Thayer  School  of  Engineering,  Hanover, 
N.  H. 

LATERAL  BLOWOFF  OF  A  BUNSEN  FLAME,  by  M. 

L.  Thorpe  and  J.  A.  Browning.  Apr.  26,  1954,  3p. 
lncl.  lllus.  [Proj.  Squid  technical  rept.  no.  DART- 
5-Pj  (Sponsored  jointly  by  [  Office  of  Naval  Research 
and  Air  Force  Office  of  Scientific  Research!  under 
N6ori- 10503)  AD  62825  Unclassified 

Also  published  In  Indus.  Engineering  Chem. ,  v.  46: 
2203-2205,  Oct.  1954. 

Blowoff  limits  for  Bunsen  flames  burning  within  a 
secondary  stream  of  atmospheric  air  have  been  studied. 
Results  obtained  between  cc-bun  limits  of  fuel-air 
ratio  and  secondary  stream  velocity  show  that  high 
Bunsen  tube  stream  velocities  can  maintain  a  stable 
flame.  The  presence  of  the  Bunsen  tube  creates  eddies 
within  the  secondary  stream.  Thus,  this  tube  acts  as 
a  flame  holder.  (Contractor's  abstract) 


PRI.  11:069 

Dartmouth  Coll.  [  Thayer  School  of  Engineering] 

Hanover,  N.  H. 

EFFECT  OF  FUEL  DP.OPLETS  ON  FLAME  STA¬ 
BILITY,  FLAME  VELOCITY,  AND  INFLAMMABILITY 
LIMITS,  by  J.  A.  Browning  and  W.  G.  Krall.  Sept. 
1954,  9p.  lncl.  lllus.  refs.  (Proj.  Squid  technical 
rept.  no.  DART-4-P)  (Sponsored  jointly  by  Office  of 
Naval  Research,  [  Air  Forcej  Office  of  Scientific 
Research,  and  Office  of  Ordnance  Research  under 
N6ori- 10503)  AD  53842  Unclassified 

Also  published  in  Fifth  Symposium  (International)  on 
Combustion,  Pittsburgh  U. ,  Pa.  (Aug.  30-Sept.  3, 
1954),  N.  Y.,  Reinhold,  1955,  p.  159-  163. 

The  flame  velocities,  Inflammability  limits,  and  sta 
lvlllty  limits  of  mtxlures  of  kerosene  mist  In  air  have 
hoen  measured.  The  mist  Is  composed  of  droplets  of 
sub- micron  diameter  formed  by  the  rapid  condensation 
of  the  fuel  vapor  In  cold  air.  The  maximum  laminar 
flame  velocity  and  the  lean  limit  of  inflammability  for 
the  mlsl  are  equivalent  to  values  obialned  for  a  gaseous 
fuel  counterpart.  However,  the  rich  limit  Is  consider 
ably  higher  than  for  the  vapor,  and  the  stability  limits 
are  wider.  (Contractor’s  abstract) 
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PRI.  11:070 

Dartmouth  Coll.  Thayer  School  of  Engineering,  Hanover, 
N.  H. 

THE  EFFECT  OF  PARTICLE  SIZE  ON  THE  COM¬ 
BUSTION  CF  UNIFORM  SUSPENSIONS,  by  J.  A. 
Browning,  T.  L.  Tyler,  and  W.  G.  Krall.  Sepl. 

1955,  16p.  refs.  (Proj.  Squid  technical  rept.  no. 
DART-6-P)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Air  Force  Office  of  Scientific  Research,  and 
Office  of  Ordnance  Research  under  N6orl-10503) 

AD  70871  Unclassified 

Also  published  In  Indus.  Engineering  Chem. ,  v.  49: 
142-147,  Jan.  1957. 

The  lean  limit  of  Inflammability  and  the  maximum 
pressure  rise  of  nearly  monodlsperse  clouds  of  Armo- 
wax  particles  In  air  have  been  determined.  The  maxi¬ 
mum  pressure  reached  during  the  constant  volume  com¬ 
bustion  of  suspensions  composed  of  particles  ranging 
from  10m  to  90m  Is  Inversely  proportional  to  particle 
size.  A.maxlmum  air  fuel  ratio  of  58:1  for  the  lean 
limit  of  lnfammabltity  If  obtained  for  suspensions  of 
60m  particles.  Larger  and  smaller  particles  have 
lean  limits  of  lower  air-fuel  ratio  with  values  of  25:1 
for  both  10m  and  90m  sizes.  No  rich  Unit  Is  evident 
within  the  range  of  mixture  strengths  tested.  (Con¬ 
tractor's  abstract) 


PRI.  11:071 

Delaware  U. ,  Newark. 

THE  DETERMINATION  OF  THE  TEMPERATURE  OF 
NON-LUMINOUS  FLAMES  BY  RADIATION  IN  THE 
NEAR  INFRARED,  by  L.  Bernath,  H.  N.  Powell  and 
others.  [  1950 J  14p.  tables.  ([  Proj. Squid  technical 
rept.  no.  DEL-l-Pj ;  technical  rept.  no.  32)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research  and  [  Air 
Force  Office  of  Scientific  Research]  under  N8onr-74001 
and  l  N6orl- 10503  i)  U16749;  ATI- 148970 

Unclassified 

Also  published  In  Proc.  Conference  of  the  Insl.  Mech. 
Engineers  and  the  Ainer.  Soc.  Mech.  Engineers,  London 
(England),  Sepl.  11-13,  1951. 

Abstract  published  In  Appl.  Mech.  Itev. ,  v.  5:  138-139, 
Mar.  1952. 

A  2-wavelenglh  method  Is  described  In  which  the  tem¬ 
perature  Is  obtained  from  the  ratio  of  2  peak  Intensities 
c*  the  near  Infrared  HjO  band  system  after  the  ratio  of 
their  emlsslvltles  has  been  established  as  a  fund, on  of 
temperature.  The  method  appears  applicable  to  any 
combustion  process  where  HjO  vapor  is  produced.  The 
absolute  accuracy  of  the  temperatures  obtained  was 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

approximately  ±  20°C.  A  comparison  of  experimental 
and  calculated  temperatures  Indicated  that  the  former 
did  not  exceed  the  adiabatic  flame  temperature;  flame- 
point  temperature  of  3. 33%  butane  was  86°  below  the 
adiabatic.  The  temperature  of  the  burning  zones  of 
several  lean  and  rich  butane-air  flames  was  measured 
as  a  function  of  distance  from  the  zone.  There  was 
strong  evidence  of  the  thermal  nature  of  Infrared 
radiation;  this  was  the  case  up  to  0. 2  mm  from  the 
burning  zone  where  chemllumlnlscent  radiation  was 
emitted  In  the  visible  and  ultraviolet  part  of  the 
spectrum. 


PRI.  11:072 

Delaware  U. ,  Newark. 

THE  BURNING  VELOCITY  OF  TURBULENT  FLAMES, 
by  K.  Wohl,  L.  Shore  and  others.  [1952]  [  16  J  p. 
incl.  lllus.  tables,  refs.  ([Proj.  Squid  technical  repl. 
no.  DEL- 2-P ];  technical  rept.  no.  50)  (Sponsored 
jointly  by  Office  of  Naval  Research  and  [  Air  Force 
Office  of  Scientific  Research]  under  N8onr-74001  and 
[  N6ori-10503] )  AD  22775  Unclassified 

Also  published  In  Fourth  Symposium  (International)  on 
Combustion,  Mass.  Inst,  of  Tech. ,  Cambridge  (Sept. 
1-5,  1952),  Baltimore,  Williams  &  Wilkins,  1953, 
p.  620-635. 

Suggestions  are  made  concerning  the  theory  of  turbulent 
flames  by  modification  of  lhe  standard  equations  of 
turbulent  burning  velocity.  The  effect  of  approach 
stream  turbulence  Involves  amplification  mechanisms, 
one  of  which  may  be  called  Induction  of  flame  created 
turbulence.  Another  effect  Is  the  tendency  of  the 
laminar  flame  from  to  become  unstable  with  Increasing 
fuel  concenlratlon  for  higher  hydrocarbons.  Experl 
ments  with  flames  burning  from  flameholders  In  ducts 
show  that  turbulent  burning  of  tills  type  of  flame  re¬ 
quires  a  high  stream  velocity,  but  not  necessarily  any 
approach  stream  turbulence. 


PRI.  11:073 

Delaware  U. ,  Newark. 

QUENCHING,  FLASH  BACK,  BLO'V-OFF-THEGRY 
AND  EXPERIMENT,  by  K.  Wohl.  1953  ]  [  22  J  p. 
Incl.  IIIub.  lablec  refs.  ([Proj.  i»iuld  technical 
rept.  DEL-3- P  i ;  technical  rept.  no.  51)  (Sponsored 
jolnily  by  [  Office  of  Naval  Research  ind  Air  Force 
Office  of  Scientific  Research)  under  .i8onr- 74001  aid 
NOorl- 10503)  AD  22376  Unclassified 

Also  published  In  Fourth  Symposium  (I.iternallonal)  on 
Combustion,  Mass.  Insl.  of  Tech. ,  Cambridge  (Sept. 
1-5,  1952),  Baltimore,  Williams  *  Will  ins,  1953, 
p.  68-89. 
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Prt.iceton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

In  a  survey  of  theoretical  and  experimental  data  re¬ 
garding  the  phenomena  of  quenching,  flashback,  and 
blowoff,  existing  theory  and  experiments  are  reviewed. 
A  dtscusston  of  the  relationship  between  quenchtng 
distance  and  dead  space  is  presented.  The  limitations 
of  the  velocity  gradient  at  the  tube  wall  as  the  suitable 
parameter  whtch  Is  to  be  Interpreted  by  theory  ts  dis¬ 
cussed  wtth  respect  io  the  explanation  of  flashback  and 
blowoff  phenomena.  (Contractor's  abstract) 


PRI.  11:074 

Delaware  U. ,  Newark. 

USE  OF  SPECTROSCOPY  IN  ELUCIDATING  REACTION 
MECHANISMS,  by  A.  G.  Gaydon.  [Dec.  1953 J  [l2]p. 
tncl.  refs.  (Proj.  Squid)  [  Sponsored  jointly  by  Offtce 
of  Naval  Research,  Air  Force  Office  of  Sclentiftc  Re¬ 
search,  and  Offtce  of  Ordnance  Research  under  N6ort- 
10503  J  Unclassified 

Presented  at  NATO-AGARD  Combustion  Colloquium, 
Cambridge  U.  (England),  Dec.  7-11,  1953. 

Published  In  Selected  Combustion  Problems,  Cambrtdge 
U.  (England)  (Det.  7  11,  19t3),  London,  BuHerv-Tths 
Scientific  Publications,  1954,  p.  132-143. 

The  need  for  quantitative  rather  than  qualitative  spectro¬ 
scopic  work  is  stressed,  and  the  difficulties  In  making 
experimental  observations  rnd  In  Interpreting  the  re¬ 
sults  are  discussed  In  relation  to  emission  and  absorp¬ 
tion  spectra.  Recent  experimental  developments  —  low 
pressure  flameB,  atomic  flames,  use  of  deuterium  as 
tracer,  flash  photolysis  and  absorption  spectroscopy  of 
flat  diffusion  flames  —  are  discussed.  The  Information 
io  be  dertved  from  electronic,  vibrational  and  trans¬ 
lational  tntenslty  anomalies  and  also  from  predlssocla- 
tlons  and  continuous  spectra  are  examtned.  The 
mechanism  of  formation  of  C2,  CH,  OH,  and  HCO 
radtcals  tn  organic  flames  ts  reviewed.  Spectroscopic 
evidence  on  the  nature  and  meaning  of  activatton  energy 
tn  relation  to  flame  propagation  ts  dtscussed.  It  Is 
suggested  thal  observations  of  flame  spectra  could  be 
Interpreted  as  due  lo  breakdown  of  lhe  hydrocarbons 
elc.  rather  than  to  the  formation  of  partial  oxidation 
products.  (Contractor's  summary) 


PRI.  11:075 

Delaware  U. ,  Newark. 

BURNING  VELOCITY  OF  UNCONFINED  TURBULENT 
FLAMES,  by  K.  Wohl  and  L.  Shore.  [Mar.  5,  1954  i 
[  1 1  j  p.  lncl.  lllus.  tables,  refs.  I  Proj.  Squid  technical 
rept  no.  DEL- 5- Pi  (Sponsored  jointly  by  Office  of 
Naval  Research,  Air  Force  Office  of  Sclenltftc  Research, 
and  Office  of  Ordnance  Research  under  N6orl- 10503) 

AD  68123  Unclassified 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

Also  published  In  Indus.  Engineering  Che m. ,  v.  47: 
825-834,  Apr.  1955. 

Theories  of  turbulent  burning  veloctty  are  reviewed. 

The  theory  of  Scurlock  and  Grover  Is  discussed  and  tt 
Is  shown  that  the  scale  of  turbulence  affects  the  turbu¬ 
lent  burning  velocity  only  as  long  as  the  steady  slate 
ts  not  reached.  An  approximate  verston  of  the  ftnal 
differential  equation  for  the  turbulent  burning  velocity 
Is  given,  which  can  be  Integrated  tn  closed  form.  The 
equations  following  from  this  theory  are  compared  with 
the  equation  given  by  Karlovitz,  Denniston,  and  Wells 
and  a  modified  version  of  tt.  The  average  turbulent 
burning  velocity  of  butane-air  and  methane-air  flames 
burning  from  tubes  In  air  at  ordinary  pressure  was 
measured  from  the  area  of  maximum  luminostty,  which 
ts  shown  by  chemical  analysis  to  colnctde  with  the  one 
at  which  the  oxygen  concentration  of  tie  combustible 
mixture  has  dropped  to  50%.  Intensity  of  approach 
stream  turbulence  has  been  varted  Independently  of 
velocity  with  the  help  of  screens.  The  result  for 
methane  flames  roughly  agree  with  the  predictions  of 
Karlovtlz,  Denniston,  and  Wells  for  "passive"  flame 
fronts.  The  burning  velocity  of  rich  butane  flames  ts 
much  larger  than  predtcted;  that  of  lean  butane  flames 
ts  much  smaller.  These  effects  are  explained  on  the 
basis  \A  the  dMferer.tt  between  the  dHtustvltiea  ol 
butane  and  oxygen.  With  Increasing  tube  diameter 
average  turbulent  burning  velocity  Increases  strongly 
because  the  flame  front  distortions  traveling  down  the 
flame  front  have  an  Increasing  opportunity  to  grow. 

The  peculiar  shape  of  experimental  curves  confirms 
qualitatively  Scurlock  and  Grover's  theory  of  turbulence- 
generating  flames.  The  measured  average  turbulent 
burning  velocity  and  the  average  base  diameter  of  flame 
front  distortions  are  not  affected  by  the  scale  of 
approach  turbulence  within  the  experimental  range. 
(Contractor's  abstract) 
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Delaware  U. ,  Newark. 

SPECTROPHOTOMETRIC  TRAVERSES  THROUGH 
FLAMES  FRONTS,  by  K.  Wohl  and  F.  Welty.  Sept. 
1954,  18p.  lllus.  (Project  Squid  technical  rept.  no. 
DEL-l-P)  (Sponsored  jotnlly  by  Office  of  Naval  Re¬ 
search,  [  Air  Force]  Ofitce  of  Sctentlftc  Research, 
and  Office  of  Ordnance  Research  under  N6ori- 10503) 
AD  53843  Unclasstfted 

Also  fibllshed  In  Ftfth  Sympostum  ^International)  on 
Combus.'on,  PUlsburgh  U. ,  Pa.  (Aug.  30-Sepi.  3, 
1354),  N.  Y  ,  Retnhold,  1955,  p.  746-753. 

A  spectrophotomeirtc  study  was  made  of  lhe  structure 
of  lhe  burning  and  post- combustion  zones  of  butane-air 
flames  at  1  atm.  A  flat  flame  front  was  created  which 
was  viewed  edgewise  by  the  spec'roscope,  and  the  Itght 
emission  of  a  gas  element  was  followed  along  its  path. 
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Princeton  U.  Janies  porrestal  Research  Center,  N.  J. 
(Project  SQUID) 

Measurements  tn  the  near  IR  ytetded  the  temperature 
proftle,  and  measurements  tn  the  vtstble  and  UV  gave 
Information  on  the  rise  and  decay  of  the  radtatlon  of 
flame  radicals. 


PRI.  11:077 

Delaware  U. ,  Newark. 

ON  THE  STRUCTURE  OF  TURBULENT  FLAMES,  by 
K.  Woht,  H.  von  Rosenberg  and  others.  June  1956, 
lap.  lllus,  tables,  refs.  (prtj.  Squid  technical  r.pl. 
no.  DEL-6-P)  (Sponsored  jointly  by  Office  of  Naval 
Research,  Air  Force  Office  of  Scientific  Research,  and 
Ufftci  of  urfi^  iCi  fteu»earch  under  N*urt-lli5u3) 

AD  95376  Unclassified 

Also  published  In  Stxth  Sympostum  (International)  on 
Con  Uistlui ,  Vale  l|. ,  New  Haven,  Conn.  (Aug  11-24, 
1956),  N.  Y.,  Reinhold,  1957,  p.  333-340. 

A  comparative  study  was  made  between  the  progress  of 
the  chemical  combustion  process  In  several  turbulent 
flames  and  the  local  luminosity  of  the  flames  as  ob¬ 
tained  by  a  densltometrlc  evaluation  of  direct  photo¬ 
graphs.  Studies  of  enclosed  flames  at  atmospheric 
pressure  Involved  the  burning  of  various  homogeneous 
propane-air  mixtures  in  a  horizontal  duct.  Analysis 
showed  that,  generally,  slight  combustion  occurs  In  the 
actltlCiei.  front,  must  ol  the  gwo  ultaks  tht  uugh  the 
front  unburned  or  Incompletely  burned.  The  quenchtng 
of  the  combustion  reactton  by  cooling  In  the  sampltng 
probe  was  independent  of  sampltng  velocity.  The  re¬ 
lationship  between  lumtnostty  and  progress  of  combus¬ 
tion  was  tested  with  npfcti  butane-air  buritlTlg  fTuu.  a 
cooled  tube  through  which  N  was  flowing  at  1  In. /sec. 

The  points  of  maximum  luminosity  In  the  flame  axis 
were  5.  3  mm  below  the  points  of  50%  O  consumption; 
the  points  at  inMlnauu  UttninoiMy  tn  2  (lame  cruse 
secltons  at  lower  heights  were  0.  6  mm  closer  lo  the 
axis  than  the  points  of  50%  O  consumption.  Results 
favored  a  model  of  flame  front  burning  rather  than  a 
continuously  dlstrtbuled  reaction.  An  experiment  was 
conducted  wtlh  bulane-alr  flames  burning  at  0.  2  atm  In 
a  vertical  cooled  lube  from  a  central  slolchtometrtc 
H-O  pilot  flame.  Data  were  used  lo  make  a  comparison 
between  the  points  of  maximum  lumlnostly  and  50% 
consumption  of  readable  O  In  a  horizontal  cross 
section,  and  between  lhe  outer  points  of  20%  of  maximum 
lumlnostly  and  those  of  10%  O  consumption  In  a  horlzon- 
lal  cross  section.  Results  are  presented  for  a  stoichio¬ 
metric  flame  al  average  cold  stream  velocities  of  32 
and  08  fps  and  turbulence  levels  of  0.  6  and  7%. 


1’ltl.  11:078 

Experiment,  Inc.,  Richmond,  Va. 

EFFECT  OF  INlTtAl.  TEMPERATURE  ON  MINIMUM 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

SPARK  IGNITION  ENERGY,  by  I.  R.  Ktng  and  H.  F. 
Calcote.  May  1955  [6Jp.  tncl.  tllus.  table.  (Proj. 
Squid  technical  rept.  no.  EXP-2-M)  (Sponsored  jotntly 
by  Office  of  Naval  Research,  [Atr  Force]  Office  of 
Sctentiftc  Research,  and  Offtce  of  Ordnance  Research 
under. N6orl-10503)  AD  62244  Unctasslfted 

Also  published  In  Jour.  Chem.  Phys. ,  v.  23:2444- 
2445,  Dec.  1955. 

Data  are  presenled  concerning  the  effect  of  the  Initial 
fuel -atr  temperature  on  lgnitton  energy  between  -50° 
and  25  j  C  lur  several  hydrocarbons,  problem.  uXlde, 
hydrogen,  and  carbon  disulfide.  Provision  was  made 
for  controlling  the  temperature  of  the  ignition  bomb  by 
circulating  either  cooling  or  he  ding  I  leak's  ttx.rr,  a 
constant- temperature  bath  through  cotls  embedded  tn 
the  bomb  watls.  The  graph  of  the  mtnimum  spark- 
ignition  energy  vs  equivalence  ratio  shows  that  the 
equivalence  ratio  at  which  the  minimum  In  the  Ignition - 
energy  curve  occurs  moves  toward  leaner  mixture  and 
extends  over  a  broader  range  of  equivalence  ratios  as 
the  Initial  temperature  Is  Increased.  An  equivalent 
shift  In  the  maximum  burning-velocity  curve  with 
increasing  Initial  temperature  was  also  observed.  The 
minimum  spark- Ignition  energy  for  stoichiometric 
mixtures  with  air  of  a  number  of  fuels  Is  summarized 
at  0",  25“,  and  100“ C.  The  logarithm  of  Lhe  Ignition 
energy  was  Inversely  proportional  to  the  temperature 
except  In  the  range  -30“  to  -50“C  where  for  some 
luels  a  rapid  luiieaBt-  in  eneigj  was  uhsei  ved  with  a 
reduction  In  tnitial  temperature. 
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Experiment,  Inc.,  Richmond,  Va. 

STUDIES  OF  IONIZATION  IN  FLAMES  BY  MEANS  OF 
LANGMUIR  PROBES,  by  H.  F.  CatcoR  and  1.  ft.  King. 
May  1955  [  37  j  p.  tncl.  tllus.  refs.  (Proj.  Squtd  lech- 
ntcal  rept.  no.  EXP-l-P)  (Sponsored  jotnlly  by  Offtce 
of  Naval  Research,  [AirForcej  Office  of  Sclenttflc 
Research,  and  Office  of  Ordnance  Research  under 
NOorl- 10503)  AD  62243  Unctasstfled 

Also  published  In  Ftfth  Sympostum  (International)  on 
Combustton,  Pittsburgh  U. ,  Pa.  (Aug.  30-Sept.  3, 
1934),  N.  Y.,  Relnhotd,  1955,  p.  423-434. 

The  use  of  the  Langmuir  probe  In  studying  Ionization 
tn  flames  Is  described  with  typtcat  results  and  an 
Interpretation  ol  some  of  the  experimental  evidence  to 
prove  lhal  Ionization  In  the  combustion  zone  Is  not  due 
to  contaminants.  The  arguments  lor  lhls  conclusion 
are;  (1)  flames  of  some  fuels  do  nol  contain  Ions. 

Were  contaminants  responsible,  a'.l  (lames  would  be 
expected  lo  have  Ions  present;  (2)  flames  at  low  tem¬ 
peratures  have  high  Ion  concentrations  such  tha.  It 
would  require  one  mote-percent  sodium  impurity  In  the 
Input  gas  lo  account  lor  the  observed  concentration. 
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(3)  tonlzatton  ts  concentrated  tn  a  very  thin  region  com¬ 
parable  tn  the  lhtckness  to  the  reaction  zone;  and  (4) 
results  at  different  pressures  cannot  be  correlated  by 
assumtng  thermal  ionization  of  contamtnants.  (Con¬ 
tractor's  abstract) 


PRI.  11:080 

Experiment,  Inc.,  Rtchmond,  Va. 

EFFECT  OF  PROBE  SIZE  ON  ION  CONCENTRATION 
MEASUREMENTS  IN  FLAMES,  by  I.  R.  King  and  H. 

F.  Calcote.  June  1955  [  5  J  p.  tncl.  tables.  (Proj. 

Squtd  technical  rept.  no.  EXP-3-M)  (Sponsored  jotntly 
by  Office  of  Naval  Research,  [Air  Force]  Office  of 
Scientific  Research,  and  Office  of  Ordnance  Research 
under  N6orl- 10503)  AD  64153  Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  23:2203- 
2204,  Nov.  1955. 

II  has  been  potnted  out  that  when  known  concentrations 
of  salts  were  Introduced  into  a  flame,  the  measured  Ion 
concentration  was  lower  than  lhe  theoretical  value  by  a 
factor  of  200  to  400(H.  F.  Calcote  and  I.  R.  Ktng,  Ftfth 
Svmposium  (International)  on  Combustion,  Pittsburgh  U., 
Pa.  (Aug.  30-Sepl.  3,  1954),  1955,  p.  423-434). 

Thts  lack  of  agreement  was  attributed  to  the  cooling 
effect  of  the  probe.  A  more  detailed  study  of  posittve- 
ion  concentration,  N+ ,  has  tndlcated,  however,  that  the 

size  of  the  measuring  probe  greatly  Influences  ton- 
concentratton  values,  the  larger  the  probe,  the  lower  the 
measured  vatues  of  Ion  concentration.  As  a  result,  a 
correction,  Nt  (corrected)  -  ( r/l)H+  (experimental), 

where  r  radtus  of  the  probe  and  l  mean  fltghl  path, 
has  been  Introduced.  The  results  of  calculations  seem 
lo  show  that  the  discrepancy  tn  ton-concentralton  values 
Is  caused  by  probe  stze  and  not  hy  gas  cooling,  and  lhat 
the  correclton  r/l  Is  reasonable. 


PHI.  11:081 

Johns  Hopkins  U. ,  Baltimore,  Md. 

INFLUENCE  OF  RESOLVING  POWER  ON  MEASURE 
MENT  OF  CORHEl-ATlONb  AND  SPECTRA  OF  RANDOM 
FIELDS,  by  M.  S.  Uberol  and  I  .  S.  G.  Kovasznay. 

.Jan.  1951.  34p.  tncl.  Ulus,  tables.  I  Proj.  Squid 
technical  rept.  no.  JHU-l-lt.;  technical  repl.  no.  30) 
(Sponsored  jointly  hy  Office  of  Naval  Research  and  Air 
F'orce  Office  of  Sctenltftc  Research  under  N6onr- 24320 
and  NOorl  10503  )  ATI  130370  Unclasstfled 

Functional  relations  are  derived  between  lhe  Irue  cor 
relations  ami  spectra  ot  a  random  Held  and  those  meas 
ured  with  a  probe  of  finite  resolving  power.  The  case 
ol  a  probe  having  zero  resolving  power  In  one  direction 
(e  g.,  infinitely  long  hot  wt.ei  Is  examined;  and  it  Is 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

shown  that,  In  the  case  of  homogeneous  random  fields, 
the  lrue  correlations  and  spectra  can  be  recovered 
from  the  corresponding  measured  quantiUes.  These 
relations  are  applied  to  turbulence  measurements  by 
hoi  wire  anemometers  and  opUcal  methods.  Explicit 
calculations  ot  hot  wire  length  effect  are  made  for  some 
simple  veloctty  and  temperature  spectra. 


PRI.  11:082 

Johns  Hopkins  U. ,  Baltimore,  Md. 

LAURENT  SCHWARTZ’S  THEORY  OF  "DISTRIBU¬ 
TIONS"  AND  SOME  OF  ITS  APPLICATIONS  (FOURIER 
TRANSFORMATION),  summarized  by  G.  B.  Mel&se. 
Sept.  1951,  106p.  refs.  ([Proj.  Squid  technical  rept. 
no.  JHU-2-R  j ;  technical  rept.  no.  41)  (Sponsored 
jotntly  by  Office  of  Naval  Research  and  [Air  Force 
Office  of  Scientific  Research]  under  N6onr-24320  and 
[  N6ori-10503] )  AD  5903  Unclassified 

This  paper  abstracts  essentially  lhe  pracUcal  results 
of  Laurent  Schwartz’s  theory  of  "distribution”  from 
hts  two  books  published  In  French  (The'orle  des  Dis¬ 
tributions,  vol.  1-2,  Hermann  and  Cie,  Paris,  1950). 

It  Is  written  for  applied  mathematicians  and  theoretical 
physical  scientists.  The  noUon  of  "function"  Is  first 
generalized  to  "measure"  (Dtrac  delta  function).  Wtth 
the  new  notton  of  distribution,  justtficattons  are  gtven 
for  many  (previously  heurtstlc)  manipulations  of  dis 
continuities  encountered  tn  the  solutions  of  partial 
differential  eqaalions. 


PRI.  11:08? 

Johns  Hopkins  U.,  Baltimore,  Md. 

EXPERIMENTAL  INVESTIGATION  OF  OPTICAL 
METHODS  FOR  MEASURING  TURBULENCE,  by  L.  S. 
G.  Kovasznay  and  P.  C.  darken.  Jan.  1,  1952,  85p. 
Incl.  Ulus.  refs.  ([Proj.  Squid  technical  repl.  no. 
JHU-3-R,;  technical  repl.  no.  42)  (Sponsored  jotntly 
by  Oiilce  o!  Naval  Research  and  [  Atr  F'orce  Office 
of  Scientific  Research  under  N6ort  10503)  AD  2352 

Unclassified 

Optical  methods  for  measuring  statistical  properltes 
ol  lurbulenl  denstly  fluduallons  were  explored.  The 
analysis  of  shadow  pictures  of  turbulent  regtons  In  lhe 
wake  of  spectal  "grtd  projectiles"  can  yteld  lhe  micro¬ 
scale  of  lurbulenl  denstly  fluctuations  of  lhe  right  order 
of  magnitude.  An  experimental  comparison  between 
opltcal  methods  and  hoi- wire  anemometer  measure 
menls  was  performed  in  a  flow  field  In  which  both  types 
of  measurements  were  feasible.  An  electrically  healed 
grtd  placed  In  a  small  jet  provided  a  flow  having 
sufficiently  Intense  temperature,  and  therefore  density 
fluctuations.  The  density  fluctuations  wer  ■  measured 
by  the  shadow  method  and  from  the  shadow  correlation 
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the  microscale  of  density  fluctuations  was  computed. 
From  time  record  lnlerferomeler  fringe  fluctuations' 
the  power  spectrum  of  the  density  fluctuations  was 
determined.  Hot-wire  measuremenls  of  the  power 
speclrum  of  the  lemperature  fluctuations  gave  a  com¬ 
parison.  The  experiments  proved  that  the  optical 
methods  are  practicable  In  a  certain  domain  of  the 
variables  bill  are  not  superior  to  the  hol-wire  anemom¬ 
eter  where  the  lalier  Is  applicable.  (Contractor's 
summary) 
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Johns  Hopkins  U. ,  Baltimore,  Md. 

TURBULENCE  IN  SUPERSONIC  FLOW,  by  L.  S.  G. 
Kovasznay.  Jan.  1953  [l9]p.  lncl.  lllus.  refs.  (Proj. 
Squid  technical  repl.  r.o.  JHU-4-P)  (Sponsored  jointly 
by  [  Office  of  Naval  Research  and  Air  Force  Office  of 
Scientific  Research]  under  N6ori- 10503)  AD  26882 

Unclassified 

Also  published  in  Jour.  Aeronaul.  Sciences,  v.  20: 
657-675.  Ocl.  1953. 

First-order  perturbation  theory  Indicates  thai  the 
Navler-Siokes  equations  for  a  compressible,  viscous, 
and  heat- conductive  gas  can  have  three  distinctly  dif¬ 
ferent  types  of  disturbance  fields,  obeying  three  inde  ¬ 
pendent  differential  equations.  These  three  "modes" 
of  disturbance  fields  are:  vortlclty  mode,  eniropy  mode, 
and  sound-wave  mode.  The  modes  are  independent  when 
the  Intensities  of  the  fluctuations  are  small,  bul  they 
interact  at  larger  Intensities  when  linearization  is  nol 
permissible.  The  principal  tool  for  measuring  the 
fluctuating  Reids  Is  the  hol-wlre  anemometer  adapted 
lor  supersonic  llow.  lr.  a  supersonic  flow  the  hot-wire 
anemometer  responds  to  two  variables:  mass  flow 
fluctuations  and  stagnation  temperature  fluctuations. 

Each  of  the  above  three  modes  contributes  to  both  of 
these  variables.  By  taking  fluctuation  measurements 
at  different  wire  temperatures,  the  relative  sensitivity 
to  the  flow  parameters  varies  and  a  "fluctuation  diagram" 
can  be  obtained.  The  character  of  the  fluctuation  dia¬ 
gram  differs  for  each  mode,  and  even  coexisting  modes 
can  be  separately  determined  by  analyzing  the  fluctuation 
diagram  under  certain  restrictive  conditions.  Hot-wire 
measurements  were  obtained  In  various  supersonic 
flows.  Pure  temperature  spottlness  (entropy  mode)  and 
pure  sound-wave  fields  were  explored.  Detailed 
measurements  were  taken  In  a  turbulent  supersonic 
boundary  layer.  Wtth  the  aid  of  the  fluctuation  diagram, 
the  Intensity  of  temperature  spotttnes-;  (-.itropy  mode) 
and  of  turbulent  velocity  fluctuations  (vortlclty  mode) 
was  measured  across  the  layer.  Energy  spectrum  and 
probability  density  measurements  gave  clues  concerning 
the  character  of  the  fluctuations.  (Contractor's 
summary) 
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Johns  Hopkins  U. ,  Baltimore,  Md. 

EDDY  TURBULENCE  AND  RANDOM  SOUND  IN  A 
COMPRESSIBLE  FLUID,  by  M.  S.  Uberol.  Feb.  10, 
1953  [4]p.  (Proj.  Squid  technical  rept.  no.  JHU-5-P) 
(Sponsored  jointly  by  Office  of  Naval  Research,  [Air 
Force]  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6ori-10503)  AD  26881 

Unclassified 

Also  published  In  Proc.  Cambridge  Philos.  Soc. 
(England),,  v.  49:  731-734,  Ocl.  1953. 

An  analysis  is  preserted  which  shows  thai  for  a  given 
velocity  correlation  based  on  a  statistical  average,  any 
turbulence  field  can  be  decomposed  into  lwo  uncor- 
relaled  parts.  One  pari  corresponds  to  eddy  turbulence 
and  the  other  lo  random  sound. 
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Johns  Hopkins  U.,  Baltimore,  Md. 

ANALYSIS  OF  TURBULENT  DENSITY  FLUCTUATIONS 
BY  THE  SHADOW  METHOD,  by  M.  S.  Uberol  and  L. 

S.  G.  Kovasznay,  Jan.  18,  1954  [6jp.  lncl.  lllus. 
refs.  [Proj.  Squid  technical  repl.  no.  JHU-7-P] 
(Sponsored  jointly  by  [  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research]  under  N8orl- 
10503)  AD  103804  Unclassified 

Also  published  In  Jour.  Appl.  Phys. ,  v.  26:  19-24, 

Jan.  1955. 

Shadow  pictures  <A  turbulent  11  ow  regions  give  a 
particular  kind  of  Information  about  the  three-di¬ 
mensional  density  field.  If  homogeneity  and  Isotropy 
of  the  fluctuation  field  can  be  assumed,  the  statistical 
properties  of  the  picture  uniquely  determine  the  cor¬ 
relation  function  or  power  spectrum  of  the  three  di¬ 
mensional  turbulent  density  field.  Shadow  pictures 
obtained  in  the  wake  of  a  supersonic  projectile  were 
analyzed  In  this  manner  and  encouraging  results  were 
obtained,  in  order  to  check  the  validity  of  the  method, 
the  density  fluctuations  tn  a  healed  jet  were  measured 
both  by  the  shadow  method  and  by  the  more  conventional 
hot-wire  technique. 
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Johns  llopklns  U. ,  Baltimore,  Mo 

ON  A XI SYMMETRIC  TURBULENCE,  by  G.  B.  Melese. 
June  1954,  112p.  refs.  (Proj.  Squtd  technical  rept. 
no.  JHU  6-R)  (Sponsored  jointly  by  Office  of  Naval 
Research,  Air  Force  Office  of  Scientific  Research, 
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and  Office  of  Ordnance  Research  under  N6ori- 10503 
and  NOrd-8036)  AD  46388  Unclassified 

The  kinetic  problem  of  axlsymmetrlc  turbulence  Is 
considered.  Properties  of  dlrectty  measurable  2-polnt 
correlations  caused  by  Incompressibility,  homogeneity, 
and  axisymmetry  are  derived  for  first-,  second-,  and 
third-order  correlation  tensors.  Equations  are  derived 
for  correlation  as  a  function  of  triple  correlations  In 
the  dynamics  of  axlsymmetrlc  turbulence.  A  solution 
Is  given  for  double  velocity  correlations  In  the  asymp¬ 
totic  state  for  small  Reynolds  numbers.  Fourier  trans¬ 
forms  of  the  correlations  are  Introduced,  and  the  energy 
and  the  1-dlmenslonal  spectrums  are  defined.  Results 
are  obtained  for  small  and  large  wave  numbers,  and  the 
spectrum  Is  obtained  In  the  case  of  small  Reynolds 
numbers. 
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Johns  Hopkins  U. ,  Baltimore,  Md. 

AN  EXPERIMENTAL  STUDY  OF  SHOCK  WAVE  TUR¬ 
BULENCE  INTERACTION  (Abstract),  by  L.  S.  G. 
Kovasznay.  L  1955  J  [  2  J  p.  (  Sponsored  jointly  by 
Office  oi  Naval  Research,  Atr  Force  Office  of  Sctenttftc 
Research,  and  Office  of  Ordnance  Research  under 
N6orl-10503]  Unclasslfted 

Presented  at  meettng  of  the  Amer.  Phys.  Soc. ,  Old 
Point  Comfort  and  Langlev  Aeronautical  Lab.,  Va. , 

Nov.  22-24,  1954. 

Pubtlshed  In  Phys.  llev.,  v.  98:  1141-1142,  May  15, 

1955. 

Small  perturbation  theory  tndtcates  that  fluctuations  tn 
a  compresstble,  viscous,  heat-conductive  medtum  have 
three  dtstlnct  "modes";  vortlctty  mode  (turbulence); 
pressure  mode  (sound  waves);  entropy  mode  (temperature 
spottiness).  As  long  as  each  of  these  ftelds  ts  weak, 
there  ts  no  Interaction  between  them  wtthtn  the  flutd 
away  from  soltd  boundaries.  When  one  or  more  of  the 
three  modes  Is  tntense,  nonlinear  Interaction  takes  place 
and  energy  ts  converted  from  one  mode  Into  another. 

Weak  turbulence  passtng  through  a  stationary  strong 
shock  wave  has  been  treated  theoretically  by  lttbner. 

A  simple  experiment  was  carrted  out  by  the  author 
tn  a  supersonic  wtnd  tunnel.  An  axlsymmetrtc  turbulent 
wake  was  produced  by  a  cyitndrtcat  body  and  a  wedge 
created  a  strong  oblique  shock  wave.  The  resulting 
flow  fteld  was  explored  by  a  hot  wire  anemometer  and 
the  detatled  fluctuation  ftelds  have  been  studied  tn  the 
light  of  extsttng  theortes.  (Contractor's  abstract) 


t’ltl.  11.089 

Johns  Hopktns  U. ,  Balttmore,  Md. 

INTERACTION  OF  A  SHOCK  WAVE  AND  TURBULENCE. 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

by  L.  S.  G,  Kovasznay.  June  1955  [  1 6 ]  p.  incl.  lllus. 
(Proj.  Squid  technical  rept.  no.  JHU-8-P)  (Sponsored 
jointly  by  Office  of  Naval  Research,  [  Air  Force] 

Office  of  Scientific  Research,  and  Office  of  Ordnance 
Research  under  N6orl-10503)  AD  62882 

Unclassified 

Presented  at  meeting  of  the  Heat  Transfer  and  Fluid 
Mechanics  tnst. ,  Los  Angeles,  Calif.,  June  1955. 

An  attempt  was  made  to  demonstrate  experimentally  the 
Interaction  between  the  random  fluctuation  field  and  a 
strong  shock  wave.  An  axlsymmetrlc  wake  Is  passed 
through  an  oblique  shock  produced  by  a  wedge.  Hot¬ 
wire  anemometer  survey  of  the  turbulent  fluctuations 
were  made  to  explore  the  different  modes.  A  com¬ 
parison  was  made  of  the  fluctuation  In  the  wake  before 
and  after  the  passage  through  the  shock,  and  sound 
waves  emanating  from  the  Interaction  zone  were 
located. 


PRI.  11:090 

Johns  Hopkins  U. ,  Baltimore,  Md. 

ON  AN  INITIAL  VALUE  PROBLEM  OF  AN  UN¬ 
BOUNDED  INCOMPRESSIBLE  VISCOUS  FLOW,  by 
T.  -S.  Chow.  Nov.  1955,  25p.  lllus  (Proj.  Squid 
technical  rept.  no.  JHU-9-T-P)  (Sponsored  jointly 
by  Office  of  Naval  Research,  Atr  Force  Office  of 
Scientific  Research,  and  Office  of  Ordnance  Research 
under  N6orl- 10503)  AD  75711  Unctasstfled 

Also  published  In  Jour.  Rational  Mech.  and  Analysis, 
v.  5:  263-276,  1956. 

An  attempt  was  made  to  analyze  the  Interaction  of  the 
various  Fourter  components  with  each  other  which 
occur  as  a  result  of  the  nonlinearity  of  the  Navler- 
Stokes  equation  when  applied  to  the  problem  of  un¬ 
bounded  Incompressible  viscous  flow.  An  Investigation 
Is  made  of  the  subsequent  development  of  the  motion 
of  an  unbounded  vtscous  Incompressible  fluid  when 
Initially  tts  motion  ts  described  by  2  spatially  periodic 
waves.  The  solutton  to  this  problem  Is  carrted  out  by 
successive  approximation,  and  the  existence  of  the 
solutton  ts  proved.  The  veloctty  and  pressure  ftelds 
a-e  ftrsi  expressed  tn  a  Fourter  representation,  and 
the  Navter-Stokes  and  continuity  equattons  are  then 
transformed  Into  equattons  for  the  Fourier  components. 


t’ltl.  11 :091 

Johns  Hopktns  U. ,  Batttmore,  Md. 

MAXIMUM  PRODUCTION  OF  VOHTICtTY  IN  ISO¬ 
TROPIC  TURBULENCE,  by  It.  Betchov.  Mar.  1956 
t5  p.  refs.  (Proj.  Squid  technical  rept.  no.  JHU' 
10-P  (Sponsored  jointly  by  Ofltce  ol  Naval  Research, 
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PRL  11:092  -  PRL  11:094 


Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

Atr  Force  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6ori- 10503)  AD  86635 

Unclassified 

Also  published  In  Proc.  Ninth  International  Congress  of 
Appl.  Mech. ,  Brussels  (Betglum)  (Sept.  5-13,  1956), 
1957,  V.  3:  405-413. 

Given  the  foltowlng  quantities:  X[,  the  Cartesian  co¬ 
ordinates;  U(,  the  veloctty  vector; 
dui 

Uy  =3xj;  uij  =  Sjj  +  rjj,  where  Sjj  ts  the  symmetric 

rate  of  strain  tensor  and  rtj  ts  the  antisymmetric  vor- 
tlclty  tensor;  and  a,  b,  and  c  the  eigenvalues  of  sy. 

With  (  )  Indicating  the  averaged  (time  or  ensemble 
average)  quantity,  the  following  modtfted  inequality  Is 
proven: 

*  <abc>i  — -L  <a^  +  b2  +  c^>'/2<^  t  b4  +  c^V/i. 
3  73 

Relations,  conditions,  and  conclusions  are  developed 
for  these  parameters. 


PRI.  11:092 

Johns  Hopkins  U. ,  Baltimore,  Md. 

THE  INFLUENCE  OF  FINITE  OBSERVATION  INTERVAL 
ON  THE  MEASUREMENT  OF  TURBULENT  DIFFUSION 
PARAMETERS,  by  O.  Ogura.  Mar.  1956  [  20  J  p.  refs. 
(Proj.  Squid  technical  rept.  no.  JHU-li-P)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Atr  Force  Offtce 
of  Scientific  Research,  and  Office  of  Ordnance  Research 
under  N6ort-I0503)  AD  89154  Unclassifted 

The  correlation  functions  obtained  from  tiur.cated 
samples  are  expressed  tn  terms  of  the  Sana  ling  length 
and  correlation  functions  of  the  basic  ra  idom  vartables. 
The  application  of  the  results  to  diffusion  phenomena  tn 
a  turbulent  flow  ts  discussed.  The  Investigation  brings 
out  the  Influence  of  conftntng  oneself  to  finite  observation 
tntervals  on  the  average  rate  of  dlsperston  of  particles 
from  a  point  source.  It  Is  also  shown  that  the  turbulent 
level  Is  of  Importance  In  determing  the  relationship  be¬ 
tween  the  Eulerlan  and  Lagranglan  time  Intervals  of 
observation.  (Contractor's  abstract) 


PRI.  11:093 

Johns  Hopkins  II.,  Baltimore,  Md. 

ON  THE  INTERACTION  OF  WEAK  DISTURBANCES  AND 
A  PLANE  SHOCK  OF  ARBITRARY  STRENGTH  IN  A 
PERFECT  GAS,  by  C.  T.  Chang.  May  1956,  19p.  lllus. 
refs.  (Pro;.  Squid  technical  rept.  no.  JHU-12-P) 
(Sponsored  jointly  by  Offtce  of  Naval  Research,  Air 
Force  Office  of  Scientific  Research,  and  Office  of 


Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

Ordnance  Research  under  N6orl-10503)  AD  95262 

Unclassified 

The  tnftuence  was  studted  of  weak  disturbances  up¬ 
stream  of  the  shock  on  the  flow  field  downstream  of 
the  shock.  The  basic  flow  pattern  was  taken  as  the 
one  corresponding  to  a  uniform  supersonic  stream 
past  a  2-dimenslonal  wedge.  The  unperturbed  shock 
was  considered  to  be  a  seml-lnftnlte  ptane  with  e  as 
the  upstream  shock  angle  and  p  as  the  downstream 
shock  angle.  The  upstream  disturbance  can  be  any 
one  of  3  modes  (entropy,  vorticity,  and  sound)  occurring 
separately  or  simultaneously.  The  dtscusston  Is  con- 
ftned  to  an  entropy  disturbance  of  the  step  function  type. 
The  boundary  equations  and  the  governing  equations 
which  describe  the  flow  fietd  downstream  of  the  shock 
are  presented.  The  problem  can  be  formulated  con¬ 
veniently  in  terms  of  the  theory  of  conical  flow.  A 
governing  equation  for  the  perturbed  pressure  Is  de¬ 
rived  which  is  shown  to  be  hyperbolic  or  elliptic 
according  to  the  range  of  one  of  tts  variables.  The 
method  of  characteristics  ts  used  in  considering  the 
hyperbolic  region.  In  the  elliptic  region,  the  governtng 
equation  for  the  perturbed  pressure  is  reduced  to  a 
Laptace  equation  by  the  Tschaplygin  transformation; 
the  problem  is  reformulated  in  a  complex  plane  by 
using  the  method  of  conformat  mapping. 


PRI.  11:094 

Johns  Hopkins  U. ,  Baltimore,  Md. 

ON  THE  INTERACTION  OF  WEAK  UPSTREAM  DIS¬ 
TURBANCE  WITH  AN  INFINITELY-EXTENDED  PLANE 
SHOCK  OF  ARBITRARY  STRENGTH,  by  C.  -T.  Chang. 
May  1956,  26p.  illus.  (Proj.  Squtd  technical  rept.  no. 
JHU-13-P)  (Sponsored  jotntly  by  Office  of  Naval  Re¬ 
search,  Air  Force  Office  of  Scientific  Research,  and 
Office  of  Ordnance  Research  under  N6orl- 10503) 

AD  95263  Unclassifted 

The  Interaction  between  an  upstream  disturbance  and  a 
plane  shock  ol  Infinite  extent  were  Investigated.  The 
Interaction  is  analyzed  by  splitting  the  velocity  field 
Into  (1)  an  lrrolational  part  associated  with  a  scalar 
potential  and  (2)  a  rotational  part  associated  with  a 
vector  potential.  The  boundary  conditions  at  the  shock 
are  formulated.  The  dependence  on  the  original  prop¬ 
erties  of  the  shock  ts  shown  explicitly  In  terms  of  Its 
strength  and  Its  Inclination  with  respect  to  the  down¬ 
stream  main  flow.  A  boundary- value  problem  Is 
formulated  from  the  governing  equation  for  the  scalar 
potential.  A  parameter  related  to  the  Inclination  of  the 
upstream  disturbance  Is  defined  as  an  effective  Mach 
number  Mg  of  the  problem;  when  Me  >  i,  the  governing 

equation  lor  the  scalar  potential  Is  reducible  to  a  simple 
wave  equation.  When  Me  i,  the  governing  equation 

Is  reducible  to  a  Laplace  equation.  An  Illustrative 
example  Is  given  of  the  Interaction  of  a  plane  normal 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

shock  with  a  sinusoidal  entropy  wave.  The  amplitudes 
of  the  shock  displacement  and  of  the  downstream  waves 
are  plotted  as  functions  of  the  Inclination  of  the  upstream 
disturbance  at  a  given  shock  strength.  The  amplitudes 
are  finite  at  the  critical  Inclination  of  the  upstream 
disturbance. 


PRI.  11:095 

Johns  Hopkins  U. ,  Baltimore,  Md. 

INTERACTION  OF  A  PLANE  SHOCK  AND  OBLIQUE 
PLANE  DISTURBANCES  WITH  SPECIAL  REFERENCE 
TO  ENTROPY  WAVES,  by  C.  [  -T.  ]  Chang.  [Oct. 

26,  1956]  [  8  ]  p.  incl.  diagrs.  refs.  (Sponsored 
jointly  by  Office  of  Naval  Research,  Air  Force  Office 
cl  SrUmUlte  Research,  Md  Cffl-ce  A  urframee  Kt 
search  under  N6orl- 10503)  Unclassified 

Published  in  Jour.  Aeronaut.  Sciences,  v.  24:675-682, 
Sept.  1957. 

The  problem  of  the  interaction  between  a  plane  entropy 
wave  of  arbitrary  orientation  and  a  plane  oblique  shock 
of  infinite  extent  is  investigated.  As  a  result  of  the 
interaction,  it  is  found  that,  in  the  perturbed  flow  field 
downstream  of  the  shock,  three  kinds  of  disturbances 
are  present  —  namely,  an  entropy  mode,  a  vorticity 
mode,  and  a  sound  mode.  The  nature  of  the  sound  wave 
generated  depends  on  the  orientation  of  the  upstream 
disturbance.  Within  certain  orientations  of  the  upstream 
disturbance,  the  sound  waves  generated  downstream 
attenuate.  Beyond  these  orientations,  the  sound  waves 
generated  have  constant  amplitudes.  When  the  down¬ 
stream  sound  waves  are  not  attenuated,  there  is  no 
phase  shift  In  the  entropy  disturbance  across  the  shock; 
when  the  downstream  sound  waves  are  attenuated,  a 
phase  shift  occurs  in  the  entropy  disturbance  across 
the  shock.  An  Illustrative  example  is  given  for  the 
interaction  between  a  plane  normal  shock  and  a 
sinusoidal  entropy  wave.  At  a  given  shock  strength 
the  amplitudes'  of  the  shock  displacement  and  the 
downstream  disturbances  generated  are  plotted  as 
functions  of  the  orientation  of  the  upstream  disturbance. 
(Contractor’s  abstract) 


Pltl.  11:096 

Johns  Hopkins  U. ,  Baltimore,  Md. 

RESOLD  i  ION  G^  THE  PHOTOGRAPHIC  PLATE  AND 
INFORMATION  iHEORY,  by  L.  S.  G.  Kovasznay  and 
Y.  K.  Plen.  Nov.  1956  27  p.  incl.  illus.  (Proj. 

.yjuid  technical  rept.  no.  JHU-14  P)  (Sponsored  jointly 
by  Office  of  Naval  Research,  Air  Force  Office  of  Scien 
tific  Research,  and  Office  of  Ordnance  Research  under 
NGorl  10503)  AD  113181  Unclassified 

An  attempt  is  made  to  estimate  the  limit  of  the  amount 


PRI.  11:095  -  PRI.  11:098 


Princton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

of  information  carried  by  a  photographic  plate.  Three 
cases  of  sampling  are  distinguished:  poini  sampling, 
sampling  of  a  large  area,  and  an  intermediate  sampling 
area.  In  the  first  case,  the  photodensitometer  samples 
an  area  much  smaller  than  the  area  of  the  average  grain 
in  the  emulsion.  The  computaiions  indicate  that  the 
total  amount  of  information  in  this  case  is  jusi  pro¬ 
portional  to  the  number  of  independent  samples  which 
in  turn  depend  on  the  grain  structure.  For  the  case 
where  the  sampling  is  large  compared  to  the  grain 
area,  the  average  transparency  approaches  closer  and 
closer  to  the  value  of  the  ideal  transparency.  If  the 
grain  number  is  Introduced  as  a  parameter,  the 
Ira:  spar^  iry  Is  an  expuu  ntlal  (unrlkn  'if  the  number 
of  grains.  Computations  show  that  the  amount  of 
information  per  sample  increases  a3  the  logarithm  of 
the  area.  For  the  case  where  the  sampling  area  is 
tn-tthcr  very  large  nor  v<-iy  s.nal'  mpared  to  Hit 
grain  area,  both  the  grain  shape  and  the  statistical 
distribution  of  the  grains  is  involved.  Crude  approxi¬ 
mations  are  made  for  this  case. 


PRI.  11:097 

Massachusetts  Inst,  of  Tech.,  Cambridge. 

HEAT  CONDUCTIVITY,  VISCOSITY,  SPECIFIC  HEAT 
AND  PRANDTL  NUMBERS  FOR  THIRTEEN  GASES, 
by  F.  G.  Keyes.  Apr.  1,  1952,  33p.  incl.  diagrs. 
tables,  refs.  (  Proj.  Squid  technical  rept.  no.  MIT- 
2-R  i  ;  technical  rept.  no.  37)  (Sponsored  jointly  by 
Office  of  Naval  Res  -ch  and  [  Air  Force  Office  of 
Scientific  Research  ider  N5ori- 07855  and  [  N6ori- 
10503  j )  U24100;  ATI-167173  Unclassified 

The  experimental  effort  under  the  present  contract  is 
especially  directed  to  obtaining  measurements  of  heat 
conductivity  at  temperatures  above  the  upper  range  of 
reported  data.  No  measurements  to  temperatures 
approaching  1000' C  are  given  in  this  report.  However 
the  execution  of  the  des'ign  equipment  is  proceeding 
satisfactorily,  and  the  necessary  extensive  thermo- 
metric  investigation  will  presently  be  in  operation.  The 
res'ults  of  several  years  of  conductivity  measurements 
for  a  number  of  gases'  are  brought  together  In  this  re 
port  in  the  form  of  tables  for  thirteen  gases,  computed 
from  formulations  which  include  all  available  infor¬ 
mation.  Data  for  the  first  temperature  range  in  the 
case  of  the  mixture  N2  CO2  are  also  given.  Viscosities 

and  specific  heats  are  also  included  in  the  tables,  all 
for  zero  pressure.  (Contractor’s  abstract) 


PRI.  11:098 

Massachusetts  Inst,  of  Tech. ,  Cambridge 

THERMAL  CONDUCTIVITIES  FOR  SEVERAL  GASES 
WITH  A  DESCRIPTION  OF  NEW  MEANS  FOR  OB¬ 
TAINING  DATA  AT  LOW  TEMPERATURES  AND 
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PHI.  11:099  -  PRL  11:102 


Princeton  U.  James  Forrestal  Research  Center,  II.  J. 
(Project  SQUID) 

ABOVE  500* C,  by  F.  G.  Keyes.  Oct.  1,  1952,  34p. 
incl.  illus.  tables.  (Proj.  Squid  technical  memo.  no. 
M3T-1-M)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search  and  [Air  Force  Office  of  Scientific  Research] 
under  N5ori-07855  and  [  Nfiori- 10503  ] )  AD  5117 

Unclassified 

Thermal  conductivities  were  measured  for  argon, 
hydrogen,  nitrous  oxide,  methane,  and  ammonia  be¬ 
tween  50°  and  350°C;  the  effect  of  pressure  cn  thermal 
transport  appeared  to  depend  on  the  intermolecular 
field  of  the  molecules.  An  apparatus  was  completed  for 
the  low-temperature  measurement  of  gases  and  liquids. 
Values  of  dE/dt  were  determined  for  a  copper-constantan 
thermocouple  between  175°  and  30  °C,  where  F  is  the 
emf.  A  platinum-10%  rhodium  thermocouple  was 
calibrated  for  equipment  designed  for  the  500°  to  900°C 
range. 


PRI.  11:099 

Massachusetts  Inst,  of  Tech. ,  Cambridge. 

HETEROGENEOUS  COMBUSTION  OF  GASES  IN  A 
VORTEX  SYSTEM,  by  H.  C.  Hottel  and  R.  A.  Person. 

[  1953]  [8]p.  incl.  illus.  diagrs.  [Proj.  Squid  tech¬ 
nical  rept.  no.  MIT-4-P]  [  Sponsored  jointly  by  Office 
of  Naval  Research  and  Air  Force  Office  of  Scientific 
Research  under  N5ori-07855  and  N6ori- 10503] 

Unclassified 

Published  in  Fourth  Symposium  (International)  on  Com¬ 
bustion,  Mass.  Inst,  of  Tech. ,  Cambridge  (Sept.  1-5, 
1J52),  B«1fl"'\in-  Williams  AWIHtlns,  1953,  p,  781-7RH 

A  study  of  combustion  in  a  simple  type  of  three-dimen¬ 
sional  vortex  system  which  might  produce  significant 
fecUcuUtlon  f..r  rrlttng  in  a  regaUr  pattern  a«  opposed 
to  the  random  turbulence  In  conventional  high  output 
combustion  chambers  is  described.  Cold  flow  investi¬ 
gations  were  utilized  to  determine  the  nature  of  the 
vortex  flow.  Hot  flow  tests  were  used  in  a  comparison 
of  the  vortex  system  with  other  high  output  combuslors 
in  terms  of  heat  release  per  unit  volume,  combustion 
efficiency,  and  pressure  group. 


Pltf.  f  1:100 

Massachusetts  Insl.  of  Tech. ,  Cambridge. 

SOME  PROPERTIES  OF  ROD  STABILIZED  FLAMES 
OF  HOMOGENEOUS  GAS  MIXTURES,  by  G.  C.  Williams 
and  C.  W.  Shipman.  [  1953  j  [  1 0  j  p.  incl.  illus.  diagrs. 
lable,  refs.  .Proj.  Squid  technical  rept.  no.  MIT-3- Pj 
(Sponsored  jointly  by  Bureau  of  Ordnance  under  NOrd 
9661,  Office  of  Naval  Research  under  1  N5ori- 07851, 
and  Air  Force  Office  of  Scientific  Research  under 
N6orl-10503  i )  Unclassified 


Princton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

Published  in  Fourth  Symposium  (International)  on  Com¬ 
bustion,  Mass.  Inst,  of  Tech.,  Cambridge  (Sept. 

1-5,  1952),  Baltimore,  Williams  &  Wilkins,  1953, 
p.  733-742. 

A  study  is  made  of  the  flow  patterns  about  transverse 
cylinders  (0. 1  to  0.  5-in.  diam)  holding  flames  in  an 
atmospheric  stream  of  propane-air  mixtures  flowing 
through  a  1-in.  by  3-in.  rectangular  duct.  From 
measurements  of  wall  pressure  and  pressure  distri¬ 
bution  about  the  cylinder  circumference,  analysis  of 
the  gases  sampled  in  the  immediate  wake  of  the  flame- 
holder,  and  observations  by  still  and  high  speed  motion 
picture  schlieren  photography,  conclusions  are  pre¬ 
sented  regarding  processes  involved  in  the  stabilization 
and  blowoff  of  flames  anchored  on  bluff  objects. 


PRI.  11:101 

Massachusetts  Inst,  of  fech.,  Cambridge. 

THERMAL  CONDUCTIVITY  OF  GASES,  by  F.  G. 

Keyes.  July  T954  [  B ]  p.  incl.  illus.  tables,  refs. 

(Proj.  Squid  technical  rept.  no.  M1T-5-P)  (Sponsored 
jointly  by  Office  of  Naval  Research,  [Air  Force  J 
Office  of  Scientific  Research,  and  Office  of  Ordnance 
Research  under  N6ori- 10503)  AD  46155 

Unclassified 

Also  published  in  Trans.  Amer.  Soc.  Mech.  Engineers, 
v.  76:  809-816,  July  1954. 

This  paper  is  a  continuation  of  earlier  reported  work 
lr  runner Utn  with  two  ol  the  tuT*U*renttl  proper!!/  s 
required  for  understanding  and  designing  heat  transfer 
equipment.  New  measurements  of  heat  conductivity 
are  presented  along  with  values  for  viscosity  obtained 
by  :  of  retail,  <A  *U  .,v*H*tlt  o*U  town!  Hi  the  liter* 
lure.  The  simplest  substance  from  the  point  of  view 
of  theory  is  the  monatomic  gas.  The  results  of  a  study 
ol  the  five  rare  gases  are  Included.  (Contractor’s 
abstract) 


PUL  i  f :  f  02 

Massr-chusetls  fnst.  of  Tech.  ,  Can. bridge. 

COMBUSTION  OF  DROPLETS  OF  HEAVY  f JQUID 
FUELS,  by  H.  C.  Hotiel,  G.  C.  Williams,  and  H.  C. 
Simpson.  Mar.  1955,  58p.  illus.  refs,  (l’roj.  Squid 
technical  rept.  no.  MIT-6-P)  (Sponsored  jointly  by 
Office  of  Naval  Research,  Air  Force  Office  of  Scleniiflc 
Research,  and  Office  of  Ordnance  Research  under 
N6orl  10503)  AD  58833  Unclassified 

Also  published  lr:  f  ifth  Symposium  (lnlernaiional)  on 
Combustion,  Pittsburgh,  Pa.  (Aug.  30  Sepi.  3,  1954), 
N.  Y.,  Reinhold,  1955,  p.  101  129. 
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Droplet  burning  was  studied  by  projecting  a  stream  of 
uniform  droplets  up  Into  an  electric  furnace  and  allowing 
the  droplets  to  follow  their  trajectories  Inside  the 
furnace  and  out  through  the  bottom  of  the  furnace.  The 
experiments  showed  that  the  combustion  of  pure  hydro¬ 
carbon  droplets  takes  place  In  two  stages,  preheat  and 
vaporization.  In  the  preheat  region,  heat  Is  supplied 
by  radiation  for  the  furnace  walls  and  by  conduction 
from  the  hot  ambtent  gases.  In  the  vaporization  region, 
the  major  heat  source  in  single -droplet  burning  Is  the 
flame  envelope  surrounding  the  droplet.  Heat  Is  trans¬ 
ferred  to  the  droplet  surface  by  conduction  against  the 
vaporizing  fuel. 

PRI.  11:103 

Massachusetts  Inst,  of  Tech. ,  Cambridge. 

EFFECT  OF  GAS  TEMPERATURE  GRADIENTS  ON 
RADIANT  HEAT  TRANSFER,  by  E.  S.  Cohen.  July 
1955(  6p.  lllus.  (Proj.  Squid  technical  rept.  no.  MIT- 
7-T)  (Sponsored  jointly  by  Office  of  Naval  Research, 
[Air  Force  J  Offtce  of  Scientific  Research,  and  Offtce 
of  Ordnance  Research  under  N6orl- 10sGC)  AD  67773 

UnclassiiloH 

An  Investigation  to  develop  a  technique  for  calculating 
radiant  heat  transmission  In  enclosures  Is  summarized 
which  makes  allowance  for  temperature  nonunlformttles 
In  the  gas  mass.  The  technique  tr.volves  the  evaluation 
of  the  emission  from  either  a  gas  zone  or  a  surface 
zone  and  the  radiant  Interchange  between  any  2  of  these 
zones  while  taking  Into  account  the  absorption  along 
every  beam  from  one  zone  to  another  ana  the  partial 
diffuse  reflection  of  every  beam  at  every  surface.  The 
gas  zones  are  taken  as  cubes  or  an  shapes  capable  of 
being  built  of  cubes,  and  the  surface  zones  are  taken 
as  squares  or  shapes  capable  of  betng  built  from 
squares.  A  numertcal  example  was  worked  out  for  the 
case  of  a  highly  ldealtzed  furnace  to  Illustrate  the 
salient  points  In  the  use  of  the  method  The  technique 
Is  considered  capable  of  providing  more  detailed  Infor¬ 
mation  on  the  radiant  Interchange  within  the  enclosure 
than  was  previously  possible.  The  chief  weaknesses  ot 
the  method  are  (l)  the  use  of  finite  sized  zones  which 
are  assumed  to  be  Isothermal,  (2)  the  assumption  of 
uniform  absorption  and  emission  properties  of  the  gas, 
and  (3)  the  assumption  that  detailed  knowledge  of  the 
combustion  and  mixing  pattern  1><  available. 


PHI.  11:104 

Massachusetts  Insl.  ot  Tech. ,  Cambridge. 

BOUNDARY  LAYER  EFFECTS  ON  Bl.UFF-BODY 
FLAME  STABILIZERS,  by  P.  T.  Woo.  Sept.  1955, 
lip.  lllus.  (Proj.  Squid  technical  rept.  no.  MIT  8  T) 
(Sponsored  jointly  by  Otflce  of  Naval  Research,  Air 
Force  Oftlce  of  Scientific  Research,  and  Otflce  ot 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  CQUID) 

Ordnance  Research  under  N6orl-10503)  AD  70002 

Unclassified 

Experimental  work  ts  summarized  on  a  study  of  the 
effect  of  boundary  layer  thickness  on  (a)  flame 
stability  corresponding  to  various  rates  of  boundary 
layer  withdrawal,  and  (b)  molecular  diffusion  and 
wake  gas  composition.  The  studies  suggest  that 
boundary  layer  removal  produces  the  following  effects 
In  the  wake  of  bluff-body  flame  stabilizers:  (a)  the 
combustion  reaction  propagating  Into  the  free  vortex 
layer  Is  chilled  by  the  cold  gases  In  a  thinned  vortex 
layer;  (b)  the  reclrculatior  rate  of  hot  combustion 
products  Into  the  tmmediate  wake  Is  reduced  because 
of  the  narrowing  of  the  wake;  and  (c)  the  difference  in 
composition  between  the  tmmediate  wake  and  the 
approach  stream  tncreases. 


PRI.  11:105 

Massachusetts  Inst,  of  Tech. ,  Cambridge. 

THERMAL  CONDUCTIVITY  OF  GASES,  by  F.  G. 

Keyes.  [  1955 1  [  2 J  p.  lncl.  tables.  [Proj.  Squid 
technical  rept.  no.  MIT-9-PJ  (Sponsored  jointly  by 
Otflce  of  Naval  Research,  Air  Force  Office  of  Scien¬ 
tific  Research,  and  Offtce  of  Ordnance  Research 
under  N6ori-1Q503)  AD  107457  Unclassified 

Also  published  In  Trans.  Amer.  Soc.  Mech.  Engineers, 
v.  77:  1395-  13SC,  Nov.  1955. 

A  paper  presented  before  the  Heat  Transfer  Dtv.  at 
the  1953  Annual  meeting  (item  no.  PRI.  11:101) 
contains  a  description  of  the  below-lce  point  temper¬ 
ature  apparatus  for  measuring  thermal  conductivities 
cf  gases  and  liquids,  and  a  few  results  for  neon  were 
reported.  During  the  past  year  low- temperature 
measurements  have  been  made  on  the  remainder  of 
Jui  rare  gases  (argon,  krypton,  xenon,  nitrogen, 
oxygen,  carbon  dtoxide  and  methane).  Reliable  re¬ 
sults  from  thermal-conductivity  measurements  now 
appear  to  be  forthcoming  with  the  high- temperature 
apparatus  lo  temperatures  of  1380*F. 


PRI.  11:106 

Massachusetts  Inst,  of  Tech. ,  Cambridge. 

BOUNDARY  1AYER  EFFECTS  ON  STABILITY 
CHARACTERISTICS  OF  BLUFF-BODY  FLAME- 
HOLDERS,  by  G.  C.  Williams,  P.  T.  Woo,  and  C. 

W.  Shipman.  June  1956,  24p.  lllus.  refs.  (Proj. 

Squid  technical  repl.  no.  MIT- 10- P)  (Sponsored 
jointly  by  Office  ot  Naval  Research,  Air  Force  Office 
of  Scientific  Research,  and  Office  of  Ordnance  Research 
under  N6orl-10503)  AD  95264  Unclassified 

Also  published  In  Stxlh  Symposium  (International)  on 
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Combustion,  Yale  U. ,  New  Haven,  Conn.  (Aug.  19-24, 
1958),  N.  Y. ,  Relnhold,  1957,  p.  427-438. 

Atmospheric  streams  of  propane  vapor  In  air  were 
studied  to  determine  the  effect  of  removal  of  the  bound¬ 
ary  layer  from  flame  holders  on  the  limits  of  stable 
operation  and  on  the  atomic  composition  of  the  burning 
gases  In  the  Immediate  wake  of  the  flame  holder.  A 
square-cross- section  combustion  chamber  was  used 
which  was  3. 17  In.  wide  and  10  In.  long.  The  flame- 
holders  were  located  2  In.  from  the  Inlet.  A  plenum 
chamber  and  nozzle  just  upstream  from  the  combustion 
chamber  were  fed  a  homogeneous  stream  of  propane 
and  air;  flow  was  directed  Into  the  combustion  chamber 
at  a  low  turbulence  level  with  a  flat  velocity  profile. 
Boundary- layer  removal  was  effected  by  slots  which 
were  cut  close  to  the  Isothermal- flow  separation  point 
on  the  stabilizers.  Chemical  analysis  of  gas  samples 
from  the  Immediate  wake  showed  that  the  atomic  com¬ 
position  of  the  gases  was  often  significantly  different 
from  that  of  the  approach  stream;  the  difference  de¬ 
creased  with  Increasing  approach- stream  velocity. 
Boundary-layer  removal  Increased  the  difference  In 
atomic  composition  the  Increase  reached  a  maximum  at 
Intermediate  Reynolds  numbers.  The  effect  of  removal 
on  the  stability  limits  was  a  function  of  the  feed  mixture 
and  velocity.  Removal  curtailed  the  fuel- lean  limit  In 
all  cases;  the  effect  decreased  with  Increasing  velocity 
of  the  approach  stream.  Removal  extended  the  fuel- 
rich  limits  at  low  velocities,  produced  no  change  at 
Intermediate  velocities,  and  curtailed  the  limits  at 
high  velocities.  Results  art  explained  1:.  terms  of 
molecular  diffusion  across  the  laminar  free  vortex 
layers  which  bound  the  recirculation  zone  In  the  wake 
of  the  stabilizer. 

PRI.  1 1  :t  07 

Massachusetts  Inst,  of  Tech. ,  Cambridge. 

COMBUSTION  STUDtES  IN  A  STIRRED  REACTOR,  by 
H.  C.  Hotlel,  G.  C.  Williams,  and  M.  L.  Baker.  June 
1956  L  25  J  p.  Inch  Ulus,  tables.  (Proj.  Squid  technical 
repl.  no.  MIT-tt-P)  (Sponsored  jointly  by  Offtce  of 
Naval  Research,  Air  Force  Office  of  Scientific  Research, 
and  Office  of  Ordnance  Research  under  N0ort-1  J503) 

AD  96255  Unclassified 

Also  published  in  Stxth  Symposium  (International)  on 
Combustion,  YaleU.,  New  Haven,  Conn.  (Aug.  1 9 - 24, 

1 956),  N.  Y.,  Retnhold,  1 957,  p.  398-4tl. 

An  adaptation  of  the  spherical  reactor  of  Longweil  and 
Weiss  (tnd.  Eng.  Chem.,  v.  47:  1634-t637,  t955)  was 
used  tn  comparing  the  combustton  rates  of  2  fuel  mix¬ 
tures:  ( t )  57.  7<{.  propane,  31.t‘iC02,  andtl.3%0; 
and  (2)  57.  7%  Me2CO,  26.  «<{  H2O,  and  t5.5%  ethylene 
mixtures.  Each  entering  premixture  of  fuel  and  air  was 
mixed  as  thoroughly  as  feastble  with  Its  combustton 
products,  llesuits  are  tabulated  of  analysis  of  gas 
samples  which  where  withdrawn  from  the  reactor  zone. 
The  behavior  of  a  completely  stirred  adiabatic  reactor 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

was  analyzed  to  delineate  the  effects  of  acUvation 
energy,  collision  factor,  inlet  temperature,  and  re¬ 
action  scheme. 


PRI.  11:108 

Massachusetts  Inst,  of  Tech. ,  Cambridge. 

FLAME  STABILIZATION  IN  VOLATILE  FUEL 
SPRAYS,  by  H.  C.  Hottel,  C.  P.  Marlon,  and  W.  P. 
Jensen.  June  1956  [  40 J  p.  Inch  lllus.  tables,  refs. 
(Proj.  Squid  technical  rept.  no.  MIT-12-P)  (Sponsored 
jointly  by  Bureau  of  Ordnance  under  NOrd-9C61,  Office 
of  Naval  Research  and  [  Air  Force  Office  of  Scientific 
Research  under  N6ori- 10503  J )  AD  97586 

Unclassified 

Also  published  in  Sixth  Symposium  (International)  on 
Combustion,  Yale  U.,  New  Haven,  Conn.  (Aug.  19-24, 
1956),  N.  Y.  ,  Relnhold,  t957,  p.  451-464. 

Stability- limit  measurements  of  4  fuels  showed  that 
higher  blowoff  velocities  were  attainable  with  larger 
drops  sizes,  Increased  preparation  time,  and  more 
volatile  fuels.  At  low  velocity,  lean  limits  were 
reached  when  heat  transferred  to  the  rod  exceeded  re¬ 
quirements  and  when  the  rod  ..ecarne  too  hot  (vapor 
bound)  to  collect  fuel.  At  high  velocity,  lean  limits 
with  the  less  volatile  fuels  occurred  with  wet  flame- 
holders  and  were  extended  to  leaner  mixtures  by  In¬ 
ti  eased  lutl  volatility.  Rich  limits  with  a  dry  ■  ‘atlllzer 
were  made  richer  by  a  decreased  drop  size  but  were 
reached  at  lower  fuel  rates  than  when  the  rod  was  wet. 
Rich  limits  with  a  v  died  stabilizer  were  extended  by 
a  decreased  drop  size,  Increased  preparation  time, 
and  decreased  fuel  volatility. 


PRI.  1 1  :t  09 

Massachusetts  Inst,  of  Tech. ,  Cambridge,  Mass. 

FLAME  STABILIZATION  IN  A  BOUNDARY  LAYER, 
by  H.  C.  Hottel,  T. -Y.  Toong,  and  J.  J.  Martin.  Oct. 
1956  ,  1 4  i  p.  incl.  lllus.  (Proj.  Squid  technical  rept. 
no.  MIT-13-P)  (Sponsored  jotntly  by  Office  of  Naval 
Research,  Atr  Force  Office  of  Scientific  Research, 
and  Offtce  of  Ordnance  Research  under  N6orl-t0503) 

AD  1 08767  Unclasstfted 

Presented  at  Fall  nreettng  of  the  Amer.  Rocket  Soc. , 
Buffalo,  N.  Y.,  Sept.  24-26,  t956. 

Also  published  In  Jet  Propulsion,  v.  27:  28-30,  Jan. 

1 9  57 . 

The  theory  of  flame  stabilization  Is  studied  lor  a  lean 
propane-air  flame  !n  the  boundary  layer  along  a  water 
cooled  slender  rod  utth  tts  longitudinal  axis  tying  at  the 
center  line  of  a  targe  pyrex  duct.  The  boundary 
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velocity- gradient,  calculated  at  the  stable  flame  posi¬ 
tions  by  assuming  a  Blasius  velocity  profile  in  the 
boundary  layer,  is  correlated  with  the  propane -air 
ratio.  The  resulting  curve  Is  also  compared  with 
curves  obtained  as  flashback  and  blowoff  limits  for  a 
Bunsen  flame. 


PRI.  11:110 

Michigan  U. ,  Ann  Arbor. 

MEASUREMENTS  ON  GASEOUS  DETONATION  WAVES, 
by  J.  A.  Nicholls,  R.  B.  Morrison,  and  R.  E.  Cullen. 

[  1955  J  15p.  Incl.  Ulus,  tables.  [Proj.  Squid  technical 
rept.  no.  MICH-2-Pj  [ Sponsored  jointly  by  Office  of 
Naval  Research,  Air  Force  Office  of  SclenUflc  Re¬ 
search,  and  Office  of  Ordnance  Research  under  N6orl- 
10503  J  AD  52144  Unclassified 

Also  published  In  Second  ONR  Symposium  on  DetonaUon, 
Washington,  D.  C.,  Feb.  9-11,  1955,  p.  148-162. 

An  analysis  of  one-dimenslonal  steady  detonaUon  waves 
Is  presented  which  emphasises  lhe  dynamic  properUes 
of  velocity  and  heat  release.  The  analysis  shows  that 
two  types  of  detonaUon  are  possible:  the  Chapman- 
Jouget  type  and  the  strong  detonaUon.  A  comparison 
of  heal  release  as  a  function  of  detonation  Mach  number 
Is  made  between  the  simplified  theory  presented  and 
the  results  of  shock  tube  experiments.  The  experi¬ 
mental  data  correlate  reasonably  well  with  the  theory, 
although  the  slope  of  the  experimental  curve  differs 
from  that  of  the  theory.  A  number  of  spark  schlleren 
photographs  are  presented  which  Indicate  the  Initiation 
of  the  steady  detonation,  the  InteracUon  of  the  wave 
with  a  wedge,  and  the  possibility  of  a  spinning  detonaUon. 


PRI.  11:111 

Michigan  U. ,  Ann  Arbor. 

ON  THE  CUVSS1F1CATION  OF  NORMAL  DETONATION 
WAVES,  by  T.  C.  Adamson,  Jr.  aid  U.  B.  Morrison. 
June  1955,  6p.  (Proj.  Squid  technical  rept.  no.  MICH- 
1-M)  (Sponsored  jointly  by  Office  of  Naval  Research, 
l  Air  Force  j  Office  of  Scientific  Research,  and  Office 
of  Ordnance  Research  under  N6orl- 10503)  AD  62881 

Unclassified 

Also  published  1..  Jet  I‘i..l,„1&L„-  V.  21.  400,  403,  A„b. 
1955. 

A  classification  of  normal  detonaUon  waves  Is  proposed 
•'lift  involves  tl*  deUnlUve  ul  a  tea'  t  views*  function 
F  that  depends  upon  the  incoming  velocity  and  tempera¬ 
ture  and  the  heat  release  by  the  unburned  mixture  per 
unit  mass.  A  Chapman  Jouguet  detonaUon  wave 
corresponds  to  F  1:1  F  <  2  corresponds  to  a  strong 
detonation  wave;  and  t  2  corresponds  to  a  shock  wave. 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Pro)ect  SQUID) 
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Michigan  U. ,  Ann  Arbor. 

ON  THE  INTERACTION  OF  A  CHAPMAN- JOUGUET 
DETONATION  WAVE  WITH  A  WEDGE,  by  R.  S.  B. 

Ong.  June  1956,  73p.  Incl.  illus.  tables,  refs.  (Proj. 
Squid  technical  rept.  no.  MICH-3-T)  [Sponsored 
jointly  by  Office  of  Naval  Research,  Air  Force  Office 
of  SclenUflc  Research  and  Office  of  Ordnance  Re¬ 
search  under  N6ori-10503]  AD  97587 

Unclassified 

A  method  Is  given  for  determining  the  critical  angle 
which  separates  the  region  of  Mach  reflection  from 
that  of  regular  reflection  for  an  impinging  Chapman- 
Jouquet  detonaUon  wave  of  a  certain  known  strength. 
This  angle  is  determined  by  finding  the  limit  of  the 
real  solutions  of  the  equation  for  the  deflection  condi¬ 
tion  in  the  problem  oi  regular  reflection.  The  con¬ 
figuration  of  the  reflected  shock  wave  in  the  case  of  a 
Chapman-Jouquet  detonaUon  wave  Impinging  on  a 
wedge  Is  approximated  by  assuming  a  cylindrical 
reflected  shock  wave  as  a  zeroth  order  solution. 
Schlleren  photographs  were  made  of  both  the  regular 
and  Mach  reflection  phenomenon,  and  numerical  cal¬ 
culations  were  made  to  determine  the  zeroth-order 
circular  reflected  shock  wave  for  an  incident  detonaUon 
wave  of  the  same  strength  as  that  used  in  the  experi¬ 
mental  work.  The  configuration  of  the  actual  reflecied 
shock  wave  is  computed  and  constructed  from  the 
resulting  theoretical  analysis  oi  the  Mach  reflection 
problem,  and  the  theoretically  constructed  reflected 
wave  is  compared  with  that  traced  from  the  schlleren 
photographs. 


PHI.  11:113 

New  York  U. ,  N.  Y. 

A  DIFFRACTION  GRATING  INTERFEROMETER,  by 
R.  [J.  .  Kraushaar.  [  1950  j  [  2  J  p.  Incl.  Illus. 
diagr.  [Proj,  Squid  technical  rept.  no.  NYU-24-P] 
(Sponsored  jointly  by  Office  of  Naval  Research  and 
l  Air  Force  Office  of  SclenUflc  Research]  under 
N6orl- 1102  and  [  N6orl-10503j )  Unclassified 

Published  In  Jour.  Opt.  Soc.  Amer. ,  v.  40:  480-481, 
July  1950. 

\  Compact  .:«.*»  kind  ol  Iciterterolnetel  Is  described 
which  can  produce  much  larger  fields  ol  view  than  the 
conventional  Mach-Zehnder  Interferometer.  The 
Instrument  Is  an  outgrowth  of  the  Ronchl-schlleren 
ipps r a ;«? ,  sad  tovotvec  mly  reflections  of  tight  beams 
In  the  essential  portions  of  the  apparatus. 
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PRI.  11.  114 

New  York  U. ,  N.  Y. 

HEAT  CONDUCTION  IN  SIMPLE  METALS,  by  M.  L. 
Storm.  Jan.  12,  1331  [l2]p.  lncl.  dlagrs.  tables, 
refs.  ([Proj.  Squid  technical  repl.  no.  NYU-22-P]; 
technical  rept.  no.  31)  (Sponsored  jointly  by  Office  of 
Naval  Research  and  [Air  Force  Office  of  Scientific  Re¬ 
search.1  under  N6ori-1102  ind  [  N6orl- 10503 J) 

U20746;  ATI-126033  Unclassified 


July  1951. 


i  Jour.  Appl.  Phys. ,  v.  22:  940-951, 


The  partial  differential  equation  of  heal  conduction  is  a 
nonlinear  equation  when  the  temperature  dependence  of 
lhe  thermal  paramelers  (l.e. ,  the  thermal  conductivity, 
K,  lhe  product  of  the  density,  and  the  specific  heal  con¬ 
stant  pressure  S)  is  taken  into  account.  11  is  shown  ihal 
a  mathematical  condition  for  the  transformation  lo 
linear  form  of  the  one-dimensional,  nonlinear,  partial 
differential  equation  of  heal  conduction  Is  the  constancy 
of  1/(KS)  [  (d/dl)  log  (S/K)  ]Va .  This  discovery  is  lhe 
motivation  for  an  Investigation  of  the  relations  belween 
lhe  thermal  paramelers  of  simple  melals  on  the  basis 
of  the  theory  of  solids  and  available  experimental  data. 
II  is  found  that  KS  is  essentially  constant,  11s  variation 
with  lemperalures  being  much  less  than  thal  of  either 
K  or  S  considered  separately.  II  is  also  shown,  as  a 
result,  thal  the  condition  for  the  afore- mentioned  trans¬ 
formation  is  valid  for  simple  melals.  Application  of 
the  transformed  equation  in  the  solution  of  problems 
in  heal  conduction  is  considered.  (Contractor's 
abstract) 


PRI.  11:115 

New  York  U.,  N.  Y. 

A  HIGH  SPEED  STEREOSCOPIC  SCHLIEREN  SYSTEM, 
by  J.  H.  Hell.  Feb.  1951  [  3  i  p.  lncl.  lllus.  dlagrs. 
(Proj.  1  (Uld  technical  memo.  no.  NYU-8-  {  P  ] ) 
(Sponsored  jointly  by  Office  of  Naval  Research  and  [  Air 
Force  Office  of  Scientific  Research)  under  N6orl-1102 
and  l  N6orl- 10503  J )  U20887;  ATI- 112789 

Unclassified 

Also  published  In  Jour.  Soc.  Motion  Plclure  and  Tele¬ 
vision  Engineers,  v.  56  214-218,  Feb.  1951. 

A  stereoscope  schlleren  system  Is  described.  A  16- mm 
Fastax  camera  Is  used  to  photograph  10- In.  sections 
of  a  4  x  4- In.  flame  tube  al  9000  frames/ sec.  A 
polarizing  projection  system  Is  used.  The  depth  effect 
Is  observed  wllh  burning  gases  provided  sufficient 
detail  Is  available  In  the  Image.  (Contractor's  abstracl) 


Prlncelon  U.  James  Forreslal  Research  Center,  N.  J. 
(Project  SQUID) 
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ISOTOPE  EFFECT  IN  HYDROCARBON  FLAME 
SPECTRA,  by  G.  M.  Murphy  and  L.  [  J.  ]  Schoen.  Mar. 
1951  [lip.  lncl.  diagr.  (Proj.  Squid  technical  memo, 
no.  NYU-  9-  [  P] )  (Sponsored  jointly  by  Office  of  Naval 
Research  and  [Air  Force  Office  of  Scientific  ResearchJ 
under  N6ori-1102  and  [  N6ori- 10503  J )  U20886;  ATI- 
112790  Unclassified 


l Jour.  Chem.  Phys.,  v.  19:  380-381, 


Mar.  1951. 


The  spectra  of  the  low  pressure  flame  of  atomic  oxygen 
and  deuleraled  acetylene  (C2D2)  were  photographed  in 
the  first  and  second  orders  of  a  Jarrell-Ash  three- 
meier  grating  photograph.  Comparison  with  the 
spectra  of  a  normal  acetylene  flame  recorded  under 
similar  conditions  leads  io  an  lsoloplc  displacement  in 
those  bands  caused  by  hydrogen- containing  molecules 
from  which  ii  is  theoreUcally  possible  io  obtain  in¬ 
formation  concerning  the  identity  and  siruciure  of  the 
emiiier. 
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New  York  U. ,  N.  Y. 

THE  EFFECT  OF  RAPID  HEATING  ON  THE  SPECIFIC 
HEAT  CURVE  OF  LOW  CARBON  STEEL  AT  THE 
PHASE  TRANSFORMATION  POINTS,  by  A.  M.  Nathan. 
Mar.  13,  1951,  9p.  lllus.  dlagrs.  (Proj.  Squid  tech¬ 
nical  memo.  no.  NYU-6-[Mj-P)  (Sponsored  jointly 
by  Office  of  Naval  Research  and  l  Air  Force  Office  of 
Scientific  ResearchJ  under  N6orl-1102  and  [  N6orl- 
10503  i )  U20017;  ATI-125305  Unclassified 


Feb.  1951. 


[Jour.  Appl.  Phys.,  v.  22:  234-235, 


A  dynamic  method  of  measuring  the  specific  heal 
curves  of  melals  under  conditions  of  rapidly  increasing 
iemperalure  (1000“C)  is  described  and  some  results 
obtained  with  11  are  given.  The  method  is  used  for  a 
preliminary  sludy  of  the  specific  heal  curves  of  low 
carbon  sleel  al  the  phase  transformation  points.  The 
specimen  employed  Is  standard  SAE-1040  steel  con¬ 
taining  0.  40%  carbon,  0.  60%  manganese,  annealed  al 
950° C.  11  Is  heated  by  high  amperage  DC  currents 
from  a  slorage  battery  source,  while  enclosed  In  an 
evacuated  chamber.  During  the  heating  run,  the  iem- 
peralure  of  the  sleel  and  the  power  Input  are  contin¬ 
uously  recorded.  Temperature  Is  measured  by  a  fine 
wire  (.002  Inches)  thermocouple,  platinum-platinum 
13%  rhodium,  spot  welded  Io  lhe  specimen  rod  al  Its 
cenler.  Power  Inpul  Is  obtained  by  measuring  the 
heating  current  and  the  voltage  drop  across  the  central 
15  cm  portion  of  the  rod.  These  quantities  are  recorded 


•  • 


•  • 


V; 


•  • 


•  • 


t  • 


•  • 


•  • 


•  • 


•  t 


J  _1. 


I 

- 

L 


AIR  FORCE  SCIENTIFIC  RESEARCH 


PRI.  11:118  -  PRI.  11:122 


% 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

by  photographing  the  face  of  a  cathode  ray  tube  which 
displays  them.  Results  obtained  Indicate  that  the  peak 
of  specific  heat  which  normally  occurs  at  the  A, 
allotropic  phase  transformation  point  under  equilibrium 
conditions  Is  greatly  affected  by  rapid  heating,  while  the 
specific  heat  anomaly  at  the  Curie  point  Is  not  affected 
by  the  rate  of  heating.  (Contractor’s  abstract) 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

Office  of  Scientific  Research]  under  N6ori-1102  and 
[N6ori- 10503])  ATI-131280  Unclassified 

Also  published  In  Jonr.  Chem.  Phys. ,  v.  19:  1214- 
1215,  Sept.  1951. 

A  vibrational  analysis  of  the  hydrocarbon  flame  band 
system  based  on  two  active  modes  of  vibration  in  the 
wavelength  region  2500  to  4000  A  is  presented. 
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THE  MEASUREMENT  OF  INSTANTANEOUS  EXHAUST 
TEMPERATURES  OF  LIQUID  FUEL  ROCKETS  (Un¬ 
classified  title),  by  J.  H.  Hett  and  J.  B.  GUsteln. 

Apr.  1951,  19p.  lncl.  Ulus,  diagrs.  (Proj.  Squid 
technical  memo.  no.  NYU-7-[M])  (Sponsored 
jointly  by  Office  of  Naval  Research  and  [  Air  Force 
Office  of  Scientific  Research]  under  N6orl-1102  and 
[  N6ori-19503] )  C6574;  ATI-114141  Confidential 


New  York  U.,  N.  Y. 

THE  EFFECTS  OF  CAVITY  RESONATORS  COUPLED 
TO  PULSE  JET  ENGINE  COMPUSTION  CHAMBERS, 
by  J.  Lemelson.  Aug.  3,  1951,  6p.  diagrs.  (Proj. 
Squid  technical  memo.  no.  NYU-13-tM])  (Sponsored 
jointly  by  Office  of  Naval  Research  and  [Air  Force 
Office  of  Scientific  Research]  under  N8orl-1102  and 
[  N8ort-10503  J )  U24957;  ATI- 177043  Unclassified 
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New  York  U. ,  N.  Y. 


THE  AZOMETHANE-INDUCED  OXIDATION  OF  PRO¬ 
PANE,  by  M.  D.  Scheer  and  H.  A.  Taylor.  July  3, 

1951  (  5 J p.  lncl.  diagrs.  tables,  refs.  [Proj.  Squid 
technical  rept.  no.  NYU-25-P;  technical  rept.  no.  40] 
(Sponsored  jointly  by  Office  ol  Naval  Research  and  [  Air 
Force  Office  of  Scientific  Research]  under  N6orl-1102 
and  [N6orl- 10503:)  U25000;  ATI- 165377 

Unclassified 

Also  published  In  Jour.  Chem.  Phys.,  v.  30:  653-657, 
Apr.  1952. 

The  elfect  of  methyl  radicals  from  the  photolysis  of 
azomethane  on  propane- oxygen  mixtures  in  pyrex 
vessels  has  been  shown  to  Include  a  slow  oxidation  In 
the  temperature  range  35°  to  200* C  and  cool  flames  at 
250*C.  Azomethane  decomposed  thermally  Induces 
cool  flames  In  propane -oxygen  mixtures  at  255°  and 
270°C,  temperatures  below  those  at  which  cool  flames 
occur  In  the  system  propane-oxygen  alone.  A  rapid 
photo- oxidation  has  been  observed  In  -  quartz  vessel 
In  the  temperature  range  230-  to  250“C.  (Contractor's 
abstract) 
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;  New  York  U. ,  N.  Y. 

q  VIBRATIONAL  STRUCTURE  OF  HYDROCARBON 
~  FLAME  BANDS,  by  G.  M.  Murphy  and  L.  [  J.  ]  Schoen. 

‘  July  13,  1951  1 .  p.  lncl.  tablt.  (Proj.  Squid  technical 

.  rept.  no.  NYU-23  P;  technical  rept.  no.  33)  (Spon- 

•  sored  jointly  by  Office  of  Naval  Research  and  Air  Force 


Tubes  of  various  diameters  and  lengths  were  attached 
to  the  combustion  chamber  of  a  Dynajet  engine. 

Thrust  and  fuel  flow  were  measured  for  various  con¬ 
figurations.  It  Is  shown  that  both  thrust  and  fuel  flow 
are  markedly  affected  by  the  phase  relation  between 
the  gas  Row  In  the  pulsejet  engine  and  that  In  the  tube. 
A  suggestion  is  mcae  to  use  a  resonant  cavity  with 
ram  air.  (Contractor’s  abstract) 
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New  York  U.,  N.  Y. 

MANOMETERS  IN  PULSATING  SYSTEMS,  by  R.  J. 
Kraushaar.  Aug.  22,  1951,  14p.  lllus.  diagrs.  tables. 
(Proj.  Squid  technical  memo.  no.  NYU-14-lM]) 
(Sponsored  jointly  by  Office  of  Naval  Research  and  [  Air 
Force  Otflce  of  Scientific  Research]  under  N6orl-1102 
and  [  N6orl-10503])  U24959;  ATI-177042 

Unclassified 

A  series  of  experiments  are  described  to  check  the 
practicality  of  measuring  average  pressures  In 
pulsating  systems  with  a  connecting  tube.  Several 
diameter  tubes  and  typical  tube  materials  were  used. 

It  was  noted:  (1)  "average"  prescure  showed  con¬ 
siderable  variation  with  the  length  of  tube;  (2)  there 
Is  a  periodic  variation  related  to  the  frequency  of 
oscillation  of  the  primary  system;  (3)  the  tube  material 
affects  the  magnitude  of  the  peaks;  (4)  that  the  tube 
diameter  affects  the  magnitude  of  the  peaks;  (5)  that 
the  aperture  size  will  show  a  gating  effect;  and  (6)  that 
the  use  of  a  light  valve  will  permit  the  reading  of 
maximum  or  minimum  pressure  depending  upon  Its 
directionality  regardless  of  tube  length.  (Contractor's 
abstract) 
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New  York  U. ,  N.  Y. 

THE  THERMISTOR  AS  A  FLOWMETER,  by  R.  W.  King, 
Jr.  Oct.  2,  1951,  5p.  dlagrs.  (Proj.  Squid  technical 
memo.  no.  NYU-10- [Mj)  (Sponsored  jointly  by  Office 
of  Naval  Research  and  [  Air  Force  Office  of  Scientific 
Researchj  under  N6orl-1102  and  [  N6ori- 10503 ] ) 
U24958;  ATI-177046  Unclassified 

Early  circuit  designs  measured  only  fluctuations  In  flow 
rate.  Later  developments  employ  a  feedback  bridge 
circuit  using  a  dc  amplifier  to  maintain  the  thermistor 
at  a  constant  temperature.  The  calibration  becomes 
Independent  of  the  gain,  being  largely  determined  by 
the  constant  in  the  feedback  bridge.  Ambient  temper¬ 
ature  ellects  In  the  liquid  have  been  reduced  by  using 
a  second  thermistor  In  the  bridge  circuit  which  meas¬ 
ures  only  the  temperature.  Experiments  were  confined 
to  low  flow  t  ales  (2  gal/hr). 
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New  York  U. ,  N.  Y. 

REPORT  ON  FULL  SCALE  PULSE  JET  TESTING,  by 
J.  H.  Hett.  Nov.  7,  1951,  15p.  lllus.  dlagrs.  refs. 
(Proj.  Squid  technical  memo.  no.  NYU-12-[Mj) 
(Sponsored  jointly  by  Office  of  Naval  Research  and 
[Air  Force  Ofllce  of  Scientific  Research)  under  N6orl- 
1 1 02  and  [  N6orl- 10503  i )  U24956;  ATI- 177044 

Unclassified 

A  P.  J.  31  pulsejet  engine  was  mounted  on  a  trailer  and 
tired  statically.  An  Instrument  nailer  was  built  having 
16  channels  for  Information  on  cathode- ray  tubes  which 
were  viewed  by  lour  drum  cameras.  Tests  were  made 
ol  the  llame  How  pattern  In  the  engine  using  windows 
and  a  strip  camera,  and  simultaneous  determinations 
were  made  of  valve  position.  To  measure  Instantaneous 
pressures  and  Instantaneous  flame  temperatures, 
special  Instruments  were  developed  and  mounted  on  the 
P.  J.  31.  Experiments  were  also  made  with  Instantane¬ 
ous  itquld  llowmeters  employing  thermistors.  Other 
experiments  were  perlorined  with  pulsating  manometer 
systems.  The  project  ended  belore  simultaneous 
measures  ol  all  parameters  could  be  obtained.  (Con¬ 
tractor's  abstract) 
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New  York  U. ,  N.  Y. 

FINAL  REPORT  ON  THE  NEW  YORK  UNIVERSITY 
PRESSURE  GAUGE,  by  It.  W.  King,  Jr.  Dec.  10, 
t95t,  20p.  tllus.  dlagrs.  tables,  rets.  (Proj.  Squid 
technical  memo.  no.  NYL  tt  M  )  (Sponsored  jointly 
by  Otllce  ol  Navat  Research  and  Atr  Force  Olllce  ol 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

Scientific  Research]  under  N6orl-1102  and  [N6orl- 
10503])  U24705-,  ATI- 177045  Unclassified 

Various  experiments  with  the  NYU  type  condenser 
gauge  are  described.  The  thermal  perturbation  of  the 
sensing  diaphragm  as  a  function  of  diaphragm  shape, 
concave  or  convex,  is  Investigated.  Diaphragms 
laminated  with  copper  thermosetting  plastics  showed 
much  Improvement.  A  new  circuit  was  devised  which 
uses  the  connecting  cable  as  a  low  Impedance  coupling 
between  a  resonant  circuit  at  the  gauge  and  a  resonant 
circuit  as  the  receiver.  Phase  changes  In  the  receiver 
are  measured  with  6  BN-6  tubes.  The  system  operates 
well  In  gas  turbines,  but  additional  cooling  Is  desirable 
In  rockets.  (Contractor's  abstract) 
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INDICATED  INSTANTANEOUS  TEMPERATURES  OF 
LIQUID  ROCKET  EXHAUSTS  AND  COMBUSTION 
CHAMBERS,  by  J.  H.  Hett  and  J.  B.  Gllsteln.  [  1955] 
[9jp.  incl.  lllus.  dlagrs.  tables.  (Sponsored  jointly 
by  Olllce  of  Naval  Research  and  [  Air  Force  Office  ol 
Sclentilic  Researchj  under  N6orl-1102  and  [N6orl- 
10503  ] )  Unclassified 

Published  in  Jet  Propulsion,  v.  25:119-127,  Mar. 

1955. 

A  modified  two-path  method  was  used  to  measure  In¬ 
stantaneous  temperatures  of  the  exhaust  and  combustion 
chamber  flames  of  1 500-lb- thrusl  alcoholoxygen 
rockets.  Spectral  studies  ol  the  flames  Indicated  diver¬ 
gence  from  thermal  equilibrium  In  both  combustion 
chamber  and  exhaust.  Nevertheless  the  Indicated 
temperatures  obtained  agreed  closely  In  the  exhaust 
flames  with  average  temperatures  obtained  by  the 
method  of  Kuribaum,  but  were  lower  than  average 
temperatures  obtained  by  the  sodium  line  reversal 
method.  The  measured  temperatures  In  the  combustion 
chamber  and  the  exhaust  were  lower  than  the  theoreti¬ 
cal  temperatures.  (Contractor's  abstract) 
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SQUID  CONFERENCE  ON  ATOMIZATION,  SPRAYS, 
AND  DROPLETS  HELD  AT  NORTHWESTERN  TECH 
NOLOGICAL  INSTITUTE,  SEPTEMBER  24-25,  1953. 
Dec.  t,  1954  100, p.  (Proj.  Squid  technical  rept.  no. 

NT1- t-C)  (Sponsored  jointly  by  Olttce  ol  Naval  Re¬ 
search,  !  Atr  I  :e  Olllce  ol  Sclentilic  Research, 
and  Ofllce  ol  ‘  mce  Research  under  NOort  10503) 
AD  50186  Uiiclassllled 


A  summary  Is  presented  ol  the  proceedings  ol  the  con¬ 
ference.  The  following  tour  jupers  are  presented  tn 
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their  entirety:  Characteristics  of  Sprays  and  Droplets, 
by  J.  M.  Pilcher,  Ballelle  Memorial  Insl. ;  Drop- Size 
Distributions  and  Their  Averages,  by  R.  E.  Thomas, 
Ballette  Memorial  Insl. ;  Review  ol  Mass  Energy  Trans¬ 
fer  Between  Liquid  Droplets  and  Surrounding  Gases. 
by  C.  C.  Graves  and  D.  W.  Bahr,  National  Advisory 
Commlllee  for  Aeronautics;  and  Injection  In  Afterburning 
Turbojets,  by  D.  G.  Samaras,  Wrlghl  Pallerson  Air 
Force  Base.  Abstracts  are  given,  or  references  a 
made  to,  the  following  13  papers:  Review  of  Expert 
meats  and  Empirical  Correlations  Relating. to.  the  Ere. 
ductlon  of  Sprays,  by  W.  R.  Marshall,  Jr.,  Wisconsin 
U.;  Review  of  Theoretical  and  Mathematical  Analyses 
of  the  Performance  of  Atomizing  Nozzles,  by  R.  Lasler 
and  M.  Doumas,  General  Foods  Corp. ;  Fuel  Spray 
Spreading  and  Evaporation  In  a  Flowing  Air  Stream,  by 
D.  W.  Bahr,  National  Advisory  Commlllee  for  Aero¬ 
nautics;  Review  of  Instrumentation  and  Methods  of 
Experimental  Study,  by  J.  L.  York,  Michigan  U. ;  An 
Apparatus  for  Suspending  Small  Droplets  of  Llauld  In 
Space,  by  J.  A.  Boll,  Michigan  U. ;  Measurement  of 
Dry  Bulb  Temperature  In  Mists,  by  E.  W.  Comings, 
Purdue  U. ;  Gas  Absorption  and  Aerosol  Collection  In 
a  Venturi  Atomizer,  by  H.  F.  Johnstone,  R.  B.  Feltd, 
and  N.  C.  Tasster,  Illinois  U. ;  Fuel  Injection  Problems 
In  Turbojets,  by  H.  A.  Fremont,  General  Electric  Co.  ; 
Fuel  Injection  Problems  In  Ramjets,  by  J.  P.  Longwetl, 
Standard  Oil  Development  Corp. ;  Application  of  Spray 
Technology  to  Liquid  Propellant  Rackets,  by  C.  C. 
Mlesse,  Aerojel-Generat  Corp. ;  Vaporization  of  Fuel 

Uyehara*  ami1  ETWaket,  Wisconsin  U. ;  Fuel 

Injection  Problems  In  Otto  Cycle  Engines,  by  W.  E. 
Meyers,  Pennsylvania  State  Coll. ;  and  Chemical 
Engineering  Applications,  by  A.  F.  Johnstone,  W.  R. 
Marshall,  J.  L.  York,  E.  W.  Comings  and  G.  G.  Lamb. 
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Northwestern  U.  Technological  Insl. ,  Evanston,  111. 

A  NEW  TECHNIQUE  FOR  DROP-SIZE  DISTRIBUTION 
DETERMINATIONS,  by  A.  P.  It.  Choudbury  and  W.  F. 
Stevens.  Aug.  1955,  8p.  Ulus.  (I’roj.  Squid  technical 
rept.  no.  NTI  2  M)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Air  Force  Office  of  Scientific  Re¬ 
search  and  Office  of  Ordnance  Research  under  N6orl- 
10503)  AD  67771  Unclassified 

Accurate  knowledge  of  the  drop  size  distribution  of 
liquid  sprays  Is  necessary  In  order  to  evaluate  various 
atumizatlon  devices.  This  drop  size  distribution  Is 
usually  obtained  by  a  procedure  Involving  sampling  of 
the  spray,  followed  by  actual  counting  of  the  various 
drop  sizes  In  the  spray  sample.  Such  a  procedure  Is 
extremely  time  consuming  and  may  be  subject  to 
sampling  errors.  This  paper  describes  a  new  method 
which  greatly  simplifies  the  process  of  determining 
such  a  drop  size  distribution.  The  new  procedure  In 
volves  the  capture  and  Instantaneous  freezing  of  the 


entire  spray  In  a  bath  of  liquid  nlirogen,  followed  by 
screening  of  the  resulting  solid  spheres  inio  sized 
fracUons.  The  screening  is  carried  on  a  set  of 
standard  lesl  screens,  Inside  a  walk-in  cold  room 
kept  al  -60°F.  After  ihe  individual  fractions  are 
obtained,  each  Is  transferred  io  a  small  beaker, 
placed  In  a  desiccator,  and  allowed  lo  warm  up  and 
metl.  The  weight  of  each  fraction  Is  accurately  deter¬ 
mined,  on  an  analytical  balance,  afier  which  ihe  daia 
are  combined  lo  give  the  complete  drop- size  distri¬ 
bution.  The  procedure  Is  described  in  detail,  and 
both  advantages  and  disadvantages  of  the  method  ar j 
pointed  oul.  Typical  drop- size  distribution  curves 
obialned  by  the  method  are  Included.  (Coniracior's 
abstract) 
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Northwestern  U.  Technological  insl. ,  Evanston,  111. 

COMPOSITION  CHANGE  IN  BINARY  COMPONENT 
SPRAY  VAPORIZATION  AT  ATMOSPHERIC  PRES¬ 
SURE,  by  J.  F.  Culverwell,  P.  W.  Grounds,  Jr.  and 
others.  Mar.  1956,  Up.  Ulus,  tables,  refs.  (Proj. 
Squid  technical  rept.  no.  NT1-3-P)  (Sponsored  jointly 
by  Office  of  Naval  Research,  Air  Force  Office  of  Scien¬ 
tific  Research,  and  Office  of  Ordnance  Rejea.rh  under 
NOorl- 10503)  AD  90702  Unclassified 

The  behavior  of  the  o-dlchlorobenzene-letrachloro- 
elhylene  system  was  studied  In  air  ai  400”  to  1000” F. 
Variables  studied  for  their  effect  on  the  composition 
change -vaporization  relationship  were  air  temperature; 
feed  composition,  temperature  and  pressure;  and  dis¬ 
tance  from  the  nozzle.  Measurements  were  made  with 
a  spray  composed  of  drops  with  diameters  In  the  20- 
to  400- u  range.  EquaUons  are  presented  which  describe 
mathematically  the  vaporization  process,  wiih  ihe 
assumption  of  liquid  diffusion  control.  Calculations 
agreed  with  the  experimental  data  obtained  for  Ihe 
first  5  In.  of  nozzle-to-lray  travel.  Beyond  5  In.,  the 
deviation  was  considerable.  The  behavior  studies 
Indicated  that  the  change  of  residual  spray  composition 
with  vaporization  Is  a  function  of  Initial  composition, 
chamber  air  temperature,  and  nozzle  characteristics 
for  a  particular  binary  component  spray.  Feed  pres¬ 
sure  and  temperature,  and  nozzle -to- tray  distance 
locate  the  position  on  the  vaporization- composition 
curve  but  do  not  affect  Its  shape.  Calculated  re— alls 
for  the  binary  system  which  Is  baaed  on  the  assumption 
of  liquid  diffusion  control  of  mass  transfer  Indicated 
that  Ihe  smaller  droplets  slowed  down.  Increased  In 
temperature,  changed  In  composition,  and  decreased 
In  radius  more  rapidly  than  the  larger  drops. 

l’HI.  11:130 
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CORE  CENTRIFUGAL  PRESSURE  NOZZLES,  by  A.  P. 
R  Choudbury,  G.  G.  Lamb,  and  W.  F.  Stevens.  May 
1956  [  24  j  p.  incl.  Ulus,  tables.  (Proj.  Squid  technical 
rept.  no.  NTI-4-P)  (Sponsored  jointly  by  Office  o( 
Naval  Research  and  Air  Force  Office  of  Scientific  Re¬ 
search,  and  Office  of  Ordnance  Research  under  N6orl- 
10503)  AD  93806  Unclassified 

A  successful  correlation  Is  presented  for  drop-size 
dtstrtbuUon  data  obtained  by  a  unique  technique  (Item 
no.  PRI.  11:128)  which  appeared  excepUonally  repro¬ 
ducible.  The  drop  size  dlstrlbuUon  data  for  13  systems 
having  a  wide  range  of  fluid  properUes  best  fit  the 
square- root- normal  dlstrlbuUon.  For  this  distribution 
the  square  root  of  the  random  variable,  the  droplet 
diameter,  plotted  against  the  distribution  funcUon, 
cumulaUve  mass  percentage  over  the  stated  size,  an 
arlthmeUc  probability  paper,  results  in  a  straight  line. 

The  most  probable  size  (X^)  and  the  selected  second 

point  (Xj  j  g7),  where  standard  devlaUon  equals 

*15  87  "  *50 >  were  determined  for  each  run  by  graph¬ 
ical  Integration  of  a  plot  of  cumulative  fraction  over  the 
stated  size  as  the  square  root  of  the  average  screen 
aperture  on  rectangular  coordinates.  Then,  the  values 
were  correlated  In  terms  of  fluid  properties  and  nozjle 
characterlsUcs.  The  enUre  correlaUon  may  be  ex¬ 
pressed  as  xj'0  -  inNR(,  ♦  1,  where  m  f(NRe  1/2)  - 
the  slope  of  plot  EX*(or  Xj  j  87)  vs  NRg  and  1  Inter¬ 
cept  ol  the  plot  ol  EX '(or  Xjj  87)  vs  NRe.  Limitations 

of  the  correlaUon  are  caused  by  devlaUons  at  the  ex¬ 
treme  values  ol  Reynolds  and  Ohnesarge  numbers  and 
the  necessity  of  using  the  hydraulic  diameter  which  Is 
sometimes  difficult  torevaluale  because  of  a  lack  of 
knowledge  ol  the  atr  core  dimensions. 


PRI.  11:131 

Polytechnic  Inst,  of  Brooklyn,  N.  Y. 

HEAT  TRANSFER  IN  A  1-AMINAR  COMPRESSIBLE 
BOUNDARY  LAYER  ON  A  POROUS  FLAT  PLATE  WITH 
VAIUABLE  FLUID  INJECTION,  by  S.  W.  Yuan  and  N. 
Ness.  Sept.  1,  1950,  9p.  dtagrs.  (1  Proj.  Squtdj 
technical  memo.  no.  PID-15  M  )  (Sponsored  jointly 
by  Office  of  Naval  Research  and  l  Atr  Force  Ofltce  of 
Scientific  Research  under  N6ort-9802  and  NOort 
10503  )  U 16034.  ATI -96625  Unclasstited 

A  theoretical  Investigation  ol  lhe  heal  transfer  tn  a 
laminar  compressible  boundary  layer  on  a  partially 
porous  Hal  plale  with  variable  fluid  Injection  (trape¬ 
zoidal  and  bilinear  types)  Is  made.  The  method  of 
tleralto-i  and  graphical  InlegraUon  Is  used  to  obtain 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

the  soluUon  of  the  boundary  layer  equaUon.  The 
relaUon  between  wall  temperature  and  the  rate  of 
coolant  InjecUon  Is  calculated  for  3  different  InjecUon 
profiles  (trapezoidal,  bilinear,  and  uniform).  The 
results  Indicate  that  for  equal  quanUUes  of  coolant 
Injected,  the  variable  Injection  cases  are  slightly  more 
efficient  than  Is  the  uniform  InjecUon  case.  (Con¬ 
tractor's  abstract) 
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Polytechnic  Inst,  of  Brooklyn,  N.  Y. 

AN  EXPERIMENTAL  INVESTIGATION  OF  THE 
ISOTHERMAL  LAMINAR  BOUNDARY  LAYER  ON  A 
POROUS  FLAT  PLATE,  by  P.  A.  Libby,  L.  Kaufman, 
and  R.  P.  Harrington.  Apr.  19,  1951  ,8]p.  Incl. 
lllus.  dlagrs.  refs.  ([Proj.  Squldj  technical  memo, 
no.  PIB-16-M-P)  (Sponsored  Jointly  by  Office  of  Naval 
Research  and  [Air  Force  Office  of  SclenUflc  Research! 
under  N6orl- 9802  and  [  N6orl- 10503  j )  U23016 

Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  19: 
127-134,  Feb.  1952. 

The  transition  Reynolds  numbers  and  velocity  profiles 
of  the  laminar  isothermal  boundary  layer  on  a  porous 
flat  plate  with  suction  or  Injection  have  been  measured 
and  compared  with  the  laminar  boundary  layer  analyses 
that  have  been  carried  out  In  the  past  several  years. 

The  results  indicate  that  porous  plates  closely  approxi¬ 
mating  the  mathematical  or  Ideal  porous  plates  can  be 
realized  and  that  the  theoretical  velocity  profiles  are 
In  good  agreement  with  experiment. 


PRI.  11:133 

Polytechnic  Inst,  of  Brooklyn.  N.  Y'. 

ON  HEAT  TRANSFER  OVER  A  SWEAT-COOLED 
SURFACE  IN  LAMINAR  COMPRESSIBLE  FLOW  WITH 
A  PRESSURE  GRADIENT,  by  M.  Morduchow.  Nov. 

15,  1951  [8.p.  tncl.  tllus.  refs.  [Proj.  Squid  tech¬ 
nical  rept.  no.  PIB-21  ■  P;  technical  rept.  no.  44 
(Sponsored  jointly  by  [  Oiltce  of  Naval  Research  and 
Atr  Force  Office  ol  Scientific  Research  under  Nborl- 
10503)  AD  9091  UnclasslUed 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  19. 

705  712,  Oct.  1952. 

A  simple  expression  Is  derived  for  the  normal  In¬ 
jection  velocity  distribution  theoretically  required  to 
maintain  a  given  uniform  lemjieralure  along  a  porous 
suriace  tn  lhe  laminar  -  boundary  layer  region  of  a 
compressible  (low  with  a  gtveu  velocity  distribution 
outside  ol  the  boundary  layer.  This  expression  ts 
•<altd  for  any  given  free-slream  Mach  number  but  Is 
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valid  based  on  a  Prandtl  number  of  unity  and  on  the 
assumption  that  the  viscosity  coefficient  varies  linearly 
with  lhe  tempera'ure.  By  using  ihe  Dorodnlisyn  lype  of 
transformation  the  variation  of  fluid  properties  even  In 
the  case  of  zero  Mach  number  Is  taken  Into  account. 

This  sludy  Is  of  practical  Interest  In  connection  with 
the  sweat  cooling  of  turbine  blades  and  of  airfoil  sur¬ 
faces  tn  high-speed  flow.  The  method  of  analysis  con¬ 
sists  of  applying  lhe  KftrmfCn-Pohlhausen  method  to  bolh 
the  momentum  and  energy  boundary -layer  equations  and 
of  using  an  additional  heat  balance  equation,  Involving 
the  coolanl  temperature.  A  closed-form  approximate 
solution  of  ihe  equations  Is  Ihen  derived.  Numerical 
examples  for  flow  In  the  Immediate  vicinity  of  a  nlag- 
natlon  point  and  for  a  typical  type  of  flow  over  a  turbine 
blade  are  given.  (Contractor's  summary) 


PRf.  If  :134 

Polytechnic  fnsl.  of  Brooklyn,  N.  Y. 

ON  THE  TEMPERATURE  DISTRIBUTION  ALONG  A 
SEMI -INFINITE  SWEAT-COOLED  PLATE,  by  N.  Ness. 
Nov.  15,  1951  r  9 j  p.  lncl.  Ulus.  ([Proj.  Scald  tech¬ 
nical  rept.  no.  PIB-22-Pj  ;  technical  repi.  no.  45) 
(Sponsored  jointly  by  Office  of  Naval  Research  and 
Air  Force  Office  of  Scientific  Research)  under  N6orl- 
10503)  AD  9092  Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  19: 
760-768,  Nov.  1952. 

A  theoretical  Investigation  of  the  temperature  distribu¬ 
tion  aiong  a  seml-infinile  porous  flat  plate  under  the 
condition  of  uniform  Injection  from  lhe  bottom  of  the 
plate  Is  made.  A  heal- balance  differential  equation  of 
the  second  order,  Including  a  term  containing  lhe 
physical  parameters  of  the  plate,  Is  derived  and  Is 
employed  in  conjunction  with  the  well-known  Prandll 
boundary- layer  equations  of  continuity,  momentum,  and 
energy  for  a  solution  of  the  problem.  The  temperature 
distribution  along  the  plate  Is  obtained  for  the  respective 
cases  of  thermal  conductivity  nol  equal  to,  and  equal  to, 
zero,  ftesults  show  that  the  inclusion  of  the  thermal 
conductivity  term  tn  the  heat-balance  equation  eliminates 
Lhe  Infinite  temperature  gradient  at  the  leading  edge. 
Other  results  when  thermal  conductivity  Is  considered 
are:  (a)  the  boundary  conditions  at  the  leading  edge  — 
l.e. ,  the  ratio  of  wall  to  free -stream  temperature  and 
lhe  axial  temperature  gradient  there  may  be  chosen 
arbitrarily  but  are  related  mathematically  to  each  other; 
(b)  the  ratio  of  thermal  to  velocity  boundary- layer  thick 
ness  Is  less  than  unity  at  the  leading  edge  for  Prandtl 
numbers  greater  than  0.  35  and  is  equal  to  unity  at  an 
Infinite  distance  downstream;  and  (c)  at  an  Infinite 
distance  downstream,  the  wall  temperature  approaches 
the  coolant  temperature. 
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Polytechnic  Inst,  of  Brooklyn,  N.  Y. 

A  PROVISIONAL  ANALYSIS  OF  TURBULENT  BOUND¬ 
ARY  LAYERS  WITH  INJECTION,  by  J.  H.  Clarke, 

H.  R.  Menkes,  and  P.  A.  Libby.  May  12,  1954  [  6  J  p. 
lncl.  lllus.  tables.  [Proj.  Squid  technical  repi.  no. 
PIB-26-PJ  (Sponsored  jointly  by  [Office  of  Naval 
Research  and  Air  Force  Office  of  Scientific  Research) 
under  N6orl-10503)  AD  82574  Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  22: 
255-260,  Apr.  1955. 

Prandll's  analysts  of  lhe  Incompressible  turbulent 
boundary  layer  over  a  flat  plate  Is  extended  In  this 
report  lo  Include  the  effect  of  uniform,  transverse 
fluid  Injection.  The  nondlmenslonal  parameters 
characterizing  such  a  flow  are  deduced  by  dimensions' 
reasoning.  Velocity  profile  Is  generated  by  con¬ 
sidering  lhe  flow  over  a  plane  wall;  this  dlstribuiion 
reduces  lo  the  universal  log  law  when  the  mass  trans¬ 
fer  Is  zero.  The  expression  also  serves  to  relate  the 
local  skin  friction  lo  lhe  boundaiy- layer  thickness. 

When  these  relationships  are  used  In  conjunction  with 
the  von  Kerman  Integral,  the  problem  becomes  mathe¬ 
matically  specified.  Since  only  a  limited  amount  of 
experimental  data  Is  available,  11  is  necessary  lo  assign 
lo  certain  parameters  that  arise  tn  the  velocity  profile 
the  constant  values  they  have  for  no  mass  transfer. 

When  more  measurements  are  completed,  11  may  be 
possible  to  adjust  these  parameters  as  or  If  required. 
The  results  give  the  variation  skln-frlction  coefficient 
with  the  Injection  ratio  and  the  Reynolds  number  based 
on  streamwlse  coordinate.  The  agreement  between 
these  results  and  the  experimental  data  available  is 
found  lo  be  satisfactory.  The  significant  reductions 
In  skin  friction,  and  therefore  In  heat  transfer,  lo  be 
realized  with  small  rales  of  Injection  are  Indicated. 
(Contractor's  abstract) 
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A  METHOD  FOR  ANALYZING  THE  HEAT  1NSUI.ATING 
PROPERTIES  OF  THE  LAMfNAfl  COMPRESSIBLE 
BOUNDARY  LAYER,  by  P.  A.  Libby  and  A.  Pallone. 

1954  fO;p.  lllus.  Proj.  Squid  technical  rept.  no. 
PIB-24-P !  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search  and  Air  Force.  Office  of  Scientific  Research 
under  N6orl- 10503)  Unclassified 

Published  in  Jcur.  Aeronaut.  Sciences,  v.  2f.  825 
834,  Dec.  1954. 

A  method  for  investigating  the  Insulating  projierlles  of 
a  laminar  compressible  boundary  layer  on  a  two- 
dimensional  surface  with  zero  heat  transfer  Is  pre¬ 
sented.  The  Karman  Integral  method  extended  to  bolh 
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the  momentum  and  energy  partial  differential  equations 
of  the  boundary  layer  has  been  used.  Thus  the  velocity 
and  stagnation  enthalpy  proftles  have  both  been  taken 
as  sixth  degree  polynomials.  The  two  resulttng  tntegral 
differential  equations  are  then  solved  for  two  unknown 
functions  of  the  dtstance  along  the  wall.  These  two 
functions  are  related  to  the  boundary  layer  thickness 
and  to  the  wall  temperature.  Initial  conditions  corre¬ 
sponding  to  a  gtven  tnitlal  wall  temperature  and  an 
tnitlal  boundary  layer  thickness  are  prescribed.  Exact 
closed-form  solutions  for  the  case  of  zero  axial  pres¬ 
sure  gradtent  are  obtatned.  For  flows  wtth  stgnlftcant 
pressure  gradtents,  numertcal  solutions  are  requtred 
tn  general.  Several  numertcal  examples  of  practtcal 
tnterest  are  presented. 
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LAMINAR  PIPE  FLOW  WITH  INJECTION  AND  SUCTION 
THROUGH  A  POROUS  WALL,  by  S.  W.  Yuan  and  A.  B. 
Ftnkelstetn.  Mar.  1955  [23)p.  tncl.  tllus.  (Project 
Squtd  technical  rept.  no.  PTB-25-P)  (Sponsored  jotntly 
by  Offtce  of  Naval  Research,  [  Atr  Force)  Office  of 
Sctentlftc  Research,  and  Offtce  of  Ordnance  Research 
under  N6ort-10503)  AD  58831  Unclasstfted 

Published  In  Trans.  Amer.  Soc.  Mech.  Engtneers, 
v.  78:  719-724,  May  1956. 

The  effect  of  injection  and  suetton  at  the  wall  of  the  two- 
dtmenstonal  steady- state  lamtnnr  flow  of  a  flutd  tn 
porous-wall  ptpe  has  been  Investigated  tn  detatl  by  the 
solution  of  Navter-Stokes  equations  tn  cyltndrtcal  co¬ 
ordinates.  An  exact  solutton  of  the  dynamte  equations, 
reduced  to  a  thtrd-order  nonltnear  dtfferenttal  equation 
wtth  appropriate  boundary  conditions,  ts  obtained.  A 
perturbatton  method  was  used  to  solve  the  latter  equation 
for  both  small  and  large  flows  through  the  porous  wall. 
The  velocity  components  are  expressed  as  functions  of 
the  ratio  of  veloctty  through  the  porous  wall  to  the 
maximum  axial  veloctty  at  the  ptpe  entrance,  the  co¬ 
ordinates  of  the  ptpe,  and  the  phystcal  properties  of  the 
flutd.  The  results  show  that  the  effect  of  tnjeetton  at 
the  porous  wall  of  the  ptpe  ts  to  tncrease  the  friction 
coefftctent  at  the  wall.  For  an  tnjeetton  ratto 
Q/'W  0.01(500  L  He  <.  2500)  the  frtetton  coefftctent 

at  the  wall  Is  tncreased  by  70-85T  over  the  zero  tn¬ 
jeetton  case  (Potseutlle  case).  (Contractor’s  abstract) 
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hEAT  TRANSFER  OF  A  LAMINAR  rli'R  FLOW  WITH 
COOLANT  INJECTION,  by  S.  W.  Y  .  n  and  A.  B. 
Ftnkelstetn.  Mar.  t950  .  t3.p.  tncl.  dtagrs.  (Project 
Squtd  technical  rept  no.  t’tB  27-Pt  (Sponsored  jotntly 
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by  Offtce  of  Naval  Research,  Atr  Force  Office  of 
Sctentlftc  Research,  and  Offtce  of  Ordnance  Research 
under  N6ort- 10503)  AD  89153  Unclassifted 

The  effect  of  coolant  tnjeetton  at  the  wall  on  the  tem¬ 
perature  dtstrtbution  of  the  lamtnar  flow  of  a  fluid  in 
a  porous  wall  ptpe  has  been  investigated.  The  tem¬ 
perature  distributions  tn  the  ptpe  for  vartous  fluid 
Injections  are  obtained  by  solvtng  the  energy  equation. 
The  results  are  expressed  tn  terms  of  Nusselt  number 
as  function  of  the  P£clet  number,  the  dtmenstons  of 
the  pipe  and  the  coolant  flow.  The  relation  between 
the  wall  temperature  and  the  rate  of  coolant  tnjeetton 
ts  also  calculated.  The  results  also  show  that  the 
heat  transfer  coefftctent  at  the  wall  decreases  wtth  an 
tncrease  of  the  rate  of  coolant  tnjection,  whereas  tt  was 
previously  found  that  the  frtctlon  coefftctent  at  the  wall 
increases  wtth  an  tncrease  of  flutd  tnjectlon.  Thus 
the  analogue  between  the  heat  transfer  and  momentum 
transfer  does  not  exist  tn  porous  wall  cooltng  of  ptpe 
flow.  (Contractor's  abstract) 


PRI.  11:139 

Polytechnic  fnst.  of  Brooklyn,  N.  Y. 

ON  LAMINAR  FLOW  THROUGH  A  CHANNEL  OR  TUBE 
WITH  POROUS  WALLS.  APPLICATION  OF  METHOD 
OF  AVERAGES,  PART  I,  by  M.  Morduchow.  June 
1956,  12p.  Incl.  tllus.  tables.  FURTHER  INVESTI¬ 
GATION  OF  LAMINAR  FLOW  IN  CHANNELS  WITH 
POROUS  WALLS,  PART  H,  by  S.  W.  Yuan.  June 
1956,  3p.  tncl.  lUus.  table.  (Proj.  Squtd  technical 
rept.  no.  PIB-28-P,  pts.  1-2)  (Sponsored  jotntly  by 
Offtce  of  Naval  Research,  Atr  Force  Offtce  of  Scten- 
ttftc  Research,  and  Office  of  Ordnance  Research  under 
N6ort- 10503)  AD  98477  Unclasstfied 

Part  I  also  published  In  Quart.  Appl.  Math.,  v.  14: 
361-368,  Jan.  1957. 

Pi  ft  II  also  JubUahed  111  Jour.  Appl.  Phys. ,  v.  27: 
267-269,  Mar.  1956. 

Paxil  -  An  approximate  closed- form  solutton  ts  gtven 
for  flow  through  a  channel  and  through  a  ctrcular  tube 
wtth  porous  walls  which  ts  valid  for  the  entire  range 
of  normal  flutd  tnjeetton  velocities  from  zero  to  tndef 
tnltely  large.  The  soluttons  reduce  exactly  to  the  small 
perturbation  soluttons  for  small  values  of  the  tnjeetton 
veloctty.  Part  II  -  The  problem  of  two  dtmenstonal 
sieady-state  lamtnar  flow  tn  channels  wtth  porous  walls 
has  been  extended  to  the  case  of  moderate  to  high 
suetton  or  tnjeetton  at  the  walls.  An  exact  solutton  of 
the  Navter-Stokes  equations,  reduced  to  a  third  order 
nonltnear  differential  equatton  wtth  appropriate  bound 
ary  conditions.  Is  obtatned.  The  velocity  components, 
the  pressure,  and  the  coefftctent  of  wall  Irtctton  are 
expressed  as  funettons  of  velocity  through  the  porous 
walls,  the  average  axtal  velocity  of  f'otseutlle's  flow, 
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the  coordinates  and  dlmenstons  of  the  channel,  and  the 
phystcal  properties  of  the  fluid.  (Contractor's 
abstract) 


PRI.  11:140 

Polytechnic  Inst,  of  Brooklyn,  N.  Y. 

TRANSPIRATION  COOLING  IN  THE  TURBULENT 
FLOW  THROUGH  A  POROUS- WALL  PIPE,  by  S.  W. 
Yuan  and  L.  S.  Galowln.  July  1956  [l7jp.  tncl.  lllus. 
(Proj.  Squid  technical  rapt.  no.  PIB-30-P)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Air  Force  Office 
of  Scientific  Research,  and  Office  of  Ordnance  Re¬ 
search  under  N6orl-10503)  AD  102725 

Unclassified 

Also  published  In  Proc.  Ninth  International  Congress 
of  Appl.  Mech. ,  Brussels  (Belgium)  (Sept.  5-13,  1956), 
v.  2:  331-340,  1957. 

Data  show  the  effect  of  coolant  Injection  on  the  velocity 
and  temperature  distributions  of  fully  developed  turbu¬ 
lent  flow  In  a  circular  pipe.  The  data  were  obtained 
from  a  5-ln.  -diameter  20-ln.  -long,  porous-wall  stain¬ 
less  steel  pipe.  The  Reynolds  numbers  ranged  from  I05 
to  3  x  I05;  the  mass  flow  ratios  were  0.0,  0.0058,  and 
0.0103.  Comparison  of  the  theoretical  curve  with  the 
experimental  velocity -distribution  data  showed  close 
agreement.  Agreemenl  between  theory  and  experiment 
for  temperalure-dlstrlbutlon  data  was  better  for  low 
coolant  Injection  rates.  Based  on  the  Frandll  mixing- 
length  theory,  the  velocity  and  temperature  distribu¬ 
tions  were  obtained  from  the  Reynolds  equations  and  Ihe 
eddy  heat  transfer  equatton,  respectively.  A  significant 
reduction  occurred  In  the  heat  transfer  to  the  wall  wllh 
low  rales  of  coolant  Injection. 


Pill.  It  :t41 

Polytechnic  Insl.  of  Brooklyn,  N.  Y. 

HEAT  INSULATING  PROPERTIES  OF  THE  LAMINAR 
COMPRESSIBLE  BOUNDARY  LAYER  (Abstract),  by 
P.  A.  Libby.  July  1952,  tp.  Proj.  Squid  technical 
repl.  no.  PIB-23  P  (Sponsored  jointly  by  Office  of 
Naval  Research  and  Atr  Force  Offtce  of  Sclenllftc 
Research  under  N6orl-t0503)  Unclassified 

Presented  at  Eighth  International  Congress  of  Theoreti¬ 
cal  and  Applied  Mechanics,  Istanbul  (Turkey),  Aug. 

20  28.  1952. 

Published  In  Jel  Propulsion,  v.  26:663,  Aug.  t95G. 

Results  of  a  theoretical  Investigation  of  the  Insulating 
properties  of  a  laminar  compressible  boundary  layer 
are  gtven.  The  Karm£n- Pohlhausen  tntegral  method 
extended  to  both  the  momentum  and  energy  partial 
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differential  equations  are  then  solved  for  lwo  unknown 
functions  of  the  distance  along  the  wall.  These  two 
functions  are  related  lo  the  boundary  layer  thickness 
and  lo  the  wall  lemperalure.  Initial  conditions 
corresponding  lo  a  given  Initial  wall  temperature  and 
an  Initial  boundary  layer  thickness  are  prescribed. 
Exact,  closed-form  solutions  for  the  case  of  zero 
axial  pressure  gradient  are  obtained.  For  the  case 
with  axial  pressure  gradtenl,  approximate  numerical 
solutions  for  the  Interesting  case  of  an  accelerating 
pressure  gradient  have  been  obtained.  Circumstances 
under  which  the  laminar  compressible  boundary  layer 
may  lnsulaie  a  surface  from  high  energy  gases  are 
dtscussed. 


PRI. 11:142 
Princeton  U. ,  N.  J. 

FUNDAMENTAL  PROBLEMS  IN  ROCKET  RESEARCH, 
by  M.  Summerfleld.  [  1950]  [l5]p.  tncl.  lllus.  refs. 
[Proj.  Squid  technical  repl.  no.  PR-20-P-R]  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research  and  [Air 
Force  Office  of  Scientific  Research  J  under  N0orl- 
10503)  Unclassified 

Published  in  Jour.  Amer.  RockelSoc.,  No.  81:  79-98, 
June  1950. 

Various  problems  that  have  arisen  In  connection  with 
recenl  advances  of  rockel  technology  are  discussed, 
and  Indications  of  directions  In  which  solutions  might 
be  found  are  presented.  The  topics  discussed  are 
concerned  with  combustion,  heal  transfer,  transport 
properties,  and  flow  through  exhaust  nozzles.  A 
comprehensive  btbltography  is  presenled. 


PRI.  11:143 
Princeton  U. ,  N.  J. 

THE  EFFECT  OF  TRACES  OF  OXYGEN  ON  THE 
REACTION  OF  ALUMINUM  BOROHYDR1DE  WITH 
ETHYLENE,  by  R.  S.  Brokaw.  June  15,  1950,  7p. 
dlagrt.  tables.  (Proj.  Squid  technical  memo.  no. 
PR-15-M-  Pj ;  technical  paper  no.  48)  (Sponsored 
jointly  by  Office  of  Naval  Research  and  [  Air  Force 
Office  of  Sctentlftc  Research  under  N6orl-t0503) 
U10824;  ATI  83861  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  V.  72: 
5263-5366,  Nov.  1950. 

The  effect  of  traces  of  oxygen  on  the  reaction  between 
aluminum  borohydrlde  and  ethylene  has  been  studied. 

It  Is  found  that  the  reaction  Is  accelerated  by  oxygen 
and  Inhibited  by  a  reaction  product  and  by  Increased 
surface  area.  An  equation  which  qualitatively  des 
crlbes  the  experimental  results  Is  given,  and  a  possible 
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mechanism  Is  proposed.  A  few  experiments  on  the 
Induced  combustion  of  ethylene  with  aluminum  boro- 
hydrlde  and  with  boron  triethyl  have  been  performed. 
(Contractor's  abstract) 


PRI.  11:144 
Princeton  U. ,  N.  J. 

KINETICS  OF  THE  THERMAL  DECOMPOSITION  OF 
DIBORA NE,  WITH  A  REVIEW  OF  STRUCTURE  DATA, 
by  R.  P.  Clarice.  July  1,  1950,  22p.  dlagrs.  tables, 
refs.  (Proj.  Squid  technical  memo.  no.  PR-16-M; 
technical  paper  no.  49)  (Sponsored  jointly  by  Office  of 
Naval  Research  and  L  Air  Force  Office  of  Scientific 
Research]  under  N6orl- 10503)  U12171;  ATI-9854a 

Unclassified 

A  study  has  been  made  of  the  rate  of  decomposition  of 
dlborane  In  a  static  system  from  85*  to  163° C,  em¬ 
ploying  starting  pressures  up  to  160  mm  hg.  The  over¬ 
all  effect  Is  that  of  chain- reaction  polymerization  of 
B2Hg  to  (BH)X.  Evidence  Is  given  for  an  Initial  3/2- 
order  step.  A  mechanism  Is  proposed  which  Includes 
back- reactions  Involving  the  respective  partial  pres¬ 
sures  of  hydrogen,  dlborane,  and  the  volatile  Inter¬ 
mediates.  (Contractor's  abstract) 


PRI.  11:145 
Princeton  U. ,  N.  J. 

THEORETICAL  AND  EXPERIMENTAL  INVESTIGA¬ 
TIONS  OF  THE  MIXING  OF  A  SUPERSONIC  STREAM 
WITH  AN  INDUCED  SECONDARY  STREAM  AS 
APPLIED  TO  DUCTED  PROPULSIVE  DEVICES,  by 
H.  L.  Pool  and  J.  V.  Charyk.  Sepl.  1950,  61p.  Ulus, 
dlagrs.  tables,  appendices.  (Proj.  Squid  technical  rept. 
no.  [  PR-42-R  J ;  technical  rept  no.  25)  (Sponsored 
jointly  by  Office  of  Naval  Research  and  I  Air  Force 
Office  of  Scientific  Research)  under  N6orl- 10503) 
ATI-101133  Unclassified 

Test  results  an  certain  aspects  of  ejector  performances 
are  reported  including  effects  of  such  Uctors  as  primary 
lo  secondary  jet  area  ratio,  location  of  actuating  jel, 
under  and  over  expansion  of  supersonic  jel  nozzle,  etc. 
Some  typical  lest  dala  are  also  Included  for  the  case 
where  chemical  reaction  occurs  between  the  lwo  fluid 
streams.  Pressure  and  temperature  distributions  along 
the  duel  are  Included.  An  appendix  lreals  the  problem 
of  constant  area  or  constant  pressure  mixing  according 
to  the  usual  one -dimensional  fashion.  Appropriate 
selection  of  parameters  permits  of  a  solution  In  very 
simple  form.  (Contractor's  abstract) 
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PRI.  11:146 

Princeton  U. ,  N.  J. 

A  THEORY  OF  UNSTABLE  COMBUSTION  IN  LIQUID 
PROPELLANT  ROCKET  SYSTEMS,  by  M.  Summer- 
field.  Apr.  1951,  16p.  lncl.  Illus.  (Proj.  Squid 
technical  rept.  no.  [  PR-43-R-PJ ;  technical  rept.  no. 
26)  (Sponsored  jointly  by  [  Office  of  Naval  Research 
and  Air  Force  Office  of  Scientific  Research)  under 
N6orl-10503)  ATI-114348  Unclassified 

Also  published  in  Jour.  Amer.  Rocket  Soc. ,  v.  21: 
108-114,  Sept.  1951. 

On  the  basis  of  an  hypothesis  that  low  frequency  oscilla¬ 
tions  ("Chugging")  sometimes  observed  In  liquid  pro¬ 
pellant  rocket  engines  are  the  result  of  oscillatory 
propellant  flow  induced  by  a  combustion  lime  lag,  con¬ 
ditions  for  the  suppression  of  such  oscillations  are 
derived.  It  Is  found  that  stability  can  be  achieved  by 
increases  in  the  length  of  feed  line,  the  velocity  of  the 
propellant  In  the  feed  line,  the  ratio  of  feed  pressure 
to  chamber  pressure,  and  the  ratio  of  chamber  volume 
to  nozzle  area.  Equations  are  given  for  the  frequencies 
of  oscillations.  Examination  of  the  equation  for  sta¬ 
bility  indicates  that  self-igniting  propellant  combinations 
are  likely  lo  be  more  stable  than  non-self-ignltlng 
systems. 


PRI.  11:147 
Princeton  U. ,  N.  J. 

A  THEORETICAL  AND  EQPERIMENTAL  INVESTI¬ 
GATION  OF  THE  FEASIBILITY  OF  THE  INTER¬ 
MITTENT  RAMJET  ENGINE.  PART  I.  THEORETICAL 
INVESTIGATION,  by  A.  Kahane.  PART  II.  EXPERI¬ 
MENTAL  INVESTIGATION,  by  A.  Kahane,  A.  A. 

Marino  and  others.  Aug.  I,  1951,  !72p.  lncl.  Ulus, 
dlagrs.  tables,  refs.  (I  Proj.  Squid  technical  repl. 
no.  PR-45-R );  technical  repl.  no.  35)  (Sponsored 
jointly  by  Office  of  Nava!  Research  and  1  A:r  Force 
Office  of  Scientific  Research!  under  N6orl  10503) 
U2437I;  ATI-197742  Unclassified 

Theoretical  and  experimental  InvesUgallons  of  the 
possibilities  of  an  intermittent  ratnjel  engine  were 
made.  Theoretical  studies  were  made  of  several 
possible  modes  of  Intermittent  combustion,  gas  dynamic 
cycle  of  the  engine,  and  problem  of  diffuser  and  nozzle 
design.  Performance  theory  of  Intermittent  jel  engines 
was  developed,  and  specific  Impulse  calculations  of  lhe 
Intermittent  ramjet  were  made  for  possible  modes  of 
combustion.  Experimental  Investigations  of  the  Inter 
mlltenl  combustion  process  In  a  flowing  gas  In  a  con 
slant  area  lube  were  made.  Synchronized  high  speed 
motion  picture  and  transient  pressure  studies  were 
used  to  determine  the  mode  of  the  combustion  process 
occurring.  Transient  pressure  rise  measurements 
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were  made  over  a  range  ol  combustion  chamber  Mach 
numbers  and  fuel  flows.  Performance  tests  of  subsonic 
configuration  at  0.  5  Mach  number  were  also  made. 
(Contractor's  abstract) 


PR1. 11.148 
Princeton  U. ,  N.  J. 

THERMODYNAMIC  ANT)  TRANSPORT  PROPERTIES 
OF  LIQUIDS,  PROBLEM  I.  THERMAL  CONDUC¬ 
TIVITIES  OF  LIQUIDS,  by  E.  F.  Johnson,  Jr.  and  W. 

J.  Sheffy.  Final  rept.  Oct.  1,  1951,  8p.  (Pvoj.  Squid 
technical  memo.  no.  PR-17-M)  (Sponsored  jointly  by 
Office  of  Naval  Research  and  [Air  Force  Office  of 
Scientific  Research]  under  N6orl-10503)  U21040; 
ATI-131270  Unclassified 

The  measurement  of  thermal  conductivities  and  dlf- 
fuslvltles  In  pure  liquids  and  liquid  mixtures  over 
extensive  pressure  and  temperature  ranges  Is  con¬ 
sidered.  On  the  basis  of  experimental  work  and  a 
survey  of  the  literature,  a  comparison  Is  made  between 
disk- type  apparatus  and  a  heterogeneous  apparatus  of 
concentric  metal  cylinders  for  measuring  thermal 
dlffuslvltles  In  steady-  and  unsteady- state  operation. 


PRI.  11:149 
Princeton  U. ,  N.  J. 

THE  DESIGN,  CONSTRUCTION,  AND  OPERATION  OF 
THE  PRINCETON  4  BY  8  INCH  VARIABLE-DENSITY 
SUPERSONIC  TUNNEL,  by  S.  M.  Bogdonoff.  Oct.  22, 
1951,  39p.  lncl.  Ulus,  dlagrs.  ([Proj.  Squid  technical 
repl.  no.  PR-44- R  J  ;  technical  rept.  no.  34)  (Sponsored 
jointly  by  Office  of  Naval  Research  and  [Air  Force 
Office  of  Scientific  Research  1  under  N6orl- 10503) 

ATI- 139932  Unclassified 

The  design,  construction,  and  operation  of  lhe  Princeton 
4-  by  8-ln.  variable  density  supersonic  wind  tunnel  are 
described  In  some  detail.  The  tunnel  has  been  designed 
for  a  range  of  Mach  numbers  from  1.  5  to  5.  0  and  has 
operated  In  a  Reynolds  cumber  range  from  less  lhan 
1  x  103  up  lo  60  x  10®.  Model  mounting  and  tunnel 
starUng  problems  are  discussed  and  the  present 
research  program  now  under  way  Is  outlined.  (Con¬ 
tractor's  abstract) 


PHI.  11  150 
Princeton  U. .  N.  J. 

EXPERIMENTAL  STUDIES  OF  ENERGY  RELEASE 
RATES  IN  ROCKET  MOTOR  COMBUSTION  CHAMBERS, 
byJ.  V.  Charyk  and  G.  B.  Matthews.  Final  rept. 

Mar.  1952,  Otp.  lncl.  Ulus,  tables,  (l’roj.  Squid  tech 
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nleal  rept.  no.  PR-76-R)  (Sponsored  jointly  by  Office 
of  Naval  Research  and  [Air  Force  Office  of  Scientific 
Research]  under  N6orl-10503)  AD  147698 

Unclassified 

By  measuring  axial  pressure  distributions  In  tubular 
rocket  motors  and  applying  this  data  to  the  one-di¬ 
mensional  equations  of  motion,  heat  release  para¬ 
meters  were  calculated  for  the  combusUon  of  gaseous 
methane  and  oxygen  at  pressures  above  atmospheric. 
The  results  were  Interpreted  to  give  a  minimum 
reslstence  time  and  hence  a  minimum  L*  (the  ratio  of 
combustion-chamber  volume  to  throat  area)  for  the 
process. 


PRI.  11:151 
Princeton  U. ,  N.  J. 

A  PERFORMANCE  STUDY  OF  THE  RAM  ROCKET 
POWER  PLANT  AND  RELATED  PROBLEMS  (Un¬ 
classified  title),  by  J.  V.  Charyk  and  G.  S.  Sutherland. 
Mar.  IS,  1952,  144p.  lncl.  Ulus,  tables,  refs. 
(Technical  rept.  no.  36)  (Sponsored  jointly  by  Office 
of  Naval  Research  and  [  Air  Force  Office  of  Scientific 
Research]  under  N6orl-10503)  AD  5081 

Confidential 


PRI.  11:152 
Princeton  U.,  N.  J. 

THE  THERMAL  OXIDATION  OF  HYDRAZINE  VAPOUR, 
by  W.  I.  H.  Winning.  May  21,  1952  [  6  J  p.  lncl.  lllus. 
tables.  (Proj.  Squid  technical  rept.  no.  PR-49- P) 
(Sponsored  jointly  by  Office  of  Naval  Research,  [Air 
Force]  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6orl- 10503)  AD  42987 

Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc.,  v.  76: 
926-931,  Mar.  20,  1954. 

The  thermal  gas  phase  reaction  between  hydrazine  and 
oxygen  shows  none  of  the  chain  characteristics  of,  e.g. , 
lhe  hydrocarbon  series.  Il  is  predominantly  surface 
reaction,  lhe  activation  energy  of  which,  below  100*C, 
was  found  to  be  6430  cal/mole.  On  comparison  with 
the  absolute  reaction  rate  expression  for  a  blmolecular 
surface  reaction,  unrelated  by  lhe  products,  and  In 
which  neither  reactanl  Is  strongly  adsorbed,  very  good 
agreement  Is  obtained  between  the  experimental  and 
the  theoretical  rule  value.  (Contractor's  abstract) 

Pltl.  11:153 
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AS  A  POWER  PLANT  FOR  A  LONG-RANGE  GUIDED 
MISSILE  (Unclassified  title),  by  G.  S.  Sutherland.  July 
1,  1952,  39p.  illus.  refs.  ([  Proj.  Squid]  technical 
memo.  no.  PR-f9)  (Sponsored  jolnily  by  Office  of 
Naval  Research  and  [  Air  Force  Office  of  Scientific 
Research]  under  N6orl- 10503)  AD  f248 

Confidential 


PRf.  11:154 
Princeton  U. ,  N,  J. 

KINETICS  OF  THE  NON-CATALYTIC  OXIDATION  OF 
AMMONIA:  STATIC  EXPERIMENTS  IN  AN  EMPTY 
UNCOATED  SILICA  VESSEL,  by  E.  R.  Stephens  and 
R.  N.  Pease.  [  1952]  [3jp.  lllus.  [  Proj.  Squid 
technical  rept.  no.  PR-36-P]  (Sponsored  jolnily  by 
Office  of  Naval  Research  and  [  Air  Force  Office  of 
Scientific  Research]  under  N6ori-f0503) 

Unclassified 

Published  In  Jnnr  A.ner.  Chem.  Soc. ,  v.  74:  3480- 
3482,  July  20,  1952. 

A  study  of  the  oxidation  of  ammonia  In  an  uncoated  silica 
reaction  vessel  Indicates  thal  the  rale  increases  In 
passing  from  ammonia  rich  lo  ammonia  lean  mixtures. 
On  the  rich  side,  rates  are  roughly  proportional  to  the 
product  of  ammonia  and  oxygen  concentrations,  whereas 
on  the  lean  side  the  square  of  the  oxygen  concenlration 
seems  to  be  involved.  The  activation  energy  approxi¬ 
mates  45,  000  cal  in  both  regions. 


PRI,  f  f  :f  55 
Prlncc'on  U. ,  N.  J. 

CURRENT  THEORETICAL  CONCEPTS  OF  STEADY 
STATE  FLAME  PROPAGATION,  by  M.  W.  Evans. 

[  f  952  j  93p.  Incl.  lllus.  tables,  refs.  ([Proj.  Squid 
technical  repl.  no.  PR-37-P-R  j  ;  technical  repl.  no. 

27)  (Sponsored  jolnily  by  Office  of  Naval  Research  and 
l  Air  Force  Office  of  SclenUflc  Research]  under  N6ori- 
f 0503)  ATI- f 31269;  AD  16728  Unclassified 

Also  published  In  Chem.  Rev.,  v.  51:  363-429,  Dec. 
1952. 

Current  theoretical  concepts  of  steady-stale  flame 
propagation  ate  discussed.  General  notations  used  In 
all  theories  are  given  al  the  beginning  of  the  report. 

The  details  of  the  discussion  cover:  the  basic  equations 
of  fluid  dynamics  and  the  genera.lxatlons  and  slnipllfl 
cations  required  for  their  use  In  theories  of  one-di¬ 
mensional,  steady- state,  nonviscous  flame  propagation; 
simplifying  assumptions  used  to  effect  a  solution  of  (he 
equations  for  one -dimensional  steady- state  nonviscous 
flame  propagation;  the  physical  structure  of  the  one- 
dimensional  steady  slate  flame,  flame  velocity  meas 
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urements;  and  classification  of  theories  of  steady- 
slate  flame  propagation. 


PRI.  11:156 
Princeton  U. ,  N.  J. 

BURNING  VELOCITIES  OF  METHANE  WITH  NITRO¬ 
GEN-OXYGEN,  ARGON-OXYGEN,  AND  HELIUM- 
OXYGEN  MIXTURES,  by  W.  H.  Clingman,  R.  S. 
Brokaw,  and  R.  N.  Pease.  [  1953]  [  4  j  p.  Incl.  lllus. 
tables,  refs.  L  Proj.  Squid  technical  rept.  no.  PR- 
47-P  j  (Sponsored  jointly  by  [  Office  of  Naval  Research 
and  Air  Force  Office  of  Scientific  Research]  under 
N6orl-10503)  AD  45923  Unclassified 

Also  published  In  Fourth  Symposium  (International)  on 
Combustion,  Mass.  fnst.  of  Tech. ,  Cambridge  (Sept. 
1-5,  1952),  Baltimore,  Williams  b  Wilkins,  1953, 
p.  310-313. 

Burning  velocities  at  one  atmosphere  and  25°C  have 
been  determined  for  methane  In  nitrogen- oxygen, 
argon-oxygen,  and  helium-oxygen  mixtures.  Results 
are  correlated  with  values  calculated  by  means  of  the 
Tanford-Pease  theory.  Experimental  burning  velocity 
ratios  for  the  nltrogen-argon-hellum  case  at  l(T)t 
methane  are  0. 43:f  :1.  4f  7.  Calculated  values  are 
0.359:1:1.  296.  A  modified  Tanford-Pease  theory  gives 
0.373:1:1.392. 


PRf.  11:157 
Princeton  U. ,  N.  J. 

THE  MIXING  AND  BURNING  OF  TWO  CONCENTRIC 
FLUID  STREAMS,  by  J.  V.  Charyk,  I.  Glassman.  and 
U.  R.  John.  [(953)  [8]p.  Incl.  lllus.  tables.  [  Proj. 
Squid  technical  rept.  no.  PR-39-P;  technical  rept.  no. 
49)  (Sponsored  jolnily  by  [Office  of  Naval  Resear-'h 
and  Air  Force  Office  of  SclenUflc  Research]  under 
N8orl-f0503)  AD  22741  Unclassified 

Also  published  in  Fourth  Symposium  (fnlernaUonat)  on 
CombusUon,  Mass.  fnst.  of  Tech. ,  Cambridge  (Sepl. 
1-5,  1952),  Baltimore,  Williams  Hi  Wilkins,  (953, 
p.  886-893. 

Report  Includes  an  experimental  verification  of  the  use 
of  the  one -dimensional  equations  of  mixing  a»d  burning 
In  the  theoretical  performance  calculations  for  a  liquid 
oxygen-gasollne-alr  dueled  rocket.  Methods  are 
presented  for  predtcUng  empirically  the  longitudinal 
static  pressure  distribution  In  the  ducted  rocket  burner 
and  thus  the  burner  length  as  a  function  of  It  and  U»  for 
the  liquid  oxygen  gasoline  system.  These  results  are 
generalized,  making  It  possible  to  predict  empirically 
the  static  pressure  distributions  along  the  burner  dact 
for  a  wide  range  of  rain- rocket  operating  conditions, 
Including  other  propellants  and  different  flight  conditions. 
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PRI.  11:158 

Princeton  U. ,  N.  J. 

THE  EFFECT  OF  WATER  ON  THE  BURNING  VELOC¬ 
ITIES  OF  CYANOGEN-OXYGEN-ARGON  MIXTURES, 
by  R.  S.  Brokaw  and  R.  N.  Pease.  [  19531  [4]p. 
[Proj.  Squid  technical  rept.  no.  PR-38-P;  technical 
rept.  no.  48]  (Sponsored  jointly  by  Olllce  o!  Naval 
Research  and  [  Air  Force  Office  of  Scientific  Research] 
under  N6orl- 10503)  Unclassified 

Published  In  Jour.  Amer.  Chem.  Soc. ,  v.  75:  1454- 
1457,  Mar.  20,  1053. 

Burning  velocities  have  been  determined  for  cyanogen- 
oxygen-argon  mixtures  containing  varying  amounts  of 
moisture.  The  effect  of  water  is  explainable  on  the 
basis  of  the  Tanford- Pease  theory  of  flame  speeds. 
Experiments  with  heavy  water  suggest  that  the  hydroxyl 
radical  Is  more  Important  than  the  hydrogen  atom  In 
determining  the  rate  of  flame  propagation.  (Con¬ 
tractor's  abstract) 


PRI.  11:150 
Princeton  U. ,  N.  J. 

A  THEORETICAL  AND  EXPERIMENTAL  STUDY  OF 
FINITE  AMPLITUDE  WAVE  INTERACTIONS  WITH 
CHANNELS  OF  VARYING  AREA,  by  A.  Kahane,  W.  R. 
Warren,  LJr.  ]  and  others.  Nov.  23,  1053  [  21 J p. 
lncl.  lllus.  tables,  refs.  (Proj.  Squid  technical  rept. 
no.  PR-53-P)  (Sponsored  jointly  by  Office  of  Naval 
Research,  [Air  Force]  Office  of  Scientific  Research, 
and  Office  of  Ordnance  Research  under  NSorl- 10503) 

AD  51460  Unclassified 

Also  published  In  Jour.  Aeronaut.  Sciences,  v.  21: 
505-525,  Aug.  1054. 

A  theoretical  and  experimental  Investigation  has  been 
made  of  the  Interaction  of  waves  of  finite  amplitude  In 
ducts  of  varying  cross  section.  A  new  one-dlmenslonal 
method  Is  described  by  which  the  steady-state  conditions 
after  passage  of  an  lsentroplc  wave  may  be  obtained 
from  a  chart  without  necessity  of  previously  required 
Iterative  procedures.  The  chart  has  proved  useful  In 
the  discussion  of  the  spectrum  of  physical  solutions 
which  has  been  presented  here.  Experiments  were 
carried  out  In  a  shock  tube  to  Indicate  the  nature  of  the 
actual  two-dlmenslOK.il  Interaction  processes  occurring, 
and  to  determine  how  accurately  one-dlmenslonal 
methods  could  be  applied  to  such  Interactions.  A  two- 
dimensional  channel  of  area  ratio  0.  504  was  made  in 
such  a  way  that  the  normal  shock  wave  could  be  Incident 
on  either  end.  Density  fields  were  measured  wllii  the 
aid  of  a  Mach-Zehnder  Interferometer.  Comparison  of 
the  transient  density  distribution  obtained  In  the  center 
of  the  channel  with  results  of  a  one  dimensional  unsteady 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

flow  calculation  for  the  converging  channel  Indicates 
excellent  agreement.  The  establishment  of  steady 
flow  was  observed  for  a  variety  of  Incident  shock 
strengths  using  both  the  converging  and  the  diverging 
models.  The  lsentroplc  theory  fits  the  measured 
densities  well  for  weak  shocks.  Satisfactory  agree¬ 
ment  is  obtained  for  strong  shocks  using  real  shock 
theory. 

PRI.  11:160 

Prlncelon  U. ,  N.  J. 

A  COMPARISON  OF  THREE  METHODS  FOR  THE 
ANALYSIS  OF  GASEOUS  OZONE,  by  C.  C.  Schubert, 

S.  J.  Garvin,  and  D.  Garvin.  Mar.  1656,  7p.  lllus. 
(Proj.  Squid  technical  rept.  no.  PR-63- P)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Air  Force  Office 
of  Scientific  Research,  Office  of  Ordnance  Research 
under  N6orl-10503)  AD  86634  Unclassified 

Ozone  (Oj)  at  low  concentrations  In  air  or  oxygen  was 
analyzed  by  3  methods:  absorption  In  aqueous  potassium 
Iodide  (KI)  followed  by  titration  with  sodium  thiosulfate 
(NajSjOj);  IR  absorption;  and  measurement  of  the  gas 
volume  Increment  upon  thermal  decomposition.  Inter- 
comparison  of  these  methods  Indicates  that  the  UtraUon 
method  as  applied  In  a  flow  system  Is  not  precise  for 
gas  streams  containing  more  than  1  mol-%  of  Oj.  At 
higher  concentrations,  errors  occur  which  tend  to  re¬ 
duce  the  observed  Oj  concentration  below  that  actually 
present.  The  recommended  method  for  the  analysis 
of  gases  containing  2  to  100  mm  Hg  of  O3  Is  IR  ab¬ 
sorption  based  on  a  calibration  curve  obtained  from 
absolute  method  analyses;  the  calibration  curve  Is  In¬ 
cluded. 


PRI.  11:161 

Princeton  U.  Aeronautical  Engineering  Lab. ,  N. 

A  GENERALIZED  PERFORMANCE  ANALYSIS  OF  THE 
RAM  ROCKET  POWER  PLANT  AND  ASSOCIATED 
APPLICATIONS  (Unclassified  title),  by  J.  V.  Charyk, 
R.  R.  John,  and  I.  Classman.  July  6,  1653,  68p. 
lllus.  tables,  refs.  (Proj.  Squid  technical  rept.  no. 
PR-48-H;  AEL  rept.  no.  235)  (Sponsored  jointly  by 
Office  of  Naval  Research,  [  Air  Forte]  Office  of 
Scientific  Research,  and  Office  of  Ordnance  Research 
under  N6orl- 10503)  AD  2(220  Confidential 
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THE  KINETICS  OF  THE  THERMAL  DECOMPOSITION 
Or  ALUMINUM  BOROHYDH1DE,  by  It.  S.  Brokaw  a nd 
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R.  N.  Pease.  [1951]  lp.  table.  ([Pro].  Squid  techni¬ 
cal  rept.  no.  PR-18-P  j ;  TM  Prln-18)  (Sponsored 
jointly  by  [Office  of  Naval  Research  and  Air  Force 
Office  of  Scientific  Research]  under  N6orl- 10303) 
ATI-164170  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  74: 

1590,  June  1952. 

The  rate  of  thermal  decomposition  of  gaseous  aluminum 
borohydrldes  at  159c  and  189°C  Is  reported.  It  Is 
concluded  that  the  reaction  Is  first  order  and  homo¬ 
geneous.  The  mechanism  has  not  yet  been  determined. 

PRI.  11:163 

Princeton  U.  Frick  Chemical  Lab. ,  N.  J. 

A  KINETIC  STUDY  OF  THE  DIBORANE- ETHYLENE 
REACTION,  by  A.  T.  Whatley  and  R.  N.  Pease.  Aug. 
10,  1953  [  4  ]  p.  lncl.  Ulus,  tables.  (Proj.  Squid  tech¬ 
nical  rept.  no.  PR-50-P)  (Sponsored  jointly  by  Office 
of  Naval  Research,  [Air  Force]  Office  of  Scientific 
Research  and  Office  of  Ordnance  Research  under 
N6orl- 10503)  AD  42986  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  76: 
835-838,  Feb.  5,  1954. 

The  combination  of  ethylene  with  dlborane  yielding  boron 
Irlethyl  as  a  final  product  proceeds  In  range  120-175* 
at  a  rate  given  by: 

dp/dl  =  kiBjHe^ftl-a  [BjHgl/lCjH^]). 

As  the  equation  Indicates,  the  reaction  becomes  mildly 
explosive  when  the  B2H5/CJH4  ratio  Is  sufficiently  In¬ 
creased  (beyond  about  0.  5):  and  the  excess  ol  dlborane 
Is  consumed  In  the  process.  A  mechanism  of  ethylene 
addition  Is  proposed.  (Contractor's  abstract) 


PRI.  11:164 

Princeton  U.  Frick  Chemical  laib. ,  N.  J. 

OBSERVATIONS  ON  THERMAL  EXPLOSIONS  OF 
DIBORANE -OXYGEN  MIXTURES,  by  A.  T.  Whatley 
and  R.  N.  Pease.  Dec.  17,  1953  [  3  I  p.  lncl.  lllus. 
tables.  (Proj.  Squid  technical  rept.  no.  PM-51-P) 
(Sponsored  jointly  by  Office  of  Naval  Research,  [  Air 
Force  j  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6orl- 10503)  AD  45610 

Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  76: 
1997  1999,  Apr.  5.  1954. 

Dlborane -oxygen  mixtures  explode  after  an  Induction 
period  within  a  range  of  concentration  at  105'  to  165' 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

Since  stow  decomposition  of  dlborane  Is  occurring 
simultaneously  at  these  temperatures,  a  pyrolysis 
product  —  perhaps  pentaborane  —  may  be  the  normal 
sensitizing  agent.  Both  hydrogen  and  ethylene  narrow 
the  explosion  limits.  (Contractor's  abstract) 


PRI.  11:165 

Princeton  U.  Frick  Chemical  Lab. ,  N.  J. 

BURNING  VELOCITIES  OF  HYDROGEN-AIR  FLAMES, 
by  H.  Burwasser  and  R.  N.  Pease.  July  1955,  9p. 
lllus.  refs.  (Proj.  Squid  technical  rept.  no.  PR-57- 
P)  (Sponsored  jointly  by  Ofllee  of  Naval  Research, 
(Air  Force]  Office  of  Scientific  Research,  and  Office 
of  Ordnrmce  Research  under  N6orl- 10503)  AD  67772 

Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  77: 
5806-5808,  Nov.  20,  1955. 

Burning  velocities  of  hydrogen-air  mixtures  were 
measured  by  the  Bunsen  burner  method.  A  modified 
angle  technique  applied  lo  the  dark  outer  edge  0 <  the 
shadow  cone  was  used  In  calculating  the  burning 
velocities.  An  attempt  was  made  to  correlate  the 
experimental  result  with  approximate  diffusion  and 
thermal  theories  of  flame  propagation.  Diffusion 
theory  predicts  a  maximum  In  burning  velocity  al  a 
leaner  H  composition  than  Is  observed  experimentally, 
whereas  thermal  theory  predicts  a  maximum  at  a 
richer  composition  (29  vs  42  vs  55%  Hj). 


PRI.  11:166 

Princeton  U.  Frick  Chemical  Lab. ,  N.  J. 

A  COMPARISON  OF  THE  BURNING  VELOCITIES  OF 
METHANE  AND  HEAVY  METHANE  IN  NITROGEN 
AND  ARGON  "AIRS"  AT  ATMOSPHERIC  PRESSURE, 
by  W.  H.  Cllngman  and  R.  N.  Pease.  Nov.  1955,  lip. 
lllus.  refs.  (Proj.  Squid  technical  rept.  no.  PR-60-P) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Air 
Force  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6orl-10503)  AD  80813 

Unclassified 

AlM  imblUtlcd  in  Jour.  Amer.  Chem.  Soc.,  v.  78: 
2695-2698,  June  20,  1956. 

The  burning  velocities  of  methane  (CH)  and  heavy 
methane  (CD^)  were  measured  al  atmospheric  pressure 
and  In  both  nitrogen  (N)  and  argon  "airs"  (A)  to  deter¬ 
mine  whether  diffusion  or  heat  conduction  Is  more 
Important  In  flame  propagation.  The  CD^  was  prepared 
by  the  decomposition  of  AI4C]  with  DjO  following  the 
procedure  of  Wright  and  Taylor  (Canad.  Jour.  Research, 
v.  27B:  303,  1949).  The  apparatus  used  for  measuring 
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the  burning  velocity  ol  CD4  was  essentially  that  used  by 
Brokaw  and  Pease  (Jour.  Amer.  Chem.  Soc. ,  v.  75: 
1954,  1953).  The  ratio  ol  the  burning  velocity  ol  a 
mixture  wllh  CiU  lo  that  of  a  mixture  with  CD4  of  the 

same  composition  was  always  greater  than  1  and  In¬ 
creased  with  Increasing  concentration  of  fuel.  A 
proposal  was  made  that  the  burning  velocities  of  CH4 
and  CD4  be  compared  al  1  aim  and  varying  compositions. 
Measurements  of  the  burning  velocity  were  made  over 
a  range  of  compositions  with  N-alr  and  A -air  lo  sludy 
the  effect  of  lsoloplc  substitutions  al  2  flame  tempera¬ 
tures.  The  results  of  lhe  study  were  considered  lo 
favor  a  diffusion  mechanism. 


PRf.  11:167 

Prlncelon  U.  Frick  Chemical  Lab. ,  N.  J. 

CRITICAL  CONSIDERATIONS  IN  THE  MEASUREMENT 
OF  BURNING  VELOCITIES  OF  BUNSEN  BURNER 
FLAMES  AND  INTERPRETATION  OF  THE  PRESSURE 
EFFECT,  by  W.  H.  Cllngman  and  R.  N.  Pease.  Nov. 
1955,  17p.  lllus.  refs.  (Proj.  Squid  technical  repl.  no. 
PR-59-P)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Air  Force  Office  of  Scientific  Research,  and 
Office  of  Ordnance  Research  under  N6orl- 10503) 

AD  81192  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  V.  78: 
1775-1780,  May  5,  1956. 

An  Investigation  was  conducted  of  the  burning  velocity 
of  CH4  under  various  conditions.  Experimental  results 
were  compared  with  the  Semenov  theory  (Prog.  Phys. 

Set.  (USSR),  v.  24:  no.  4,  1940)  and  a  modified  form  of 
the  Tanford- Pease  theory  of  flame  propagation  (Jour. 
Chem.  Phys.,  v.  15:861,  1947).  An  Improved  Bunsen 
burner  method  of  determining  the  burning  velocity  Is 
presented  tn  which  11  Is  determined  for  each  flame  ob¬ 
served  whether  there  Is  a  region  of  the  flame  cone  over 
which  the  flame  velocity  Is  constant.  This  method  yields 
burning- velocity  values  which  are  Independent  of  flow 
rate  and  burner  diameter.  The  Tanford- Pease  theory 
qualitatively  predicted  the  results. 


PRf.  11:168 

Prlncelon  U.  [  Frick  Chemical  Lab.  j  N.  J. 

REACTION  OF  PARAFFIN  HYDROCARBONS  WITH 
IONIZED  OXYGEN.  POSSIBLE  ROLE  OF  OZONE  IN 
NORMAL  COMBUSTION,  by  C.  C.  Schubert  and  R.  N. 
Pease.  Nov.  1955,  4p.  refs.  (Projecl  Squid  technical 
rept.  no.  PH-58-M;  technical  rept.  no.  34)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Air  Force  Office 
of  Scientific  Research,  and  Office  of  Ordnance  Research 
under  N6orl  10503)  AD  78361  Unclassified 
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Also  published  In  Jour.  Chem.  Phys.,  v.  24:  919-920, 
Apr.  1956. 

A  sludy  was  undertaken  of  the  thermal  reaction  between 
ozonized  O  and  the  lower  paraffin  hydrocarbons. 
Literature  was  reviewed  concerning  the  possible  role 
of  O3  as  an  Intermediate  In  hydrocarbon  combustion. 

The  reaction  ROO*  +  02  RO*  +  O3  was  considered  In 
bringing  O3  Into  the  general  hydrocarbon-O  reaction 

scheme;  this  reaction  might  be  related  lo  the  phenom¬ 
enon  of  the  detection  of  Oj  In  smog. 


PRI.  11:169 

Princeton  U.  Frick  Chemical  Lab. ,  N.  J. 

THE  VAPOR  PHASE  INFRA-RED  SPECTRA  OF 
OZONIDES  OF  ETHYLENE,  PROPYLENE  AND 
ISOBUTYLENE,  by  C.  C.  Schubert  and  D.  Garvin. 

Nov.  1955,  4p.  lncl.  lllus.  (Proj.  Squid  technical 
repl.  no.  PR-61-M)  (Sponsored  jointly  "oy  Office  of 
Naval  Research,  Air  Force  Office  of  Scientific  Re¬ 
search,  and  Office  of  Ordnance  Research  under  N6orl- 
10503)  AD  80812  Unclassified 

Also  published  In  Jour.  Phys.  Chem.,  v.  60:  807-808, 
June  1956. 

The  ozonldes  of  ethylene,  propylene,  and  Isobutylene 
after  ozonizatlon  al  -78»C  In  an  lnerl  solvent  showed 
no  strong  absorption  In  lhe  carbonyl  region  (about 
5.  7u).  Vapor-phase  1R  spectra  are  presented  which 
Indicate  that  any  absorption  In  the  5.  7  region  Is  weak 
compared  wllh  absorptions  al  other  wavelengths.  Pure 
Isobutylene  ozonlde  was  very  resistant  to  decomposition 
In  the  presence  of  water  vapor,  bul  showed  rapid 
hydrolysis  In  concentrated  HC1.  The  results  suggest 
that  ozonlde  Identification  should  be  based  on  character¬ 
istic  bands  In  spectral  regions  other  than  the  carbonyl 
region. 


PRI.  11:170 

Princeton  U.  I  Frick  Chemical  f.ab.  ]  N.  J. 

THE  OXIDATION  OF  LOWER  PARAFFIN  HYDRO¬ 
CARBONS.  PART  1.  ROOM  TEMPERATURE  REAC 
TION  OF  METHANE,  PROPANE,  n-BUTANE  AND 
ISOBUTANE  WITH  OZONIZED  OXYGEN,  by  C.  C. 
Schubert  and  It.  N.  Pease.  Jan.  1956  [f8;p.  lncl. 
lllus.  table,  refs.  (Proj.  Squid  technical  rept.  no. 
PR-62-P)  (Sponsored  jointly  by  Office  01  Naval  Re 
search,  Air  Force  Office  of  Scientific  Research,  and 
Office  of  Ordnance  Research  under  N6orl-  10503) 

AD  83361  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  78; 
2044-2048,  May  20,  1956. 
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Reaction  rales  o(  ozonized  oxygen  (ca  3  mole  %  O3)  with 
methane,  propane,  n-butane,  and  lsobutane  were  meas¬ 
ured,  in  situ,  tn  a  temperature-controlled  infrared  ab¬ 
sorption  cell  by  observing  the  decrease  ot  ozone  con¬ 
centration  as  measured  by  lhe  absorption  al  10SS  cm'1. 
The  activation  energies  calculated  on  the  basis  of  a 
reaction  flrsl-order  with  respect  to  ozone  were  14. 9, 

13.  1,  11. 1  and  10.3  kcal, respectively.  The  pre- 
exponential  term  for  the  methane -ozone  3. 1  x  10®,  for 
n-butane  -  ozone  8.  3  x  10°  and  for  isobutane-ozone 
4.4  x  108  cc  mole'1  sec'1  estimated  on  the  basis  of  a 
reaction  a  [  O,  ]  •  [  HC1  ] .  The  Isobutane-ozone 
reaction  was  predominantly  homogeneous;  n-bulane- 
ozone  showed  some  acceleration  tn  rate  due  to  Increased 
Pyrex  surface,  Itllle  dependence  on  sodium  chloride 
surface.  The  main  gaseous  product  of  the  lsobutane- 
ozone  reaction  was  t-butanol  with  smaller  amounts  of 
acetone  and  1-cmrbon  products  approximately  equal  lo 
molar  amounts  of  acetone.  A  mechanism  based  on  the 
postulation  of  a  low  lying  triplet  stale  of  ozone  ts 
presented.  (Contractor’',  abstract) 


PRI.  11:171 


Prlncelon  U.  [  Frick  Chemical  Lab.  ]  N.  J. 


THE  OXIDATION  OF  LOWER  PARAFFIN  HYDRO¬ 
CARBONS.  PART  H.  OBSERVATIONS  ON  THE  ROLE 
OF  OZONE  IN  THE  SLOW  COMBUSTION  OF  1SO- 
BUTANE,  by  C.  C.  Schubert  and  R.  N.  Pease.  Apr. 
1938,  15p.  lncl.  lllus.  tables,  refs.  (Proj.  Squid  tech¬ 
nical  repl.  no.  PR-65-P)  (Sponsored  jointly  by  Offtce 
of  Naval  Research,  Air  Forre  Office  of  Scientific  Re 
search,  and  Offtce  of  Ordnance  Research  under  NSort- 
10503)  AC  90461  Unclassified 


Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  78: 
5553-5558,  Nov.  5,  1956. 


Th*  reaction  of  ozonized  oxygen  (ca  3-6  mole  %  Oj)  wtth 
lsobutane  In  the  temperature  range  110*  to  370*C  was 
compared  with  the  slow  uncata ly zed  reaction  with  oxygen 
alone.  The  ratio  of  gram  atoms  of  oxygen  fixed  In  liquid 
product  to  moles  of  ozone  added  Increased  from  3.4  at 
135*C  to  4.  3  at  300*  and  5.0  at  335“.  The  ozone-in¬ 
duced  oxidation  merges  into  the  normal  slow  combustion 
reaettor  at  ca  265*C.  Approximately  one  third  of  the 
condensed  products  of  isobutane- ozone  reaction  at  150‘C 
was  found  to  be  t-butyl  hydroxymethyl  peroxide.  The 
same  peroxide  was  indicated  to  be  a  product  of  the 
isobutane -oxygen  reaction  at  370  *C  by  a  comparison  of 
infrared  spectra,  ft  is  proposed  that  ozone  may  be  the 
aettve  intermediate  responsible  for  chain  branching 
during  the  slow  combustion  ol  hydrocarbons  tn  oxygen. 
Ozone  might  result  from  the  reaction:  ltOj"  iOj  — * 

Oj  t  HO.  Ozone  probably  has  the  stability  requirements 
to  account  for  the  cool  flame  reaction  and  negative  tem¬ 
perature  coefficient  region  observed  in  the  combustion 
of  hydt oca'bons  Preliminary  attempts  to  detect  ozone 
during  the  normal  slow  reaction  by  observing  the  ultra 


Prlncelon  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 


violet  absorption  In  a  3-meler  tube  were  unsuccessful 
due  lo  general  absorption  In  the  3500  A  regton.  (Con¬ 
tractor’s  abstract). 
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Prlncelon  U.  Frick  Chemical  Lab. ,  N.  J. 


A  PRELIMINARY  STUDY  OF  THE  PHOTOLYSIS  OF 
PENTABORANE  VAPOR,  by  H.  Burwasser  and  R.  N. 
Pease.  June  1956,  Sp.  lncl.  table.  (Proj.  Squid  tech¬ 
nical  repl.  no.  PR-66- 1*)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Air  Force  Offtce  of  Scientific  Re¬ 
search,  and  Office  of  Ordnance  Research  under  N6orl- 
10503)  AD  95536  Unclasslfted 


1590,  Nov.  1956. 


;Jour.  Phys.  Chem.,  v.  60:  1589- 


A  preliminary  Investigation  was  made  of  the  results  of 
exposing  pentaborane  vapor  to  an  H  arc  through  a  lhln 
SlOj  window.  Results  demonstrated  that  Increasing 
the  exposure  time  beyond  1/3  hr  only  moderately  In¬ 
creased  the  extent  of  the  reaction;  this  Is  probably  the 
result  ol  solid  deposition  on  the  cell  window  upon 
rinsing  with  water,  the  soltd  product  seemed  lo  consist 
of  small  while  crystals  which  went  Into  solution  slowly; 
the  characteristically  strong  odor  of  B  hydrides  was 
delected.  The  freshly  prepared  solulton  reduced 
permanganate  solution  partially.  The  presence  of 
borale  Ion  was  confirmed  by  fluorescence  lest  of  While, 
Welssler  and  Busker  (Anal.  Chem. ,  v.  19:  803,  1947) 
Involving  an  alcoholic  benzoin  solution  complex  wltb 
borale  Ion.  Experiments  with  D  were  undertaken.  A 
mixture  of  H,D,  and  HD  was  produced  In  approximately 
equilibrium  concentrations  when  11  mm  each  ol  D  and 
pentaborane  were  Irradiated  for  1  hr. 
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APPLICATION  OF  THE  RAM  ROCKET  AS  A 
HEUCOPTER  PROPUI^SION  SYSTEM  (Unclassified 
title),  by  J.  V.  Charyk  and  J.  E.  Scott,  Jr.  Jan.  33, 
1953,  38p.  lncl.  lllus.  (Proj.  Sqold  technical  memo, 
no.  PK  20)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  [  Air  Force:  Office  of  Scientific  Research, 
and  Office  of  Ordnance  Research  under  N6ori  i 0503 ) 
AD  15839  Confidential 
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THE  MIXINO  OF  AN  AX!  At  l.Y  SYMMETRIC  COM 
l'HESSlBl.E  JET  WITH  QUIESCENT  AIR,  by  C.  II. 
Warren,  Jr.  Sejg.  30,  1953  .  13  p.  lncl.  lllus.  rets. 
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Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

(AEL  rept.  no.  252)  (Sponsored  jotntly  by  Offtce  of 
Naval  Research,  [  Atr  Force  Offtce  of  Scientific  Re¬ 
search]  and  Office  of  Ordnance  Research  under  N6ort- 
10503)  AD  44222  Unclasstfted 

A  seml-emptrtcal  theory  ts  presented  for  predicting 
the  boundaries,  velocity  decay  on  the  axis,  and  the 
veloctty  at  any  potnt  In  an  air  jet  or  vartable  density 
exhausting  tnto  atr  at  rest.  The  Integrated  momentum 
equation  ts  employed  as  the  basic  equation  tn  the 
analysts  and  an  approximate  expression  for  density 
varlat  on  ts  presented  and  analyzed.  The  shear  stress 
Is  represented  by  a  form  suggested  by  Retchardt.  This 
form  Is  simpler  than  the  ordinary  Prandtl  expression. 
Calculations  are  made  for  range  of  denstty  ratios  and 
an  analysis  of  the  results  ts  attempted.  A  comparison 
with  experiment  ts  made  tndtcatlng  that  the  mlxtng 
parameter  Jits  dependent  upon  the  denstty  ratio.  A 

method  for  solution  of  the  mixing  problem  ustng  a  more 
exact  density  variation  ts  tndlcated  tn  Appendtx  1. 
(Contractor's  abstract) 
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Princeton  U.  [  James  Forrestal  Research  Center  ]  N.  J. 

AGARD  COMBUSTION  COLLOQUIUM.  SELECTIONS. 

I  1954]  lv.  lncl.  lllus.  tables,  refs.  (Proj.  Squtd 
technical  rept.  nc,  PR-52-P)  (Sponsored  jointly  by 
Office  of  Nava!  Research,  [  Atr  Force:  Office  of 
SclenUflc  Research,  and  Office  of  Ordnance  Research 
under  NCorl- 10503)  AD  53579  Unclassified 

ContrlhuUons  by  Project  Squid  authors  to  the  Combustion 
Colloquium  at  Cambridge,  England,  In  Dec.  .953  which 
was  sponsored  by  the  Advtsory  Group  for  Aeronautical 
Research  and  Development  (AGARD),  North  Atlanttc 
Treaty  Organization  (NATO)  are:  A  Turbulent  Flame 
Theory  Derived  From  Experiments,  by  U.  Karlovltz; 
Remarks  Qj)Tt)e  Combustion  Wave,  by  B.  Lewis; 
Discussion  On  Turbulent  Combustion,  by  G.  H. 

Marsteln;  Experimental  Studies  Qn  Turbulent  Flames, 
by  A.  C.  Srurlock  and  J.  H.  Grover;  and  UUcuSSlan 
On  Turbulent  llauies  and  TU'ue  Upeclruscupy,  by  K. 
Wohl. 


PHI.  1 1: 17C 

Princeton  U.  James  1  orrestal  Research  Center,  N.  J. 

PROJECT  SQUID  CONFERENCE  ON  RAM  ROCKET 
POWER  PI -A  NTS  HELD  AT  PRINCETON  UNIVERSITY, 
JUNE  29-30,  t954  (Unclassified  title).  1954.  354p. 
lncl.  lllus.  tables.  (Proj.  SquM  technical  rept.  no. 
PR-54-C)  (Sponsored  jointly  by  Offtce  of  Naval  lte 
s.arch,  Atr  Force  Ollice  of  Sclenltllc  Research, 
a  si  Offlc;  ol  Ordnance  Research  under  Short  10503) 
AD  '  bVl\  Confidential 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

PRI.  11:177 

Princeton  U.  James  Forrestal  Research  Center,  N.  J. 

PROJECT  SQUID  CONFERENCE  ON  WAVE  ENGINES 
AND  PULSE  JETS  HELD  AT  PRINCETON  UNIVERSITY, 
NOVEMBER  9- 10,  1954  (Unclasstfted  title).  [  1954] 

[  338  ]  p.  tncl.  lllus.  tables.  (Proj.  Squtd  f-chnical 
rept.  no.  PR-55-C)  (Sponsored  jotntly  by  Offtce  ol 
Naval  Research,  [Air  Force]  Office  of  Sctentlftc 
Research,  and  Offtce  of  Ordnance  Research  under 
N6ort- 10503)  AD  68722  Confidential 
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Princeton  U.  Janies  Forrestal  Research  Center,  N.  J. 

THE  STATIC  PRESSURE  VARIATION  IN  COMPRESS¬ 
IBLE  FREE  JETS,  by  W.  R.  Warren,  Jr.  July  16, 

1954,  9p.  lllus.  ([Proj.  Squtd  technical  rept.  no. 
PR-64- Pj;  AEL  rept.  no.  270)  (Sponsored  jotntly  by 
Office  ol  Naval  Research,  [  Air  Force  Offtce  of 
Sctenttftc  Research  ]  and  Office  of  Ordnance  Research 
under  N6orl-10503)  AD  57735:  AD  97460 

Unclasstfted 

Also  published  tn  Jour.  Aeronaut.  Sciences,  v.  22: 
205-207,  Mar.  1955. 

Experiment  static  pressure  profiles  are  presented  for 
free  axial  symmetric  jets  of  0.  97  and  2.  GO  tnltlal  Mach 
number.  The  accuracy  of  the  constant  pressure 
assumption  In  Irec  jets  Is  discussed,  and  It  ts  shown 
that  this  assumption  becomes  less  valid  with  Increasing 
Initial  jet  Mach  number.  Conclusions  are  reached 
concerning  the  mechanisms  governing  the  physical 
structure  of  a  free  jet.  The  shape  of  velocity  profiles 
as  a  function  ct  lnlttal  jet  Mach  number  Is  discussed 
briefly.  It  Is  shown  that  turbulence  corrections  to  test 
readings  would  only  accentuate  the  conclusions  drawn. 
(Contractor's  abstract) 
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Princeton  U.  James  Forrestal  Research  Cemer,  N.  J. 

TEN  YEARS  OF  PROJECT  SQUID,  A  BIBLIOGRAPHY. 
June  1,  1950  25  p.  250  refs.  (Proj.  Squid  technical 

rept.  no.  PR  07- P)  'Sponsored  jointly  by  Ollice  ol 
Naval  Research.  Air  F’orce  Office  ol  SctenlllU  Re 
search,  and  Office  ol  Ordnance  Research  und>  :  NOi  rl 
10503)  AD  1  12552  Unclassified 

Also  published  in  Jet,  l’ropulston,  v.  20:  600  080.  Aug. 
1950. 

A  brie!  history  ol  the  ten  years  ol  Project  SQUID 
(1940-i95ti)  Is  presented  This  Is  tallowed  by  a  com 
ptete  bibliography  wttt:  abstracts  ol  alt  unclassified 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

SQUID  technical  publications  and  reports  which  appeared 
before  June  1,  1958.  The  scope  of  the  research, 

Initially  devoted  to  problems  arising  In  the  development 
of  pulsejet  and  Itquld  rocket  engtnes,  was  broadened  to 
tnclude  more  baste  sctence  pertinent  to  the  general  field 
of  jet  propulsion,  with  emphasis  prtmarlty  on  combus¬ 
tion,  fluid  flow,  and  heat  transfer.  The  properties  of 
structural  matertals  such  as  metals  and  ceramics  are 
spectflcally  excepted.  The  255  bibliographic  Items  (or 
abstracts)  are  arranged  according  to  a  subject  classifi¬ 
cation  which  tncludes  properties  of  gases,  ltqulds  and 
soltds,  physical  and  chemtcal  processes,  combustion 
phenomena,  engines  and  propulstve  systems,  and 
Instrumentation.  An  authors'  Index  ts  Included. 
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Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 

JETS  -  REVIEW  OF  LITERATURE,  by  M.  Z.  von 
Krzywobtockl.  Nov.  1956  [  20 J  p.  refs.  (Proj.  Squid 
technical  rept.  no.  PR-68-P)  (Sponsored  jointly  by 
Offtce  of  Naval  Research,  Air  Force  Offtce  of  Sclentiftc 
Research,  and  Office  of  Ordnance  Research  under 
N6orl- 10503)  AD  116101  Unclasstfted 

Also  published  In  Jet  Propulston,  V.  26:  760-779, 

Sept.  1956. 

This  review  deals  with  the  fundamentals  and  mathemati¬ 
cal  theory  of  free  boundary  flow  and  jet;  with  the  distri¬ 
bution  of  veloctty,  denstty,  pressure  and  temperature 
In  laminar  jets;  transport  ul  mas#,  momentum  and 
energy  In  turbulent  jets;  and  with  closely  related 
phenomena  -  the  acoustical  ones,  designing  of  nozzles, 
orlIle«  t>,  wind  tut  neU  with  open  jets,  etc  ,  being 
excluded.  The  review  Is  dtvtded  tnto  eight  secltons. 
(Contractor's  Introduction) 
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Purdue  U.  Lafayette,  lnd. 

AN  EVALUATION  OF  THE  HEAT  TRANSFER  EN¬ 
COUNTERED  IN  A  ROCKET  MOTOR  OPERATING  AT 
HIGH  CHAMBER  PRESSURES,  by  C.  F.  Warner  and 
M.  J.  Zucrow.  July  20,  t949,  24p.  tncl.  dlagrs.  table, 
refs.  ([Proj.  Squid  technical  rept.  no.  PUR-2t-Ri; 
technical  rept.  no.  18)  (Sponsored  jointly  by  Offtce  of 
Naval  Research  and  i  Atr  Force  Office  of  Scientific 
Research]  under  N6ort- 1040t  and  !  N6ort- 10503  , ) 
U11871;  ATI-8t556  Unclassified 

The  theoretical  rates  of  heat  transfer  between  the  wails 
of  a  500- lb- thrust  rocket  motor  and  the  combuslton 
gases  resulting  from  the  oxtdation  of  octane  and  aniline 
by  white  fuming  nitric,  acid  are  obtained  as  a  function  of 
the  rocket  motor  chamber  pressure.  The  convective 
heat  transfer  coefflctents,  obtained  by  using  the 


Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

McAdams  correlation,  are  compared  with  the  rates 
obtained  by  Humble-Lowdermllk-Grele  correlation. 
The  radiant  heat  transfer  rates  are  obtained  by  the 
Hottel-Egbert  method.  It  was  found  that  the  chamber 
and  nozzle  heat  transfer  rates  Increase  linearly  with 
chamber  pressure  and  that  the  nozzle  heat  transfer 
rates  become  extremely  high  at  chamber  pressures 
beyond  1500  psla. 
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Purdue  U. ,  Lafayette,  lnd. 

PROGRESS  REPORT  ON  THE  STABILITY  OF  LIQUID 
FILMS  FOR  COOLING  ROCKET  MOTORS,  by  M.  J. 
Zucrow,  C.  M.  Betghley,  and  E.  Knuth.  Nov.  30, 

1950,  33p.  tncl.  dlagr.  table,  refs.  ([  Proj.  Squtd 
technical  rept.  no.  PUR- 22-R ];  technical  rept.  no.  23) 
(Sponsored  jolntty  by  Office  of  Naval  Research  and 
t  Air  Force  Office  of  Sctentlftc  Research]  under  N6ort- 
10401  and  [  N6ort- 10503 ] )  U15690;  ATI-95562 

Unclasstfted 

Presented  at  annuat  meeting  of  the  Amer.  Rocket  Soc., 
New  York,  Nov.  30,  1950. 

A  preliminary  report  ts  made  of  an  experimental  study 
of  coottng  rocket  motor  walls  by  tnjectlng  ltqulds 
through  slots  to  form  a  liquid  film  along  the  wall  while 
air  Is  blown  through  the  test  station.  Vtsual  determina¬ 
tion  of  the  point  at  which  the  liquid  separates  and  flows 
tnto  the  air  stream  rather  than  along  the  wall  shows 
that  as  Hie  velocity  ul  the  «lr  Increase#,  the  velocity 
of  liquid  flow  can  be  Increased.  The  width  of  the 
Injection  slot,  the  angle  of  Injection,  and  the  viscosity 
and  density  of  the  Uqiud  influence  the  maximum  rale 
for  nonseparating  flow;  the  attitude  of  the  Injector,  the 
surface  tension  of  the  Itquld,  and  the  size  of  the  gas 
duct  do  not  affect  It. 
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Purdue  U. ,  -  Lafayette,  lnd. 

THE  EFFECTS  OF  SEVERAL  VARIABLES  UPON  THE 
IGNITION  LAG  OF  HYPERGOLIC  FUELS  OXIDIZED 
BY  NITRIC  ACID,  by  S.  V.  Gunn.  1  t951  [  6  i  p.  tncl. 

dtagrs.  refs.  ([Pro).  Squtd  technical  rept  no.  PUR 
17-P-R-M;  technical  repl.  no.  38  i  (Sponsored  jointly 
by  Offtce  of  Naval  Research  and  i  Air  Force  Office  of 
■Scientific  Itesearchj  under  N6ort-10401  and  l  Nbort- 
t0503  )  U23018;  ATI- 156280  Unclassl!  <*d 

AififlJAlbUahfiilQ  Jour.  Ainer.  Rocket  Soc  .  v.  22: 

33  38,  Jan.  Feb.  1952. 

A  method  ts  described  for  measurtng  the  tgnttton  lag  of 
self- Ignition  (hypergoltc)  bipropellant  combtnattons. 
Ignltto”  lag  data  are  reported  for  combinations  of  nitric 
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Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

acid  with  aniline,  turfuryl  alcohol,  and  mlitures  of 
aniline  and  furfuryl  alcohol.  The  Ignition  lags  ranged 
from  about  10  to  about  400  milliseconds,  depending 
upon  such  variables  as  temperature,  acid  composition, 
fuel  composition,  and  metallic  additives.  (Con¬ 
tractor’s  abstract) 
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Purdue  U. ,  Lafayette,  lnd. 

PROCEEDINGS  OF  THE  CONFERENCE  ON  IGNITION 
OF  LIQUID  ROCKET  PROPELLANTS,  NOV.  2  AND  3, 
1050  (Unclassified  title),  by  M.  J.  Zucrow,  C.  H. 

Trent,  and  S.  V.  Gunn.  June  1,  1951,  155p.  incl.  lllus. 
dlagrs.  refs.  (Proj.  Squid  technical  rept.  no.  PUR-29) 
(Sponsored  jointly  by  Office  of  Naval  Research  and  [  Air 
Force  Office  of  Scientific  Research]  under  [  N6orl- 
10401  and  Nbort-10503  j  j  t.7223;  ATI-125133 

Confidential 
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Purdue  U.  ,  Lafayette,  lnd. 

THE  IGNITION  OF  FUEL  DROPLETS  DESCENDING 
THROUGH  AN  OXIDrZING  ATMOSPHERE,  by  H.  L. 
Wood  and  D.  A.  Charvonla.  [  1953]  [  4  ]  p.  Incl. 
lllus.  refs.  (Proj.  Squid  technical  rept.  no.  PUR- 
25-P)  (Sponsored  jointly  by  Offtce  of  Naval  Research, 

[  Air  Force)  Office  of  Scientific  Research,  and  Office 
of  Ordnance  Research  under  N6ort- 10503)  AD  48131 

Unclassified 

Presented  at  Eighth  annual  convention  of  the  Amer, 
Rocket  Soc.,  New  York,  N.  Y. ,  Dec.  3,  1953. 

Also  published  In  Jet  Propulston.  v.  24:  t82-185,  May- 
June  1 954. 

Ignilton  studtes  wtth  three  organic  fuels,  Irtethylamtne, 
allylanune,  and  cyclohexene,  as  they  descend  In  slngte 
droplets  through  lhe  decomposition  vapors  of  while 
fuming  ntlrtc  actd  are  discussed.  The  perllnenl 
paramelers  varted  were  acid  vapor  'emperature  (350" 
to  350*C),  fuel  temperature  (10"  to  70*C),  and  fuel 
drop  dtameler  (2.  6  lo  4.  2  mm).  I  heoretlcal  approaches 
lo  explain  the  observed  Ignitton  delays  have  nol  been 
successful.  (Contractor's  abstract) 
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Purdue  U. ,  Lafayette,  lnd. 

tlEAT  TRANSFER  COEFFICIENTS  FOlt  GASES 
EFFECT  OF  TEMPERATURE  LEVEL  AND  RADIATION, 
b)  II.  J.  Itamey,  J.  U.  Henderson,  ami  J.  M.  Smith. 
Dec.  1953,  lip.  lllus.  rels.  Pro).  Squid  technical 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

rept.  no.  PUR-24-P]  (Sponsored  jointly  by  Office  of 
Naval  Research  and  [  Air  Force  Office  of  Scientific 
Research]  under  [  N6orl- 10503 ] )  AD  42988 

Unclassified 

Presented  at  annual  meeting  of  the  Heat  Transfer 
Symposium,  St.  Louis,  Mo.,  Dec.  13-16,  1953. 

Convection  heat  transfer  coefficients  for  the  cooling  of 
steam  and  air  flowing  Inside  a  2-ln.  pipe  were  meas¬ 
ured  from  500“  to  1200"F  at  gas-to-wall  temperature 
differentials  of  300“  to  1000“F,  and  over  a  range  of 
Reynold  a  number  a  from  2000  to  20, 000  for  oil  and 
5,  000  to  60, 000  for  steam.  The  convection  heat  trans¬ 
fer  coefficients  for  air  increased  slowly  with  tempera- 
ture  level.  Similar  measurements  with  steam  indicated 
that  published  information  on  the  emissivity  of  steam 
were  satisfactory  for  predicting  radiation  contribution 
encountered  within  the  above  range  of  variables.  Data 
taken  with  different  entrance  conditions  indicated  that 
the  convection  coefficients  could  be  Increased  several 
hundred  percent  at  constant  Reynolds  number  by  sub¬ 
stituting  a  jet  entry  for  the  usual  straight  entrance 
section  with  well  developed  turbulence.  (Contractor's 
abstract) 


PRI.  11:187 

Purdue  U.  Lafayette,  lnd. 

LATTICE  PARAMETERS  OF  THE  FeFe^.,)  Cr,04 

SPINEL  SYSTEM,  by  H.  J.  Yearlan,  J.  M.  Kortrlght, 
and  H.  H.  Langenhelm.  Feb.  9,  1954,  3p.  tncl.  lllus. 
table,  refs.  (Proj.  Squid  technical  rept.  no.  PUR- 
26-P)  (Sponsored  jointly  cy  Office  of  Naval  Research, 
[Air  Force]  Office  of  Scientific  Research,  and  Office 
of  Ordnance  Research  under  N6orl- 10503,  N6ori- 10401, 
and  N7onr-39419)  AD  50674  Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  22:  1196- 
1 1 98,  July  1954. 

Spinels  of  the  FeFejjj  ^j  Cr^O^,  O  <  x<  2,  system 

have  been  made  by  reduclton  of  the  corresponding 
sesquloxtde  solid  solutton  at  1180“,  lt00“,  and  950"C 
and  the  latltce  parameters  determined  al  room  tempera 
ture.  The  solutions  of  approximately  stotchtomelrtc 
composition  have  lattice  parameters  which  vary  wtlh 
x  tn  a  nonltnear  manner  from  8.  396  <  0.  002A  at  x  0 
to  0.  376  t  0,  002A  at  x  2.  The  four  essenllully 
Itnear  segments  comprlstng  the  tolal  curve  are  In 
lerprelcd  as  follows:  from  x  0  lo  x  0.3  the  struc- 
lure  ts  complelely  tnversed;  from  x  t.  28  lo  x  2.  0 
II  Is  complelely  normal;  between  these  regions  re 
version  from  lhe  lnversed  lo  the  normal  form  occurs 
In  two  successive  stages.  Oxygen  rich  spinels  crystal- 
Itred  at  950"  C  show  the  same  general  varluttons  of 
parameter  but  the  region  of  complete  tnverslon  exleids 
to  approximately  x  0.  6. 
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PRI.  11:188 

Purdue  U.  Lafayette,  Ind. 

THE  STRUCTURE  OF  OXIDE  SCALES  ON  CHROMIUM 
STEELS,  by  H.  J.  Yeartan,  E.  C.  Randell  and  T.  A. 
Longo.  July  18,  1955,  lip.  lncl.  lllus.  tables,  refs. 
(Proj.  Squid  technical  rept.  no.  PUR- 30- P)  (Sponsored 
jotntly  by  Office  of  Naval  Research,  [Air  Force]  Office 
of  Scientific  Research,  and  Office  of  Ordnance  Research 
under  N6orl- 10503,  [N6ori- 10401,  and  N7onr-39419] ) 
AD  123681  Unclassified 

Also  published  In  Corrosion,  v.  12:  515-525,  Oct.  1956. 

The  structure  of  the  oxide  scale  which  ts  formed  on 
commercial  Cr  steels  containing  from  5  to  26%  Cr 
when  oxldtzed  In  air  or  O  from  700°  to  1160*C  for 
times  up  to  100  hr  was  determined  by  x-ray  dtffracUon 
methods  supplemented  In  some  tnstances  by  chemical 
analysis.  Twodtstlnct  scale  types  were  observed:  an 
A  type  scale  occurs  when  the  rate  of  metal  loss  ts  less 
than  approximately  10  mg/sq  cm/day,  and  a  B  type 
occurs  when  the  attack  rate  Is  tn  the  excesstve  range. 
For  exposures  near  the  critical  condttlons,  an  tnltlal 
A  type  scale  transforms  to  B  type  durtng  oxidation. 

The  essential  component  of  the  A  type  scale  Is  CrjC^ 

which  is  usually  accompanied  by  aFejC^  in  an  amount 

which  tncreases  with  the  Fe  content  of  the  alloy.  The 
B  type  scale,  which  ts  more  complex  than  A  scale,  may 
be  considered  as  2  layers.  The  duplex  ouler  layers  Is 
similar  lo  lhe  Fe^O^  and  FejO^  layer  of  the  scale  on 

pure  Fe.  The  maior  constituent  of  the  inner  layer, 
corresponding  to  the  FeO  layer  on  pure  Fe  ts  a  solid 
solution  FeFe^j_xj  CrxO^,  of  the  spinel  type.  Experi¬ 
mental  data  are  compared  and  contrasted  with  existing 
data  and  are  qualitatively  interpreted  by  use  of  a 
tentaUvely  proposed  Fe-Cr-O  phase  diagram  and  a 
special  theory  of  alloy  oxidation. 

Pttt.  11:189 

Purdue  U. ,  Lafayette,  Ind. 

STRUCTURE  OF  OXIDE  SCALES  ON  NICKEl  C  iUIO 
MIUM  STEKI.S,  by  II.  J.  Yeartan,  H.  E.  Boren.  Jr., 
and  It.  E.  Warr.  July  18,  1955,  8p.  Inch  lllus.  tables, 
refs.  (I’roj.  Squid  technical  rept.  no.  l’Ult-31  l‘> 
(Sponsored  jointly  by  Oiftce  of  Naval  Research,  Air 
force  Office  of  Sctenlltlc  Research,  and  Office  of 
Ordnance  Research  under  NOoM- 10503,  i  NGort  tlMOl  , 
aixl  N floor  39119  Al>  123682  Unclassified 

Alsu  Published  ill  Corrosion,  v.  12.  56!  '  .1,  Nov,  !‘J5G. 

The  structure  oi  tin*  >cat.-s  formed  on  a  series  1 i!  typical 
Ni-Cr  steels  alien  oxid:  cod  lor  IW  hr  to  air  at  tempi  'a 
lures  from  1600*  :o  2200*  K  were  investigat'd  by  x  ray 
dlffrai  tlon  n.r*h(«t».  I  he  stales  are  oi  two  disllnct 
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types.  The  principal  and  definitive  constituent  of  the 
more  protective  type  Is  Cr^Oj.  A  solid  solution  of 
FejOj  ”  CrsOj  also  may  be  present;  In  such  cases  Its 
FejOj  content  tends  to  Increase  with  attack  rate  at  any 
given  temperature.  For  very  low  attack  rates  con¬ 
siderable  amounts  of  MnCrjO^  occur  when  the  alloy 
contains  a  few  tenths  percent  of  Mn.  As  the  attack 
rate  Increases  this  Mn-chromlte  spinel  ts  replaced 
by  a  Nl-Cr-Fe  spinel,  the  amount  and  the  alloying 
element  content  of  which  Increase  with  temperature 
and  wtth  the  Ni  level  of  the  alloy.  For  an  80  Nt-20  Cr 
alloy,  NtO  is  also  present.  When  the  attack  rate  be¬ 
comes  excesstve  the  scale  changes  to  a  type  containing 
no  CrjOj  phase  but  consisting  of  one  or  more 

FejOj-CrjOj  solutions  and  Nl-Cr-Fe  spinels.  The 

ferrtc-chromic  oxide  solution  tends  to  concentrate  In 
the  outer  layer  and  tt  then  contains  less  than  10  mole 
per  cent  Cr^O^;  the  proportion  may  Increase  when  tt 

occurs  tn  an  tnner  layer.  Sptnels  are  present  tn  all 
layers  but  thetr  content  of  the  alloying  elements  tn¬ 
creases  tn  the  tnward  direction.  These  results  are 
compared  with  existing  data  and  Interpreted  using  a 
theory  of  selective  oxidation  and  depletion.  (Con¬ 
tractor's  abstract) 


PRI.  1 1:  tDO 

Purdue  U. ,  Lafayette,  Ind. 

A  LITERATURE  SURVEY  ON  SOME  PHYSICAL 
ASPECTS  OE  THE  COMBUSTION  OF  FAL1JNG  FUEL 
DROPS,  by  P.  M.  Blair.  Nov.  t955,  79p.  tncl.  lllus. 
ref*.  (Proj.  Squid  technical  rept.  no.  PUR-27-R) 
(Sponsored  Jotntly  by  Office  of  Naval  Research,  Atr 
Force  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  Nflorl-10503)  AD  757t2 

Unclassified 

Dynamics  of  falling  drops:  A  classification  by  sire  Is 
proposed  for  small  homogeneous  solid  and  liquid  gas 
dispersold  particles  In  order  to  provide  a  frame  of 
reference  for  comparing  lhe  str.es  of  fuel  drops  In  a 
turbojet  combustor  wtth  other  particles.  Vartous 
methods  for  studying  the  combustion  of  Individual  fuel 
droplets  are  discussed.  The  dynamics  of  rigid  spheres 
are  reviewed,  and  available  terminal  velocity  and  drag 
coefficient  data  are  given  for  liquid  drops  falling  in 
71PF  air.  Factors  determining  the  sire  ami  shape  of 
stable  falling  drops  are  dlscussetl.  lie*l  Irmslgl  lilt 
lrues  11*1  Spheres-  Summaries  arc  given  of  theoretical 
analyses  which  have  been  reported  on  (t)  heat  transfer 
hi  a  sphere  Immersed  In  (lowing  fluid  in  the  absence  of 
mass  transfer,  and  (2)  heal  transfer  lo  a  hypothetical 
spherical  fuel  drop  burning  in  still  air  and  surrounded 
by  a  ronceritrlc  flame  Iront.  Data  art  presented  which 
show  an  increase  In  the  Nusselt  numb*  :  with  increasing 
turbulence  Intensity  for  sjdieres  Ir.  a  luibuler.t  air 
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stream.  Mass  transfer  lor  drops  and  spheres:  The 
laws  (or  molecular  and  eddy  diffusion  are  given  for 
mass  transfer  In  the  absence  of  heat  transfer,  and  ex¬ 
perimental  results  showing  the  effect  of  relative  air 
velocity  on  such  mass  transfer  coefficients  are  sum¬ 
marized.  A  report  Is  given  of  Investigations  which 
show  the  effect  of  Instantaneous  drop  diameter  on  the 
mass  transfer  rale  of  drops  In  still  air  and  drops  In 
an  air  stream.  The  derivation  of  a  general  3-dlmen- 
slonal  heal-conductlon  equation  Is  outlined. 


PRI.  11:191 

Purdue  U.,  Lafayelle,  lnd. 

INVESTIGATION  OF  THE  FACTORS  AFFECTING  THE 
ATTACHMENT  OF  A  LIQUID  FILM  TO  A  SOLID  SUR¬ 
FACE,  by  C.  F.  Warner  and  B.  A.  Reese.  June  1956 
[30]p.  lncl.  lllus.  tables,  refs.  (Proj.  Squid  technical 
rept.  no.  PUR-28-P)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Air  Force  Office  o:  Scientific  Re¬ 
search,  and  Office  of  Ordnance  Research  under  N6ori- 
10303)  AD  98478  Unclassified 

Presented  al  fall  meeting  of  the  Amer.  Rocket  Soc. , 
Buffalo,  N.  Y  ,  Sepl.  24-26,  1956. 

Results  are  summarized  for  an  experimental  Investiga¬ 
tion  of  the  film-attachment  phase  of  lhe  film-flow  study 
and  of  an  empirical  equation  based  on  momentum  ex¬ 
change  which  correlates  the  fllm-attachmenl  resulls 
with  2-  and  3-dlmenslonal  flow  fields.  The  Injection 
of  liquid  through  slots  resulted  In  the  establishment  of 
stable  films  on  solid  surfaces  over  a  relatively  large 
range  of  liquid  flow  rates  with  a  variety  of  geometric 
configurations  for  air  velocities  ranging  from  40  to 
630  fps.  The  critical  velocity  of  Injection  decreased 
with  Increases  In  slot  width  and  Increased  with  In¬ 
creases  In  air  velocity  and  angle  of  Injection;  separation 
was  not  obtained  with  angles  larger  than  75*.  The 
critical  velocity  of  Injection  (Vj)  Is  Independent  of  liquid 

surface  tension  and  viscosity  but  Is  a  function  of  the 
liquid  and  air  densities  (momentum).  Equations  are 
presented  for  predicting  Vj.  Large  velocities  of  In- 

• 

jectlon,  below  but  approaching  V|,  resulted  in  the  for¬ 
mation  of  surface  disturbances  on  the  film  surface  and 
the  entrainment  of  a  considerable  portion  of  lhe  Injected 
liquid  by  the  air  stream. 


1TU.1I  192 

Purdue  U.,  Lafayette,  lnd. 

THE  FORMATION  OK  OXIDE  FILMS  ON  CHROMIUM 
AND  tHCr  8  Nt  STEELS,  by  M.  .).  Yearlan,  W.  D. 
Derbyshire,  aisl  J.  F.  ltadavich.  June  22,  1956  ll.p. 
lncl.  lllus.  tables,  refs,  l’roj.  Squid  technical  rept. 
no.  PUR  30-P  (Sponsor  -d  jointly  by  Office  of  Naval 


Prtnceton  U.  James  Forrestal  Research  Cenler,  N.  J. 
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Research  and  [Air  Force  Office  of  Scientific  Re¬ 
search]  under  N6orl-I0401,  N7onr-394I9,  and  [N6orl- 
10503])  AD  205692  Unclassified 

Also  nuhllshed  In  Corrosion,  v.  13:  597-607,  Sept. 

1957. 

The  formation  of  oxide  films  on  simple  chromium 
sleels  and  18-8  stainless  steels  oxidized  In  air  al  tem¬ 
peratures  of  300°  to  700*0  has  been  studied  by  electron 
microscopy,  electron  diffraction  and  x-ray  diffraction 
methods.  A  thin  uniform  film  forms  In  the  first  few 
minutes  of  oxidation  and  grows  very  slowly  thereafter. 
As  oxidation  proceeds  the  protectiveness  of  the  base 
film  fails  al  randomly  distributed  positions,  permitting 
the  rapid  growth  of  localized  polycry stalllne  nodules 
of  oxide.  These  nodules  continue  lo  grow  and  new  ones 
are  formed  until  the  base  film  ts  completely  covered. 
The  rale  al  which  the  process  proceeds  depends  on 
alloy  composition  and  temperature  In  the  same  way  as 
does  the  scaling  rale  al  higher  lemperalures.  There 
Is  no  evidence  thal  the  failure  Is  due  lo  cracking  of  the 
base  film.  There  seems  to  be  no  detrimental  effect 
produced  by  the  usual  amounts  of  minor  constituents 
In  the  alloys.  Local  failure  may  be  due  lo  blistering 
or  recrystalllzatlon.  The  prtnctpal  component  of  the 
base  film  is  a  solid  solution  of  ferrtc  and  chromic 
oxides  preferentially  oriented  wtth  the  (111)  plane 
parallel  lo  the  surface.  The  degree  of  the  ortentatlon 
and  the  chromic  oxide  conienl  or  the  solution  Increase 
with  time  of  oxidation.  A  Bmall  amount  of  spinel  may 
be  present  also.  In  the  case  of  the  18  Cr-8  N1  alloy 
the  spinel  contains  some  Nl.  The  nodules  are  prin¬ 
cipally  FejOj  or  a  low  chrome  ferric -chromic  oxide 
solution  and  contain  somewhat  more  spinel  than  does 
the  base  film.  (Contractor's  abstract) 


PRI.  11:193 

Purdue  U. ,  Lafayette,  lnd. 

SOME  CONSIDERATIONS  OF  FILM  COOLING  FOR 
ROCKET  MOTORS,  by  M.  J.  Zucrowand  A.  R. 

Graham.  July  1956  [  40 ]  p.  lncl.  lllus.  table,  refs. 
(Proj.  Squid  technical  rept.  no.  PUR-29-P)  (Sponsored* 
jointly  by  Office  of  Naval  Research,  Air  Force  Office 
of  Scientific  Research,  and  Office  of  Ordnance  Research 
under  NCor  •- 10503)  AD  108768  Unclassified 

Presented  at  fall  meeting  of  the  Amer.  Rocket  Soc. , 
Buffalo,  N.  Y.,  Sept.  24  26,  1956. 

The  basic  considerations  pertinent  lo  the  film  cooling 
of  a  circular  duct  with  a  liquid  are  presented.  Klim 
thickness  studies  and  a  study  of  the  theoretical  cor 
relation  equations  for  the  heal  -  transfer  coefficient  f  or 
a  film -cooled  duct  Indicate  lhat,  before  film  cooling 
of  rocket  motors  can  be  pul  on  a  sound  engineering 
basis,  experimental  data  are  required  on  the  relation¬ 
ship.-.  between  Hie  friction  coefficient,  the  film  coolant 
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(low,  and  the  Reynolds  number  tor  the  gas  flow.  Data 
are  also  required  for  relating  the  film-cooled  length, 
the  liquid-coolant  flow  rale,  and  the  properties  of  the 
liquid  coolant.  Tests  are  needed  to  determine  the 
effecl  of  film  cooling  on  performance  when  reactive  film 
cooianls  such  as  jel  engine  fuel  and  WFNA  are  used. 


PRI.  11:194 

Purdue  U.  [Rocket  Lab  J  Lafayette,  Ind. 

THE  HYPERGOLIC  REACTION  OF  DICYCLOPENTA- 
D1ENE  WITH  WHITE  FUMING  NITRIC  ACID,  by  C.  H. 
Trent  and  M.  J.  Zucrow.  June  IS,  1951  [3Jp.  incl. 
lllus.  tables.  [  Pro).  Squid  technical  rept.  no.  PUR- 
13-P;  technical  rept.  no.  43 J  (Sponsored  jolnlly  by 
Oitlce  ol  Naval  Research  and  [Air  force  j  Office  of 
SclenUflc  Research  under  N6ori- 10503)  AD  9094 

Unclassified 

Also  published  In  Jour.  Amer.  Rocket  Soc.,  v.  21: 
129-131,  Sept.  1951. 

The  photographic  study  of  the  hypergollc  reaction  be¬ 
tween  dttyelopenUtdltne  Md  anhydrous  nitric  acid  In¬ 
dicates  lhal  a  solid  phase  Is  formed  prior  to  Ignition 
and  that  the  lgnlllon  of  the  propellant  Is  propagated 
from  the  solid  phase.  The  latter  hws  been  Isolated. 
Although  the  Identity  of  the  solid  pi...se  remains  un¬ 
known,  characterization  tests  have  Indicated  that  it  Is 
a  nllraled  polymer  containing  the  nltro  group  and  the 
nitrate  ester  group.  (Contractor's  abstract) 


PRI.  11:195 

Purdue  U.  Rocket  Lab. ,  Lafayette,  lnd. 

BEHAVIOR  OK  LIQUID  HYDROCARBONS  WITH  WHITE 
FUMING  NITiaC  ACID,  by  C.  H.  Trent  and  M.  J. 
Zucrow.  Feb.  26,  1952  [  7  p.  Incl.  lllus.  tables,  refs. 
[Pro].  Squid  technical  rept.  no.  PUR  -  18-P;  technical 
rept.  no.  43  J  (Sponsored  jointly  by  Office  of  Naval 
Research  and  i  Air  Force:  Office  of  Scientific  Re 
search  under  N6orl- 10503)  AD  9093  Unclassified 

Also  published  in  Indus.  Engineering  Chem. ,  v.  44: 
2668-2673,  Nov.  1952. 

A  problem  often  encountered  In  the  development  of  liquid 
bipropellant  rockel  engines  Is  that  of  reliably  Igniting 
propellants  that  are  not  spontaneously  Inflammable 
upon  contact.  One  fuel  currently  specified  for  certain 
types  of  rocket  engines  Is  a  hydrocarbon  fuel  endowed 
with  physical  properties  common  to  both  gasoline  and 
kerosene.  That  fuel  is  nut  spontaneously  Inflammable 
with  either  liquid  ixygen  or  while  fuming  nitric  acid, 
and  presents  the  prohlem  of  Igniting  these  propellant 
combinations  In  the  rocket  motor.  The  lack  of  knowl¬ 
edge  of  the  Ignition  behavior  of  hydrocarbon  fuels  when 
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oxidized  by  while  fuming  nllrlc  acid  provided  the 
Impetus  behind  an  experimental  study  of  the  Ignition 
behavior  with  while  fuming  nitric  acid  of  a  number  of 
pure  hydrocarbons  reacted  under  conditions  simulating 
those  found  In  actual  rockel  motors.  Twenty  hydro¬ 
carbon  compounds  possessing  different  molecular 
structures  were  treated  with  anhydrous  nitric  acid  and 
the  relative  rales  of  reaction  (determined  by  meas¬ 
uring  rates  of  temperature  rise,  during  the  liquid 
phase  reaction),  the  maximum  reaction  temperatures 
produced,  and  the  minimum  IgnlUon  lemperalure  were 
measured.  The  correlation  among  the  time  lo  reach 
maximum  reaction  temperature,  the  maximum  reaction 
temperature  produced,  and  the  minimum  Ignition  tem¬ 
perature  Indicates  that  the  principal  factors  governing 
the  minimum  IgnlUon  lemperalure  are  the  concentrauon 
and  lhe  thermal  Instability  of  the  unstable  Intermediate 
products  lormed.  The  maximum  reaction  temperature 
produced  Is  a  factor  in  determining  the  quantity  of 
additional  energy  necessary  to  Initiate  combustion. 

The  present  study  Indicates,  that  from  the  standpoint 
of  ease  of  Ignition,  the  presence  of  high  concentrations 
of  unsaturated  hydrocarbons,  especially  dicleflns,  In 
hydrocarbon  fuels  Is  desirable,  as  these  compounds 
react  rapidly  with  white  fuming  nllrlc  acid,  produce 
high  maximum  temperature*1,  and  require  relatively 
low  temperatures  to  Initiate  combustion.  Highly 
aromatic  hydrocarbon  fuels  may  be  undesirable.  De¬ 
spite  their  rapid  reaction  In  the  liquid  phase,  all  the 
aromatic  hydrocarbons  tested  exhibited  high  Ignition 
temperatures.  ( Contraclor’s  abstract) 


PHI.  11:196 

Purdue  U.  I  Rocket  Lab.  Lafayelle,  lnd. 

EXPERIMENTAL  PERFORMANCE  OF  WFNA-JP  3 
ROCKET  MOTORS  AT  DIFFERENT  COMBUSTION 
PRESSURES,  by  M.  J.  Zucrow  and  C.  M.  Belghley. 
May  19,  1952  8jp.  Incl.  lllus.  tables  [l'roj.  Squid 
technical  repl.  no.  PUR-19-P;  technical  rept.  no.  46 
(Sponsored  jointly  by  [Olllce  ol  Naval  Research  and 
Air  Force  Olllce  of  Scientific  Research  J  under  N6orl- 
10503)  AD  9143  Unclassified 

Also  published  In  Jour.  Amer  Rockel  Soc. ,  v.  22: 
323-330,  Nov.  -Dec.,  1952. 

The  performance  and  heat  transfer  rates  lor  500- lb 
thrust,  1.  100  In. ,  rocket  motors  were  determined 

experimentally  as  a  function  of  mixture  ratio  at  300  , 
500  ,  and  700  psia  combustion  pressures.  In  all 
cases  lhe  propellants  used  were  while  fuming  nllrlc 
acid  (WFNA)  and  jet  engine  fuel  (JP  3).  The  maximum 
values  of  specific  Impulse  were  obtained  al  a  mixture 
ratio  of  4.  5  and  the  values  were  222,  235,  and  246  for 
300-,  500  ,  and  700  psia  combustion  pressure,  re 
specllvely.  Raising  the  combustion  pressure  from 
300  psla  to  700  psia  Increased  the  ov<  r  all  heat  trans 
fer  for  the  thrust  cylinder  from  1.3  t  >  2.  3 
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Btu/sq.  in.  /sec  and  that  (or  the  nozzle  from  2. 8  to 
6.  0  Btu/sq.  In.  /sec.  (Contractor's  abstract) 
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Wisconsin  U.  Naval  Research  Lab.,  Madison. 

EQUATIONS  OF  A  SIMPLE  FLAME  SOLVED  BY 
SUCESSTVE  APPROXIMATIONS  TO  THE  SOLUTION 
OF  AN  INTEGRAL  EQUATION.  PART  I.  FIRST 
ORDER  REACTION,  by  G.  Klein.  June  9,  1954,  24p. 
lncl.  tllus.  tables.  ([Proj.  Squid  i^nnlcal  rept.  no. 
WIS-l-R,  pt.  1 J ;  WIS-ONR-8)  (Also  bound  with  Its 
AD  64151,  as  part  1)  (Sponsored  jointly  by  Office  of 
Naval  Research,  [  Air  Force]  Office  of  Scientific 
Research,  and  Offtce  of  Ordnance  Research  under 
N6orl- 10503  and  N7onr-28511)  AD  37302 

Unclassified 

The  problem  of  Idealized  flame  whose  underlying 
chemical  reactton  Is  unimolecular,  reversible,  and 
of  the  first  order,  Is  reconsidered;  the  kinetic  energy 
of  the  gas  stream  Is  neglected.  The  solution  depends 
on  the  solution  of  an  Integral  equation  whtch  contains 
an  unknown  parameter  whose  eigenvalue  has  to  be 
determined.  The  equation  ts  solved  by  a  method  of 
sucesstve  approximations. 
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Wisconsin  U.  Naval  Research  Lab. ,  Madison. 

EQUATIONS  OF  A  SIMPLE  FLAME  SOLVED  BY 
SUCCESSIVE  APPROXIMATIONS  TO  THE  SOLUTION 
OF  AN  INTEGRAL  EQUATION.  PART  11.  SECOND 
ORDER  REACTION,  by  G.  Klein.  Sept.  30,  1954, 

60p.  lncl.  Ulus,  tables.  ([Proj.  Squid  technical  repl. 
no.  WIS-l-R,  pt.  2 ]  ;  W1S-ONR- 13)  (Also  hound  with 
Its  AD  64151,  as  pari  2)  (Sponsored  jointly  by  Office 
of  Naval  Research,  !  Air  Force  J  Office  of  Scientific 
Research,  and  Office  of  Ordnance  Research  under 
N6orl- 10503  and  N7onr- 28511)  AD  46170 

Unclassified 

The  problem  of  an  Idealized  flame  whose  underlying 
chemical  reaction  Is  unimolecular  and  reversible 
(where  lhe  klnettc  energy  of  lhe  gas  stream  Is 
neglected),  which  has  been  solved  by  Integral  equation 
method  of  successive  approximations  for  a  first  re¬ 
action  (Part  1),  Is  now  extended  to  a  second  order 
reaction.  The  problem  Is  very  nearly  equivalent  to 
that  of  a  simple  chain  reaction  flame  In  which  the 
catalyst  reacUons  are  assumed  lo  be  In  equilibrium. 

In  this  case  the  behavior  near  the  hot  boundary  of  the 
functions  Involved  ts  very  different  from  (hat  of  the 
case  of  a  first  order  reactton,  and  a  careful  choice  ol 
the  Integral  equation  amt  of  the  lowest  approximation 
to  be  adopted  has  to  be  made.  The  diffusion  coefficient 
Is  assumed  constant:  for  a  certain  value  of  this  constant 
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the  problem  simplifies  considerably, and  for  other 
values  an  alternative  perturbation  and  expanstop 
method  ts  proposed  which  involves  only  linear 
dlfferenUal  equations.  It  Is  verified  that  neglect  of 
of  the  back  reaction  affects  the  method  and  results 
immaterially,  and  the  effect  of  varying  the  hot 
boundary  temperatures  ts  briefly  considered.  (Con¬ 
tractor’s  abstract) 
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Wisconsin  U.  Naval  Research  Lab. ,  Madison. 

EQUATIONS  OF  A  SIMPLE  FLAME  SOLVED  BY 
SUCCESSIVE  APPROXIMATIONS  TO  THE  SOLUTION 
OF  AN  INTEGRAL  EQUATION.  PART  HI.  A  SIMPLE 
IDEAL  NON-BRANCHING  CHAIN  REACTION  FLAME, 
byG.  Klein.  Feb.  25,  1955  [40]p.  lncl.  Ulus, 
tables.  ([Proj.  Squid  technical  rept.  no.  WIS-l-R, 
pt.  3 i ;  WIS-Squld-2)  (Also  bound  with  Us  AD  64151. 
as  part  3)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  [Air  Forte]  Office  of  Scientific  Research, 
and  Office  of  Ordnance  Research  under  N6orl- 10503) 

AD  58376  Unclassified 

A  chain  reaction  flame  of  the  type  A;±B,  AB  C 

Is  considered  and  Its  equaUons  are  solved  by  a  general* 
IzaUon  of  the  method  employed  In  Parts  1  and  □.  The 
reacUon  rate  of  the  second  reacUon  Is  assumed  of  the 

form  Rc  =  to  {xAxB  FABW-XBXC  F^*"1*}  where  to 

Is  a  parameter  whose  value  Is  left  open.  It  Is  assumed 
that  the  reacUon  rate  of  the  first  reacUon, 

RU  =  XAf  A<->).  XBfB^  can  be  expanded  In  the  form 

RB  =  tor(’l'*u>)=  to  (r0(T>  +  torjl"1)  etAjd*  ...  }, 
a  hypothesis  whtch  appears  jusUfled  by  the  raptdily  of 
the  convergence  obtained.  For  the  standard  value  of 
the  reduced  diffusion  conslant  (t>  1)  the  rale  of  pro¬ 

duction  of  B  is  negaUve  near  lhe  cold  boundary,  showing 
thal  the  component  corresponding  lo  a  free  radical  of 
a  real  flame  occurs  In  the  tow  temperature  region 
overwhelmingly  by  diffusion.  (Conlraclor’s  abstract) 
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Wisconsin  U.  Naval  Research  Lab. ,  Madison. 

EQUATIONS  OF  A  SIMPLE  Fl-AME  SOLVED  BY 
SUCCESSIVE  APPROXIMATIONS  TO  THE  SOLUTION 
OF  AN  INTEGRAL  EQUATION.  PART  IV.  SIMPLE 
IDEAL  FLAME  MODEL  SUGGESTED  BY  THE  HUr 
F'LAME,  by  G.  Klein.  Apr.  18,  1955  [  18  p.  lncl. 
lllus.  tables.  (.Proj.  Squid  technical  rept.  no.  W1S- 
l  it,  pt.  4  i  ;  W1S- Squid- 3)  (Also  bound  with  Its 
AD  64151,  as  pari  4)  (Sponsored  jointly  by  Offtce  of 
Naval  Research,  Air  Force,  Office  of  Scientific 
Research,  ’nd  Office  of  Ordnance  Research  under 
Nbort -  10r.J3!  AD  61774  Unclassified 
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The  method  of  Parts  I  -  III  has  been  adapted  to  an  Ideal 
(lame  based  on  the  reaction  A  +  D  ^C  where  the  masses 
and  the  mutual  diffusion  coefficients  In  the  three  com¬ 
ponent  system  are  unequal.  The  form  of  the  reaction 
rat*  and  the  numerical  data  need  were  suggested  by  the 
data  for  the  HBr  flame  of  which  the  present  problem  Is 
an  Idealization.  (Contractor's  abstract) 
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Wisconsin  U.  Naval  Research  Lab. ,  Madison. 

EQUATIONS  OF  A  SIMPLE  FLAME  SOLVED  BY 
SUCCESSIVE  APPROXIMATIONS  TO  THE  SOLUTION 
OF  AN  INTEGRAL  EQUATION.  PART  V.  A  SIMPLE 
IDEAL  BRANCHING  CHAIN  REACTION  FLAME,  by  G. 
Klein.  Aug.  5,  1955  [  37  ]  p.  lncl.  Ulus,  tables. 

((Proj.  Squid  technical  rept.  no.  WIS-l-R,  pt.  5); 
WIS-Squld-4)  (Also  bound  with  Its  AD  64151.  as  pan 
5)  (Sponsored  jointly  by  Office  of  Naval  Research,  Air 
Force  Office  of  SclenUflc  Research,  and  Office  of 
Ordnance  Research  under  N6orl-10503)  AD  75714 

Unclassified 

The  equations  of  a  one-dlmenslonal  stationary  flame 
A  r=;2B  and  AiDftBiC  are  solved  by  a  perturbation 
method.  The  unperturbed  equations  are  those  of  the 
reduced  problem  In  which  (1)  the  first  reaction  Is  In 
equilibrium,  and  (2)  the  diffusion  constant, 
b  =  6AB  =  6AC  =  ^BC'  11518  Ule  8P*clal  val“e  unity; 
the  reduced  problem  Is  solved  by  successive  approxi¬ 
mations  lo  the  solution  of  an  Integral  equation.  The 
results  are  quaUtaUvely  very  similar  to  those  of  the 
A**B,  A*  Bx^B  ♦  C  problem  already  treated,  (c(. 
Pari  III);  In  parUcular,  one  finds  thal  the  component  B, 
corresponding  to  a  free  radical  In  a  real  (lame,  occurs 
In  the  cold  temperature  region  overwhelmingly  by  dif¬ 
fusion,  Us  rate  of  chemical  production  there  being 
negative.  (Contractor's  abstract) 
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Wisconsin  U.  Naval  Research  Lab. ,  Madison. 

DERIVATION  OF  THE  FLAME  EQUATIONS,  THEIR 
TRANSFORMATION  AND  SUGGESTED  METHOD  OF 
THEIR  SOLUTION,  by  G.  Klein.  Feb.  25,  1955,  92p. 
lncl.  Ulus,  tables,  refs.  (Proj.  Squid  technical  repl. 
no.  WIS-2-R;  rept.  no.  WlS-Squtd-1)  (Sponsored  jointly 
by  Office  of  Naval  Research,  (  Air  Force]  Office  of 
Scientific  Research,  and  Office  of  Ordnance  Research 
under  N6ort  10503)  AD  75715;  AD  74926 

Unclassified 

The  equations  of  a  one  dimensional  flame  under 
stationary  conditions  are  deduced  from  Ihe  general 
equations  of  a  gas  mixture,  and  their  boundary  condi 
tions  are  discussed  These  flame  equations  are  trans 
formed  so  as  to  make  them  amenable  to  solution  by  a 


Princeton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID) 

perlurbaUon  method  of  successive  approximations. 
They  are  divided  Into  (a)  two  principal  equations, 
formally  analogous  to  the  equations  of  a  unimolecular 
reaction  flame  Ax=iB,  and  (b)  subsidiary  equations 
containing  the  centitinlng  physical  relation;..  The  curt 
of  the  flame  problem  is  then  an  ordinary,  non- linear 
differential  equation  Involving  an  eigenvalue  parameter, 
and  a  method  of  Its  solution  as  an  Integral  equation  Is 
given.  It  1*  suggested  that  tire  general  (tame  equations 
should  be  solved  by  several  stages  of  slmpUfied  prob¬ 
lems  (ideal  flames).  Earlier  work  on  Ideal  flames, 
such  as  A  2B,  At  Bx±B  t  C,  is  reviewed,  and  the 
general  formalism  Is  Illustrated  by  reioronce  lo  the 
HBr  flame. 
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Wisconsin  U.  Naval  Research  Lab. ,  Madison. 

FLAME  PROPERTIES  AND  THE  KINETICS  OF  CHAIN¬ 
BRANCHING  REACTIONS,  by  J.  C.  Glddlngs  and  J.  O. 
Hlrschfelder.  May  1956,  3Ip.  lncl.  Ulus,  tables,  refs. 
(Proj.  Squid  technical  rept.  no.  WIS-3-R)  (Sponsored 
Jointly  by  Office  of  Naval  Research,  Air  Force  Office 
of  SclenUflc  Research,  and  Office  of  Ordnance  Re¬ 
search  under  N6orl- 10503)  AD  94370 

Unclassified 

Also  published  In  Sixth  Symposium  (International)  on 
Combustion,  Yale  U. ,  New  Haven,  Conn.  (Aug.  19-24, 
1956),  N.  Y. ,  Relnhold,  1957,  p.  199-212. 

Calculations  are  presented  for  the  flame  velocity  and 
chemical  profiles  of  a  prototype  chain-branching 
system  with  a  second-order  chain-breaking  slep: 
k,  k2 

2B  — *  A  and  A  ♦  B  — *  2B  ♦  C.  The  constants  which 
were  used  were  chosen  lo  reproduce  some  of  the  fea¬ 
tures  of  H-0  combustion.  The  values  of  the  assumed 
diffusion  coefficients  were  varied  greatly  without  sp 
preciabty  affecting  either  the  flame  velocities  or  the 
chemical  profiles.  A  criterion  Is  presented  for  the  de¬ 
viation  of  the  free- radical  concentrations  from  their 
pseudo- steady- slate  values.  Deviations  from  Ihe 
pseudo  steady  slate  are  explained  in  terms  of  a  time 
lag  In  the  formation  and  destruction  of  the  free  radicals 
with  a  diffusions!  effect  which  varies  as  the  second 
derivative  of  the  free- radical  concentration  with  re¬ 
spect  lo  the  coordinate.  The  purely  dlffuslonal  theories 
of  flames  are  shown  lo  be  Incorrect  in  2  respects:  (1) 
the  free  radicals  actually  diffuse  away  from  the  flame- 
holder  In  the  hot  part  of  the  flame  where  most  of  the 
reactions  occur,  and  (2)  the  flame  velocity  Is  almost 
independent  of  the  coefficients  of  diffusion  of  the  radi¬ 
cals.  The  ABC  flame  studied  by  Klein  (rept.  no.  WIS- 
SQU1D-1.  Item  no.  PRI.  11:202)  was  used  as  an  example 
for  the  deviations  from  the  pseudo  steady  state  as  a 
function  of  tp  ty^;  tjj  a  id  t^  are  the  relaxation  times 
for  free- radical  formation  and  the  over  all  reaction, 

.  respectively. 
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Wisconsin  U.  Naval  Research  Lab. ,  Madison. 

A  RELAXATION -TIME  MODEL  FOR  FREE  RADICAL 
CONCENTRATION,  by  J.  C.  Giddlngs.  Aug.  1956, 

18p.  refs.  (Proj.  Squid  technical  rept.  no.  W1S-4-P) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Air 
Force  Office  of  Scientific  Research,  and  Off  ce  of 
Ordnance  Research  under  N6ori-10503)  AD  104499 

Unclassified 

A  relaxation-time  model  was  used  for  examining  the 
accuracy  of  the  quasi-equilibrium  approximation  in 
chemical  kinetic  studies.  In  the  2  general  cases  (time- 
lag  and  diffusion)  which  arise,  the  proposed  model  yields 
the  same  results  as  an  approximate  mathematical  treat¬ 
ment.  The  kinetic  processes  in  a  flame  front  were 
examined  and  shown  to  involve  the  time-lag  and  dif¬ 
fusion  cases.  The  model  was  justified  by  an  independent 
approximate  method.  The  model  was  examined  In  the 
region  of  the  flame  near  the  point  of  maximum  reaction 
rate.  A  simple  expression  was  found  for  the  radical 
concentration  at  this  point. 
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Wisconsin  U.  Naval  Research  Lab. ,  Madison. 

THE  PROPERTIES  OF  FLAMES  SUPPORTED  DY 
CHAIN-BRANCHING  REACTIONS,  by  .1.  C.  Giddlngs  and 
J.  O.  Hirschfelder.  Nov.  1956,  14p.  lncl.  Ulus,  tables. 
(Proj.  Squid  technical  rept.  no.  W1S-5-P;  WlS-Squid-7) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Air 
Force  Office  of  Scientific  Research,  and  Office  of 
Ordnance  Research  under  N6orl-I0503)  AD  112175; 

AD  109592  Unclassified 

Presented  at  Ninth  International  Congress  of  Appl. 

Mech. ,  Brussels  (Belgium),  Sept.  5-13,  1950. 

A  Semenoff-type  kinetic  scheme  in  which  the  chain-break¬ 
ing  step  Is  first  order  In  radical  concentration  (FOB) 
is  compared  with  a  non  Senienoff  scheme  with  second- 
order  chain  breaking  (SOU).  Both  reaction  schemes 
have  3  components:  a  reactant  (A),  an  intermediate  free 
radical  (B),  and  a  product  (C).  in  contradiction  to  dif¬ 
fusion  theories  of  flame- propagation,  data  showed  that 
a  large  increase  in  radical  diffusion  coefficient  resulted 
in  a  slight  dec  reuse  in  flume  velocity.  For  the  FOB 
Se.nenoff  kinetic  scheme,  an  explosion  limit  exists  at 
the  point  at  which  the  rate  of  branching,  k-jAB,  equals 
the  chain- breaking  rate  k.,1).  Beyond  “  is  point,  ilie 

rate  of  production  of  radicals  he  miles  greater  than  their 
rate  of  destruction.  'I  tie  radical  increases  until  the  A 
disappears.  The  rate  '  heat  re  :,se  is  so  large  that 
it  can  ht  considered  an  i  xpl  ision.  Numerical  calcula 
tions  acre  made  on  tlnnu  suppm  ,eu  by  the  FOB 
Semenoff  type1  seque  Altaian"  nt  .1  the  explosion 
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point  at  which  the  radical  concentration  and  reacUon 
rate  go  to  infinity  depends  for  a  parUcular  flame  on 
the  assumed  reaction  rates.  The  Klein  Method  (item 
no.  PRI.  11:023)  was  used  for  solving  the  flame  equa¬ 
tions  for  5  cases.  The  deviaUon  of  the  actual  con- 
centraUon  of  B  from  the  pseudostaUonary  concentraUon 
(B)*  is  measured  by  c,  where  B  =  (I  +  c)  (B)*.  A 
procedure  is  given  for  making  a  preliminary  esUmaUon 
of  t  in  the  reaction  zone  which  is  very  accurate.  The 
estimation  of  c  was  useful  in  selecUng  the  flame  par¬ 
ameters,  since  the  Klein  method  of  IntegraUon  does 
not  converge  if  £  Is  greater  than  about  0. 4. 
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Princeton  U.  [Dept,  of  Aeronautical  Engineering]  N.  J. 

HIGH  SPEED  AERODYNAMICS  AND  JET  PROPULSION. 
VOLUME  VI.  GENERAL  THEORY  OF  HIGH  SPEED 
AERODYNAMICS,  ed.  by  W.  R.  Sears.  N.  J. , 
Princeton  University  Press,  1954,  758p.  lncl.  lllus. 
dlagrs.  tables,  refs.  ([  Sponsored  jointly  by  Office  of 
Naval  Research,  Air  Force  Office  of  Scientific  Re¬ 
search,  and  Office  of  Ordnance  Research]  under 
Nonr-03201)  Unclassified 

This  volume  summarizes  present-day  knowledge  in  the 
theory  of  high  speed  aerodynamics.  It  begins  with  an 
over- all  sketch  of  the  subject  by  T.  von  Kirmin. 
Largely  nonmathematlcal,  this  section  touches  on  the 
major  features  of  subsonic,  transonic,  and  supersonic, 
and  hypersonic  flows  and  emphasizes  both  Important 
recent  developments  and  some  prc'.  ’ems  sUll  unsolved. 
K.  O.  Friedrichs  presents  a  new  siu  ’y  of  Ihe  mathe¬ 
matical  nature  of  hyperboUc  flows,  1.  e.  supersonic  or 
unsteady  compressible  flows.  Following  these  intro¬ 
ductory  sections,  attenUon  is  directed  especially  toward 
the  theories  based  on  the  small  disturbance  hypothesis. 
W.  R.  Sears  presents  and  summarizes  subsonic  small 
perturbation  theory,  with  emphasis  on  recent  studies 
that  unify  and  clarify  this  subject,  and  on  rotational 
and  unsteady  flows.  M.  A.  Heaslet  and  H.  Lomax 
present  in  a  unified  manner  (he  whole  subject  of 
linearized  supersonic  theory,  especially  with  appllca 
Uon  to  wings.  Also  included  in  this  section  are  the 
transonic  and  hypersonic  nonlinear  approximations. 

M.  J.  Lighthlll  discusses  the  methods  of  higher  ap 
proxlmatlon  which  ere  used  to  Improve  the  first  order 
theories  and  to  explain  and  eliminate  their  shortcom 
Ings.  Y.  li.  Kuo  and  W.  R.  Sears  collaborate  in  a 
section  presenting  a  review  of  the  theory  of  potential 
subsonic  and  mixed  supersonic- subsonic  plane  flows 
based  on  the  hixlograph  method.  Finally  ill  two 
sections,  A.  F'errl  writes  on  the  method  of  character¬ 
istics  applied  to  steady  two  and  three  dimensional 
flows  and  flow  patterns  character! zed  by  the  presence 
of  shock  waves,  including  F’erri’s  recent  work  on  the 
linearized  methods  ol  characteristics. 
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VOLUME  IX.  PHYSICAL  MEASUREMENTS  IN  GAS 
DYNAMIC T  AND  COMBUSTION,  ed.  by  R.  W. 
Ladenburg,  B.  Levis,  and  others.  N.  J. ,  Princeton 
University  Press,  1954  ,  578p.  lncl.  tllus.  dlagrs. 
tablee,  refs.  ([Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Air  Force  Office  of  Sclentlftc  Research,  and 
Offtce  of  Ordnance  Research]  under  Nonr-03201) 

Unclassified 

This  volume  Is  concerned  with  physical  measurements 
In  gae  dynamic*  and  with  the  corresponding  measure¬ 
ments  In  combustion  oroc  esses.  It  record  e  varying 
techniques  whtch  can  be  employed  to  measure  denetty, 
pressure,  veloctty,  and  temperature  In  gaseous  eys- 
tems.  It  deals  wtth  shock  front  measurements  by  light 
reflectivity,  turbulence  measurements,  condensation 
study  by  absorption  or  scattering  of  light,  and  analogue 
methods.  The  second  half  of  the  volume  ts  concerned 
with  techniques  and  the  measurement  of  properties  In 
matertals  undergoing  combustion  procesees. 


PRI.  12:003 

Princeton  U.  [  Dept,  of  Aeronautical  Englneertng  ]  N.  J. 

HIGH  SPEED  AERODYNAMICS  AND  JET  PROPULSION. 
VOLUME  I.  THERMODYNAMICS  AND  PHYSICS  OF 
MATTER,  ed.  by  F.  D.  Rossini.  N.  J. ,  Princeton 
Universtty  Press,  1955,  812p.  lncl.  dlagrr.  tables, 
refs.  ([Sponsored  jointly  by  Offtce  of  Naval  Research, 
Air  Force  Offtce  of  Sctentlftc  Research,  and  Office  of 
Ordnance  Rseearch]  under  Nonr-03201) 

Unclaeslfted 

The  baste  prtnctples  of  the  thermodynamics  and  phystes 
of  matter  are  presented  from  the  standpoint  of  thetr 
appltcabllily  lo  a  belter  understanding  of  high  speed 
aerodynamtes  and  jel  propulsion.  The  volume  ts 
dtvtded  Into  the  fotlowtng  ten  sections:  Section  A  by 
F.  D.  Rosstnl  covers  the  fundamentale  of  thermody- 
namtes;  tn  Section  B,  K.  F.  Herzfeld  and  V.  Grlfflng 
discuss  quantum  mechanics,  molecular  structure,  bond 
energies,  and  activation  energies,  and  J.  O. 
Htrschfelder,  C.  F.  Curtiss,  R.  B.  Btrd,  and  E.  L 
Spotz  present  statistical  mechanics  and  the  kinetic 
theory  of  gases;  Section  C  by  J.  A.  Bealtie  gives  a 
complete  treatment  of  the  thermodynamic  properties  of 
real  gases  and  their  mtxtures;  In  Section  D,  J.  O. 
Hlrechfelder,  C.  F.  Curtiss,  R.  B.  Btrd,  and  E.  L. 
Spotz  discuss  the  lransporl  properties  of  gases  and 
gaseous  mtzlures;  In  Section  E,  O.  K.  Rice  covers 
critical  phenomena,  Including  acsoclatlon  and  condensa¬ 
tion;  Section  F  by  J.  M.  Richardson  and  S.  R.  Brinkley, 
Jr.  presents  the  theories  of  liquids  and  liquid  solution; 
tn  Section  G,  P.  P.  Ewald  discusses  solids  and  solid 
solutions,  covering  crystals,  conductors,  tnsutators, 
energy  bands,  and  cooperative  phenomena;  Section  H 
by  K.  F.  Herzfeld  covers  relaxation  phenomena  In 
gases,  Including  theory  and  experiment;  tn  Section  1, 

1.  Estermann  presents  a  discussion  of  gases  at  tow 
densities,  Including  molecular  beams;  In  Section  J, 

C.  F.  Curtiss  disc usses  the  thermodynamics  of  Irre¬ 
versible  processes,  tncludtng  flow  processes,  viscosity, 
thermal  conductivity,  and  diffusion. 
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Princeton  U.  [Dept,  of  Aeronautical  Engineering]  N.  J. 

HIGH  SPEED  AERODYNAMICS  AND  JET  PROPUL¬ 
SION.  VOLUME  0.  COMBUSTION  PROCESSES,  ed. 
by  B.  Lewts,  R.  N.  'eaee,  and  H.  S.  Taylor.  N.  J. , 
Princeton  Unlverstly  Press,  1956,  662p.  lncl.  Ulus, 
dtagre.  tables,  refs.  ([Sponsored  jointly  by  Office  of 
Naval  Research,  Air  Force  Offtce  of  Scientific  Re¬ 
search,  and  Office  of  Ordnance  Reeearch  ]  undsr 
Nonr-03201)  Unclaeslfted 

Thts  volume  ts  concerned  wtth  combuetlon  processes 
In  thstr  various  aepecte,  encompaestng  chemical 
kinetlce,  the  kineUce  of  transport  processes,  fluid 
dynamics,  and  thermodynamtes.  It  deale,  therefore, 
with  rate  processes  In  chemtcal  reactions,  with  the 
propagation  of  chemical  reaction  by  the  mechanieme 
of  combustion  waves  and  detonation  waves,  with  the 
effect  of  turbulence  on  combustion  wavee,  with  pro¬ 
cesses  of  simultaneous  mixing  aid  combustion  of  fuels 
and  oxidants,  and  wtth  chemical  equlUbrta.  These 
subjects  are  baste  for  an  understanding  of  the  role  of 
combustion  tn  propulston  processes.  After  a  survey  of 
basic  principles  the  presentation  contlnuee  with  oxida¬ 
tion  and  flame  propagaUon  In  gaseous  systems  and  the 
combustion  of  liquid  and  solid  fuels  and  propeUants. 
Final  sections  of  the  book  are  devoted  to  detonaUon 
proceeees  and  the  prlnctplee  of  energy  production  by 
nuclear  rsactlon. 


PRO.  01:001 

Propulsion  Research  Corp. ,  Santa  Monica,  Calif. 

THEORETICAL  AND  EXPERIMENTAL  INVESTIGA¬ 
TION  OF  A  TWO-DIMENSIONAL  ALL- SUPERSONIC 
DIFFUSING  CASCADE  AT  MACH  NUMBER  2.  5,  by 
E.  Bedsr.  June  1,  1955,  lv.  tncl.  tllus.  dtagrs. 
tables,  refs.  (Rept.  no.  R-155)  (AFOSR-TN-56-15) 
(AF  18(600)1143)  AD  81780  Unclasslfted 

An  all- supersonic  2-dlmenslonal  diffusing  cascade 
was  destgned  for  M  =  2.  5  and  a  static  pressure  ratio 
of  3.  5:1.  The  tnlet  flow  angle  from  the  cascade  nor¬ 
mal  waB  45°.  Ths  total  Mach  number  relative  to  the 
blades  remained  supersonic,  but  tts  normal  component 
was  diffused  from  supersonic  to  subsonic  (theoretically 
wtthoul  the  usual  strong  transition  shocks).  Flow 
solutions  were  calculated  theoretically  by  the  method 
of  characteristics.  A  2-bladed  model  of  the  cascade, 
with  an  aspect  ratio  of  1.0  and  a  chord  of  t.625  tn. , 
was  tested  tn  a  wind  tunnel  at  M  -  2.5  and  Re/  tn.  » 
400,  000.  As  an  aid  tn  investigating  flow  starting, 
breakdown,  and  changes  in  the  structure  of  started 
flows,  (pressure  gradients,  throat  location,  etc. ),  the 
model  design  permitted  adjustability  (durtng  running) 
of  the  following  geometrical  features:  solidity,  Inlet 
flow  angle,  back  pressure,  and  discharge-flow  passage 
angle.  Blade  surface  static  pressures,  Schlleren 
photographs,  and  pitot-pressure  surveys  were  taken 
Qualitative  effects  of  sidewall  boundary- tayer bleed 
were  Investigated.  Theoretical  and  experimental 
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results  were  compared  (or  starting  throat  capture  area 
ratios,  and  surface  static  pressures  and  waves  of  started 
flows. 


PRO.  01:002 

Propulsion  Research  Corp. ,  Santa  Monica,  Calif. 

THE  STREAMSURFACE  CHARACTERISTICS  METHOD 
FOR  SUPERSONIC  FLOW,  WITH  APPLICATION  TO 
SUPERSONIC  COMPRESSORS,  by  H.  G.  Loos.  May 
1956  ,  93p.  lncl.  diagrs.  (Rept.  no.  R-207)  (AFOSR- 
TN-56  -  367)  (AF  18(600)1143)  AD  95803 

Unclassified 

The  characteristics  method  was  developed  for  the 
analysis  of  supersonic  flows  along  a  curved  surface  S 
of  general  but  given  shape  and  with  a  given  dtstance  A 
to  an  inftnlteslmally  adjacent  streamsurface.  The  re¬ 
sulting  compatibility  equations  have  a  simple  form  and 
from  them  the  equations  for  all  possible  applications 
of  the  2-dimenslonal  characteristics  method  to  the 
analysis  of  Isentroplc  supersonic  flows  can  be  derlvnd. 
Application  to  the  axisymmetrlc  approximation  of  the 
supersonic  flow  through  a  compressor  rotor  Is  estimated 
to  give  a  30%  labor  saving,  compared  with  an  earlier 
method.  A  simple  semlgraphtcal  method  Is  suggested 
that  can  be  used  when  S  Is  developable  tn  a  plane  and 
no  body  forces  are  present.  (Contractor’s  abstract) 


PRF.  01:001 

Purdue  Research  Foundation,  Lafayette,  Ind. 

A  PROCESS  OF  RETRACTION,  by  L.  Cesari.  Dec. 

1955,  14p.  refs.  (Technical  note  nr  1)  (AFOSR-TN- 
56-19)  (AF  18(600)1484)  AD  104815  Unclassified 

The  concept  of  retraction,  applied  In  a  previous  analysis 
(Surface  Area.  Princeton  Unlv.  Press,  1956)  to  surfaces 
deftned  as  continuous  mappings  from  a  simple  closed 
Jordan  region  A,  ts  extended  to  the  case  of  surfaces 
deftned  as  continuous  mappings  from  a  finitely  >:on- 
nected  Jordan  region  A  =  J  of  type  v ,  where  v  ts  the 
connectlvtty  of  J,  0  ^  v  <  w. 


PRF.0l:002 

Purdue  Research  Foundation,  Lafayette,  Ind. 

PROPERTIES  OF  CONTOURS,  by  L.  Cesari.  Dec. 

1955,  42p.  refs.  (Technical  note  no.  2)  (AFOSR-TN- 
56  20)  (AF  18(600)1484)  AD  104816  Unclassified 

Also  publtshed  tn  Rend.  Matem  Appl. .  Roma,  v.  15: 

34  1  365,  1956. 

The  concept  of  a  continuum  of  the  boundary  of  an  open 
set  ts  Introduced.  This  concept  ts  related  to  thct  of 
prime  end  (Math.  Annalen,  v.  73:  323-370,  ’al3)  and 
the  concept  of  the  left  and  rtght  wing  of  a  prime- end 
(Memoirs  Amer.  Math.  Soc.,  v.  3:  195 1 ).  A  smoothing 


process  for  contours  is  introduced  through  topological 
considerations.  This  process  results  In  more  slender 
continua  contained  In  a  given  contour  with  the  property 
that  they  can  be  approached  from  both  sides,  a  prop¬ 
erty  which  may  not  be  shared  by  ordinary  contours 
and  general  continuous  surfaces. 

PRF.  01:003 

Purdue  Research  Foundation,  Lafayette,  Ind. 

B-SETS  AND  FINE  CYCLIC  ELEMENTS,  by  C.  J. 
Neugebauer.  July  1956,  38p.  (Technical  note  no.  4) 
(AFOSR-TN-56-356)  (AF  18(600)1484)  AD  95442 

Unclassified 

A  decomposition  of  proper  cyclic  elements  for  certain 
surfaces  Is  reanalyzed  by  generalizing  the  concept  of 
a  set  being  cyclic.  The  analysis  Is  with  referenced) 
Peano  spaces  P  in  which  a  proper  cyclic  element  Is  a 
cyclic  A- set,  a  closed  set  A  of  P  with  the  property 
that  each  component  of  P-  A  has  only  a  single  frontier 
point.  This  concept  Is  generalized  to  that  of  a  continu¬ 
um  B  of  P  such  that  the  frontier  of  each  component  of 
P-B  decomposes  Into  a  finite  number  of  points.  Such 
sets  are  called  B-sets,  and  a  fine  cyclic  element  is 
defined  as  a  B-set  which  remains  connected  after  the 
removal  of  a  finite  set  of  points.  Since  a  B-sct  need 
not  be  a  Peano  space,  only  Peano  spaces  are  considered 
whose  degree  of  multicoherence  ts  finite. 


PRF.  01:004 

Purdue  Research  Foundation,  Lafayette,  Ind. 

NON  DEGENERATE  SURFACES  OF  FINITE  TOPO  - 
LOGICAL  TYPE,  by  W.  H.  Fleming.  July  1956,  6p. 
(Technical  note  no.  5)  (AFOSR-TN-56-357)  (AF  18- 
(600)1484)  AD  95443  Unclassified 

A  direct  generalization  Is  given  of  Morrey’s  theorem 
to  surfaces  of  the  topolotdcal  type  of  any  compact 
connected  2- manifold,  orlentable  or  not,  with  or  with¬ 
out  boundary.  The  main  theorem  states  that  every 
nondegenerate  Frfchet  surface  of  any  finite  topological 
type  wtth  finite  Lebenque  area  has  a  quast- conformal 
representation  T(w).  The  domain  of  T(w)  may  be 
taken  as  a  certain  normalized  parallel  slit  domain. 

T(w)  ts  defined  as  a  continuous  mapping  from  A  (a 
compact,  connected  2- manifold)  tnto  euclidean  N- space 
EN  (N  >  3).  A  surface  S  ts  called  nondegenerate  (of 
topological  type  n)  if  S  has  a  representation  (T,  A)  such 
that  for  every  g  t  I'(T,  A):  (1)  no  boundary  Tt  of  A  Is 
contained  tn  g,  or  A  ts  not  contained  tn  g  when  A  ts 
dosed;  (2)  gfl  yt  ts  nonempty  for  at  most  one  value  of 
t;  (3)  g  docs  ra>t  separate  A;  and  (4)  an  open  set  G  ag 
exists  such  that  any  relatively  closed  curve  £  situated 
tn  G  separates  A. 

PHF.  01:005 

Purdue  Research  Foundation,  Lafayette,  Ind. 

ON  SURFACES  OF  THE  TYPE  v  ,  by  L.  Cesari.  Apr. 
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1956,  76p,  lncl.  dlagrs.  refs.  (Technical  noie  no.  3) 
(AFOSR-TN- 56-358)  (AF  18(600)1484)  AD  95444 

Unclassified 

The  tools  Introduced  by  Cesarl  In  his  book  (Surface 
Area.  Princeton  Unlv.  Press,  1956)  are  developed. 

The  concept  of  retraction  Is  discussed  for  continuous 
mappings  S  =  (T,  A)  from  a  finitely  connected  Jordan 
region  A  =  J,  mappings,  or  surfaces  of  the  v-iype  with 
v  the  connectivity  of  J,  0  i  *  <  cu  ,  For  certain  simple 
elements  of  a  Jordan  region  of  type  v  >  1,  a  concept  of 
fine  cyclic  element  o  of  the  surface  S  =  (T,  A)  Is  Intro¬ 
duced  as  a  retraction.  The  concept  and  properties  of 
these  fine-cyclic  elements  are  discussed  In  great  detail 


PRF.  01:006 

i  Purdue  Research  Foundation,  Lafayette,  Ind.  ] 

FINE-CYCLIC  ELEMENTS  OF  SURFACES  OF  THE 
TYPE  v,  by  L.  Cesarl.  [  1956]  39p.  lncl.  refs. 

[  AF  ;  ■''600)1484  ]  Unclassified 

Published  In  Rlv.  Matem.  Unlv.  Parma,  v.  7:  149- 
185,  1956. 

Let  T  be  a  single  valued  continuous  mapping  from  a 
closed  finitely  connecled  Jordan  region  J  In  two- space 
Into  n- space.  Denote  by  T  the  class  of  all  the  disjoint 
maximal  contlnua  of  constancy  for  T  In  J.  A  continuum 
K  In  J  Is  said  to  have  property  Pj  with  respect  to 
(T,  J)  If  for  every  component  v  oi  J-K  the  mapping  T 
Is  constant  on  each  component  of  the  boundary  of  v  In 
J.  A  continuum  K  In  J  Is  said  to  have  property  R, 
with  respecl  to(T,  J)  If  for  every  component  v  of  J-K 
the  common  part  of  y  and  Its  boundary  Is  either  empty 
or  a  subset  of  exactly  one  of  the  curves  bounding  J.  A 
continuum  K  In  J  Is  said  to  have  property  P  with  re¬ 
spect  to  (T,  J)  If  every  element  of  I'  which  Intersects 
K  Is  a  subset  of  K.  A  non-empty  continuum  K  in  J  Is 
defined  to  be  a  fine  cyclic  element  of  (T,  J)  If  (1)  K 
lias  both  properties  P,  and  P';  (2)  T  Is  not  constant  on 
K;  (3)  K  Is  minimal  with  respect  to  properties  (1)  and 
(2).  For  each  point  Wq  In  J  let  X  l  denote  the  set  of  all 
points  w  In  J  for  each  of  which  there  do  is  not  exist  a 
finite  subset  of  1  whose  union  separates  Wq  from  w  In 
J.  It  Is  shown  that  either  X  i  Is  the  element  of  I' 
containing  wQ  or  there  arc  fine  cyclic  elements  of  (T,  J) 
containing  w()  and  *  1  is  the  union  of  all  such.  11  is 
proved  that  the  class  of  fine  cyclic  elements  of  (T,  J)  is 
countable.  Each  fine  cyclic  element  Kj  of  (T,  J)  is  con¬ 
tained  In  a  finitely  connected  closed  Jordan  region  Jj  con¬ 
tained  In  J  and  such  that  Kj  has  properties  Pj,  P2,  P' 
with  respect  to  (T,  Jj).  The  mapping  Tj  defined  on  Jj  by 
the  requirements  that  It  agree  with  T  on  Kj,  and  nap  each 
component  of  Jj  —  Kj  onto  the  point  onto  which  T  maps  the 
boundary  of  that  component  relative  to  Jj,  is  termed  the 
retraction  of  (T.  J)  with  respect  to  Kj  in  J,.  It  is  shown 
that  thi  LebesgueareaL(Tj,  Jj)of  the  surface  represented 
by  (Tj,  Jj)  is  independent  of  the  choice  of  the  region  Jj 
subject  to  the  conditions  described  above.  If  L(T,.I)  de¬ 
notes  the  Lebesgue  area  of  the  surface  represented  by 
(T.  J)  it  Is  proved  that  L(T,  J)  =  .  L(T,,  J,).  (Math. 

Rev,  abstract) 
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COMMUTATORS  AND  ABSOLUTELY  CONTINUOUS 
OPERATORS,  by  C.  R.  Putnam.  July  1957,  17p.  refs. 
[Technical  note  no.  ll  (AFOSR-TN-56-457) 

(AF  18(603)139)  AD  97073  Unclassified 

Also  published  in  Trans.  Amer.  Math.  Soc. ,  v.  87: 
513-525,  Mar.  1958. 

Two  parts  form  the  paper  on  commutators  and  abso¬ 
lutely  continuous  operators;  Pari  1  has  five  general 
theorems  on  commutators  C  and  the  associated  sets 
Wc,  while  Part  n  will  be  devoted  to  applications  of 
some  of  these  results,  In  particular  to  Toeplilz, 

Hankel,  and  Jacobi,  with  three  additional  theorems. 

The  methods  of  C.  R.  Putnam  (Proc.  Amer.  Math. 
Soc.,  v.  7:  1026-1030,  1956)  used  with  operators  which 
are  bounded  linear  transformations  on  a  Hllberl  space 
consisting  of  elements  x,  give  the  results. 


PRF.  02:002 

Purdue  Research  Foundation,  Lafayette,  Ind. 

ON  SQUARE  ROOTS  OF  NORMAL  OPERATORS, 
by  C.  R.  Putnam.  July  1957  [  3  ] p.  (Technical  note 
no.  2)  (AFOSR-TN- 56-479)  (AF  18(603)139) 

AD  97363  Unclassified 

Also  published  In  Proc.  Amer.  Math.  Soc.,  v.  8:  768- 
769,  Aug.  1957. 

The  closed,  convex  set  W  =-  W .  Is  Investigated  such 
that  a  criterion  Is  found  guaranteeing  that  the  square 
root  A  of  the  normal  operator  N  Is  normal  due  to  the 
closure  of  the  set  of  values  (Ax,  x)  where  I  xll  =  1.  11 
Is  proved  that  when  N  Is  a  fixed  normal  operator  and 
A  an  arbitrary  solution  of  A*  =  N,  If  a  line  L  exists 
In  the  complex  plane  passing  through  the  origin  and 
lying  entirely  on  one  side  of  (and  all,  or  partly,  In) 

Uie  set  W^t  then  A  Is  normal. 
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Purdue  Research  Foundation,  Lafayette,  Ind. 

A  NOTE  ON  FINITE  MATRICES,  by  C.  R.  Putnam. 
[1956  ]  3p.  (AFOSR-TN-  56-480)  (AF  18(603)139) 

AD  97364  Unclassified 

It  Is  shown  that  the  number  0  is  interior  to  the  set  W, 
a  convex  set  consisting  of  values  (Cx,  x)  where  C 
AB-BA  from  finite  m  x  n  matrices  A  and  B  and  x,  a 
complex- valued,  n  component  vector  of  length  1,  In  the 
following  senses.  Either  W  consists  of  0  alone  or,  if 
W  Is  a  segment  or  a  two  dimensional  set,  0  lb  In  W, 
but  Is  not  a  boundary  point  The  proof  is  independent 
of  the  trace  a  inient  and  is  valid  In  the  case  in  which 
all  the  dlagona  ments  of  C  are  zero 


•  774  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 


PUR. 01:001  -  PUR.  03:001 


Purdue  U. ,  Lafayette,  Ind. 

N6ori-10503,  N6orl-10401,  and  N7onr- 39419,  Project 
Squid  see  under  Princeton  U.  James  Forrestal  Re¬ 
search  Center,  N.  J.  (Project  SQUID!  Item  nos. 
PRI.11:181-PRI.  11:193. 
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ON  THE  STRUCTURE  OF  THE  RHENIDE  ION,  by 
J.  W.  Cobble.  July  26,  1956,  lOp.  lncl.  dlagr.  refs. 

( AFOSR- TN- 56 - 34 8 )  (AF  18(600)1525)  AD  95434 

Unclassified 

Also  published  In  Jour.  Phys.  Chem. ,  v.  61:  727-729, 
June  1957. 

In  this  study,  the  thermodynamic  factors  controlling 
Ihe  stability  of  the  rhenlde  Ion  are  examined.  It  Is 
concluded  that  the  structure  of  the  aqueous  Ion  Is  not 
simple,  consisting  rather  of  some  type  of  an  oxygenated 
complex  such  as  HgReO^.  The  Instability  of  a  hypo¬ 
thetical  simple  Re"  Ion  based  essentially  through  anal¬ 
ysis  of  the  Born  cycle,  upon  a  high  sublimation  energy 
for  Re  metal  which  cannot  be  compensated  by  a  reason¬ 
able  electron  affinity.  The  expectation  Is  that  solid 
rhenldes  must  be  "hydrated"  to  be  stable.  Other  Ions 
of  this  general  type  are  also  examined,  and  It  U  con¬ 
sidered  that,  W(H20)4=  Ukelv  would  not  be  stable 
while  Ta(H20)g"  and  Tc(H2oj4~  might  be.  (Contrac¬ 
tor's  abstract,  modified) 

PUR.  01:002 

Purdue  U.  Dept,  of  Chemistry,  Lafayette,  Ind. 

THERMODYNAMIC  PROPERTIES  OF  TECHNETIUM 
AND  RHENIUM  COMPOUNDS.  VI.  THE  POTENTIAL 
OF  THE  ReO$/  ReQ,*  ELECTRODE  AND  THE 
THERMODYNAMICS  OF  RHENIUM  TRIOXIDE,  by  J. 

P.  King  and  J.  W.  Cobble.  July  20,  1956,  15p.  lncl. 
dtagr.  tableB,  refs.  (AFOSR-TN-56-349)  (AF  18(600) 
1525)  AD  95435  Unclassified 

A|bo  published  In  Jour.  Anier.  Chem.  Soc.,  v.  79: 
1559-1563,  Apr.  5,  1957. 

The  potential  of  the  lleOj/  Re04  electrode  was  meas¬ 
ured  over  a  wide  range  of  concentration  and  pH  and 
the  standard  electrode  potential  for  the  half  reaction 
lteOj  *  H20  lle04  *  2H*  t  e  was  found  to  be 
0.  768  i  0.  005  v.  The  cell  mas  demonstrated  to 
be  satisfactorily  reversible  by  close  agreement  of  the 
standard  potential  calculated  from  measurements  tn 
both  acidic  and  basic  solutions,  as  well  as  from  the 
reasonable  entropy  values  obtained  from  a  determination 
of  the  temperature  coefficient.  The  thermodynamic 
luncttons  for  lteOj  (c)  were  found  to  be  - 140. 1  t  0.  8 
kcal  mol  *,  128.  1  »  0.  8  kcal  mot  1  and  19.  3  »  2.  5  cal 

mol  *  deg  1  (or  the  beat  of  formation,  free  energy  of 


formation,  and  the  entropy,  respectively.  The  revised 
potential  diagram  for  Re  In  acid  solutions  becomes: 


_ -0.  510 _ 

-0. 260  |  -0.386  -0.768  | 

Re - Re02 - ReOj - ReO^- 

_ -0.367 _ j 

In  speculation  on  the  stability  of  the  rhenate  Ion  Re04= 
in  aqueous  media,  It  was  considered  feasible  to  pre¬ 
pare  moderate  concentrations  of  the  rhenate  ion  and 
study  the  Re04-/ReOj'  potential  directly.  The 
technitate  ion  Tc04=  was  expected  to  be  sufficiently 
stable  In  basic  media  and  very  dilute  acids  to  allow 
cell  measurements.  (Contractor’s  abstract,  modified) 

PUR.  02:001 

Purdue  U.  Dept,  of  Mathematics,  Lafayette,  Ind. 

ON  THE  SPECTRA  OF  CERTAIN  LAURENT 
MATRICES,  by  G.  L.  Krabbe.  Nov.  16,  1956  ,  5p. 
(Technical  note  no.  1)  (AFOSR-TN-56-586) 

(AF  18(603)44)  AD  115010  Unclassified 

Also  published  In  Proc.  Amer.  Math.  Soc.,  v.  8: 
894-897,  Oct.  ldS7. 

For  G  the  set  (o,  *  1,  *  2,  i  3,  . . .  )  ,  the  convolution 
a*b  of  two  sequences  a  and  b  of  the  sequence  space 
L*(G)  which  contains  a  =  j  aj  n  for  p  =  1,  then  the 

Laurent  matrix  (a^  v)  is  shown  to  be  a  translormauon 
C  — ►  c*a  of  L’(G)  into  Itself  called  a»p  It  is  shown 
that  If  p  >  1  and  acL’(G),  then  the  spectrum  of  a.pis 
the  set  {  A(0  ):  -  Trj  <  0  <  >r  j  ,  where  A(0 )  : 

\  *  •*'“  “he  ln  9‘ 

PUR.  03:001 

Purdue  U.  [Dept,  of  Physics]  Lafayette,  Ind. 

VECTORIAL  CHARGE  DISPLACEMENT,  by  D.  C. 
Pcaslee.  Oct.  5,  1956,  lOp.  (AFOSR-TN  56-212) 

(AF  18(600)1579)  AD  87526  Unclassified 

Also  publisher  *n  Nuovo  Ctmento,  Series  X,  v.  4: 

1583-  1584,  Dec".*  1956. 

The  consequences  are  examined  of  recognlxing  an 
extreme  symmetry  between  the  nucleon  and  cascade 
{s.  )  particle.  The  simplest  formalism  for  expressing 
tills  symmetry  Is  to  take  the  charge  displacement 
numher  a  q  -  1  for  heavy  particles  as  the  z- com¬ 
ponent  of  a  second,  independent  vector  ^  tn  charge 
space.  This  scheme  makes  evident  the  possibility  of 
2  Independent  charge  conjugation  operu’ors  C  and  C* 
for  heavy  particles;  It  also  has  suggestive  applications 
to  the  0  j,  j  scheme  and  the  v-e  decay  problem  Ex¬ 
perimental  tests  for  vectorial  A  appear  remote.  (Con 
tractor's  abstract) 
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PUR.  03:002  PUR.  03:006 


PUR.  03:002 

Purdue  U.  [Dept,  of  Physics]  Lafayette,  Ind. 

COMPOUND  MODEL  FOR  V- PARTICLES,  by  R.  W. 

King  and  D.  C.  Peasiee  Oct.  24,  1956,  15p.  refs. 

( AFOSR-TN-  56-326)  (AF  13(600)1579)  AD  95202 

Unclassified 

Also  published  in  Phys.  Rev. ,  v.  106:  360-363, 

Apr.  15,  1957. 

A  static  model  is  considered  in  which  all  heavy  particles 
are  compounded  out  of  2  basic  units,  taken  here  to  be 
the  A  and  nucleon  N  (and/or  the  cascade  particles: ). 

The  model  suggests  the  existence  of  some  unstable 
particle  stales  accessible  to  experiment:  the  p  meson, 
a  boson  with  I  =  0;  the  A**,  a  highly  excited  1=0  state 
of  the  A;  the  Z  hyperon  unstable  against  rapid  decay  by 
Z-*K  *  N.  Without  artificial  assumption  the  model 
directly  indicates  that  in  the  present  strangeness 
classification  no  metastable  V-particles  exist  beyond 
those  already  known.  The  model  is  compatible  with  and 
somewhat  favors  the  assumption  of  a  high  degree  of 
symmetry  between  N  and  s  .  Its  general  tenor  is  thus 
to  emphasize  the  charge  displacement  a  =  q  -  Iz  as  a 
physically  significant  parameter  rather  than  the  strange¬ 
ness  S.  An  inescapable  Implication  of  the  model  Is  that 
all  heavy  particles  have  comparable  interaction 
strengths,  apparent  exceptions  being  possible  over 
limited  energy  ranges.  The  model  pruvldes  a  vehicle 
for  study  of  the  parity  doublet  scheme,  which  Introduces 
greater  complication  in  return  for  an  added  flexibility 
at  present  unnecessary  in  the  model.  (Contractor’s 
abstract) 


PUL.  03:003 

Purdue  U.  (  Dept,  of  niyslcs  ]  Lafayette,  Ind. 

ANTISYMMETRIZATION  AND  Et  SUM  RULES,  by  D. 

C.  Peasiee.  Dec.  5,  1956  [8]p.  (AFOSR-TN  56- 
587a)  (AF  18(600)1579)  AD  115012  Unclassified 

A  schematic  method  of  taking  nucleon  correlations  In 
the  ground  state  into  account  is  given  Ej  sum  rules 
without  knowing  fine  features  of  mi  ar  matter.  The 
phenomenological  treatment  is  made  with  constants, 
fitted  to  experiment,  which  are  consistent  with  the 
exchange  term  for  Coulomb  energies  of  light  nuclei. 
Subunits  are  not  introduced.  The  procedure  Is  outlined 
for  the  harmonic  sum  3jj  and  applied  to  the  exchange 
terms  in  the  direct  Ej  sum  Jq  S  'dW,  which  leads 
to  the  result. 


PUR.  03:004 

Purdue  U.  [  Dept  of  Physics  ]  Lafayette,  Ind. 

ISOTOPIC  SPIN  IN  E,  SUM  RULES,  by  D.  C.  Peasiee. 
Nov  23,  1956  (  5  p.  (AFOSR-TN  56  588)  (AF  18- 
(600)1579)  AD  115013  Unclassified 


The  electric  dipole  (Ej)  sum  rules  for  the  ground  states 
of  light  nuclei  isotopic  spin  T  =  T  and  elevated  T  = 

T  +  1  are  obtained  separately  by  inserting  a  suitable 
projection  oper.-.tor.  Tc  the  first  order  effect,  all  sum 
rules  show,  a  (T0)/a  (TQ  +  1)-^TQ,  with  TQ  the  ground 
state  isotopic  spin.  The  experimental  implications  of 
this  result  are  discussed. 


PUR.  03:005 

Purdue  U.  [Dept,  of  Physics]  Lafayette,  Ind. 

QUESTION  OF  VECTORIAL  STRANGENESS  (Abstract), 
by  D.  C.  Peasiee.  [1956  ]  [  1  ]  p.  [  AF  18(600)1579  ] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C.,  Apr.  26-28,  1956. 

Published  in  Dull.  Amer.  Phys.  Soc.,  Series  Q,  v.  1: 
209,  Apr.  26,  1956. 

It  is  not  clear  from  present  experiment  or  theory 
whether  the  V-partlcle  strangeness  number  a  should  be 
viewed  as  a  scalar  or  as  the  z-component  of  another 
vector  like  t.  Direct  observations  bearing  on  this 
question  appear  difficult:  e.  g. ,  the  decay  possibility 
+  v  +  n,  reactions  like  K‘  +  n  -»  K+, 

proof  of  t°  nonexistence.  The  assumption  of  vectorial 
a,  whether  realistic  or  not,  appears  formally  conveni¬ 
ent  in  some  cases. 


PUR.  03:006 

Purdue  U.  [Dept,  of  Phy3lcs]  Lafayette,  Ind. 

ON  ISOTROPIC  SPIN  OF  ANTIPARTICLES  (Abstract), 
by  M.  Sugawara.  [1956]  [l]p.  [  AF  18(600)1579  ] 

Unc  lasalfled 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 

New  Haven,  Conn.,  June  21-23,  1956. 

Published  in  Dull.  A  uer.  Phys.  Soc.  ,  Series  n,  v.  1: 
304,  June  21,  1956. 

J.  V.  Lepore  has  argued  that  protons  and  antiprotons 
(or  neutrons  and  antineutrons)  should  ue  assigned  the 
same  eigenvalues  of  t  j.  Isotropic  spin  operator  de¬ 
scribing  nucleons,  by  requiring  that  a  theory  involving 
nucleons,  mesons,  and  electromagnetic  field  should 
be  invariant  under  charge  conjugation.  The  present 
note  states  that,  although  his  approach  ts  quite  cor¬ 
rect,  his  interpretation  is  not  entirely  satisfactory, 
since  it  rests  on  one- particle  Dirac  theory.  We  should 
correctly  base  ourselves  on  field  theory  and  calculate 
the  eigenvalue  of  the  total  isotropic  spin  operator 
j  i*t  j,di  of  the  nucleon  field  in  a  one -antinucleon 
state  Such  considerations  have  already  been  given; 
they  s'lowed  that  protons  and  antineutrons  have  the 
same  eigenvalue,  which  is  opposite  to  that  of  neutrons 
and  unliprotons,  without  arbitrariness  in  these  assign 
ments. 
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Purdue  U.  Rocket  Lab. ,  Lafayette,  Ind. 

NEorl- 10503,  Project  Squid  see  under  Princeton  U. 
James  Forrestal  Research  Center,  N.  J.  (Project 
SQUID)  Item  nos.  PRI.  11:194- PRI  11:196. 


PUR.  04:001 

Purdue  U.  School  of  Aeronautical  Engineering, 

Lafayette,  Ind. 

AN  EXTENSION  OF  THE  THEORY  OF  THE  OPTIMUM 
BURNING  PROGRAM  FOR  THE  LEVEL  FUGHT  OF  A 
ROCKET- POWERED  AIRCRAFT,  by  A.  Miele.  June 
1956  [61  ]p.  lncl  dlagrs.  (Rept.  no.  A-56-1)  (AFOSR- 
TN- 56-302)  (AF  18(603)69)  AD  90015  Unclassified 

Also  published  tn  Jour.  Aeronaut.  Sciences,  v.  24: 
874-884,  Dec.  1957. 

The  burning  program  for  the  horizontal  flight  of  a 
rocket-powdered  aircraft  Is  analyzed  mathematically. 

The  results  of  previous  theories  are  extended  to  cover 
the  general  problem  of  minimizing  an  arbitrary  function 
of  the  final  values  of  time,  mass,  dtstance,  and 
velocity.  By  using  the  Indirect  methods  of  the  calculus 
of  variations,  11  Is  shown  that  the  totality  of  extremal 
arcs  is  composed  of  zero  thrust  subarcs,  subarcs  to 
be  flown  with  maximum  engine  output  and  variable 
thrust  subarcs.  For  the  latter,  a  closed  solution  Is 
obtained.  Particular  problems,  such  as  maxtmum  range, 
maximum  endurance,  minimum  propellant  consumption, 
and  maximum  velocity  Increase,  are  treated  within  the 
general  frame  of  the  present  theory  for  various  types  of 
boundary  conditions.  Detailed  attention  Is  devoted  to  the 
thrurt  programming  which  niaxlmaes  the  range  for  the 
case  where  the  over-all  flying  time  Is  prescribed.  A 
method  for  constructing  extremal  paths  is  supplied  under 
the  assumption  of  a  parabolic  drag  polar  having  either 
constant  coefficients  or  coefficients  depending  on  the 
Mach  number.  By  a  suitable  choice  of  the  burning  tech¬ 
nique,  the  over-all  time  can  be  considerably  decreased 
with  respect  to  the  time  associated  with  the  solution  of 
maximum  absolute  range.  Numerical  examples  show 
that  up  to  25%  savings  in  time  can  be  achieved  with  a 
penalty  of  less  than  51  in  range.  An  tmportant  difficulty 
associated  with  the  linear  aspect  of  the  present  problem 
is  constituted  by  the  fact  that  the  Legendre-Clebsch 
condition  falls  to  yield  any  information  on  the  minimum 
or  maximum  character  of  the  Eulerian  paths.  More¬ 
over,  the  Welerstrassian  funetton  Is  zero  ,it  all  points 
of  the  variable  thrust  subarc.  These  difficulties  are 
overcome  with  a  generalization  of  a  previous  method 
of  the  same  author,  based  on  the  use  of  Green's 
theorem.  In  appendixes,  a  method  is  presented  for 
computing  the  distribution  of  the  Lagrange  multipliers 
1  |  and  >  3  along  the  constant  thrust  subarcs  of  the 
Eulerian  solution:  and  an  application  ts  demonstrated 
of  the  method  in  the  analysis  of  the  continuity  conditions 
due  to  Erdmann  and  Weicrstrass.  (Contractor's  ab¬ 
stract) 


PUR.  04:001  -  PUR.  05:002 


PUR.  05:001 

Purdue  U.  [School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

NEW  DEVELOPMENTS  IN  THE  CHEMISTRY  OF 
DIBORANE  AND  THE  BOROHYDRIDES.  I.  GENERAL 
SUMMARY,  by  H.  I.  Schlesinger,  H.  C.  Brown  and 
others.  [1953]  [ 5 ] p.  lncl.  refs.  (Sponsored  jointly 
by  National  Defense  Research  Committee,  Signal 
Corps,  Office  of  Naval  Research,  and  [  Air  Force 
Office  of  Scientific  Research  under  AF  18(600)310] 

Unclassified 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  75:  186-190, 
Jan.  5,  1953. 

New  developments  are  described  regarding  methods 
of  preparation  and  the  chemistry  of  dlborane  and  the 
borohydrides.  New  and  practical  methods  for  the 
preparation  of  borohydrides  (a)  from  dlborane,  and 
(b)  wtthout  the  use  of  dlborane  are  dls-ussed.  As  a 
result  of  the  availability  of  borohydrides,  prepared 
wtthout  the  use  of  dtborane,  methods,  far  more  satis¬ 
factory  than  those  hitherto  known  for  the  preparation 
of  the  latter,  have  been  developed.  The  investigation 
has  led  to  the  preparation  of  the  httherto  unknown 
borohydrides  of  sodium,  of  potassium  and  of  uranium, 
and  some  of  thetr  derivatives,  as  well  as  of  a  new 
type  of  substance,  such  as  sodium  trlmethoxyborohy- 
drlde,  NaBH(OCHj)j,  formed  by  the  addition  of  com¬ 
pounds  of  trtvalent  boron  to  alkali  metal  hydrides. 
Sodium  borohydride,  as  well  as  sodium  trlmethoxy- 
borohydrlie,  are  ol  special  biterest  because  M  their 
potential  usefulness  as  reducing  agents  and  sources 
for  the  generation  of  hydrogen;  uranium  (IV)  borohy- 
df  Me  and  1U  derivatives  are  of  Interest  because  they 
are  the  most  volatile  compounds  of  uranium  except 
the  hexafliu.  ide.  A  number  of  recent  observations 
made  are  surveyed,  and  the  subject  matter  Is  organized 
in  the  light  of  the  application  of  the  Lewts  generalized 
acid -base  concept  to  the  reactions  of  dlborane,  of  the 
sail- tike  hydrides  and  of  the  borohydrides.  (Con¬ 
tractor’s  abstract,  modified) 


PUR.  05:002 

Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

THE  REACTION  OF  SILVER  NITRITE  WITH  PRI¬ 
MARY  ALKYL  HALIDES,  bv  N.  Komblum,  B.  Taub, 
and  H.  E.  Ungnade.  [  1954  .  12p.  lncl  tables,  refs. 
(Paper  no.  5)  [ASOSR-TN-54- 14)  (AF  18(600)310) 
AD  46096  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  76: 
3209-3211,  June  20,  1954. 

A  procedure  is  described  in  which  the  reaction  of 
AgNOj  with  primary  straight -chain  halides  gives  73 
lo  8.1%  yields  u!  p ■re  nltroparaffins  Reaction  Is 
Initialed  at  ice  temperature  and  completed  at  room 
temperature;  diethyl  ether  is  used  as  a  diluent. 
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PUR.  05:003  -  PUR.  05:007 


Branchtng  in  the  vicinity  of  the  reactive  stte  Impedes 
the  reaction;  no  reaction  occurs  wtth  neopentyl  todlde. 
Tables  are  Included  of  (1)  the  nltroparafftns  produced 
by  the  reaction  of  AgN02  wtth  alkyl  halides,  and  (2) 
yields  obtained  from  the  reaction  of  straight- chain  and 
branched- ch-ln  primary  halides  with  AgNOj.  (ASTIA 
abstract) 


PUR.  05:003 

[  Purdue  U.  School  of  Chemical  and  Metallurgical 
Engineering,  Lafayette,  Ind.  ] 

1-NITROOCTaNE.  CR3;CH2)7Br  +  AgNOj  -4 
CHj(CH2)7N02,  by  N.  Kornblum  and  H.  E.  Ungnade. 
June  1954,  5p.  tncl.  table.  (( AF]OSR-TN-54-163) 

[AF  18(600)310]  AD  106179  Unclassified 

Also  published  in  Org.  Syntheses,  v.  38:  75-78,  1958. 

The  preparation  of  1-nitrooctane  fron  n-octyl  bromide 
and  silver  nitrate  ts  described.  The  resulting  colorless 
compound  dtstills  atC6°C(2  mm),  has  an  n^  1.4321- 
1 . 4323,  and  is  completely  soluble  in  aqueous  alkali. 

It  ts  pointed  out  that  1-nitrooctane  has  been  prepared 
previously  from  1-todooctane  and  silver  nitrtte;  from 
octane  by  botling  wtth  nitric  actd;  from  1-nttrooctylene 
by  catalytic  hydrogenation;  and  from  n-octyl  g- toluene- 
sulfonate  and  sodtum  nitrtte. 


PUR.  05:004 

Purdue  U.  [School  of  Chemical  and  Metallurgical 
i'  -.iueerlng]  Lafayette,  Ind. 

.'THESIS  OF  TERTIARY  NITROPARAFFINS, 
ny  N.  -nblum  and  R.  J.  Clutter.  Aug.  1954  ,  3p. 
([AFJO.  t-TN-54-189)  (AF  18(600)310)  AD  53150 

Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  76: 
4494-4495,  Sept.  5,  1954. 

lttgh  yields  of  tertiary  (1)  nltroparafftns  and  nttroso- 
parafflns  were  obtained  by  the  oxidation  of  L-carbamtnes 
using  potasstum  permanganate  as  oxidizer.  Oxidation 
of  L- butyl  anitne  produced  L-nitrobutane;  that  of  1-amyl 
amine,  L-nltropentane;  that  of  1-octyl  anitne,  L-nltro 
octane;  a.nd  that  of  1, 8 -diamtno-p  methane,  the  cor¬ 
responding  dtuitro  compound.  The  process  has  been 
examtned  more  closely  for  L-butyl  amtne. 


PUlt.  05:005 

Purdue  U.  .  School  of  Chemical  and  Metallurgical 
Engineering  Lafayette,  Ind. 

T11E  REACTION  OF  SILVER  NITRITE  WITH 
SECONDARY  AND  TERTIARY  ALKYL  11  VUDES,  by 
N.  Kornblum,  R.  A.  Smiley  and  others.  Aug.  1954, 
15p  tncl  tables,  refs.  (Paper  no.  C)  [AFOSlt-TN 
54  2  29  (AF  18(600)310)  Unclassified 


Published  in  Jour.  Amer.  Chem.  Soc.,  v.  77:  5528- 
5533,  Nov.  5,  1955. 

A  deftnttlve  study  has  been  made  of  the  reaction  of 
secondary  and  tertiary  alkyl  halides  with  silver  nitrite 
Treatment  of  secondary  halides  with  silver  nitrite  gives 
nltroparafftns  In  about  15%  yields.  The  reaction  of 
tertiary  halides  with  silver  nitrtte  ts  even  less  useful 
as  a  means  of  preparing  nltroparafftns  (0  to  5%  yields). 
The  complex  mixtures  produced  have  been  shown  to 
contain,  in  addition  to  the  anticipated  nltroparafftns 
and  nttrtte  esters,  olefins,  nitrate  esters  and  adducts 
of  olefins  wtth  oxides  of  nitrogen.  (Contractor’s 
abstract) 


PUR.  05:006 

Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

THE  STEREOCHEMISTRY  OF  THE  REACTION  OF 
ALKYL  HALIDES  WITH  SILVER  NITRITE,  by  N. 
Kornblum,  L.  Flshbetn,  and  R.  A.  Smiley.  Aug. 

1954,  31p.  tncl.  tables,  refs.  (Paper  no.  7) 

([  AF]OSR-TN-54-230)  (AF  18(600)310)  AD  101759 

Unclassified 

Also  published  tn  Jour.  Amer.  Chem.  Soc. ,  v.  77: 
6261-6266,  Dec.  5,  1955. 

When  opticaHy  active  2-bromoocfane  ts  treated  wtth 
stiver  nttrtte,  the  2-nitrooctane  and  2-octyl  nitrtte 
produced  both  have  the  Inverted  configuration  and 
both  are  optically  pure  or  very  nearly  so.  The  same 
result  ts  obtained  wtth  active  2-todooctane.  In  con¬ 
trast,  the  reaction  of  optically  active  a -phenylethyl 
chlortde  with  silver  nitrtte  yields  a  -phenylethyl 
nttrtte  of  the  same  configuration  as  the  chlortde  and 
o-phenylnltroethane  of  the  opposite  configuration  from 
the  halide;  furthermore,  the  a -phenylethyl  nitrtte 
and  o-phenylnttroethane  are  far  from  opticaHy  pure. 
The  stereochemical  relationships  between  alcohols 
and  nttrtte  esters  tn  the  a -phenylethyl  and  tn  the  2- 
octyl  systems  have  been  established.  (Contractor':; 
abstract ) 


PUR.  05:007 

Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

THE  REDUCTION  OF  OPTICALLY  ACTIVE  2- 
N1TROOCT AN E  AND  u- PHENYL  NITROETHANE, 
by  N.  Kornblum  and  L.  Flshbetn.  Aug.  1954,  lip. 
Inch  table,  refs.  (Paper  no.  8)  ([  AF  OSR  TN-54- 
231)  (AF  18(600)310)  AD  101758  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc.  ,  v.  77: 
6266 -G 269,  Dec.  5,  1955. 
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Conditions  are  described  for  reducing  opticaHy  active 
nilro  compounds  to  active  amtnes.  In  this  way,  the 
conftguratlonal  relationship  of  2-mtrooclane  and  of 
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a  -phenylnitroethane  to  other  compounds  of  the  2-octyl  - 
and  a -phenylethyl  series  is  established.  Not  all  reduc¬ 
ing  agents  give  optically  active  amines,  and  the  implica¬ 
tions  of  this  fact  are  discussed  briefly.  (Contractor's 
abstract) 


PUR.  05:008 

Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering  J  Lafayette,  Ind. 

THE  MECHANISM  OF  THE  REACTION  OF  SILVER 
NITRITE  WITH  ALKYL  HALIDES.  THE  CONTRASTING 
REACTIONS  OF  SILVER  AND  ALKALI  METAL  SALTS 
WITH  ALKYL  HALIDES.  THE  ALKYLATION  OF 
AM  DID  ENT  ANIONS,  by  N.  Kornblum,  R.  A.  Smiley 
and  others.  Oct.  1954,  lv.  lncl.  diagrs.  tables,  refs. 
(Paper  no.  9)  ([  AF  ]OSR-TN-54-300)  (AF  18(600)310) 
AD  50673  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  77: 
6269-6280,  Dec.  5,  1955. 

A  study  of  the  reaction  of  AgN02  with  alkyl  halides 
showed  that  it  proceeds  via  a  transition  6tate  which  has 
Sjal  and  Sjj2  character  in  proportions  that  vary  gradu¬ 
ally  with  die  structure  of  the  halide.  The  reaction 
products  reflect  this  variation  in  character;  the  greater 
the  carbonium  contribution  to  the  transition  state,  the 
greater  is  the  yield  of  nitrite  ester  and  smaller  is  the 
yield  of  nltroparaffln.  The  reason  for  the  divergent 
reactions  of  Ag  and  alkali  metal  salts  with  alkyl  halides 
was  established.  The  electrophilic  attack  of  Ag  on  the 
halogen  of  the  alkyl  halide  greatly  enhanced  the  carbo¬ 
nium  contribution  to  the  transition  state.  This  resulted 
in  a  preference  for  covalency  formation  to  the  most 
electronegative  atom  of  the  anion.  The  nature  of  the 
transition  state  was  affected  by  changes  in  the  reaction 
medium  and  in  the  structure  of  the  alkylating  agent. 

The  generalization  was  made  that  the  greater  the  Sj^l 
character  of  the  transition  state,  the  greater  Is  the 
preference  for  covalency  formation  with  the  atom  of 
the  highest  eiectiuuegaiiviiy,  and  conversely,  the 
greater  the  Sjj2  contribution, the  greaier  the  preference 
for  bond  formation  to  the  atom  of  lowest  electronega 
tlvity. 


PUR.  05:009 

Purdue  U.  (  School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

LABORATORY  VACUUM  FURNACE,  by  A.  S.  Yue  and 
A.  G.  Guy.  Jan.  29,  1955  [5]p.  lncl.  dlagr.  (PllF 
rept.  no.  1)  ([  AF]OSR-TN-55-49)  (AF  18(000)310) 
AD  57549  Unclassified 

A  vacuum  furnace,  fabricated  not  only  for  diffusion 
experiments  but  also  for  general  laboratory  purposes, 
Is  described  and  Illustrated.  Its  design  features  and 
operating  character  istlcs  are  given,  Including  data  on 
the  fore- pump  section,  diffusion  uump.  baffle,  piping, 
cold  trap,  sylphon  bellows,  feed  through  seals,  leak 


PUR.  05:008  -  PUR.  05:011 


detection,  furnace  tube,  and  pump-down  time.  It  is 
pointed  out  that  the  performance  of  this  laboratory 
furnace  has  been  very  satisfactory  from  the  standpoint 
of  both  attained  vacuum  and  freedom  from  leaks. 


PUR.  05:010 

Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

THE  REACTION  OF  SILVER  NITRITE  WITH  a- 
HALOESTERS,  by  N.  Kornblum,  M.  E.  Chalmers, 
and  R.  Daniels.  Aug.  12,  1955  [l]p.  lncl.  tables. 
(Paper  no.  10)  [  AFOSR-TN- 55-101  ]  (AF  18(600)310) 
AD  101760  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  77: 

66  54  -  6  6  5  5,  Dec.  20,  1955. 

A  study  has  been  made  of  the  reaction  of  silver  nitrite 
with  a-haloesters  to  determine  Its  usefulness  for  the 
preparation  of  u-nitreesters,  and  also  to  test  the 
mechanism  proposed  for  the  reaction  of  silver  nitrite 
with  organic  halides.  It  is  pointed  out  that  the  reaction 
of  a-bromoesters  with  silver  nitrite  is  extremely  slow, 
e.  g. ,  after  6.  5  days  at  room  temperature  ethyl  bromo- 
acetate  and  ethyl-a-bromopropionate  had  only  reacted 
to  the  extent  of  12-15%.  In  contrast,  the  reaction  of 
a-lodoesters  proceeds  to  completion  in  several  days, 
giving  yields  of  the  pure  u-nltroesters  of  75-84%.  The 
theoretical  implications  of  these  facts  are  discussed 
briefly,  the  reaction  of  silver  nitrite  with  organic 
halides  being  described  as  a  "pull-push"  process  in¬ 
volving  the  development  of  an  electron  deficiency  at  the 
carbon  atom  undergoing  substitution. 


PUR.  05:011 

Purdue  U.  f  School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

A  NEW  REACTION  OF  u-NITRO ESTERS,  by  N. 
Kornblum  and  J.  H.  Eicher.  Apr.  1956  [4]p.  lncl. 
table,  refs.  ([  AF  ]OSR-TN-55-240)  (AF  18(600)310) 
AD  101757  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  78: 
1494-1497,  Apr.  5,  1956. 

a-Nitroesters  react  with  a  solution  of  sodium  nitrite 
in  aqueous  ethanol  at  room  temperature,  giving  u- 
oximinoesters  in  70-78%  yields.  Ethyl  nitroacetate 
reacts  vigorously  to  give  a  mixture  of  nitrous  oxide, 
nitrogen,  and  carbon  dioxide.  If  the  a  nitroester  does 
not  have  a  hydrogen  atom  on  the  carbon  holding  the 
nitro  group,  it  is  quantitatively  recovered  The 
mechanism  of  this  new  reaction  is  discussed.  (Con¬ 
tractor's  abstract) 


AIR  FORCE  SCIENTIFIC  RESEARCH 
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PUR.  05:012 

Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

NEOPENTYL  IODIDE,  by  N.  Kornblum  and  D.  C. 
Iffland.  Dec.  1955  [l]p.  ([ AF ]OSR-TN-55-241) 

(AF  18(600)310)  AD  101756  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc.,  v.  77: 
6653-6654,  Dec.  20,  1955. 

A  method  for  preparing  neopentyl  iodide  (I),  a  modifica¬ 
tion  of  the  Landauer  and  Rydon  procedure,  is  described. 
Neopentyl  alcohol  is  treated  with  a  mixture  of  methyl 
iodide  and  trlphenyl  phosphite  to  give  pure  I  (bp  71°C 
(100  mm,  n2"  1.4888)  in  53-57%  yield. 

PUR.  05:013 


A  description  is  given  of  a  simple,  new  method  for 
preparing  primary  and  secondary  aliphatic  nitro 
compounds.  Alkyl  halides  are  treated  with  sodium 
nitrite  in  dimethylform amide,  giving  55-62%  yields  of 
pure  organic  nitro  compounds. 


PUR.  05:015 

Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

THE  REACTION  OF  ALIPHATIC  NITRO  COMPOUNDS 
WITH  NITRITE  ESTERS,  by  N.  Kornblum,  R.  K. 
Blackwood,  .od  D.  D.  Mooberry.  Apr.  1956  [ 4  ] p. 
ind.  tables,  refs.  ([ AF]OSR-TN-55-446)  (AF  18- 
(600)310)  AD  101753  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  78: 
1501-1504,  Apr.  5,  1956. 


Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

ETHYL  a-NITROBUTYRATE,  by  N.  Kornblum  and 
R.  K.  Blackwood.  [1955]  [3]p.  [ AFOSR-TN-55- 

379]  (AF  18(600)310)  Unclassified 

Published  In  Org.  Syntheses,  v.  37:  4-1-46,  1957. 


Although  primary  nltroparaffins,  secondary  nitro- 
paraffins,  and  a -nitroesters  are  inert  toward  nitrite 
esters,  the  joint  action  of  a  nitrite  ester  and  sodium 
destroys  the  nitro  compound.  Primary  nitro  compounds 
give  the  carboxylic  add,  secondary  nltroparaffins 
yield  ketones  and  a -nitroesters  are  converted  to 
a-oxlminoesters.  The  course  of  these  reactions 
is  described.  (Contractor’s  abstract) 


A  procedure  is  described  for  preparing  ethyl  a- 
nltrobutyrate  (I).  Ethyl  a-bromobutyrate  is  poured  into 
a  mixture  of  N,  N-dlmethylformamlde  (DMF),  sodium 
nitrate,  and  anhydrous  phloroglucinol,  reacting  as 
follows:  CH3CH2CHCOaC2H5  »  NaNOj  PMF  y 

!  Phloroglucinol 


Br 


CH3CH,CHC02C^H5(1)  ♦  NaBr.  The  reaction  gives  a 

'ko2 


68- 

and 


75%  yield  of  colorless  (I),  laving  a  bp  of  71°C/1  mm 
an  n  20  1. 4233.  It  is  pointed  out  that  (1)  ma 


:  (1)  may  also 


be  prepared  in  75%  yield  by  the  reaction  of  silver 
nitrate  with  ethyl  a -lodobutyrate  (Jour.  Amer.  Chem 
Soc.,  v.  77:  66  54,  1955).  An  18%  yield  has  been  ob¬ 
tained  by  nitration  and  subsequent  decarboxylation  of 
diethyl  ethylmalonate  (Elcher,  Thesis.  Purdue  U. , 
1950).  The  present  method  offers  the  advantage  of  a 
direct  preparation  using  sodium  nitrate. 


PUR.  05:016 

Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

A  NEW  METHOD  FOR  THE  SYNTHESIS  OF  ALIPHATIC 
NITRO  COMPOUNDS,  by  N.  Kornblum,  H.  O.  Larson 
and  others.  [1955]  [l]p.  LAF  18(600)310] 

Unclassified 

Published  in  Chem.  and  Indus.  (London),  v.  16:  443, 
Apr.  16,  1955. 

The  reactions  employing  1-  and  3-bromo-octane  were 
found  to  be  first  order  in  halide  and  first  order  in 
nitrite  ion.  Clearly  this  is  an  S„2  process.  Conse¬ 
quently,  it  is  not  surprising  thaflertiary  halides  and 
cyclohexyl  halides,  Instead  cf  giving  nitro  compounds, 
yield  olefins. 

Reaction  of  tuhdes.  w.lth  sodium  nitrite 


PUR.  05:014 

Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering  j  Lafayette,  Ind. 

A  NEW  METHOD  FOR  THE  SYNTHESIS  OF  ALIPHATIC 
NITRO  COMPOUNDS,  by  N.  Kornblum,  H.  O.  Larson 
and  others.  Sept.  8,  1955  [5]p.  lncl.  tables,  refs. 
[AFOSR  TN-55  380]  (AF  18(600)310)  AD  101754 

Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc.,  v.  78: 
1497-1501,  Apr.  5,  1956 


Reaction 

Yield  (%) 

Halide 

time 

Nitro 

Alkyl 

(hr) 

compound 

nitrite 

1-Bromo-  octane  . 

.  3 

60 

29 

l-Iodoheptane 

1 

61 

31 

1  -  lodo- 3- phenylpropane 

1 

59 

26 

Benzyl  bromide  .  . 

.  5a 

52 

35 

2 -Bromo- octane 

45b 

58 

c 

2  lodo  octane  . 

.  4 

60 

28 

cycloPentyl  iodide  .  . 

5b 

55 

- 

Ethyl  2- broonpropionate 

4b,  d 

63 

- 

Ethyl  2- broasocaproate 

gb.d 

64 

>  780  «. 
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(aThls  experiment  was  carried  out  at  -30°  to  -15°;  all 
others  at  room  temperature.  b  Anhydrous  phloroglucinol, 
equimolar  with  the  halide,  is  added  initially.  cOctan-2- 
ol  isolated  in  38%  yield.  dUrea  not  present.  )  The 
following  preparation  of  2-nltro-octane  typifies  the 
general  procedure:  2-Iodo-octane  (72  g)  was  added 
rapidly  to  dry  sodium  nitrite  (36  g)  and  urea  (40  g)  in 
dry  DMF  (600  ml).  After  stirring  for  four  hours  at 
room  temperature  the  mixture  was  poured  Into  ice- 
water  (1.  51),  extracted  with  light  petroleum  (b.p. 
35-37°),  dried  and  rectified.  This  gave  13.0  g  (28% 
yield)  of  2-octyl  nitrite,  b.p.  ll-42°/6mm,  which, 
after  a  small  Interfraction,  was  followed  by  28  4  g 
(60%  yield)  of  pure  2-nltro-octane,  b.  p.  60°/  1  mm, 

n^°  1.4280. 


PUR.  05:018 

Purdue  U.  [School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

THE  INTERACTION  OF  ALKYL  HALIDES  WITH 
DIMETHYLFORMAMIDE,  by  N.  Kornblum  and  R.  K. 
Blackwood.  [Oct.  21,  1955]  7p.  incl.  diagrs.  tables. 
[  AFOSR-TN-56-65]  (AF  18(600)310)  AD  81057 

Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  78: 
4037-4039,  Aug.  20,  1956. 

Solutions  of  alkyl  halides  in  dimethylformamide  (DMF) 
undergo  dehydrohalogenation  and  salt  formation  on 
standing  at  room  temperature  (25°-30°C).  Results  of 
the  interaction  of  the  following  alkyl  halides  with  DMF 
are  presented: 


PUR.  05:017 

Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering  ]  Lafayette,  Ind. 

THE  REACTION  OF  NITRIC  OXIDE  WITH  2-OCTANE, 
by  N.  Kornblum  and  E.  P.  Oliveto.  [  1955  ]  [  2  J  p. 

(AF  18(600)310)  Unclassified 

Published  in  Jour.  Amer.  Chem.  Soc. ,  v.  77:  5173- 
5175,  Oct.  5,  1955. 

After  eight  days  at  100°  2-octanol  did  not  react  appreci¬ 
ably  with  nitric  oxide.  A  mixture  of  2-octanol  and 
2  octanone,  heated  together  at  100°  for  a  week  (under 
nitrogen)  also  remained  essentially  unchanged.  In 
contrast  when  2-octanene  was  heated  to  100°  in  the 
presence  of  nitric  oxide  (in  the  absence  of  light)  60% 
of  the  ketone  reacted  in  eight  days  to  give  a  number  of 
products.  Although  acettc  and  heptanoic  acids  were 
Isolated,  neither  formic  acid  nor  caproic  acid  could  be 
detected.  And  while  capronitrtle  (C^HjjCN)  is  present, 
acetonitrile  could  not  be  found.  A  substantial  amount 
of  a  nitrogen-containing  tar,  not  volatile  with  steam, 
was  also  obtained.  The  nttrtc  oxide  which  reacted  was 
converted  to  nitrous  oxide  and  nitrogen;  in  addition, 
water  and  hydrogen  cyantde  were  found 


PRODUCTS  FORMED  IN  THE  REACTION  BETWEEN 
NITRIC  OXIDE  AND  2 -OCTANONE 


original  amounts  of  ketone 
ketone  reacting 
heptanoic  acid  produced 
acetic  acid  produced 
capronitrtle  produced 
nitrous  oxide  produced 
nitrogen 

(Contractor’s  abstract) 


grams  mmoles 

14.6  114 

8.6  67 

1.0  7.7 

1.2  19.6 

ca  1.8  ca  18 
1.5  33 

3.1  110 


Halide 

Concentration 

Reac  tlon 

( mol/  1 ) 

(%  complete) 

methyl  iodide 

0  2 

10%,  12  days 

1-iodobutane 

0.100 

41%,  17  days 

2 -iodobutane 

0.100 

69%,  19  day 8 

benzyl  bromide 

0.2 

10%,  19  days 

1-bromooctane 

0.200 

64%,  324  days 

2-methyl-l-bromo- 

propane 

0.200 

25%,  280  days 

2-bromooctane 

0.  200 

79%,  304  days 

L-butyl  bromide 

0.  100 

75%,  7  days 

The  ktnetlC8  0f  the  reaction  of  3  of  the  above  compounds 
in  DMF  solutions  1-todobutane,  2- iodobutane,  and  L- 
butyl  bromide,  were  studied,  and  the  data  obtained 
are  presented  in  tables. 


PUR. 05:019 

Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

THE  INFRARED  ABSORPTION  SPECTRA  OF 
NITROPARAFFINS  AND  ALKYL  NITRATES,  by  N. 
Kornblum,  H.  E.  Ungnade,  and  R.  A  Smiley.  Feb. 
1956  [7  'p.  tncl.  tables,  refs.  (Paper  no.  14) 
(AFOSR  TN-56-88)  (AF  18(600)310)  AD  82002 

Unclassified 

•Also  published  tn  Jour.  Org.  Chem.  ,  v.  21:  377-378, 

1556 

The  Infrared  spectra  of  a  large  number  of  aliphattc 
nttro  compounds  and  nitrate  esters  are  presented. 
Comparisons  are  made  between  the  data  obtained  and 
Infrared  absorption  bands  previously  ascribed  to  the 
altphattc  nttro  group. 


781 
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PUR.  05:020 

Purdue  U.  [School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

THE  SYNTHESIS  OF  TERTIARY  NITROPARAFFINS, 
by  N.  Kornblum,  R.  J.  Clutter  and  W.  J.  Jones. 

July  1956,  8p.  incl.  lables.  (AFOSR-TN- 56-197) 
(AF  18(600)310)  AD  87070  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  78: 
4003-4004,  Aug.  20,  1956 

A  simple  and  reliable  procedure  Is  described  for 
oxidizing  terl-carbinamines,  RR'R"C-NH2,  lo  the 
corresponding  tert-nitro  ccmpouiuls  with  KMnO^  at 
25°  to  30°C.  The  procedure  Is  applicable,  without 
alteration,  lo  a  wide  varlely  of  amines,  and  gives  70 
to  80%  yields  of  the  tert-nltro  compounds. 


PUR.  05:021 

Purdue  U.  [School  of  Chemical  and  Metallurgical 
Engineering]  Lafayeiie,  Ind. 

ULTRAVIOLET  ABSORPTION  SPECTRA  OF  NITRO¬ 
PARAFFINS,  ALKYL  NITRATES  AND  ALKYL 
NITRITES,  by  H.  E.  Ungnade  and  R.  A.  Smiley. 

[June  1956]  14p.  incl.  diagrs.  tables,  refs.  [Techni¬ 
cal  note  no.  18]  (AFOSR-TN  - 56-252)  (AF  18(600)310) 
AD  88972  Unclassified 

Also  published  In  Jour.  Org.  Chem. ,  V.  21:  993-996, 
Sept.  1956. 

In  this  study,  UV  absorption  spectra  have  been  deter¬ 
mined  for  a  series  of  niiroparaffins,  alkyl  nitrates,  and 
alkyl  nitrites.  The  spectra  for  the  nitro  compounds 
and  alkyl  nitrates  were  oblained  in  95%  ethanol,  while 
those  for  the  alkyl  nitrites  were  obtained  in  anhydrous 
ether  to  avoid  ester  Interchange  reactions  with  alcohol 
The  measurements  were  made  In  1-cm  cells  al  25°C 
with  a  Cary  recording  spectrophotometer,  the  data 
being  presented  In  tables.  The  relationship  between 
structure  and  absorption  structure  Is  discussed.  It  Is 
concluded  that  since  the  UV  spectra  of  the  compounds 
studied  differ  sufficiently,  they  can  be  utilized  In 
identifying  these  compounds. 


PUR.  05:022 

Purdue  U.  [  School  of  Chemical  and  Metallurgical 
Engineering  j  Lafayette,  Ind. 

A  NEW  SYNTHESIS  OF  u -NITROESTERS,  hy  N. 
Kornblum,  R.  K.  Blackwood,  and  J.  W.  Powers. 

I  Sept  17,  1956]  [  13  ] p .  Incl  tables,  refs.  (AFOSR- 
TN-  56-431)  (Sponsored  jointly  by  E.  1.  du  Pont  de 
Nemours  and  Co.  and  Air  Force  Office  of  Scientific 
Research  under  AF  18(600)310;  continued  by  AF  18(600)- 
1463)  AD  96514  Unclassified 


Also  published  In  Jour.  Amer.  Chem.  Soc.,  v.  79: 
2507-2509,  May  20,  1957. 


In  this  chemical  study,  a-nitroeslers  were  prepared 
ai  room  temperature  by  treating  a-haloesiers  with 
NaN02  In  the  presence  of  phlorogluclnol  (I).  By  adding 
I  lo  the  reaction  mixture,  the  formation  of  oximlnoeslers 
Is  prevented  and  pure  a-nllroesters  in  lhe  yields  indi¬ 
cated  below  are  obtained: 


Reaction  time  (hr) 

Yield  (%) 

Ethyl 

In 

In 

a- 

dimethyl- 

dimethyl- 

niiroester 

formamide 

sulfoxide 

In 

tT\\*  t’\ 

/ 

(DMlmo) 

DMF 

DMSO 

propionate 

1.5 

2 

66 

62 

butyrate 

1.  5 

2.  5 

83 

70-75 

valerate 

1.  5 

87 

caproate 

1 

5 

76 

74 

isobutyrate 

5 

44 

91 

78 

isovalerate 

75 

150 

75 

Cl 

a -phenyl - 
a-hitroacetate 

2.5 

70 

PUR.  06:001 

Purdue  U.  School  of  Chemical  and  Metallurgical 
Engineering,  Lafayette,  Ind. 

PRECISION  MEASURING  METALLURGICAL 
MICROSCOPE,  by  A  G.  Guy  and  A  S.  Yue.  Dec.  12, 
1955  [3  ]p.  Incl.  illus.  (Rept.  no.  PRF-3)  ([AF]- 
OSR-TN-56-34)  (AF  18(600)1463;  continuation  of 
AF  18(600)310)  AD  80545  Unclassified 

AIbq  published  In  Rev.  Sclent.  Instruments,  v.  27: 
239-240,  Apr.  1956. 

A  description  and  an  Illustration  of  this  Instrument  are 
given.  It  incorporates  the  precision-  measuring  aspect 
of  the  Cooke  nuclear  research  microscope  no.  M4005. 
The  framework  of  the  microscope  is  made  up  of  a  1.  5- 
by  2  5-in.  brass  post  mounted  on  a  1-in.  thick  brass 
base  plate,  which  is  supported  on  3  legs.  The  slage 
is  a  Cooke  no.  [M  ] 4005  ball-bearing  micrometer 
stage  with  hardened  ways.  It  has  a  travel  of  25  mm 
and  a  unit  reading  of  0.  005  mm  on  the  micrometers, 
allowing  estimations  to  be  made  to  the  nearest  0.  0005 
mm.  The  microscope  body  Is  Baush  and  Lomb  no. 
31-29-03-01  with  vertical  Illuminator  no.  31  ■  24  90-11. 
The  eyepiece  is  fitted  with  a  micrometer  disc,  ruled 
with  1  horizontal  cross  hair,  and  2  vertical  cross 
hairs  hetween  which  the  point  to  he  measured  Is 
centered  A  20  x  eyepiece  and  a  50  x,  0.  85  N.  A. 
objective  were  used  in  test  readings  made  on  a  glass 
slide  ruled  with  2  lines  separated  by  0.  2500  In.  No 
blacklash  was  found  in  the  micrometers.  The  separa 
tion  distance  was  duplicated  to  t  0.  0005  mm. 
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PUR.  06:002  -  PUR.  06:003 


PUR. 06:002  USING  CONCENTRATION-DEPENDENT  DIFFUSION 

COEFFICIENTS,  by  A.  G.  Guy,  M.  Golomb,  and 

Purdue  U.  School  of  Chemical  and  Metallurgical  incl.  diagrs.  tables.  (PRF  rept.  no.  4) 

Engineering,  Lafayette,  Ind.  (AFOSR-TN-56-194)  (AF  18(600)1463)  AD  87067 

Unclassified 


UNSTEADY-STATE  DIFFUSION  THROUGH  THIN 
SHEETS,  by  A.  S.  Yue  and  A.  G.  Guy.  Dec.  6,  1955 
[26]p.  incl.  diagrs.  (Rept.  no.  PRF-2)  ([AFjOSR-TN- 
56-35)  (AF  18(600)1463)  AD  80546  Unclassified 


A  theoretical  formulation  is  proposed  for  treating  the 
process  of  steady-state  diffusion  in  substitutional 
solid  solutions.  Equations  governing  steady-state 
diffusion  and  the  approach  to  the  steady-state  are 
derived.  A  proposed  experimental  arrangement  for 
attaining  steady-state  diffusion  of  Zn  through  a  brass 
is  illustrated  and  analyzed.  (Contractor's  abstract, 
modified) 


PUR.  06:003 

Purdue  U.  [School  of  Chemical  and  Metallurgical 
Engineering]  Lafayette,  Ind. 

APPROXIMATE  METHOD  FOR  CALCULATIONS 


Presented  at  meeting  of  the  National  Metal  Congress, 
Chicago,  HI. ,  Nov.  1957. 


Also  published  in  Jour.  Metals,  v.  9:  1204-1206, 
Oct.  1957. 


The  diffusion  equation  is  modified  to  account  for  varia 
tions  in  the  value  of  the  diffusion  coefficient  with  con¬ 
centration  by  the  use  of  a  special  coordinate  system 
Xq,  such  that  for  every  elementary  region  dx  there  is 
a  corresponding  region  dxQ  of  such  thickness  that 

dx/VD  =  dxyyDo,  where  DQ  is  some  constant 

reference  value  of  the  diffusion  coefficient.  Illustra¬ 
tive  calculations  are  given  for  the  semi-infinite  and 
finite  solid  conditions  for  the  diffusion  of  Zn  into  Cu. 
(ACT1A  abstract) 
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RCA.  01:001 

Radio  Corp.  of  Amertca.  [  Davtd  Sarnoff  Research  Center! 
Princeton,  N.  J. 

DISCHARGE  MECHANISM  OF  MERCURY  POOL  ARCS, 
by  K.  G.  Hernqvlst.  Feb.  23,  1956,  16p.  tncl.  tllus. 
dlagrs.  refs.  (Rept.  no.  RB-34)  (AFOSR-TN-56- 18) 

[  AF  18(600)1239]  Unclassified 

In  this  study,  a  model  for  the  discharge  mechantsm  of 
Hg  pool  arcs  ts  proposed,  and  tt  Is  shown  to  be  In  agree¬ 
ment  with  experiment.  The  following  subjects  are  dis¬ 
cussed  in  connection  wtth  the  model:  (1)  schemattc 
dtagrams  showing  tube  structure;  (2)  potential  distribu¬ 
tions;  (3)  arc-energy  balance;  (4)  current-denstty  dts- 
trtbutlon;  (5)  motton  of  arc  cathode  spot;  (6)  transtent 
behavtor  of  the  Hg  pool  arc;  (7)  emission  mechanism  of 
Hg  pool  arcs;  and  (8)  comparison  between  the  Hg  pool 
arc  and  thermtonlc  arcs  (e.  g. ,  carbon  arc).  It  Is  con¬ 
cluded  that:  (a)  Hg  pool  arcs  operate  In  the  ball-of-ftre 
mode  of  dtscharge,  and  (b)  the  electron  emission  mech¬ 
antsm  Is  nontherm  tonic.  Emitted  electrons  from  the 
cathode  arrtve  wtth  only  thermal  energies  In  a  plasma 
adjacent  to  the  cathode.  The  potential  of  this  plasma  Is 
equal  to  or  slightly  htgher  than  that  of  the  Fermi  level 
of  the  cathode.  The  emlsston  may  result  from  etther  a 
large  electrtc  field  at  the  cathode  (tunnel  effect)  or  fror- 
an  effecttve  lowering  of  the  cathode  work  functton.  This 
lowering  of  the  work  functton  may  be  caused  by  a  vapor 
or  plasma  of  high  density  adjacent  to  the  cathode  surface. 


RCA.  01:002 

Radio  Corp.  of  America.  David  Sarnoff  Research  Center, 
Princeton,  N.  J. 

RESEARCH  IN  GASEOUS  ELECTRONICS,  by  K.  G. 
Hernqvlst,  R.  W.  Peter,  and  A.  D.  Sutherland.  Final 
rept.  Sept.  23,  1954-June  23,  1956,  48p.  Ulus,  dlagrs. 
refs.  (AFOSR-TN-56-34)  (AF  18(600)1239)  AD  96229 

Unclasstfled 

A  general  classification  of  arcs  based  on  the  emission 
mechanism  Is  made.  A  summary  of  characteristic 
properties  of  nonthermlontc  arcs  Is  presented  based  on 
a  ltterature  survev.  A  study  of  retrograde  motion  done 
at  these  laboratories  mainly  before  the  activation  of 
this  contract  Is  described.  Rased  on  the  analogy  be¬ 
tween  the  ball-of-flre  mode  of  hot  cathode  discharge  and 
the  Hg  pool  arc,  a  model  for  the  discharge  mechanism 
of  the  latter  Is  proposed.  Studies  of  discharge  behavior 
after  arc  extinguishing  Indicate  that  the  electron  to  Ion 
current  ratio  of  the  arc  ts  not  less  than  about  50.  A 
comparison  between  the  power  consumption  for  the  Hg 
pool  arc  and  that  of  thermionic  arcs  Is  made.  Studies 
of  the  low  current  density  mode  of  the  Hg  pool  arc  are 
described.  These  Include  the  procedure  to  establish 
and  maintain  this  mode  of  discharge  and  ultra-high- 
speed  photographic  studies  of  the  cathode  surface.  These 
studies  Indicate  that  the  time  average  of  the  emission 
current  density  Is  very  low.  Some  previously  proposed 
mechanisms  of  emission  are  discussed  In  -lew  of  the 


new  experimental  results  obtained  under  this  contract. 
It  Is  Indicated  that  a  modified  version  of  the  field  emts- 
ston  mechantsm  or  a  conttnuous  cathode  to  plasma 
transition  offers  the  most  promising  approach  towards 
an  understanding  of  the  emlsston  mechanism.  (Con¬ 
tractor’s  abstract,  modified) 


RRI.  01:001 

Reed  Research,  Inc. ,  Washington,  D.  C. 

FORCED  VIBRATION  OP  A  VISCO-ELASTIC  REC¬ 
TANGULAR  PLATE  IN  FLUID  MEDIA,  1,  by  G.  C.  K. 
Yeh  and  J.  Martlnek.  Dec.  1955,  17p.  refs.  (Tech¬ 
nical  note  no.  1)  (L  AF]OSR-TN- 55-469)  (AF  18(600) - 
1382)  AD  128340  Unclassified 

Presented  at  Ninth  International  Congress  of  Applied 
Mechanics,  Brussels  (Belgtum),  Sept.  5-13,  1956. 

Forced  vlbratton  of  a  thin  rectangular  plate  stmply  sup< 
ported  tn  a  rtgtd  Infinite  baffle  Is  analyzed.  The  plate 
Is  assumed  to  separate  2  dtfferent  flutd  media,  and  the 
vibration  Is  excited  by  a  simple  plane  wave  of  high 

frequency  (as  compared  with  c/2/fab)  normally 
Incident  from  1  side  of  the  plate.  The  equatton  of  mo¬ 
tion  Is  derived  for  such  a  plate  of  Maxwell’s  visco¬ 
elastic  material,  and  Is  solved  by  means  of  Galerkln’s 
method.  The  solutton  of  the  equatton  renders  expres¬ 
sions  for  the  plate  deflectton,  and  an  energy  transmis¬ 
sion  coefftctent.  In  the  limiting  case  of  a  vtsco-rtgld 
material,  the  expressions  reduce  to  those  for  a  purely 
elastic  plate  previously  obtained.  (Contractor’s  ab¬ 
stract) 


RRI.  01:002 

Reed  Research,  Inc.,  Washington,  D.  C. 

FORCED  VIBRATION  OF  A  CLAMPED  RECTANGULAR 
PLATE  IN  FLUID  MEDIA,  by  G.  C.  K.  Yeh  and  J. 
Martlnek.  [  1955]  5p.  I  18(600)1382]  Unclassified 

Published  In  Jour.  Appl.  Mech. ,  v.  22:  568-572, 

Dec.  1955. 

The  plate  Is  clamped  In  a  rigid  Infinite  baffle  which 
separates  2  different  fluid  media,  and  Is  excited  by  a 
plane  wave  normally  Incident  from  1  side.  The  wave¬ 
lengths  In  both  media  are  assumed  to  be  of  small  order 
compared  with  the  edge  lengths  of  the  plate.  The  de¬ 
flection  of  the  plate  Is  expressed  In  a  double  series, 
and  Rltz  method  Is  used  In  shape  of  Lagrange  calculus. 
Numerical  results  about  the  energy  transmission  are 
presented  based  on  a  4-term  series.  (Contractor’s 
abstract) 

RRI.  01:003 

Reed  Research,  Inc.,  Washington,  D.  C. 

ON  THE  NONLINEAR  OSCILLATIONS  OF 
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RRI.  01:004  -  RH.  01:002 


VISCO- ELASTIC  PLATES,  by  J.  .Martlnek.  Dec.  1955, 
8p.  (Technical  note  no.  2)  ([  AF]OSR-TN- 56-47) 

(AF  18(600)1382)  AD  80559  Unclassified 

Some  of  the  reasons  why  a  material  as  defined  by  Max¬ 
well  as  compared  to  a  Jeffreys-Volgt  material  Is  more 
reallsttc  are  presented.  For  the  case  of  small  osctlla- 
ttons  of  vlsco-elastlc  plates,  the  differential  equatton 
of  motton  can  then  be  solved  by  classical  methods  If  a 
Maxwell  material  Is  used.  (Contractor's  abstract) 

RRI.  01:004 

Reed  Research,  Inc. ,  Washington,  D.  C. 

A  SURVEY  AND  ANALYSIS  OF  VISCO-ELASTIC  MA¬ 
TERIALS  WITH  PARTICULAR  REFERENCE  TO  PLATES 
AND  DEAMS,  by  G.  C.  K.  Yeh,  J.  Martlnek,  and  C. 
Torre.  June  27,  1956,  30p.  (Rept.  no.  RR-1054-B- 
TN-3)  (AFOSH-TN- 56-292)  (AF  18(600)1382)  AD  90004 

Unclassified 

Fundamental  formulations  for  Maxwell  solid  (visco¬ 
elastic  material)  and  Kelvln-Volgt  solid  (flrmo-vtscous 
material  are  summarized  and  analyzed.  Equations  of 
motion  for  plates  and  beams  consisting  of  such  materi¬ 
als  are  derived.  Several  recent  publications  along  this 
line  are  discussed.  (Contractor's  abstract) 


RRI.  01:005 

Reed  Research,  Inc.,  Washington,  D.  C. 

FORCED  VIBRATION  OF  A  VISCO-ELASTIC  REC¬ 
TANGULAR  PLATE  IN  FLUID  MEDIA,  n,  by  J. 

Mart inek  and  G.  C.  K.  Yeh.  July  23,  1956,  12p. 
(Technical  note  no.  4)  (AFOSR-TN-56-327) 

(AF  18(600)1382)  AD  95203  Unclassified 

Presented  at  Ninth  International  Congress  of  Applied 
Mechanics,  Brussels  (Delglum),  Sept.  5-13,  1956. 

The  forced  vibration  of  a  thin  rectangular  plate  clamped 
In  a  rigid  Infinite  baffle  Is  analyzed.  This  plate  Is  as¬ 
sumed  to  separate  2  different  media,  and  the  vibration 
is  excited  by  a  simple  plane  wave  of  high  frequency  (as 
compared  with  c/2v  mb)  normally  Incident  from  one 
side  of  the  plate.  The  equatton  of  motton  derived  for 
such  a  plate  of  Maxwell’s  viscoelastic  material  Is 
solved  by  means  of  Galerkln’s  method.  The  solution  of 
the  equatton  renders  expressions  for  the  plate  deflection 
and  an  energy  transmission  coefficient.  In  the  limiting 
case  of  a  vtscortgld  material,  the  expressions  reduce 
to  those  for  a  purely  elastic  plate  obtained  previously. 
Numerical  computations  based  on  the  resulting  expres¬ 
sions  of  the  present  analysts  will  pro-  tde  Information 
of  practical  Interest,  particularly  on  the  effects  of  the 
Internal  (materlal)damptng.  (Contractor's  abstract) 

Itltl.  01:000 

Heed  Research.  Inc.,  Washington,  D.  C. 

POTENTIAL  AND  STREAM  FUNCTION  OF  A  VORTEX 


DISK  IN  THE  PRESENCE  OF  A  RIGID  SPHERE,  by  J. 
Martlnek,  G.  C.  K.  Yeh,  and  H.  Zorn.  !  1956]  i  11)  p. 
[AF  18(600)1382]  Unclassified 

Published  In  Proc.  Cambridge  Philos.  Soc.  (England), 
v.  53:  717-727,  July  1957. 

The  potential  and  stream  functions  of  a  vortex  disk  In 
the  presence  of  a  sphere  have  been  dertved  In  closed 
forms.  By  means  of  an  elliptic  Integral  presentation 
of  the  disk  and  the  application  of  the  sphere  theorems 
(of  Weiss,  Butler,  Ludford,  Martlnek,  and  Yeh),  the 
analysis  has  been  successfully  accomplished. 


RPI. 01:001 

Rensselaer  Polytechnic  Inst.  Dept,  of  Aeronautical 
Engineering,  Troy,  N.  Y. 

THE  APPLICATION  OF  THE  ELECTRIC  ANALOGY  TO 
TWO-DIMENSIONAL  PROBLEMS  IN  AERONAUTICS,  by 
W.  B.  Brower,  Jr.  Nov.  1,  1953,  102p.  incl.  Ulus, 
diagrs.  refs.  (Rept.  no.  TR-AE-5406)  (In  cooperation 
with  Institute  Blaise  Pascal,  Seine  (France))  [  AFOSR- 
TN-54-196]  (AF  18(600)499)  AD  37288 

Unclassified 

The  theoretical  basis  was  reviewed  for  the  rheoelectrlc 
analogy  (an  electric  analogy  which  employs  continuous 
conductors),  In  the  case  of  plane  and  axial  flows,  the 
possibility  of  the  presence  of  2  analogies  was  demon¬ 
strated.  Expressions  were  derived  which  related  the 
electrical  and  aerodynamic  potential  functions  for  unt- 
form  and  circulatory  flows.  Problems  were  solved 
for  each  of  these  flows  around  a  cylinder,  as  well  as 
for  several  basic  experiments  for  an  airfoil.  Examples 
are  given  for  the  application  of  the  electric  analogy  to 
practical  aerodynamic  problems.  (Contractor's  ab¬ 
stract) 

It  PL  Ot:  002 

Rensselaer  Polytechnic  Inst.  I  Dept,  of  Aeronautical 
Engineering]  Troy,  N.  Y. 

THE  TECHNIQUE  OF  ELECTRIC  ANALOGIES 
]  CHAPTER  XV  ,  by  L.  [  C.  j  Malavard,  tr.  by  J. 

Begue  and  W.  1J.  Brower,  [Jr.  .  77p.  inch  Ulus. 
(Rept.  no.  TU-rtE-5301)  (In  cooperation  with  Centre 
Nationale  de  la  Recherche  Scientifique  (France)) 

( ,  AF  OSlt  TN-54-299)  AF  18(600)499  ] 
rtD  63325  Unclassified 


This  translation  describes  research  work  conducted  by  L. 
Malavard,  Director  of  Research  at  the  Centre  Nationale 
de  la  Recherche  Scientifique.  The  following  is  taken 
from  the  table  of  contend:  Generalities  of  the  Method 
(principles:  three  dimensional  conductor:  plane  conduc 
tor;  surface  conductor;  boundary  coixlucilons;  vartous 
generalizations).  OrJinury  Problems:.  Experimental 
Investigation  of  Helds  (definition  of  a  typical  model;- 
nature  of  the  conductor:  electrical  tanks:  methods  and 
apparatus  for  determination  of  the  equipolentials; 
mechanical  apparatus  tracing  of  the  field).  lipfilLU 
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RPI.  01:003  -  RPI.  01:007 


Prohlems  and  Corresponding  Models  (supply  with  sever¬ 
al  electrodes;  representation  of  the  boundary  condtttons 
of  the  Dtrtchlet,  Neumann,  and  Fourter  types;  tank  wtth 
slowly  varying  depth;  tanks  of  discontinuous  depth  — 
ftelds  having  unequal  reslsttvtty;  representation  of  sing- 
ulartttes).  General  Remarks  on  the  Application  of  the 
Method  (utilization  of  symmetry;  change  of  model  scale; 
superposttton  of  fields;  experimental  errors). 


RPI.  01:003 


Rensselaer  Polytechnic  Inst.  (Dept,  of  Aeronautical 
Engineering]  Troy,  N.  Y. 

ON  VARIATIONAL  PRINCIPLES  FOR  REAL  FLUIDS, 
byP.  Lteber,  O.  Anderson,  and  K.  S.  Wan.  Oct.  1955, 
35p.  lncl.  dtagrs.  ([  AF]OSR-TN-55-370)  (AF  18(000) - 
499)  AD  75078  Unclasstfted 


A  theory  of  lift  was  developed  for  bodies,  such  as 
bodtes  of  revolution,  for  whtch  the  Kutta  conditions  do 
not  apply.  The  dissipation  function  was  minimized 
mathematically  and  the  associated  Euler  equations  of 
condttlon  were  developed  based  on  the  calculus  of  vari¬ 
ation.  In  2  dimensions  the  Euler  conditions  reduced  to 
the  blharmonlc  equatton  for  the  stream  function.  A  prin¬ 
ciple  t  j  iMm  tne  the  real  flew  path  un.'er  general  ren¬ 
ditions  was  formulated  as  a  principle  of  virtual  displace¬ 
ment  for  real  fluids.  According  to  this  formulation,  It 
Is  required  that  the  virtual  velocities  associated  with 
the  actual  flow  path  minimize  the  work  done  by  traction 
applied  at  the  surface  enclosing  the  fluid.  Using  the 
energy  conservation  principle,  the  work  done  by  these 
forces  is  then  expressed  In  terms  of  the  kinetic  and 
dlsstpatlor  energy  of  IV  Row  enclosed  by  these  sur¬ 
faces.  In  performing  the  vartattons  on  the  generating 
functions  thus  obtained,  only  the  velocities  were  sub¬ 
jected  to  the  vartatlon.  The  Inertia  and  pressure  forces 
corresponding  to  the  real  path  were  held  constant  with 
respect  to  the  vartatlon.  This  yielded  the  Navter- 
Stokes  equations  as  the  Euler  equations  of  the  generat¬ 
ing  function.  The  minimum  principle  Is  applied  to  the 
calculation  of  a  real  flow  between  parallel  plates  and  to 
the  development  of  a  boundary  layer  theory.  (AST1A 
abstract) 


RPI.  01:004 

Rensselaer  I'olyteclmtc  Inst.  Dept,  of  Aeronautical 
Engineering,  Troy,  N.  Y. 

THE  DESIGN  OF  A  DAS  1C  ELECTRIC- TANK  ANALOGY 
INSTAl.I-ATlON,  by  W.  11.  Drower,  Jr.  and  I'.  De- 
Rlenzo.  Sept.  1,  1955,  9p.  lncl.  Ulus,  dtagrs.  (ltept. 
no.  TR-AE-5505)  i  AFOSH-TN-55-424  (AF  18(600)- 
499)  AD  75450  UnclassUled 

A  description  ts  gtven  of  the  methanlcal  and  electrical 
equipment  used  In  an  electric -tank  analogy  installation 
for  the  study  of  2-dlmenstonal  flows.  Metallic  parts  of 
the  traversing  system  were  machined  from  A1  or  stain¬ 
less  steel  to  prevent  corrosion.  Use  of  A1  and  special 
attention  to  the  design  resulted  tn  a  lightweight  super¬ 
structure  which  may  be  readily  adapted  to  other  tanks. 


RPI. 01:005 

Rensselaer  Polytechntc  Inst.  Dept,  of  Aeronautical 
Engineering,  Troy,  N.  Y. 

THE  APPLICATION  OF  THE  ELECTRIC- TANK 
ANALOGY  TO  TWO  AND  THREE-DIMENSIONAL  PROB¬ 
LEMS  IN  LINEARIZED  AERODYNAMIC  THEORY,  by 
W.  B.  Brower,  Jr.  Dec.  15,  1955,  103p.  lncl.  Ulus, 
dtagrs.  tables,  refs.  (Rept.  no.  TR-AE-5506) 

(  AF-OSR-TN-55-471)  (AF  18(600)499)  AD  83384 

Unclassified 

The  basic  principles  of  an  electric-analogy  calculator 
which  solves  the  Integral  equatton  for  2-  and  3-dlmen- 
stonnl  linearized  lifting  theory  are  presented.  In¬ 
cluded  are  typical  computations  and  comparisons  wtth 
exact  solutions,  when  available.  The  calculator  ts 
simple  tn  construction,  requiring  only  a  semlskUled 
operator.  It  provides  rapid  and  accurate  soluttons, 
and  may  be  classed  as  Inexpensive  compared  to  other 
modern  computing  equipment.  (Contractor's  abstract) 

RPI.  01:00c 

Rensselaer  Polytechnic  Inst,  t  Dept,  of  Aeronautical 
Engineering;  Troy,  N  Y. 

A  L  INEARIZED  THEORY  FOR  THE  NORMAL  FORCE 
ON  CLOSED  BODIES  OF  REVOLUTION,  by  W.  B. 
Brower  [Jr.  I.  (  1956]  t  lOlp.  lncl.  dlagrs.  (AF  18- 
(600)499)  Unclassified 

Published  In  Proc.  Ninth  International  Congress  Appl. 
Mi'Ch.  Brussels  (brlflttml  (Sept  5-13  1956,  v  L 
439-448,  1957. 

A  theory  Is  presented  for  the  normal  force  on  slender, 
closed  bodies  of  revolution  (1.  e. ,  hodies  pointed  at 
both  ends)  Inclined  slightly  to  the  main  flow.  The  theory 
embodies  a  mathematical  model  related  to  that  em¬ 
ployed  by  von  KSrmSn  In  an  unpublished  work.  In  this 
model,  a  vortex  sheet  Is  assumed  to  emanate  from  the 
zero- meridian  ltne  aft  of  the  section  of  maximum 
diameter.  The  strength  and  distribution  of  vorttetty 
In  the  modified  theory  ts  determined  by  a  boundary  con¬ 
dition  placed  on  the  transverse  flow.  The  theory  ts  ap¬ 
plied  to  the  case  of  a  paraboloid  of  revolution  of  fine¬ 
ness  ratio  5.  The  actual  computation  Is  carried  out  by 
means  of  an  electric-tank  analogy.  Comparison  of  re¬ 
sults  with  theory  are  presented  for  the  slope  of  the 
normal-force  curve  and  the  normal-force  distribution. 
The  theory  wtth  the  new  boundary  condttlon  yields  re¬ 
sults  which  are  tn  close  agreement  wtth  those  of  von 
KSrmlfn.  A  few  comparisons  with  wind-tunnel  results 
are  Included.  (Contractor’s  summary) 

RPI.  01:007 

Rensselaer  Polytechnic  Inst.  Dept,  of  Aeronautical 
Engineering  Troy,  N.  Y. 

TI1E  USE  OF  1U1KOK1  .KCTR1CA1 .  ANALOGIES  IN 
AERODYNAMICS,  byl..  C.  Malavard,  Aug.  1956. 

J 7 3p.  lncl.  Ulus,  dlagrs.  refs.  (NATO  AGARDograph 
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rept.  no.  18)  [  AF  18(600)499]  Unclassified 

The  rheoelectrlc  analogy  method  Is  based  on  the  Identity 
between  the  equations  which  govern  certain  fluid  flows 
and  those  for  the  distribution  of  electric  potential  In  a 
continuous  conducting  medium  (electric  tank,  conducting 
paper,  etc.).  After  a  review  of  the  principle  of  this 
method,  the  study  describes  the  equipment  and  experi¬ 
mental  techniques  used  In  model  construction,  In  the 
physical  realization  of  the  given  problem  data,  In  the 
exploration  of  the  potential  fields,  and  In  carrying  out 
the  necessary  adjustments  and  measurements.  Next 
the  different  aerodynamic  applications  are  examined: 
representations  of  plane  flows,  studies  of  airfoil  sec¬ 
tions  and  turbine  blade  lattices,  practical  accomplish¬ 
ment  of  conformal  mappings,  and  studies  of  axially  sym¬ 
metric  and  three-dimensional  flows.  Detailed  descrip¬ 
tions  are  given  of  the  analog  methods  and  set-ups  used 
for  the  solution  of  lifting  line,  propeller,  lifting  surface, 
and  compressible  flow  problems. 


RP1. 02:001 

Rensselaer  Polytechnic  Inst.  (  Dept,  of  Aeronautical 
Engineering]  Troy,  N.  Y. 

VORTEX  STRUCTURES  IN  PIPE  FLOW,  by  W.  H. 

Webh  and  R.  P.  Harrington.  Mar.  3,  1956,  3p.  lncl. 
Ulus.  [  AF  18(600)6811  Unclassified 

Published  In  Jour.  Aeronaut.  Sciences,  v.  23:  792-794, 
Aug.  1956. 

Apparatus  Is  briefly  described,  and  a  method  Is  pre¬ 
sented  for  visualizing  the  dynamical  properties  of  arti¬ 
ficially  produced  vortex  systems  In  order  to  shed  light 
on  the  characteristics  of  vortices  which  may  be  observed 
In  future  studies  of  natural  transition.  The  apparatus 
consists  principally  of  two  large  steel  water  tanks  con¬ 
nected  by  a  long  straight  1.  25-ln.  Id  plastic  pipe,  flow 
being  Induced  In  the  pipe  by  opening  valves  on  the  down¬ 
stream  tank.  The  maximum  Reynolds  number  obtain¬ 
able,  based  on  pipe  radius  and  mean  velocity,  was  about 
10,000.  For  visualization  of  the  flow,  dye  was  Injected 
either  through  a  rake  Inserted  In  the  front  of  the  en¬ 
trance  nozzle  or  through  a  thin  Silt  In  the  pipe  located 
some  distance  downstream  of  the  Inlet.  Velocity  pro- 
fUes  were  measured  by  means  of  a  micrometer  pitot 
tube  connected  to  a  blfluld  manometer,  and  mean  flow 
measurements  were  made  by  use  of  a  sight  glass  on  the 
upstream  tank.  Many  disturbance  elements  of  widely 
varying  shapes,  e.  g. ,  3/16  and  1/8  In.  machine  screws, 
and  a  O.OC38- In.  dlam  wire,  were  utilized  to  produce 
a  velocity  perturbation  normal  to  the  mean  parallel  flow. 
Typical  vortex  sequences  observed  for  all  varieties  of 
disturbances  are  shown.  The  vortices  are  of  the  horse¬ 
shoe  type  as  discussed  by  Theodorsen  (Mechanism  nf 
Turhulence.  Proceedings  of  the  Second  Midwestern  Con¬ 
ference  on  Fluid  Mechanics,  1952).  An  attempt  was 
also  made  to  measure  the  disturbance  magnitude  neces¬ 
sary  to  produce  the  last  stage  of  flow  for  various  Rey¬ 
nolds  numbers.  The  results  are  presented  on  a  graph. 

A  sequence  of  slow- motion  photographs  (1000  frames 
sec)  Is  Included  showing  the  turbulent  burst  which  oc¬ 
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curred  naturally,  without  an  obstruction,  In  the  pipe  at 
a  Reynolds  number  of  5000.  The  vortex-ltke  motions 
which  are  seen  at  the  wall  are  not  clearly  defined:  It  Is 
felt,  however,  that  photographic  refinements  will  even¬ 
tually  allow  derailed  analyses  to  be  made  of  the  unique 
tra:  Atlon  vortex  configuration  for  pipe  flow. 


RPI.  03:001 

Rensselaer  Polytechnic  Inst.  Dept,  of  Aeronautical 
Engineering,  Troy,  N.  Y. 

ON  THE  LAMINAR  MIXING  OF  A  TWO-DIMENSIONAL 
COMPRESS  IDLE  JET,  byK.-T.  Yen.  Mar.  18,  1954 
[  1 7 ] p.  lncl.  dlagr.  (Rept.  no.  TR-AE-5404) 

(l  AF]OSR-TN-54-129)  (AF  18(600)992)  AD  40025 

Unclassified 

The  2-dlmenslonal  problem  Is  considered  of  laminar 
mixing  and  Induction  by  Injection  of  a  high-speed  jet 
Into  a  stationary  fluid.  Dy  means  of  an  asymptotic 
expansion  and  a  change  of  Independent  variables,  the 
usual  boundary-layer-type  differential  equations  are 
reduced  to  a  single  ordinary  dlfferenUal  equaUon  as  a 
first  approximation.  The  transformaUon  of  the  Inde¬ 
pendent  variables  Is  chosen  such  that  It  relates  the 
compressible  mixing  problem  to  Its  associated  Incom¬ 
pressible  one  for  which  the  solution  is  already  known. 
The  solution  for  the  compressible  case  can  then  be 
readily  obtained.  The  effect  of  compressibility  on 
the  divergence  of  the  jet,  the  mass  How  rate,  and  the 
velocity  field  Is  given.  The  method  Is  equivalent  to 
the  technique  suggested  by  Stewartson  (Proc.  Roy. 

Soc.  London  A.,  v.  200:  84,  1949),  and  Is  applicable 
to  the  turbulent  case  by  suitable  modlflcaUon  of  the 
coefficient  of  viscosity. 
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Rensselaer  Polytechnic  Inst.  Dept,  of  Aeronautical 
Engineering,  Troy,  N.  Y. 

AN  INVESTIGATION  OF  THE  COANDA  EFFECT  FOR 
SUPERSONIC  FLOWS,  byK.-T.  Yen.  Mar.  18,  1954 
I  30 !  p.  lncl.  dlagrs.  (Rept.  no.  TR-AE-5405) 

(l  AFlOSR-TN-54-  130)  (AF  18(600)992)  AD  45023 

Unclassified 

The  purpose  of  this  work  is  to  study  the  feasibility  of 
utilizing  the  Coanda  effect  to  Improve  the  mixing  and 
Induction  of  supersonic  flows.  The  problem  studied 
here  Is  the  flow  phenomenon  of  two  supersonic  streams 
as  the  result  of  Inserting  a  curved  surface  Into  the 
primary  stream.  An  approximate  theory  based  on  the 
Prandtl-Meyer  flow  Is  developed  for  the  determination 
of  the  contact  discontinuity  between  the  two  streams. 
The  laminar  mixing  along  the  contact  discontinuity  Is 
then  studied.  It  Is  shown  that  the  mixing  of  the  two 
streams  can  be  Improved  appreciably  provided  certain 
temperature  and  Mach  number  conditions  for  these  two 
streams  are  satisfied.  ( Contractor’s  abstract) 
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Rensselaer  Polytechnic  Inst.  Dept,  of  Aeronautical 
Engineering,  Troy,  N.  Y. 

A  THEORETICAL  EVALUATION  OF  THE  COANDA 
NOZZLE,  byK.-T.  Yen.  July  5,  t955  [29]p.  tncl. 
dtagrs.  (Rept.  no.  TR-AE-5501)  ([  AFlOSR-TN-55- 
253)  (AF  18(600)992)  AD  84518  Unclassified 

An  Investigation  of  the  Coanda  effect  as  applted  to  a  2- 
dtmens tonal  nozzle  (Coanda  nozzle)  with  a  bend  attached 
to  1  side  of  tts  exit  ts  made.  Dy  constdering  a  perfect 
fluid,  theoretical  analysis  shows  that  an  appreciable 
mass  flow  rate  Increase  ts  obtained  when  the  flow  fol¬ 
lows  the  bend  and  ts  deflected.  Theoretically,  the 
sharper  the  corner  at  the  bend,  the  longer  the  bend  at¬ 
tached  to  the  nozzle,  and  the  longer  the  overhang,  the 
larger  the  mass  flow  rate  whtch  can  be  obtained.  In 
particular,  the  best  theorettcal  result  ts  obtatned  when 
the  bend  ts  sharp-edged.  If  the  viscous  effect  of  the 
flutd  Is  considered,  the  Coanda  phenomenon,  although 
theoretically  sound,  ts  dlfftcult  to  put  Into  practtcal  use. 
Unless  effecttve  and  postttve  boundary  layer  control  can 
be  devised  and  applted,  the  "Coanda  nozzle,  "  tn  Its 
present  form,  seems  to  be  limited  tn  tts  practtcal  value. 
(Contractor's  abstract) 
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Rensselaer  Polytechnic  Inst.  [  Dept,  of  Aeronautical 
Engineering!  Troy,  N.  Y. 

ON  THE  ENERGY  BALANCE  IN  A  COMPRESSIBLE 
BOUNDARY  LAYER,  byK.-T.  Yen.  Sept.  3,  1955, 

3p.  tncl.  tllus.  [  AF  18(600)992  Unclassified 

LubHaf-rLln  Jour.  Aeronaut.  Sciences,  v.  23;  274- 
270,  Mar.  1956. 

The  energy  balance  In  the  compressible  boundary  layer 
over  a  flat  plate  Is  considered.  The  energy  equation  ts 
stmpllfted  by  compartng  the  order  of  magnitude  of  vart- 
ous  terms  present  tn  the  equation.  Some  simple  rela¬ 
tions,  expressing  the  energy  balance  between  the  mean 
flow  and  the  turbulent  fluctuation,  are  given  for  the 
particular  case  of  the  Prandtl  number  of  unity.  If,  tn 
addttton,  the  plate  ts  Insulated,  tt  ts  shown  that  the  sum 
of  the  total  temperature  of  the  mean  flow  and  that  of 
the  turbulent  fluctuation  Is  constant  tn  the  boundary  lay¬ 
er.  (Contractor's  abstract) 
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Rensselaer  Polytechnic  Inst.  Dep!,  of  Aeronautical 
Engineering,  Troy,  N.  Y. 

EXPLORATORY  INVESTIGATION  OF  MIXING  IN  BENDS, 
byS.  11.  Lam.  Sept.  1954,  6p.  dtagrs.  refs.  (Rept. 
no.  Tit- AE-5502)  (,  AF  ! OStt-TN-55- 122)  (AF  18(000)- 
1339)  AD  639C0  Unclassified 

A  summary  Is  presented  of  present  knowledge  on  the 


problem  of  flow  In  curved  ducts.  The  Information 
whtch  Is  available  currently  on  the  effects  of  duct  cur¬ 
vature  on  flow  pattern  transttton  and  pressure  drop  ts 
brtefly  reviewed,  and  an  account  Is  gtven  of  exploratory 
work  whtch  was  carrted  out  on  thts  subject  at  Rensse¬ 
laer  Polytechnic  Instttute.  (Contractor’s  abstract) 
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Rensselaer  Polytechntc  Inst.  Dept,  of  Aerorauttcal 
Engineering,  Troy,  N.  Y. 

AN  INVESTIGATION  OF  MIXING  IN  BENDS,  by  I. 

Stern,  S.  H.  Lam,  and  O.  J.  Akel.  Dec.  1955  [42  Ip. 
tncl.  tllus.  dtagrs.  refs.  (Rept.  no.  TR-AE-5508) 

(l  AF  lOSR-TR-56-1)  (AF  18(600)1339)  AD8t574 

Unclasslfted 

An  experimental  study  was  made  of  the  behavior  of 
double- flow  systems  In  90°  elbows  by  measuring  the 
effects  of  prtmary  to  secondary  temperature,  area  and 
stagnation  pressure  rattos,  and  of  the  curvature  ratto 
on  the  ratto  of  Induced  to  primary  mass  flows.  The 
experimental  results  do  not  bear  out  the  expectation 
that  the  secondary  flow  resulting  from  the  curvature 
of  the  duct  In  the  presence  of  a  nonuniform  tty  of  lntttal 
energy  distribution  mtght  promote  mixing.  The  exist¬ 
ence  of  an  opttmum  curvature  ratto  Is  Indicated  for 
those  cases  In  whtch  mixing  of  2  Hows  Is  requtred  to 
occur  simultaneously  wtth  a  prescribed  change  of  thetr 
average  dtrectton.  When  the  prescribed  change  of  di¬ 
rection  ts  not  requtred  to  take  place  simultaneously 
wtth  mixing,  the  minimum  losses  are  obtained  when 
the  2  flows  are  completely  mixed  In  a  straight  duct  be¬ 
fore  being  denected  In  the  curved  passage.  Theorettcal 
arguments  suggest  a  simple  experimental  techntque  for 
the  measurement  of  mixing  losses  In  multiple  flow  sys¬ 
tems  tn  bends,  and  thts  techntque  ts  descrtbed  tn  some 
detatl. 
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Rensselaer  Polytechnic  Inst.  Dept,  of  Aeronauttcal 
Engineering,  Troy,  N.  Y. 

AN  INVERSE  PROBLEM  IN  HYPERSONIC  VISCOUS 
FIOW,  by  T.-Y.  I.t.  July  13,  1956,  35p.  tncl.  dtagrs. 
(Rept.  no.  TR-AE-5603)  (AF06R-TN. 56-308)  (AF  18- 
(600)159t)  AD  94842  Unclasstfted 

Also  published  In  Proc.  Ftfth  Midwestern  Conference 
on  Flutd  Mechantcs,  Mtchtgan  U. ,  Ann  Arbor  (Apr.  t- 
2,  1957),  Ann  Arbor,  Untv.  of  Mtch.  Press.  1957, 
p.  201-223. 

This  mathematical  study  deals  wtth  an  "Inverse"  prob¬ 
lem  tn  hypersontc  viscous  flow,  the  problem  of  deter¬ 
mining  the  body  shape  associated  wtth  a  prescribed 
pressure  fteld.  Tangent-wedge  approxtmatton  Is  used 
to  provide  an  expltctt  relatton  between  the  pressure 
Inside  the  boundary  layer  and  the  local  effective  body 
tncltnatton.  Moment  Integral  method  ts  used  tn  the 
analysis  of  the  boundary  layer  growth.  For  a 
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prescribed  pressure  fteld,  an  tterative  scheme  is  de¬ 
vised  to  compute  the  necessary  body  shape.  Numerical 
examples  are  computed  for  a  spectftc  pressure  fteld  at 
M^  =  10  for  a  range  of  Reynolds  numbers  In  3  different 
cases:  (1)  a  heated  surface;  (2)  a  cooled  surface;  and 
(3)  a  supercooled  surface.  Results  show  that  the  Itera¬ 
tive  scheme  converges  raptdly,  at  least  In  the  present 
set  of  examples.  Significance  of  the  results  and  limi¬ 
tations  of  the  method  are  discussed.  (Contractor’s 
abstract) 
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Rensselaer  Polytechnic  Inst.  Dept,  of  Aeronautical 
Engineering,  Troy,  N.  Y. 

DETERMINATION  OF  A  CONSTANT-r RESSURE  SUR¬ 
FACE  IN  TWO-DIMENSIONAL  HYPERSONIC  VISCOUS 
FLOW,  by  R.  A.  Harris  and  T. -Y.  Lt.  Aug.  24,  1956 
tl5]p.  tncl.  dlagrs.  (Rept.  no.  TR-AE-5604)  (AFOSR- 
TN-56-484)  (AF  18(600)1591)  AD  97368 

Unclasstfted 

A  method  is  developed  for  determining  that  body  shape 
whtch  will  maintain  a  constant  pressure  distribution  on 
Its  surface  tn  a  2-dlmenstonal  steady  hypersontc  flow. 
The  tangent-wedge  approximation  is  used  inversely  so 
that  the  pressure  distribution  is  assumed  and  the  body 
which  will  gl,e  thlB  distribution  ts  determined.  Two 
numerical  examples  are  computed:  (1)  p/p&  =  1  and 
(2)  P/IV  "  ln  whlch  P  ls  the  static  pressure  and  **- 
deaotes  a  free-strextr  c  jndttLn.  The  calculations 
show  a  decrease  tn  Reynolds  number,  based  on  an 
arbttrary  reference  length,  and  an  Increase  ln  surface 
temperature:  both  of  these  tend  to  increase  the  vtscous 
interaction  effects.  Boundary-layer  thickness  de¬ 
creases  as  the  pressure  within  the  boundary  layer  In¬ 
creases.  To  maintain  a  constant  pressure  dlstrtbutton 
on  a  body  surface  ln  hypersontc  flow,  the  surface  must 
be  concave  rather  than  plane.  The  degree  of  concavity 
Is  determined  by  the  value  of  p/p^,  . 
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Rensselaer  Polytechnic  Inst,  i  Dept,  of  Aeronautical 
Engineering  Troy,  N.  Y. 

EFFECTS  OF  FREE  STREAM  VORT1C1TY  ON  THE 
BEHAVIOR  OF  A  VISCOUS  BOUNDARY  LAYER,  by  T.  - 
Y.  l,t.  Aug.  2,  1 956  .  1  ,  p.  (AF  1 8( 600)  1 59 1 ) 

AD  143926  Unclasstfted 

Also  published  tn  Jour.  Aeronaut.  Sctences,  v.  23: 

1 1 28- 1 1 29.  Dec.  t950. 

The  hypersontc  boundary  layer  on  a  flat  plate  Is  associ¬ 
ated  wtth  a  regton  of  tnvtsctd  rotattonal  flow  behind  a 
curved  shock  wave  from  the  ptate  leadtng  edge.  In 
earlier  studies  (1  t.  T.  Y. ,  Jour.  Aeronaut.  Sciences, 
v.  22:  C5t-652.  1955;  Lt,  T.  Y. ,  Hud. .  v.  22:724-725. 
t955).  a  simple  example  of  a  vtscous  boundary  layer  tn 
a  free  Btream  of  constant  vorttctty  was  treated,  provid¬ 


ing,  an  understanding  of  the  effects  o'  free-  stream  vor¬ 
ttctty  on  the  behavior  of  a  vtscous  boundary  layer.  The 
present  study  briefly  gives  a  reformulation  of  the  prob¬ 
lem  ln  whtch  the  pressure  gradient  Induced  by  the  dis¬ 
placement  effect  of  the  boundary  layer  ts  considered. 
The  highlights  of  the  analysts  can  be  most  stmply  pre¬ 
sented  ln  the  case  of  steady,  incompressible  two- 
dimensional  flow.  It  ls  demonstrated  that  neither  the 
frse-stream  vorttctty  nor  the  boundary- layer  dtsplace- 
n  jnt  effect  contributes  any  change  on  the  viscous 
boundary  layer;  however,  the  free-stream  vorttctty  ef¬ 
fects  may  become  significant  as  soon  as  the  boundary- 
layer  displacement  effects  become  Important,  e.g. , 
as  ln  some  hypersonic  boundary-layer  Investigations. 
Generally,  tt  can  be  stated  that  one  of  the  effects  of 
free-stream  vorttctty  ts  the  introduction  of  a  modified 
pressure  fteld.  lt  follows  that  the  skin  friction,  heat 
transfer,  boundary-layer  separation,  and  laminar  sta¬ 
bility  characteristics  are  all  affected,  thetr  effects  be¬ 
coming  Important  as  soon  as  the  displacement  effects 
become  significant. 


nn.  06:00! 

Rensselaer  Polytechnic  Inst.  [Dept,  of  Chemistry) 

Troy,  N.  Y. 

THE  SILVER-SILVER  HALIDE  ELECTRODES.  PREP¬ 
ARATION,  STABILITY ,  REV  ItoDU  LTBILTI Y ,  AND 
STANDARD  POTENTIALS  IN  AQUEOUS  AND  NON- 
AQUEOUS  MEDIA,  by  G.  J.  Janz  and  H.  Tanlgucht. 
i'~c.  1953,  Iv.  tncl.  lllue.  tables,  refs.  (Technical 
note  no.  1)  ([  AF  ]OSR-TN-54-51)  (AF  18(600)333) 

AD  37385  Unclasstfted 

Also  published  ln  Chem.  Rev. ,  v.  53:  397-437,  Dec. 

1 95  3. 

The  preparation  and  the  properties  of  silver-silver 
halide  electrodes  are  described,  with  particular  refer¬ 
ence  to  stiver-silver  chloride  electrodes.  Three  types 
of  the  latter  are  distinguished,  the  electrolytic,  ther¬ 
mal,  and  thermal-electrolyttc  types.  Their  reproduct- 
blltty  and  stabtltty  are  discussed.  The  standard  poten¬ 
tials  of  three  electrodes  (stiver- silver  chlortde,  stiver- 
stiver  bromide,  and  silver-stiver  iodide)  ln  various 
media  and  at  vartous  temperatures  were  established. 


RIT.  06:002 

Rensselaer  Polytechnic  Inst.  Dept,  of  Chemistry, 

Troy,  N.  Y. 

AN  ANHYDROUS  HYDROGEN  CHIORIDE  GENERATOR, 
by  11.  Tantgucht  and  G.  J.  Janz.  Aug.  1955  .  4  !p.  tncl. 
dtagr.  (Technical  note  no.  2)  (,' AF  '  OSR-TN-55-318) 
(AF  t8(fOO)331)  AD  77228  Unclasstfted 

Also  published  ln  Anal.  Chem.,  v.  28:  287-288,  Feb. 
t95G. 

An  atl-glass  (t  yrex)  apparatus  has  been  constructed 
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RPI.  06:003  -  RPI.  06:006 

for  the  generation  of  pure  anhydrous  HC1;  thus,  any 
danger  of  HCI  contact  with  rubber  Is  completely  elimi¬ 
nated.  The  apparatus  Is  designed  to  handle  NaCl  charges 
of  5  to  50  g.  The  speut  reaction  mixture  can  be  siphoned 
from  the  reactton  chamber.  It  is  pointed  out  'hat  the 
generator  operates  equally  well  with  HCI  charges  or 
with  solid  chloride.  A  schemattc  diagram  of  the  appa¬ 
ratus  Is  Included. 

RPI.  06:003 

Rensselaer  Polytechnic  Inst.  Dept,  of  Chemistry, 

Troy,  N.  Y. 

THE  PREPARATION"  AND  REPRODUCIBILITY  OF  THE 
THERMAL-ELECTROLYTIC  TYPE  SILVER-SILVER 
CHLORIDE  ELECTRODES,  by  H.  Tantguchl  and  G.  J. 
Janz.  Dec.  1955  [  25  1  p.  Incl.  diagrs.  tables.  (Tech¬ 
nical  note  no.  3)  ([  AFIOSR-TN-**  476)  (AF  18(600)- 
333)  AD  80796  Unclassified 

A  procedure  is  described  In  detail  for  the  preparation  of 
the  thermal-electrolytic  Ag-AgCl  electrodes  for  preci¬ 
sion  use.  A  reproducibility  of  the  electrodes  by  this 
procedure  of  only  '  0.  1  mv  can  be  expected  unless  the 
freshly  prepared  electrodes  are  evaluated  relative  to 
equilibrated  Ag-AgCl  electrodes  selected  as  reference 
standards.  With  care,  reference  standards  correspond¬ 
ing  to  an  electrode  In  the  ground  energy  stale,  and  of 
constant  potential  (a  0.005  mv)  for  periods  of  roveral 
months  can  be  attained.  It  Is  suggested  thy  the  differ¬ 
ence  In  the  values  of  the  standard  potential  of  this  elec¬ 
trode  may  be  attributed  In  part  to  the  limited  reproduci¬ 
bility  of  these  electrodes.  The  Importance  of  tne  factors 
of  porosity,  amount  of  sliver  chloride,  and  color,  rela¬ 
tive  to  the  attainment  of  stable  electrodes  lhat  equili¬ 
brate  rapidly  are  considered.  (Contractor’s  abstract) 


RPI.  06:004 

Rensselaer  Polytechnic  lnsl.  Dept,  of  Chemistry, 

Troy,  N.  Y. 

THE  CONCEPT  OV  THE  ABSOLUTE  ELECTRODE 
POTENTIAL,  by  It.  Mendelsohn  and  G.  J.  Janz.  June 
1956,  45p.  Incl.  diagrs.  tables,  refs.  (Technical  note 
no.  4)  (AFOKR-TN-56-253)  (AF  18(600)333)  AD  88973 

Unclassified 

Theoretical  and  experimental  attempts  were  made  to 
determine  an  absolute  electrode  potential.  Theorellcal 
attempts  were  based  on  the  determination  of  partial 
molar  free  energy.  Experimental  determinations  de¬ 
pend  on  the  attainment  of  a  null  electrode  to  measure 
the  absolute  emf  of  a  reference  electrode.  Thermody¬ 
namic  reasoning  indicated  that  attainment  of  an  absolute 
emf  Is  Impossible.  A  nonthermodynamlc  arithmetical 
device  was  derived  for  splitting  up  molar  quantities  be¬ 
tween  the  respective  Ions  In  order  to  evaluate  partial 
molar  tonic  values  In  the  application  of  the  Born-llaber 
cycle  to  the  problem.  Theoretical  values  obtained  by 
means  of  the  Born-llaber  cycle  are  actually  approxima¬ 
tions  of  the  absolute  emf  result  ig  from  numerous  as¬ 
sumptions  of  tl>“  absolute  emf  oi  an  electrode  are 


achieved  but  the  Indisputable  value  of  this  measurement 
has  not  been  obtained.  The  Llppman,  BUllter,  and 
Andauer  potentials  are  Included  tn  a  utscusslon  of  ex¬ 
perimental  attempts  to  prepare  a  null  electrode. 


RPI.  06:005 

Rensselaer  Polytechnic  Inst.  Dept,  of  Chemistry,  Troy, 
N.  Y. 

COMPARISON  OF  THE  ELECTROMOTIVE  FORCE 
SERIES  IN  VARIOUS  SOLVENTS,  by  H.  Strehlow,  tr. 
by  G.  J.  Janz.  Nov.  1953  [26jp.  Incl.  diagrs.  tables, 
refs.  (Technical  note  no.  5)  (AFOSR-TN-56-549) 

(AF  1 8(600)333)  ADII0368  Unclassified 


833,  1952. 


i  Zeltschr.  Elektrochemle,  v.  56:  827- 


A  critical  discussion  Is  made  of  the  basis  for  the  ar¬ 
rangement  of  the  elements  In  the  order  of  thetr  normal 
potentials  to  form  the  electromotive  force  series.  It  Is 
questioned  whether  the  emf  series  In  the  various  sol¬ 
vents  form  quite  Isolated  systems  or  whether  a  relation 
exists  between  them.  The  desirability  of  another  Inde¬ 
pendent  method  from  which  the  emf  series  can  be 
studied  by  comparison  Is  stated  and  two  possible  meth¬ 
ods  are  dtscussed.  F  irstly,  the  difference  In  the  free 
energy  of  solvation  of  the  Rb  Ion  can  be  calculated  ap¬ 
proximately  In  various  solvents  from  theoretical  molec¬ 
ular  concept.  Secondly,  the  order  of  the  electromo¬ 
tive  force  series  gained  can  be  tested  through  the  acidity 
measuremenls  of  solutions  of  strong  acids  In  the  spec¬ 
ific  solvents.  Calculation  results  and  experimental  data 
are  compared. 


RPI.  06:006 

Rensselaer  Polytechnic  Inst.  Depl.  of  Chemtslry,  Troy, 
N.  Y. 

CONDUCTANCE  OF  HYDROGEN  CHLORIDE  fN  ACE 
TONITItILE,  by  S.  S.  Danyluk  and  G.  J.  Janz.  Nov. 

24,  1956',  Iv.  Incl.  diagrs.  tables,  refs.  (Technical 
note  no.  6)  (AFOSH  TN-56-600)  (AF  18(600)333) 

AD  115029  Unclassified 

The  conductance  of  a  freshly  prepared  solution  Is  not 
constant,  but  Increases  with  time  to  a  maximum  or 
"stabilized"  value.  In  the  light  of  the  present  Investi¬ 
gations,  the  conductance-time  effect  may  be  attributed 
to  a  slow  attainment  of  Ionization  equilibrium  for  hy¬ 
drogen  chloride,  the  effect  being  attributed  In  part  to 
the  weak  proton- acceptor  properties  of  acetonitrile. 

The  equivalent  conductance  of  "stabilized"  solutions  of 
hydrogen  chloride  has  been  studied  as  a  /unction  of  con¬ 
centration  over  the  range  0.  0009  to  0.  6  equlv/lltre. 
Interpretation  of  the  results  In  the  light  of  the  Bjerrum 
Ion  pair  formation  and  l  uoss  Kraus  triple  Ion  forma¬ 
tion  theories  In  solvents  of  low  dielectric  constant  Is 
discussed.  The  low  values  of  the  equivalent  conduct 
ance  are  In  accord  with  Ionic  association  processes  In 


•  • 


•  • 


•  • 
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hydrogen  chloride-acetonitrile  solutions.  A  crystalline 
solid  of  analysts  corresponding  to  C^CN-  2HCI  can  be 
separated  by  chilling  a  saturated  solution  of  hydrogen 
chlorine  tn  acetonitrile.  The  Infrared  spectra  of  these 
solutions  are  tn  accord  with  such  molecular  type  hydro¬ 
gen  chloride  addition  compounds  being  present.  Born 
the  formation  of  a  mixture  ot  electrolyte  and  nonelectro¬ 
lyte  species  by  the  solute,  t.e.  :  (1 )  CH3CN'  HC1 
CH3CN  +  HCl,  and  (2)  CHjCNH*  •  CL"  *=i  CH3CNH+  + 
Cl"  must  be  considered  tn  the  ultimate  Interpretation  of 
the  properties  ot  hydrogen  chloride  tn  anhydrous  ace¬ 
tonitrile.  (Contractor's  abstract) 


RPI.  07:001 

Rensselaer  Polytechnic  Inst.  Dept,  of  Mathematics,  Trov, 
N.  Y. 

ON  THE  EFFECTS  OF  THE  ADDITION  OF  MASS  TO 
VIBRATING  SYSTEMS,  by  G.  H.  Handelman  and 
H.  Cohen.  Sept.  1,  1056  [  13  ]  p.  lncl.  dtagrs.  (Math, 
rept.  no.  4)  (AFOSR-TN- 56-387)  (AF  18(600)1586) 
aD  96045  Unclassified 

Presented  at  Ninth  International  Congress  of  Applied 
Mechanics,  Brussels  (Belgium),  Sept.  5-13,  1056. 

The  characteristic  frequencies  of  a  circular  plate  carry¬ 
ing  a  rigidly  attached,  rigid,  concentric,  circular  mass 
of  finite  area  and  vibrating  symmetrically  are  studied. 
The  main  problem  ts  that  of  determining  the  ranges  of 
the  parameters  for  which  the  frequencies  will  always  be 
above  and  always  be  below  those  of  the  unloaded  case. 
The  results  obtained  are  compared  with  those  previously 
found  for  longitudinal  and  transverse  vibrations  of  bars 
and  transverse  vibrations  of  membranes.  It  Is  seen  that 
critical  values  of  the  parameters  depend  on  the  specltlc 
system  under  study.  The  first  term  In  the  asymptotic 
expansion  of  the  higher  frequencies  Is  obtained.  It  Is 
found  lhal  the  density  ratios  do  not  enter  this  term  and 
the  plate  behaves  like  a  beam.  This  Is  similar  to  the 
case  of  the  membrane  which  behaves  like  a  bar  under 
longitudinal  motion.  (Contractor's  abstract) 


it  PI.  07:002 

Rensselaer  Polytechnic  Inst.  Depl.  of  Mathematics,  Troy, 
N.  Y. 

ON  THE  ANTI  SYMMETRIC  VIBRATIONS  OF  A  DEAM 
CARRYING  A  DISTRIBUTED  ADDED  MASS,  by  G.  H. 
llandelnun  and  Y.  O.  Tu.  July  31,  1956  >  4  p.  inch 
itlagr.  (Math,  rept  no.  2)  (AFOStt-TN  56-398) 

(AF  18(000)1580)  AD  96056  Unclassified 

An  investigation  was  carried  out  to  determine  the  ettects 
on  the  antisymmetric  vibration  characteristics  ot  spec¬ 
ific  elastic  systems  when  rigid  masses  occupying  a 
Unite  area  are  attached.  It  a  uniform  beam  has  a  sym¬ 
metric  rigid  mass  attached  about  an  axis  perpendicular 
to  the  plane  of  bending  through  a  point  which  is  referred 
to  as  the  nodal  point,  the  system  Is  assumed  to  execute 


RPI.  07:001  -  RIC.  01:001 


anUsymmetrlc  vibrations  about  this  point.  Various 
parameters  are  considered  and  equations  are  derived. 


RPI.  07:003 

Rensselaer  Polytechnic  Inst.  Dept,  of  Mathematics,  Troy, 
N.  Y. 

ON  THE  VIBRATION  OF  A  CIRCULAR  MEMBRANE 
WITH  ADDED  MASS,  by  H.  Cohen  and  G.  H. 

Handelman.  July  31,  1956  [l6]p.  tncl.  dtagrs. 

(Math.  rept.  no.  1)  (AFOSR-TN- 56-403)  (AF  18(600)- 
1586)  AD  96211  Unclassified 

The  characteristic  frequencies  of  a  circular  membrane 
carrying  a  rigidly  attached  concentric  circular  mass  of 
finite  area  and  vibrating  symmetrically  are  studied. 

The  main  problem  ts  that  of  determining  the  ranges  of 
the  parameters  for  which  the  frequencies  will  always  be 
above  or  always  be  below  those  of  the  unloaded  case. 
One  of  the  chief  tools  ts  the  minimum  principle  appro¬ 
priate  to  the  problem.  The  first  term  tn  the  asymptotic 
expansion  of  the  higher  frequencies  ts  obtained.  (Con¬ 
tractor's  summary) 


RIC.  01:001 

Rice  Inst.  Dept,  of  Mathematics,  Houston,  Tex. 

LIMITS  OF  RATIONAL  FUNCTIONS,  by  G.  R. 

MacLane.  Aug.  9,  1954  ,  9p.  (Technical  note  no.  1) 

([  AF]OSR-TN-54-206)  (AF  18(600)1135)  AD  54609 

Unclassified 

Also  published  In  Pacific  Jour.  Math.,  v.  6:  111-116, 
1956. 

The  principal  results  are  given  tn  2  theorems. 

Theorem  1.  Let  D  be  a  simply  connected  domain  con¬ 
tained  In  I(  2  )  >  0  and  let  D*  be  the  reflecUon  of  D  tn 
1(  2)  -  0.  Let  f(  2  j  be  an  arbitrary  holomorphtc  func¬ 
tion  tn  D,  f  yt  0  In  D.  Let  !•(  2  )  =  f(  2  );  f(  2  )  ts  holo¬ 
morphtc  and  ncnxero  in  D*.  Then  there  exists  a  se¬ 
quence  of  rational  functions  Rn(  2 )  such  that:  (1)  all 
zeros  and  poles  of  ltn(  2  )  are  real;  (2)  ltn(  2  )-*f(  2  ) 
uniformly  tn  every  compact  subset  of  D  and  ltn(  2  ) 
ct*(  2  )  uniformly  In  every  compact  subset  of  D*.  where 
c  is  a  constant  of  modulus  t;  and  (3)  the  sequence  ltn(2) 
is  non- normal  at  every  point  of  the  complement  of 
DUD*.  Theorem  2.  Let  D  be  a  simply  connected  do¬ 
main  in  the  2  -plane,  symmetric  with  respect  to  the 
real  axis  and  containing  no  points  ot  the  Interval  x  <  0 
of  the  real  axis.  Let  f(  2  )  be  holomorphtc  and  nonzero 
hi  D,  and  let  f(x)  be  real  on  the  single  interval  Y  com 
mon  to  D  and  the  real  axis.  Then  there  exists  a  se¬ 
quence  ot  rational  functions  Kn(  2 )  such  that  (t)  all 
zeros  and  poles  of  ltn(  2  )  are  real  and  negative;  (2) 
ll„(  2  )-•!(  2  )  uniformly  in  every  compact  subsei  of  D; 
and  (3)  the  sequence  It n(  2  )  is  non  normal  at  every  point 
ot  the  complement  ot  D. 
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RIC.  01:002 

Rice  Inst.  Depl.  of  Mathematics,  Houston,  Tex. 

ON  THE  ZEROS  OF  THE  DERIVATIVES  OF  AN 
ENTIRE  FUNCTION,  PART  I.  MEROMORPHIC  FUNC¬ 
TIONS  WITH  SPECIFIED  ASYMPTOTIC  BEHAVIOR, 
PART  n,  by  G.  R.  MacLane.  July  19,  1955,  46p. 
(Techntcal  note  no.  2)  ((.  AF]OSR-TN-55-223) 

(AF  18(000)1135)  AD  73188  Unclassified 

Also  published  In  Proc.  Amer.  Math.  Soc. ,  v.  8:  702- 
706,  Aug.  1957. 

The  following  theorem  ts  proved:  tf  K  ts  any  compact 
subsel  of  the  z-sphere  andoo  i  K,  then  there  exists  an 
entire  functton  f(z)  such  that  the  sel  of  all  the  zeros  of 
all  the  functions  f(n)(z)  condenses  exactly  on  K.  An  In¬ 
vestigation  ts  made  of  the  existence  of  a  meromorphlc 
function  asymptotic  to  several  gtven  meromorphtc  func¬ 
tions  tn  dtsjotnl  domatns  stretching  to  ou  .  Emphasis  Is 
placed  on  the  rapidity  of  approach  In  terms  of  |z  |. 

ROC.  01:001 

Rochesler  U.  Depl.  of  Chemtslry,  N.  Y. 

THE  ACTION  OF  HEAT  ON  S-CROTYLTHIOSALICYLIC 
ACID  AND  RELATED  COMPOUNDS,  by  J.  C. 
Pelropoulos,  M.  A.  McCall,  and  D.  S.  Tarbell. 

1  1953]  [5]p.  LAF  18(600)482]  Unclassified 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  75:  1130- 
1134,  Mar.  5,  1953. 

The  behavior  of  ally  1  and  crolyl  aryl  sulftdes  on  heating 
Is  very  different  from  that  of  the  oxygen  analogs.  S- 
Allyl-3,  5-dlchlorothlosaltcyllc  acid  Is  converted  In  pari 
lo  dlchlorothlosallcyllc  acid  and  lo  bts-(carboxydtchloro- 
phenyl)  sulfide  by  heating  to  275".  S -crotylthlosattcyllc 
actd  ytelds  2-elhyl-2,  3-dtliydrobenzolhtophene  (I)  and 
lhe  7-carboxy  derivative  of  thts  compound  (II)  when 
healed  at  260".  The  structures  were  proved  by  de¬ 
gradation  and  synthesis.  The  decarboxylation  Involved 
Is  simultaneous  wtth  the  rearrangeinenl  and  the  crotyl 
group  musl  rearrange  without  Inversion,  followed  by 
cycllzatlon  to  form  II  and  I.  The  following  new  com¬ 
pounds,  tsomerlc  with  I,  have  been  synthesized  during 
lhe  Identification  of  1 :  4-methyllhlochroman;  3-elhy!-2, 
3-dlhydrobenzothlophene-l,  1  dioxide;  2  methy Ithlochro ■ 
man:  and  3-methylthlochroman.  (Contractor's  abstract) 

HOC.  01:002 

Rochester  U.  Dept,  of  Chemistry,  N.  Y. 

STUDIES  ON  MODEL  COMPOUNDS  FOR  COENZYME  A. 
A  KINETIC  STUDY  OF  AMINOLY33  AND  HYDROLYSIS 
OF  ETHYL  THIOACETATE  AND  ,  ACET AMI NOETI1Y1 
THIOACETATE  IN  AQUEOUS  SOLUTION,  by  I*.  J. 
Hawkins  and  D.  S.  Tarbell.  1  1953,  .4  ip.  inci. 
dtagrs.  tables,  rels.  ,  AF  18(000)482  j  Unclassllled. 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  75:  2982- 
2985,  June  20.  1953 


A  kinettc  study  of  the  reaction  of  n-butylamlne  with 
ethyl  thtoacetate  and  wtth  j3 -acelamtnoethyl  lhtoace- 
late  tn  aqueous  solution  showed  the  rate  of  hydrolysis 
of  the  thtoesters  tn  aqueous  amtne  solution  to  be  ap¬ 
preciable.  The  rate  of  disappearance  of  ester  by 
amtnolysls  and  hydrolysts  was  tn  agreement  wtth  the 
fotlowtng  rate  equatton:  — d(t  Ester  J/dt)  =  Iq  t  Ester] 
[RNH2][OH']  +  ksl  Ester  J  [  OH'  J.  The  rate  of  re¬ 
action  of  the  ethyl  thtoacetate  is  slmtlar  to  that  of  p- 
acetamtnoethy!  thtoacetate,  tndtcating  Itttle  effect  on 
the  reaction  rate  of  the  amtde  group  tn  the  p  -posttion. 
Bts-(  p  -aeetamlnoethyl)  dtsulftde  and  N-n-butylacet- 
amlde  have  been  tsolated  in  high  yteld  from  the  action 
of  n-butylamlne  on  p-acetaminoethyl  thtoacetate  tn 
aqueous  solulton.  (Contractor's  abstract) 


ROC.  01:003 

Rochester  U.  Dept,  of  Chemtstry,  N.  Y. 

CLEAVAGE  OF  THE  CARBON-SULFUR  BOND.  KI¬ 
NETICS  OF  THE  REACTION  OF  TMOBENZOIC  ACID 
WITH  ANILINE,  by  P.  J.  Hawkins,  D.  S.  Tarbell,  and 
P.  Noble,  Jr.  L  1953]  [4]p.  tncl.  tables,  refs. 

(  AF  18(600)482  ]  Unclasstfted 

Publtshed  in  Jour.  Amer.  Chem.  Soc.,  v.  75:  4462- 
4465,  Sepl.  20,  1953. 

The  kinetics  of  the  reactton  between  thlobenzotc  acid 
and  aniline  has  been  studied.  In  chlorobenzene  solu¬ 
tion,  the  rate  Is  given  by  k(C6H5COSH)(C6H5NH2); 
variations  In  k  between  dtflerenl  samples  of  thlobenzotc 
acid  are  pobably  due  lo  the  presence  of  small  amounts 
of  benzotc  actd  as  tmpurlty.  The  effect  ol  other  sub¬ 
stances  on  the  rale  has  been  measured.  In  aqueous 
aceltc  acid,  the  kinetics  vary,  dependtng  on  the  com¬ 
position  of  lhe  solution,  but  most  runs  follow  the  above 
kinetics  tn  the  tnlttal  stage.  In  aniltne  solution,  the 
ktnelics  follow  lhe  equation,  rale  =  kfCgHjCOSH)2. 

The  much  grealer  rate  of  acylation  of  aniltne  by  thlo¬ 
benzotc  acid,  compared  lo  benzotc  acid,  Is  dtscussed. 
(Cor.lraclor’s  abstract) 


HOC.  01:004 

Rochester  U.  Depl.  of  Chemistry,  N.  Y. 

A  NEW  METHOD  OF  PREPARING  SUBSTITUTED 
THIOPHENOLS,  by  A.  H.  Herz  and  D.  S.  Tarbell. 
1953  1  4  jp.  [AF  18(600)482  Unctasstfled 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  75:  4657- 
4660,  Oct.  5,  1953. 

Attempts  to  carry  oul  Frtedel- Crafts  aeylaltons  ofdt 
phenyl  disulfide  or  formaldehyde  dtphenyl  mercaptal 
were  unsuccessful;  however.  It  was  shown  that  lhe 
readily  formed  addttlon  product  of  a  thiopheno!  and  3 
nttrobenzalacelophenone  ts  amenable  to  electrophilic 
substitution,  and  that  thts  substituted  addition  product 
may  be  marly  quantitatively  converted  to  the  corres¬ 
pondingly  substituted  thiophenol.  It  was  demonstrated 
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by  the  preparation  o(  acetylatcd,  bromlnated  and  nitrated 
thlophenols  that  this  scheme  constitutes  a  general  method 
tor  the  preparation  of  electrophltlcally  substituted  thio- 
phenols.  (Contractor's  abstract) 


ROC.  01:005 

Rochester  U.  Dept,  of  Chemistry,  N.  Y. 

THE  KINETICS  OF  BASIC  HYDROLYSIS  OF  SOME 
Y- LACTONES  AND  Y  -THlOLACTON ES  IN  AQUEOUS 
ACETONE,  by  C.  M.  Stevens  and  D.  S.  Tarbell. 

Aug.  1,  1954  L  8  ] p.  incl.  tables,  refs.  (Technical  note 
no.  I)  (|AF|OSR-TN- J4-207)  (AF  18(600)482) 

Unclassified 

Also  published  In  Jour.  Org.  Chem. ,  v.  19:  1996-2003, 
Dec.  1954. 

Hates  of  alkaline  hydrolysis  for  3  Y- lactones  and  3  Y- 
thlolactones  In  43%  acetone  -  57%  H2O  have  been  meas¬ 
ured  conductometrically.  The  lactones  and  thlolactones 
show  much  smaller  effects  on  the  rates  from  Increasing 
alkyl  substitution  around  O2  (or  S)  than  do  the  open  chain 
acelates  and  thloacetates.  Methods  of  synthesizing  Y- 
lsocaprolactone  and  the  corresponding  thlolactone  have 
been  evaluated.  The  addition  of  thloacetlc  acid  to  4- 
methyl-3-pentenolc  acid  is  antlMarkownlkoff,  yielding 
4- methyl-3-acetylmercaptopentanolc  acid,  which  Is  also 
obtained  from  4- methyl- 2-per.tenolc  acid.  (Contractor's 
abstract) 


HOC.  01.000 

ltochester  U.  Dept,  of  Chemistry,  N.  Y. 

AN  INFRARED  STUDY  OF  HYDROGEN  BONDING  IN¬ 
VOLVING  THE  THIOl.  GROUP,  by  D.  S.  Tarbell,  D. 
Plant,  and  C.  Whiteman.  Aug.  1,  1954,  4p.  Incl. 
tables,  refs.  (Technical  note  no.  2)  (lAF  OSli-TN- 
54-208)  (AF  18(600)482)  AD  89077  Unclassified 

Also  published  tn  Jour.  Amer.  Chem.  Soc.,  v.  77. 

1572-  1575,  Mar.  20,  1955. 

A  study  of  the  Infrared  spectra  of  a  scries  of  aailno- 
tldols  of  the  type  l< 2 N( H2 )nf>H  (n  3  or  4)  has  given  no 
liKllcatlon  of  hydrogen  bonding  Involving  the  -S  H  group. 
Further  studies  011  mixtures  of  sulfoxides  and  thiol  com¬ 
pounds,  and  on  thlobenzolc  acid  alone,  Indicate  that 
hydrogen  bonding  through  the  -S  H  group  Is  negligible. 
The  S-D  stretching  frequency  in  thlophenol  <1  and  u 
liexanethlol  d  has  been  found  to  occur  at  1839  and  1870 
cm"1,  respectively.  The  synthesis  of  several  new 
amlnothlots  and  amluoalcohols  Is  reported  Tldol  crie 
pounds  are  found  to  react  with  carbon  tetrachloride  in 
the  presence  of  tertiary  bases  at  room  temperature  to 
yield  mainly  the  disulfide  and  the  amine  hydrochloride: 
the  reaction  presumably  Involves  a  displacement  with 
the  formation  of  SCCI3  compounds,  which  then  react 
further.  (Contractor's  abstract) 
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ROC.  01:007 

Rochester  U.  Dept,  of  Chemistry,  N.  Y. 

A  STUDY  OF  THE  SCHONBERG  REARRANGEMENT 
OF  DIARYL  THIONCARBONATES  TO  DIARYL  THIOL- 
CARBONATES,  by  H.  R.  Al-Kazlml,  D.  S.  Tarbell, 
and  D.  Plant.  Sept.  II,  1954  [  4  J p.  Incl.  'ables,  refs. 
(Technical  note  no.  3)  ( L  AF  J  OSR-TN- 54-C..3)  (AF  18- 
(600)482)  AD  82243  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  77: 
2479-2482,  May  5,  1955. 

A  study  of  twelve  examples  of  the  Schonberg  rearrange¬ 
ment  of  diary!  thloncarbonates  to  dlaryl  thlolcarbonates 
has  shown  that  the  reaction  Is  favored  by  electron-with- 
drawing  groups  In  the  q  and  p  positions.  It  Is  suggested 
that  the  reaction  Involves  a  cyclic  transition  state,  with 
a  nucleophilic  attack  of  the  thlon  sulfur  on  the  aromatic 
nucleus.  The  similarity  of  this  rearrangement  to  the 
Smiles,  Chapman  and  Stevens  rearrangements,  and  to 
reactions  Involving  a  shift  from  oxygen  to  sulfur,  Is 
discussed.  (Contractor's  abstract) 


ROC.  01:008 

Rochester  U.  Dept,  of  Chemistry,  N.  Y. 

THE  INFRARED  SPECTRA  OF  SOME  1,4-THIA- 
PYRONE  DERIVATIVES,  by  D.  S.  Tarbell  and  P. 
Hoffman.  [  1954]  [3]p.  Incl.  table.  I  AF  18(600)- 
482  ]  Unclassllled 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  76:  2451- 
2453,  May  5,  1954. 

A  study  was  made  of  the  Infrared  spectra  of  1,4- 
thlapyrone.  Us  hydrochloride,  3-earboxy- 1, 4-thla 
pyrone,  '.he  corresponding  ester  and  the  amide.  There 
was  no  evidence  of  normal  carbonyl  absorption.  The 
spectrum  of  1,  4 -  thlapyrone  hydrochloride  was  shifted 
toward  lower  frequencies  compared  to  the  thlapyrone 
l'self.  These  results  are  tn  agreement  with  numerous 
other  lines  of  evidence  In  Indicating  that  the  thlapyrone 
nucleus,  and  the  thlapyryllum  sails  especially,  are 
numerous  hybrids  with  little  or  no  contributions  from 
forms  with  a  carbon- oxygen  double  bond.  The  Infrared 
spectrum  of  1 , 4  -  thlapyrone  sulfone,  on  the  other  hand, 
showed  the  absorption  expected  from  a  conjugated  car¬ 
bonyl  group  and  carbon-carbon  double  bonds.  The  pre 
paratlon  of  3-carboxy  1,  4-thiapyrone  and  its  deriva¬ 
tives  from  3-carbomethoxytetrahydro-l,  4-thiapyrone 
is  described.  (Contractor's  abstract) 


HOC.  01:009 

Rochester  U.  Dept,  of  Chemistry,  N.  Y. 

THE  SCHONBERG  REARRANGE  VENT.  KINETICS  OF 
THE  REARRANGEMENT  OF  UlS-(4  CTU.OROPHENYl.) 
THIONCARUONA'i  E  TO  THE  TWO! .CARBONATE,  by 
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ROC.  01:010  -  ROC.  02:001 


D.  H.  Powers  and  D.  S.  Tarbell.  July  1,  1955  [  9  j  p. 
incf.  iables,  refs.  (Technical  note  no.  4)  ([AFJOSR- 
TN-55-204)  (AF  18(600)482)  Unclassified 


Jan.  5,  1956. 


jJour.  Amer.  Chem.  Soc.,  v.  78:  70-71, 


The  rale  of  the  rearrangemenl  of  bls-(4-chforophenyl) 
thloncarbonate  to  bls-(4-chforophenyf)  thiolcarbonate 
without  solvent  has  heen  measured  af  a  number  of  tem¬ 
peratures  around  250'C.  The  reaction  Is  first-order, 
lhe  energy  of  activation  Is  38.  2  kcal/mof,  and  the  entropy 
of  activation  at  263.  8"C  Is  -12.  6  cal/°/mof.  Isolation 
experiments  show  that  the  reaction  Is  essentially  quan¬ 
titative.  The  kinetics  are  in  agreement  with  the  Idea 
that  the  reaction  Involves  a  4-mem'oered  cyclic  transi¬ 
tion  state.  (Contractor's  abstract) 


ROC.  01:010 


Rochester  U.  Dept,  of  Chemistry,  N.  Y. 


FREE  RADICAL  SUBSTITUTION  IN  3,  4-BENZPYRENE, 
by  W.  Conway  and  D.  S.  Tarbell.  L  1956 J  l6Jp.  lncl. 
dlagr.  refs.  [  AF  18(600)482 1  Unclassified 


Published  In  Jour.  Amer.  Chem.  Soc. ,  v.  78:  2228- 
2233,  May  20,  1956. 


Irradiation  of  3,  4-benzpyrene  and  thloglycollc  acid  with 
a  mercury  arc  In  quarlz  vessels  gives  a  43%  yield  of 
5-benzpyrenylacetlc  acid,  whose  structure  Is  proved  by 
decarboxylation  to  5- methylbenzpyrene.  5-Mercapio- 
benzpyrene  appears  to  be  formed  also.  5  Benzpyrenyl- 
mercaptoacettc  acid  has  been  synthesized,  and  Irradia¬ 
tion  of  Its  methyl  ester  decomposes  It  to  yield  some 
methyl  5- benzpyrenylacelate.  Azotsobutyronllrlle  and 
benzpyrene  yield  a  small  amount  of  a  monocyanopropyt 
product,  and  an  appreciable  amount  of  f,  2  bis  (cyano- 
propyl)- 1, 2-dlhydrohenzpyrene.  The  significance  of 
these  results  for  the  theoretical  calculations  of  teac- 
tlvlly  of  benzpyrene  Is  discussed.  An  Improved  paper 
chromatographic  technique  lor  benzpyrene  and  Us  de¬ 
rivatives  is  described.  Numerous  experiments  show 
that  benzpyrene  Is  not  rapidly  attacked  by  115'  radicals. 
(Contractor's  abstract) 


HOC.  01:011 


Rochester  U.  Dept,  of  Chemistry,  N.  Y. 


THE  ISOMERIZATION  BY  UAi>E  OF  At.KYl.  ALLY1. 
SULFIDES  TO  Al.KYl.  PHOf’ENYl.  SULFIDES.  THE 
MECHANISM  OF  HIE  REACTION,  by  I).  S.  Tarbell 
and  W.  E.  Lovett,  i  1956  6  .  p.  lncl.  l  efs.  AF  18 

(600)482  Unclassified 


Published  In  jour.  Amer.  Chem.  Sec.,  v.  78:  2259- 
2264,  May  20,  1956. 


Ally!  n-hexyl  sulfide  Is  tsomrrtzed  to  n  hexyl  propenyl 
sulfide  by  refluxing  with  3.7  M  alcoholic  sodium  etliux 


lde;  affyl-t-bulyl  sulfide  behaves  similarly.  Allyl  n- 
hexyl  elher  is  recovered  after  similar  treatment. 
Dlallyl  sulfide  Is  lsomerlzed  to  dlpropenyl  sulfide, 
and  Is  also  converted  In  part  to  an  unsaturated 
mercaptan,  3-mercapto-l,  5-hexadiene,  by  a  re¬ 
arrangement  of  an  allyl  group.  It  has  been  found  that 
N  -  sodlochloro-  p-  bromobenzene  sulfonamide  1  s 
superior  to  chloramine-T  for  characterization  of 
sulfides  by  formation  of  sulflllmines.  Ison  idzation 
of  allyl  n-hexyl  sulfide  by  sodium  ethoxide  Is  deulero- 
ethanol  gives  n-hexyfpropenyl  sulfide  containing 
(by  mass  speclrometrlc  analysis)  considerable  quanti¬ 
ties  of  mono-  and  dldeuteraled  products,  Indicating 
that  the  Isomerization  proceeds  through  a  carbanlon 
which  can  exchange  with  the  solvent.  The  results  of 
the  study  emphasize  the  ability  of  sulfide  sulfur,  not 
attached  lo  an  aromatic  ring,  to  stabilize  a  negative 
charge  on  the  adjacent  carbon,  presumably  through 
contributions  from  resonance  forms  with  a  decet  of 
electrons  around  sulfur.  (Contractor's  abstract) 


ROC.  01:012 


Rochester  U.  Dept,  of  Chemlslry,  N.  Y. 


STUDfES  ON  THIOESTERS  RELATED  TO  COENZYME 
A.  A  DINETIC  STUDY  OF  AMINOLYRIS  AND  HYDROL¬ 
YSIS  OF  6  -(N-METHYLACETAMINO) -ETHYL  THIO- 
ACETATE,  N,  S-DIACETYLALETHEINE  AnD  y  -  ACET- 
AMINOPROPYL  THIOACETATE,  by  D.  S.  Tarbeff  and 
D.  P.  Cameron.  L1956]  [5]p.  Incf.  I  AF  18  (600)- 
482]  Unclassified 


Published  In  Jour.  Amer.  Chem.  Soc.,  v.  78:  2731- 
2735,  June  20,  1956. 


The  synthesis  of  (' -(N-methylacetamlno)  ethyl  thlo- 
acetate  and  y  -acetamlnopropyl  lhioacetate  Is  described. 
Kates  of  alkaline  hydrolysis  anil  of  amlnolysls  by  n- 
bulytamlne  of  these  lhloesters  and  of  N,  S-dlacelyla- 
iethclne  In  aqueous  solution  at  0^  have  been  measured; 
the  kinetics  of  the  reactions  have  been  discussed.  The 
above  lhloesters,  containing  some  of  the  structural 
features  of  coenzyme  A,  do  not  differ  greatly  among 
themselves  or  with  elhyt  lhioacetate  and  j!  -acelamlno- 
ethyl  lhioacetate,  with  respect  to  the  thloesler  grouping 
under  the  conditions  specified.  (Contractor's  abstract) 


ROC.  02:001 


Rochester  U.  Dept,  of  Chemistry,  N.  Y. 


THE  PHOTOLYSIS  OF  KKTKNK  AT  LOW  PRESSURE, 
by  (i.  B.  Porter.  July  31,  1956,  2,p  lncl.  tables. 

(Sjionsored  jointly  by  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research  under  AF  13(600) 
1582  }  Unclassified 


Published  In  Jour.  Amer.  Chem.  Soc.,  v.  79.  827  828, 
Fell.  20,  1957. 


Apparent  quantum  yields  of  carbon  monoxide  atxl  of 
ethylene  have  liceu  determined  al  wr.ve  length  3650  A 
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ROC.  02:002  -  ROC.  02:005 


as  functions  of  lemperature  and  of  concenlraiton  of 
ketene.  At  the  lowesl  concentrations  studted  the  yield 
of  ethylene  decreases,  probably  because  of  helerogeneous 
disappearance  of  methylene  radicals.  Apparent  quantum 
yields  of  carbon  monoxide,  based  on  a  Beer’s  law  ex¬ 
trapolation,  are  constant  al  concentrations  below 
5  x  tO-5  mole/liter.  The  significance  of  this  constancy 
is  discussed  in  terms  of  a  detailed  mechanism  Including 
an  Internal  conversion  process.  (Contractor's  abstract) 


ROC.  02:002 

Rochester  U.  Dept,  of  Chemistry,  N.  Y. 

THE  RELATIVE  INTENSITIES  OF  FLUORESCENCE 
AND  PHOSPHORESCENCE  IN  BIACETYL  VAPOR,  by 
H.  Okabe  and  W.  A  Noyes,  Jr.  Aug.  20,  1956  [  6  ]  p. 
tncl.  dtagrs.  table,  refs.  (Sponsored  jointly  by  Office 
of  Naval  Research  and  Air  Force  Office  of  Scientific 
Research  under  (  AF  18(600)15281)  Unclassified 

Published  In  Jour.  Amer.  Chem.  See. ,  v.  79:  801-806, 
Feb.  20,  1957. 

A  technique  Is  described  for  measuring  the  relative  In¬ 
tensities  of  emission  from  hlacetyl  vapor  In  the  blue 
(fluorescence)  and  In  lhe  green  (phosphorescence)  parts 
of  the  spectrum  when  exciting  wave  lengths  are  around 
4358  and  3650  A,  respectively,  tn  pure  btacelyl  at  26" 
and  42  nun  pressure  the  Integrated  ratio  of  green  to 
blue  Is  58  (l8):t.  Thts  ratio  Is  unaffected  by  change  In 
wave  length  and  by  the  addltton  of  acetone,  benzene  or 
methyl  chloride.  The  ratio  decreases  as  the  tempera¬ 
ture  Is  raised  and  decreased  rapidly  to  zero  upon  addi¬ 
tion  of  oxygen.  The  state  from  which  phosphorescence 
occurs  by  a  step  which  parallels  and  Is  Independent  of 
fluorescence.  Both  rates  must  apparently  be  collision 
Independent  under  the  conditions  studied.  Dissociation 
must  occur  from  upper  vlbratton  levels  of  the  singlet 
state  although  the  data  do  not  provide  conclusions  about 
details  of  this  process.  Ulacetyl  emission  In  btacetyl- 
acetone  mixtures  trradtated  at  3130  A  (absorbed  mainly 
by  the  acetone)  leads  at  room  temperature  to  a  preferen 
ttal  excitation  of  phosphorescence  rather  that  fluores¬ 
cence.  The  previously  proposed  mechanism  can  account 
for  these  facts. 


ROC.  02:003 

Rochester  U.  Dept,  of  Chemtstry,  N.  Y. 

PHOTOCHEMICAL  STUDIES.  Lit.  THE  NITROUS 
OXIDE  ETHANE  SYSTEM,  by  U.  A.  Castelllon  and 
W.  A.  Noyes,  Jr.  Aug.  27.  1956  4  p.  tncl.  tautes, 

rets.  (Sponsored  jointly  by  Ottice  of  Naval  Research 
aixl  Air  force  Offtce  ot  Sclenttftc  Research  under  ,  Af 
13(600)1528  )  Unclassified 

Published  HI  Jour.  Amer.  Client.  Soc.,  v.  79:  290  293, 
Jan.  20,  1957. 

The  ratio  of  nitrogen  formed  phuloclle mlcaily  at  about 


1900  A  in  pure  nilrous  oxide  lo  that  formed  under 
identical  conditions  In  a  nitrous  oxide-ethane  mtxlure 
Is  1.4.  This  Indicates  that  lhe  primary  photochemical 
process  Is  probably  N20  =  N2  +  O  and  lhal  oxygen 
aloms  read  much  more  rapidly  with  ethane  than  with 
nitrous  oxide.  Several  products  are  formed  tncludtng 
ethylene,  butane,  carbon  monoxide,  hydrogen,  methane 
and  probably  elhanol  and  aceialdehyde.  A  complete 
elucidation  of  the  mechanism  ts  not  possible,  due  lo 
the  fact  that  oxygen  atoms  seem  lo  read  more  rapidly 
with  one  or  more  of  the  products  lhan  they  do  wilh 
elhane  itself.  More  elhylene  Is  formed  lhan  one  would 
expect  from  lhe  amounl  of  butane.  Due  lo  secondary 
reactions  which  musl  Involve  the  Initially  formed  pro¬ 
ducts  It  has  not  been  possible  to  obtatn  precise  Infor¬ 
mation  about  the  readtons  of  oxygen  atoms  and  of  hy¬ 
droxyl  radicals. 


ROC.  02:004 

Rochester  U.  Dept,  of  Chemistry,  N.  Y. 

THE  PHOTOOXIDATION  OF  DIETHYL  KETONE,  by 
J.  E.  Jolley.  Oct.  4,  1956  [  6  j  p.  lncl.  tables,  refs. 
(Sponsored  jolnlly  by  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research  under  l  aF  18(600)- 
1 528  i )  Unclassified 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  79:1537- 
1542,  Apr.  5,  1957. 

The  photochemical  reaetton  belween  dtethyl  Ketone  and 
oxygen  has  been  studied  at  temperalures  from  35  lo  150° 
at  several  oxygen  pressures  and  over  a  wide  range  of 
Intensities.  At  all  temperatures  the  carbon  monoxide 
yield  becomes  small  at  high  oxygen  pressures,  thus 
tndtcatlng  that  the  proplonyl  radical  reads  with  oxygen 
without  producing  carbon  monoxide.  All  yields  pass 
•hrough  maxima  (except  possibly  carbon  monoxide  at 
35°),  and  oxygen  acts  as  an  Inhibitor  at  high  oxygen 
pressures.  At  room  temperature  quantum  yields  are 
Independent  of  Intensity,  but  at  tuO"  they  are  In  Inverse 
linear  function  of  the  square  root  of  the  Intensity. 
Oxygen  at  very  low  pressures  strongly  suppresses  the 
formation  of  C2  hydrocarbons  so  that  the  reaction  be¬ 
tween  ethyl  radicals  and  oxygen  must  be  very  rapid. 

A  fairly  complete  mechantsm  for  the  reaetton  can  be 
suggested  and  the  relative  values  of  several  rate  con¬ 
stants  estimated.  Chains  must  be  propagated  inatnly 
by  ethoxy  and  pentanonyt  radicals.  Since  rates  of  for 
mutton  of  acetaldehyde  and  carbon  dioxide  are  closely 
parallel  to  each  other,  possibly  pcntanonyl  radicals 
react  wtth  oxygen  to  give  acetaldehyde,  carbon  dloxtde 
and  ethyl  radicals.  (Contractor’s  abstract) 


ROC.  02:005 

Rochester  U.  Dept,  of  Chemtstry,  N.  X. 

TIIE  PHOTOLYSIS  OF  KETENE  AT  3650  A°  IN  1  HE 
PRESENCE  OF  OXYGEN,  by  C  .  Porter.  Dec. 

21,  1956  3  p.  lncl.  diagr.  Li  e.  (Sponsored  Jointly 
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by  Office  of  Naval  Research  and  Air  Force  Office  of 
Scientific  Research  under  [AF  1 8(600)1 528  j ) 

Unclassified 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  79:  1878- 
1880,  Apr.  20,  1957. 

The  photolysis  of  keiene  al  3650  A°  was  investigaied  In 
the  presence  of  oxygen.  Even  al  low  concentrations, 
oxygen  virtually  eliminates  Ihe  dissociation  of  keiene 
Into  carbon  monoxide  and  methylene  radicals  al  room 
toinperalure.  There  Is  a  dlrecl  reaction  of  oxygen  wilh 
exclled  keiene  molecules  which  leads  to  carbon  monoxide 
and  carbon  dioxide  among  lhe  producls,  bul  which  gives 
very  liiUe  elhylene.  Within  experimental  error,  ihe 
quanlum  yield  of  formation  of  carbon  monoxide  Is  equal 
to  thal  of  oxygen  consumption.  All  quanlum  yields  are 
small  and  lhe  principal  reaction  of  oxygen  Is  deaciivaiion 
of  excited  ketene  molecules.  At  low  oxygen  concentra¬ 
tions,  the  quantum  yields,  with  exception  of  that  of 
ethylene,  show  maxima  at  about  5  x  10'6  mole  of  oxygen/ 
liter  (about  v.  1  ism  pressure).  At  liO°,  there  Is  at, 
iniensiiy  dependent  chain  reaction  wlih  oxygen.  (Con- 
Iraclor's  absiraci) 


ROC.  03:00f 

Rochesler  U.  Dept,  of  Physics,  N.  Y. 

HIGH  ENERGY  COSMIC-RAY  INTERACTIONS  IN 
PHOTOGRAPHIC  EMULSION  AND  LEAD  (Absiraci),  by 
D.  M.  Riison,  M.  F.  Kaplon,  and  W.  D.  Walker.  Jan. 
23,  1953  L  2  p.  i  AF  18(600)380,  Unclassified 

Presented  at  meeiing  of  ihe  Amer.  Phys.  Soc. ,  Cam¬ 
bridge,  Mass.,  Jan.  22-24,  1953. 

Published  In  Phvs.  Rev.,  v.  90:360-361,  Apr.  15,  1953. 

In  a  flight  at  White  Sands,  N.  M. ,  in  Apr.  1952,  an  ar¬ 
rangement  consisting  ol  a  750- cc  "Block"  of  photographic 
emulsion  on  top  of  an  "emulsion  cloud  chamber"  was 
llowr.  at  90,  000  ft  for  several  hr.  The  block  consisted 
of  nlnety-lwo  400a  G-5  stripped  emulsions  plied  one 
above  the  other,  and  the  emulsion  cloud  chamber  con¬ 
tained  twenty- live  3- mm  lead  plates  separated  by  250a 
photographic  plates.  Six  proton  induced  Interactions  and 
one  secondary  Interaction  with  energies  of  the~lO!J  ev 
have  been  observed  In  the  emulsion  with  multiplicities 
of  the  • — ■  15  and  Nj,  values  of  0,  0,  2,  4,  0  and  15  (sec 
oiuiary  Interaction  had  an  Nh  of  2).  Thus,  tow  Nj,  values 
are  characteristic  of  high  energy  primary,  as  well  as 
secondary,  interactions  In  emulsion.  The  events  iound 
In  lead  (~31012  ev)  show  a  strong  increase  in  apparent 
multiplicity  with  increasing  distance  of  the  Interaction 
back  In  the  iirst  lead  plate  setting  a  limit  on  the  liietime 
T  ol  the  r  ^  meson,  T  i  10  sec.  The  multiplicity 
Is  similar  to  that  observed  previously  lor  interactions 
la  brass  and  lor  the  interactions  observed  In  emulsion, 
Indicating  a  very  weak  dependence  ol  multiplicity  In  a 
nucleus  on  the  number  of  nucleons  struck  by  the  primary. 
(Contractor's  abstratt) 


ROC.  03:002 

Rochester  U.  [Depl.  of  Physics  j  N.  Y. 

HIGH  ENERGY  NUCLEAR  INTERACTIONS  IN  LEAD 
AND  LIGHT  ELEMENTS,  by  M.  F.  Kaplon,  D.  M. 
Riison,  and  W.  D.  Walker.  Mar.  31,  1953,  4p.  Incl. 
diagr.  table,  refs.  (AF  18(600)380)  AD  10875 

Unclassified 


15,  1953. 


Phys.  Rev.,  v.  90:  716-717,  May 


Previous  measuremenls  (Phys.  Rev.,  v.  88:386,  1952) 
were  extended  on  nuclear  inieraciions  In  lhe  energy 
region  1012-1014  ev,  In  a  6-hr  flight  al  While  Sands 
using  an  emulsion  cfoud  chamber  made  up  of  a  6”  x  4" 
x  2"  "block"  of  92  G-5  stripped  emulsions,  6"  x  4"  x 
400  p.  ,  placed  on  top  oi  an  emulsion  cloud  chamber  ol 
25  alternate  3  mm  lead  plates  and  250  d  G-5  emulsion. 
The  stripped  emulsions  of  the  "block"  were  separated 
;.!ter  the  Rigid  and  prutes-sed  with  •eirmtbtoTA  MVathtl 
to  glass  backing  before  development.  Resulls  are 
graphed  and  tabulated.  The  iniiial  multiplicity  of 
charged  particles,  observed  on  ihe  plale  dlreclly  below 
a  lead  absorber  In  which  an  lnleracilon  occurred,  ap¬ 
peared  lo  be  aboul  20  In  lhe  majorily  of  showers;  lhe 
median  energy  of  this  group  of  Inieraciions  was  esti¬ 
mated  to  be  aboul  2  x  1012  ev.  Seven  primary  Inierac¬ 
iions  were  found  In  emulsion;  the  average  number  of 
shower  parlicles  (N^)  about  16  appears  lo  be  Independ¬ 
ent  of  ihe  number  of  evaporation  prongs  (Nh)  which  had 
a  median  energy  of  —  1013  ev.  If  the  lnleracilon  cross 
section  for  primaries  of  these  energies  is  geomeiric, 
approximately  half  the  collisions  In  emulsion  would 
occur  In  Ag  or  Br  and  lhe  rest  in  C,  N,  O,  and  H. 
Though  the  division  of  Interactions  on  the  basis  of  the 
number  of  star  prongs  Is  nol  cerlaln,  it  seems  likely 
ihal  lhe  cases  wllh  Nh  =  0  occur  In  light  elements,  and 
the  case  wllh  Nh  =  15  musl  have  arisen  from  an  lnler¬ 
acilon  In  an  Ag  or  Br  nucleus,  ff  ihe  dividing  line  be¬ 
tween  lhe  light  and  heavy  elements  Is  laken  to  be  Nh» 

4  or  5,  then  our  dala  are  consistent  wllh  half  the  Inter¬ 
actions  occurring  In  llghl  elements  and  hall  In  heavy 
elements,  ft  Is  seen  that  the  mean  number  of  shower 
parlicles  for  Interactions  with  Nh-.  4  and  Nhs  4  Is  16 
lor  bolh  cases.  Use  ol  prior  findings  and  corrections 
for  Ihe  differences  in  median  energies  on  the  assump¬ 
tion  that  the  multiplicity  varies  as  E'\  permits  the 
comparison  of  multiplicities  of  shower  particles  In 
various  elements  tor  primary  energies  ol  ~-5  x  10'2 
ev.  For  lead  the  multiplicity  is  - -24,  brass  —18.  Ag 
anil  Br~14,  and  light  elements  — 14  It  would  appear 
th  d  the  multiplicity  In  this  energy  region  Is  almost  In 
dependent  ol  the  target  nucleus.  There  have  been  cases 
lound  In  which  Hie  multiplicity  ui  shower  particles  Is 
much  higher  than  ttiose  considered  above.  The  possible 
multiple  production  ol  parlicles  In  Initial  Interactions 
is  briefly  discussed  as  an  explanation  o!  experimental 
results.  The  occurrence  of  both  high  and  fow  energy- 
pairs  o!  charged  particles  produced  by  neutral  radia 
lion.  In  observing  the  passage  of  the  high  energy- 
showers  through  the  block  of  stripped  emulsions  lias 
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also  been  noted.  The  most  reasonable  assumption  Is 
lhal  these  pairs  are  electron-posliron  pairs  produced 
by  photons;  though  the  present  statistics  are  too  low 
lo  draw  any  definlie  conclusion,  lhe  contribution  of 
bremsslrahlung  according  to  Schiff's  theory  seems  to 
be  loo  low  lo  account  for  the  low  energy  pairs. 


ROC.  03:003 

Rochesler  U.  Depl.  of  Physics,  N.  Y. 

THE  ABSORPTION  MEAN  PATH  OF  THE  HIGll-ENERGY 
NUCLEONIC  COMPONENT  OF  COSMIC  RADIATION,  by 
M.  F.  Kaplon,  J.  Z.  Klose  and  others.  July  J,  1963, 

4p.  lncl.  dlagr.  (AF  18(600)380)  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  91:  1573,  Sepl.  15, 
1953. 


slty  as  a  function  of  residual  range  In  electron- sensi¬ 
tive  photographic  emulsion.  Mass  values  are  obtained 
by  assuming  thal  singly  charged  particles  of  lhe  same 
velocity,  bul  different  mass,  produce  emulsion  tracks 
of  Identical  gap  density;  then  the  ratio  of  the  masses 
equals  the  ratio  of  the  ranges  where  velocities  are 
equal.  Mass  values  (t  100  me)  of  three  K  particles  ob¬ 
served  In  balloon  flight  exposures  were  thus  determined 
to  be  respectively  970,  1020,  and  870.  These  results 
are  consistent  with  assumption  of  a  single  mass  value 
950  i  60  me  and  support  the  conclusions  thal  masses  of 
the  majority  of  K  particles  observed  in  balloon  flights 
are  about  950  me  and  are  within  the  accuracy  of  the 
experiments  Indistinguishable  from  the  mass  of  the  t 
meson. 

ROC.  03:005 

Rochesler  U.  Depl.  of  Physics,  N.  Y. 


Two  similar  emulsion  cloud  chambers  consisting  of  24 
alternate  3-mm  lead  plaies  and  250p  G-5  emulsions 
were  exposed  to  cosmic  radiation.  One  slack  was  ex¬ 
posed  for  30  days  al  10,  700  ft  wllh  the  planes  of  the 
emulsions  and  lead  plaies  at  an  angle  of  45°  with  the 
vertical.  The  other  was  exposed  for  6  hr  al  90,  000  ft 
with  the  planes  of  the  emulsions  and  lead  plaies  hori¬ 
zontal.  The  two  emulsion  cloud  chambers  were  used  lo 
obtain  flux  measurements  of  lhe  nuclear  Interacting  com¬ 
ponent  of  the  cosmic  radiation  for  energies  1012  ev. 
The  data  obtained  was  used  to  determine  the  absorption 
mean  path  In  the  atmosphere  ( X  )  for  this  energy  region. 
Data  Is  evaluated  by  means  of  a  Gross  transformation 
since  the  emulsion  cloud  chamber  Is  not  a  unidirectional 
detector.  Results  show  X  =  129  *  15  gm/cm2  with  a 
dieali  Value  hot  leas  tl.ul,  abeut  115  gin/Ctl.2,  which  lb 
In  agreement  with  the  majority  of  previous  results  ob¬ 
tained  at  lower  energies,  and  Indicates  It  to  be  inde¬ 
pendent  of  energy  from  *-  lu°  ev  tv  ~lb12  ev.  The  cal 
culated  value  of  the  primary  nucleonic  flux  al  the  lop  of 
the  atmosphere,  N0  -  0.22  *  0.  0075/meler2/sec/ster- 
adlan,  Is  In  good  agreement  wllh  a  previous  determina¬ 
tion  for  a  somewhat  higher  energy.  For  a  distribution  of 
nucleons  a  cos6  0,  the  Integral  primary  flux  of  nucleons 
at  mountain  altitude  was  found  to  be  N0  =  0.  0009  t  0.  000 
0.  0004Miieter2/  sec/steradlan.  For  comparison  the 
Integral  primary  flux  of  nucleons  determined  at  moun¬ 
tain  altitude  assuming  an  Isotropic  distribution  of  nuc  - 
leons  was  N0  ?  0,0004  i  0.  0002.  meter2/sec/steraclan, 
representing  a  lower  limit  on  Nu  at  mountain  altitude. 


ROC.  03:004 

Rochester  U.  Dept,  of  Physics,  N.  Y. 


EMULSION  CLOUD-CHAMBER  STUDY  OF  HIGH  EN¬ 
ERGY  RADIATION  AT  MOUNTAIN  ALTITUDE  (Ab¬ 
stract),  by  J.  Z.  Klose,  M.  F.  Kaplon  and  others. 

June  20,  1953  [ljp.  [  AF  18(600)380]  Unclassified 

Presented  al  meeting  of  the  Amer.  Phys.  Soc., 
Rochester,  N.  Y. ,  June  18-20,  1953. 

Published  In  Phvs.  Rev.,  v.  92:  855,  Nov.  1,  1953. 

An  emulsion  cloud  chamber  consisting  of  24  alternate 
6  In.  x  4  In.  3. 13-mm  Pb  plaies  and  250  p  Ilford  G-5 
emulsions  was  exposed  for  one  month  al  Echo  Lake, 
Colo.  High  energy  nuclear  Interactions  and  electronic 
showers  were  delected  and  studied.  From  the  analysis 
ot  the  nuclear  showers  (median  energy  ~1U12  ev)  an 
absorption  mean  free  path  In  atmosphere  of  the  high 
energy  Interacting  component  Is  derived.  The  value 
A.ut.ied,  a~12u  g/Ct.-.2,  it,  appreciably  Unger  than 
lhe  geometric  mean  free  path.  The  flux  and  zenith 
angle  distribution  of  the  electronic  showers  are  dis¬ 
cussed.  (Conlractor’s  abslracl,  modified) 


ROC.  03:006 

Rochesler  U.  Dept,  of  Physics,  N.  Y. 

INTERACTIONS  OF  HEAVY  PRIMARIES  OF  THE 
COSMIC  RADIATION  (Abstract),  by  M.  F.  Kaplon, 

J.  II.  Noon,  and  D.  M.  Rltson.  June  20,  1953.  [lip. 
AF  18(600)380  j  Unclassified 

Presented  at  meeting  of  lhe  Amer.  Phys.  Soc., 
Rochester,  N.  Y. ,  June  18-20,  1953. 


SOME  K- PARTICLE  MASS  MEASUREMENTS,  by  D. 

M.  Rltson.  1953  .  1  p.  (AF  18(600)380) 

Unclassified 

Published.  lil  Phys.  ltev.,  v.  91  1572,  Sept.  15,  1953. 

Description  Is  given  of  K  particle  mass  measurements 
determined  with  a  new  technique  ot  measuring  gap  den 


Pubibstieddll  Phys.  Itev.,  v.  92:  855,  Nov.  1,  1953. 

In  tracing  300  heavy  primaries,  90  Interactions  were 
tound  with  nuclei  ot  a  photographic  emulsion  "block." 
The  emulsion  "block"  was  composed  of  ninety-two  400e 
.-.tripped  emulsions  (6  In.  x  4  In.  )  piled  above  each 
other.  The  block  was  flown  for  6  hr  al  White  Sands 
'41  v  geomagnetic).  Eight  ot  the  90  Interactions  found 
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appeared  to  be  with  the  hydrogen  of  the  emulsion.  These 
can  be  used  for  charge  calibration.  Out  of  the  90  Inter¬ 
actions  22  fragments  with  Z  =  3,  4,  or  5  were  found  to 
emerge,  confirming  previously  published  values.  Thus 
It  does  not  seem  possible  to  account  for  an  apparently 
observed  primary  flux  of  these  nuclei  In  terms  of  sec¬ 
ondaries  produced  In  the  atmosphere.  A  detailed  dis¬ 
cussion  of  mean  free  paths  and  mechanism  of  the  Inter¬ 
actions  Is  presented.  (Contractor’s  abstract,  modified) 


ROC.  03:007 

Rochester  U.  Dept,  of  Physics,  N.  Y. 

PRODUCTION  OF  FAST  LITHIUM,  BERYLLIUM, 
BORON  FRAGMENTS  FROM  INTERACTIONS  OF  PRI¬ 
MARY  COSMIC-RAY  NUCLEI,  by  J.  H.  Noon,  M.  F. 
Kaplon,  and  D.  M.  Rltson.  [  1953  j  3p.  incl.  dlagrs. 
(AF  18(600)380)  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  92:  1585-1586,  Dec. 
15,  1353. 

Study  was  made  of  the  interactions  of  heavy  cosmic  ray 
nuclei  In  a  stack  of  ninety-two  400q  Ilford  G-5  stripped 
emulsions  flown  at  White  Sands,  N.  M.  (41“  geomag¬ 
netic).  Two  hundred  and  seventy  heavy  primary  nuclei 
were  traced  through  the  stack.  Charge  determination 
both  for  the  primary  and  collision  fragments  was  based 
on  delta- ray  counting.  The  primary  nuclei  were  divider’ 
Into  two  groups;  medium  nuclei  (M)6  <_  Z  <_  10,  and 
heavy  nuclei  (H)Z  >  10.  From  a  study  of  87  Interac¬ 
tions  occurring  In  emulsion,  the  proportion  of  the  light 
elements  lithium,  beryllium,  and  botuM  \L  fluClel)  pro¬ 
duced  as  fast  fragments  In  these  Interactions  were  de¬ 
termined. 


ROC.  03:008 

Rochester  U.  Dept,  of  Physics,  N.  Y. 

OBSERVATION  OF  A  NEW  DECAY  MODE  OF  A 
HEAVY  MESON,  by  .1.  Crussard,  M.  F.  Kaplon  and 
others.  [  1954:  1  p.  Inch  dlagrs.  refs.  AF  18- 

(600)380,  Unclassified 

Published  In  Phys.  Rev.,  v.  93:  253,  Jan.  1,  1954. 

The  trajectories  of  stopping  T7 mesons  were  traced  back 
In  a  stack  of  strlppiKi  emulsions  to  detect  unstable 
heavy  particles  giving  rise  to  mesons  as  decay  pro¬ 
ducts.  The  technique  ol  microscopic  examination  Is 
given  ol  the  stripped  emulsions,  which  were  Uown  ver 
Really  at  an  altitude  ol  102,000  It  lor  9  hr  at  geomag¬ 
netic  latitude  X  55v.  Ol  the  299  {"[mesons  traced, 

150  were  positive  and  149  negative  (the  sign  being  de¬ 
termined  since  either  ["[—  --  decay  or  star  were  ob 
served).  Ol  these,  1 1 0  ]"?  and  1 03  f"f  originated  out 
side  the  stack,  ol  those  originating  In  the  stack,  32{T* 
and  44  ,  f  came  from  stars  having  3  or  more  prongs 
while  2  IF  and  2^'  originated  lrom  2- prong  stars. 

One  PF  meson  ol  4.3  mm  range  originates  lrom  the 


end  of  a  stopping  tracks  (diagrammed),  there  Is  no  in¬ 
dication  of  any  recoil.  Since  the  ff'  undergoes  a  large 
angle  scattering,  Its  energy  lies  between  13.  8  and  15 
mev.  The  stopping  track  has  been  traced  through  14 
emulsions  and  leaves  the  stack  at  a  residual  range  of 
1.6  cm.  A  weighted  mean  value  of  950  ^  85  me  was 
obtained  for  all  mass  measurements  made  on  the  pri¬ 
mary  particle  by  scattering- range  and  lonlzation- 
range  methods.  Interpretations  of  the  event  favor  the 
decay  at  rest  of  a  positively-charged  heavy  particle 
into  a  slow  ]~f +  meson  and  one  or  more  neutral 
particles. 

ROC.  03:009 

Rochester  U.  [Dept,  of  Physic sj  N.  Y. 

THE  LIGHT  ELEMENTS  OF  THE  COSMIC  RADIATION 
—  EXPERIMENTAL  (Abstract),  by  G.  W.  Racette, 

M.  F.  Kaplon,  and  D.  M.  Rltson.  [  1954]  [ljp. 

[AF  18(600)380]  Unclassified 

Presented  at  \.icctL,g  j(  ttc  Auicr  Fhys  Soc . ,  Chicago 
Chicago,  III.,  Nov.  27-28,  1953. 

Published  In  Phvs.  Rev.,  v.  93:  914,  Feb.  15,  1954. 

A  Mack  ot  27  25u  Uturd  umMw.i  <  <  gl»  w%  »  zc.  U*  wr. 
with  vertical  orientation  for  8  hr  at  White  Sands,  N.  M. 
(X  =  41°)  at  a  mean  depth  of  20  g;  the  27  plates  con¬ 
sisted  of  9  triads  of  G-5,  C-2,  and  D-l  emulsions.  The 
G-5  emulsions  were  scanned  for  all  tracks  with  1  >  61 
min  and  with  projected  length  >  725  p.  All  tracks  ob¬ 
tained  were  traced  as  far  as  possible  through  the  stack, 
Ihe  variation  „1 1  with  range  being  vised  L.  dltlereivitaie 
tracks  with  Z  >  3  from  nonrelatlvlstic  a  particles,  slow 
protons,  and  deutemns.  Charge  determination  was 
made  by  gap  density  and  grain  count  in  the  Insensitive 
emulsions.  In  a  survey  of  15  cm2  of  emulsion,  21 
particles  were  found  with  3  <  Z  1  5  (L  nuclei),  26  with 
6  <  Z  £  10  (M  nuclei),  and  8  with  Z  >  10  (H  nuclei).  The 
primary  flux  values  obtained  for  M  and  H  nuclei  are  In 
accord  with  values  previously  reported.  (Contractor’s 
abstract) 


ROC.  03:010 

Rochester  U.  Dept,  ol  1’hyslcs;  N.  Y. 

THE  LIGHT  ELEMENTS  OF  THE  PRIMARY  COSMIC 
RADIATION-INTERPRETATION  (Abstract),  by  M.  F 
Kaplon,  G.  W.  Racette,  and  D.  M.  Rltson.  I  1954  j 
[  t  p.  AF  18(600)380  Unclassified 

Presented  at  meeting  ol  the  Amer.  Phys.  Soc. , 
Chicago,  111.  Nov.  27-28,  1953. 

Published  in  Phvs.  Rev.,  v.  93:9i4-915,  Feb.  15, 
1954. 

Also  published  In  Bull.  Amer.  Phys.  Soc.,  v.  28: 

10- tl,  Nov.  27,  1953. 
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To  analyze  the  preceding  data  we  have  considered  the 
diffusion  equation  for  the  three  charge  groups  (L,  M, 

H).  Besides  the  depth  of  observation,  the  solutions  de¬ 
pend  upon  \j  (Interaction  mean  free  path)  and  Pj.j 
(probability  of  J-type  production  when  an  I  type  Interacts) 
which  are  not  well  known  for  atmosphere  (particularly 
Pl-j).  It  Is  necessary  In  the  experiment  to  sum  over 
all  zenith  angles  consistent  with  our  scanning  criteria. 
Letting  a  be  the  Calculated  .alio  ot  ubsefVable  L  nuclei 
emerging  from  collisions  In  the  residual  atmosphere  to 
observable  M  nuclei  with  our  scanning  criteria,  It  was 
found  that  a  -  0.35;  0.61  for  Pj^l  =  0-23;  0.40,  re¬ 
spectively;  if,  for  Pml  =  O-40.  X  j_,  Is  Increased  by 
10  percent,  <j  =  0.69.  Thus,  the  Interpretation  of  the 
observed  ratio  L/M  =  21/16  =  0.81  depends  on  the  \j 
and  Pj.  Though  the  observations  differ  markedly  with 
those  of  Bradt  and  Peters  and  tend  to  confirm  those  of 
the  Bristol  Group,  It  is  believed  that  a  primary  flux 
value  of  L  nuclei  derived  by  extrapolation  cannot  yet  be 
unequivocally  given,  though  at  present  the  evidence 
favors  the  existence  of  seme  primary  flux  of  the  light 
elements.  (0.  10  <,Lo/Mo£0.  5).  (Contractor's  ab¬ 
stract) 


ROC.  03:011 

RuCbestiT  G .  lUept.  ulPliystcsj  N.  Y. 

NEUTRAL-TO-CHARGE  RATIO  IN  HIGH-ENERGY  IN¬ 
TERACTIONS.  by  M.  T.  Kaplon,  W.  D.  Walker,  and 
M.  Koshiba.  [  1954  J  [  2  J  p.  lncl.  table  (AF  18(600)- 
380)  Unclassified 

Published  In  Phys.  Rev.,  v.  93:  1424-1425,  Mar.  15, 
1954. 

A  group  of  very  high  energy  interactions  (E*i  1012ev/ 
nucleon)  were  examined  In  stripped  emulsion.  The  ratio 
of  77°  mesons  to  charged  shower  particles  was  9.46  i 
0.09.  The  ratio  of  other  charged  shower  particles  to 
7T 1  -  mesons  was  0.09  ♦  0.25.  Data  are  tabulated  for 
the  Individual  Interactions. 


ltUC.  03:012 

Rochester  U.  Dept,  of  Physics,  N.  Y. 

FRAGMENTATION  OF  HEAVY  PRIMARY  NUCLEI  OF 
THE  COSMIC  RADIATION  INTO  LIGHT  ELEMENTS 
(Abstract),  by  J.  H.  Noon  and  M.  F.  Kaplon.  .  1954 
[lip.  (AF  18(000)380)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  1).  C. ,  Apr.  29-30,  May  1,  1954. 

Pubb idled  ia  l’hys.  llev.,  v.  95:  047,  July  15,  1954. 

Interactions  of  heavy  primary  nuclei  with  carbon,  oxygen, 
and  hydrogen  nuclei  of  plastic  (cellulose  acetate)  have 
been  studiisl  to  determine  the  proportion  of  light  ele 
ments  (LI,  Be,  11)  products!  as  fast  fragments.  A 
vertical  stack  of  stripped  emulsions  and  plastic  sheets 


was  flown  at  Minnesota  (55°  geomagnetic)  for  9  hr  at 
102,  000  ft.  Twelve  400  4  Ilford  G-5  emulsions  (6"  x 
4”),  ll,200p  G-5-2004  C—0  emulsions  and  11  plastic 
sheets  were  arranged  In  11  sets  of  triads.  In  tracing 
800  heavy  primaries  (Z£  6)  through  the  stack,  15  inter 
actions  were  found  to  occur  In  the  plastic  and  In  8  cases 
light  elements  were  produced  as  fast  fragments.  The 
probability  for  fragmentation  into  Ught  elements  thus 
obtained  agrees  with  a  previous  calculation  ua  the  basis 
of  a  simple  geometrical  model  using  data  from  heavy 
primary  interacUons  with  nuclei  of  photographic  emul¬ 
sion.  This  informaUon  is  important  In  estimaUng  what 
proporUon  of  the  observed  flux  of  light  elements  at  a 
given  depth  In  the  atmosphere  comes  from  interaction 
of  heavy  primaries  with  nitrogen  and  oxygen  of  the  re¬ 
sidual  atmosphere.  (Contractor's  abstract) 


ROC.  03:013 

Rochester  U.  [Dept,  of  Physics  J  N.  Y. 

HEAVY  UNSTABLE  PARTICLES  IN  STRIPPED  EMUL¬ 
SIONS,  by  J.  Crussard,  M.  F.  Kaplon  and  others. 

L  1 954  j  [lip.  lncl.  table.  (AF  18(600)380) 

Unclassified 

Published  \il  Phys.  lifcv.,  v.  95.  Jb4,  duly  15,  1954. 

Seven  particles  and  their  masses  are:  Kn+,  1060  ± 

10G  me;  Ky*,  980  ±  130  me:  Kj,  1020  ±  300  me;  K2, 
968  i  220  me;  i,  870  ±  215  me;  A*,  2390  ±  490  mp; 
and  an  excited  fragment,  4  <_Zi.6.  The  origin,  pri¬ 
mary  range,  and  the  secondaries  of  each  parlUcle  are 
tabulated. 


ROC.  03:014 

Rochester  U.  Dept,  of  Physics,  N.  Y. 

OBSERVATIONS  ON  THE  HIGH  ENERGY  SOFT  CAS 
CADE  (Abstract),  by  M.  Koshiba  and  M.  F.  Kaplon. 

[  1954!  llip.  (AF  18(600)380)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C.,  Apr.  29-30,  May  1,  1954. 

Published  In  l’hys.  ltev.,  v.  95:  647,  July  15,  1954. 

The  use  of  stripped  emulsion  slacks  affords  an  excellent 
opportunity  to  study  the  soft  cascade  process  In  detail. 

In  order  to  specify  wltii  some  certainly  the  Initial  con¬ 
ditions  of  the  cascade  and  to  Introduce  no  selection  bias, 
it  is  appropriate  to  study  the  soft  showers  originating 
from  the  decay  photons  of  neutral  t:  mesons  emitted  in 
hign  energy  nuclear  interactions,  bolt  showers  which 
appear  to  originate  from  a  single  electron  or  photon  in 
the  emulsion  may  he  accompanied  by  one  or  more  pho¬ 
tons;  further  for  these  showers  there  may  be  a  detection 
bias  favoring  those  showers  with  the  largest  fluctuations. 
The  soft  cascades  initiated  by  the  decay  "  ^  photons  of 
a  very  high  energy  nuclear  interaction  has  been  studied. 
For  the  showers  of  low  inillal  energy  the  cascadt  seems 
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to  develop  In  accord  with  the  predictions  of  shower 
theory;  on  the  other  hand  for  showers  of  very  high  Ini¬ 
tial  energy  (.2,100  bev),  the  trident  process  seems  to 
play  an  Important  role  In  the  Initial  development.  De¬ 
tailed  shower  developments  will  be  presented  and  the 
trident  process  discussed.  (Contractor's  abstract) 


ROC.  03:015 

Rochester  U  Dept,  of  Physics,  N.  Y. 

OBSERVATIONS  ON  UNSTABLE  PARTICLES  IN  PHOTO¬ 
GRAPHIC  EMULSION  (Abstract),  by  J.  Crussard,  M. 

1  Kaplon  and  others.  [  1 954  J  [  1  j  p.  (AF  1 8(600)380) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
vVashlngtoi.,  D.  C.,  Apr.  29  30,  May  1,  1954. 

Published  In  Ph-s.  Rev.,  v.  95:  660,  July  15,  1954. 

Also  published  In  Bull.  Amer.  Phys.  Soc.,  v.  29:  72-73, 
Apr.  29,  ’954. 

Further  evidence  Is  presented  for  the  existence  of  the 
alternate  decay  mode  of  the  a  meson.  A  particle  with  a 
mass  value  of  1U60  i  100  me,  originating  from  a  star 
classified  as  either  2  *  lj  or  2  t  0p,  Is  observed  to  de¬ 
cay  Into  a  ir*  meson  of  15.  2  mev  energy.  Two  cases 
of  normal  3  charged  rr  decay  of  the  i  meson  are  ob¬ 
served,  one  of  which  gives  a  precise  value  of  73.  65  > 

1  mev;  It  Is  noted  that  the  t  meson  mass  Is  Identical 
within  experimental  errors  to  that  of  the  8C  meson.  A 
K  meson  Is  observed  to  be  produced  from  *  star  with  a 
total  visible  prong  energy  of  850  mev;  this  may  suggest 
a  low  production  threshold.  Another  K  meson  Is  observed 
to  suffer  large  angle  Inelastic  scattering  at  low  energy 
(~40  mev)  Implying  a  direct  nuclear  Interaction  ol  this 
particle.  Q  values  lor  2  prong  stars  consisting  ol  rr~ 
mesons  and  protons  will  be  reported;  among  these  Is  a 
value  ol  37.8  i  .6  mev,  corresponding  to  a  Aj  decay. 
(Contractor’s  abstract) 


tOC.  03:016 

ioche.sler  U.  i  Dept,  of  Physics,  N.  Y. 

ANOMALOUS  EVENT  OBSERVED  IN  PHOTOGRAPHIC 
EMULSION,  bvJ.  H.  Noon,  M.  F.  Kaplon,  and  J. 
Crussard.  •.  1954  2  p.  Ir.cl.  (llagr.  tables.  (AE  18- 

(000)380)  Unclassified 

PllbHshedXo  Phys.  Rev.,  v.  95:  1103  1104,  Aug,  15, 
1954. 

In  a  stack  ol  400  ..  G  5  stripped  emulsions  flown  at  high 
altitude  an  anomalous  Interaction  ol  a  las:  heavy  nucleus 
was  observed.  A  last  Be  nucleus  (a)  Interacts  producing 
a  6  »  1  star.  Two  ol  the  prongs  are  relativistic 
particles  of  charge  3  and  2,  each  making  an  angle 
0.002  radian  with  the  primary.  The  triply  charged 
particle  (b)  Interacts  after  5.  09  cm,  giving  a  0  .  0^  t 


star.  The  doubly  charged  particle  (c)  travels  1.37  cm, 
then  splits  Into  2  fast  singly  charged  particles  (d  and  e); 
there  Is  no  observational  evidence  of  nuclear  Interaction 
and  the  event  c-*d  *  e  Is  coplanar.  Since  It  Is  reson- 
able  to  assume  In  Interaction  of  fast  heavy  nuclei  that 
the  fast  heavy  fragments  observed  originate  from  the 
Incident  nucleus,  the  charge  of  the  fragments  should  not 
exceed  that  of  the  parent.  The  violation  of  this  aspect 
of  charge  conservation  provides  the  anomaly.  Possible 
explanations  are  discussed.  (C.A.,  1954:11955e) 


ROC.  03:017 

Rochester  U.  [Dept,  of  Physics)  N.  Y. 

ABUNDANCE  OF  LITHIUM,  BERYLLIUM,  AND  BORON 
IN  THE  PRIMARY  COSMIC  RADIATION,  by  M.  F. 
Kaplon,  J.  H.  Noon,  ;.nd  G.  W.  Racette.  [  1 9 54  j  29p. 
lncl.  dlagrs.  tables,  refs.  (AF  18(600)380) 

Unclassified 


1,  1954. 


,  Phys.  Rev.,  v.  96:  1408-1416,  Dec. 


The  flux  of  nuclei  of  charge  greater  than  two  of  the  pri¬ 
mary  cosmic  radiation  has  been  measured  at  41"  and 
55°  geomagnetic  latitudes  with  photographic  emulsions 
flown  In  "Sky  Hook”  balloons.  The  technique  used  at  the 
lower  latitude  Is  similar  In  principle  to  that  employed 
originally  by  Bradt  and  Teters,  while  that  used  at  the 
nigner  latitude  is  the  method  ol  balnton,  Fowler,  and 
Kent.  The  different  experimental  methods  are  dis¬ 
cussed  and  the  latter  Is  found  more  satisfactory  for  the 
light  ^  It  met  it  probiti...  Em  i. wry  flax  vftVoei  m«  tx 
ported  for  the  medium  nuclei  (6  <_Z  110)  and  the  heavy 
nuclei  (Z  >  10)  at  the  two  latitudes.  It  Is  concluded  that 
there  exists  a  finite  primary  flux  of  the  light  nuclei 
( 3  <_ Z  15)  and  the  most  reliable  value  from  these  ex¬ 
periments  of  the  ratio  of  the  primary  light- nuclei  llux 
Np*  to  the  primary  medium- nuclei  tlux  NM"  at  the  top 
ol  the  atmosphere  Is  found  to  be  0.46  i  0. 15.  (Con¬ 
tractor’s  abstract) 


HOC.  03.018 

Rochester  U.  Dept,  ol  Physics.  N.  Y. 

ANALYSIS  OF  A  HIGH  ENERGY  COSMIC-  RAY  SHOWER. 
I  SOFT  COMPONENT  AND  TRIDENT  PROCESS,  by 
M.  Koshlba  and  M.  F.  Kaplon.  1954  20  p.  lncl. 

dlagrs.  tables,  refs.  AF  18(000)380 

Unc  lassllled 

Published  in  1'hvs.  Rev.,  v.  97  193  200,  Jan.  1,  1955. 

An  analysis  Is  presented  ol  the  soft  component  arising 
from  a  high  energy  nuclear  shower  (~3  x  10'-*  ev)  ob 
served  In  stripped  emulsion.  The  chief  results  obtained 
are:  (1)  The  production  ratio  ol  neutral  s  mesons  to 
charge!  shower  particles  Is  0.  50  i  O  il;  (2)  the  life 
time  ol  the  neutral  e  meson  Is  lound  to  be  (I  q  j  ‘ ) 
x  10  sec;  (3)  the  mean  tree  path  for  direct  electron 
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pair  production  by  htgh-energy  electrons  Is  found  to  be 
4.  4  and  1.1  radiation  untts  for  electrons  In  the  energy 
Intervals  1  to  10  bev  and  tO  to  100  bev,  respectively. 
(Contractors  abstract) 


ROC.  03:019 

Rochester  U.  LDept.  ofPhystcsj  N.  Y. 

INTERACTIONS  OF  THE  HEAVY  NUCLEI  OF  THE 
COSMIC  RADIATION,  by  J.  H.  Noon  and  M.  F.  Kaplon. 

L  1 954  j  23p.  lncl.  dlagrs.  tables,  refs.  [  AF  18(600)- 
380  j  Unclassified 

Published  In  Phvs.  Rev.,  v.  97:  769-779,  Feb.  1,  1955. 

Fragmentation  probabilities  have  been  obtained  for  the 
Interactions  of  hervy  nuclei  with  target  nuclei  of  photo¬ 
graphic  emulsion  and  a  Itght  element  absorber  (gelatin 
and  cellulose  acetate).  The  predictions  of  a  simple 
geometrical  model  for  the  fragmentation  probabtlttles 
tn  light  elements  derived  from  those  observed  tr  emul¬ 
sion  are  tn  agreement  wtth  experimental  observations. 
Measurements  of  the  Interaction  mean  free  paths  of 
heavy  nuclei  at  different  latitudes  Indicate  that  the  Inter¬ 
action  cross  section  Is  energy  Insensitive  and  Is  smaller 
than  geometric.  Curves  are  presented  showing  the  ratio 
of  the  secondary  light  element  (Lt,  Be,  B)  flux  relative 
to  the  medium  element  (6  LZ  L10)  flux  as  a  functton  of 
atmospheric  depth.  (Contractor’s  abstract) 


ROC.  03:020 

Rochester  U.  I  Dept,  of  Phystcs  N.  Y. 

|  DECAY  OF  K- MESONS  (Abstract),  by  G.  Yekuttelt, 
M.  F.  Kaplon,  and  J.  Klarmann.  [  1 955  j  i  1  j  p. 

I  AF  18(600)380  J  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C.  ,  Apr.  28-30,  1955. 

Published  In  Phys.  ltev.,  v.  99:  64t,  July  1 5,  t955. 

Two  events  In  emulsion  have  been  observed  Interpret- 
ithle  as  the  decay  of  the  K- meson  Into  an  electron  and 
two  neutral  particles.  In  the  first  the  decay  track  ts 
emitted  at  minimum  Ionization  with  E  -  260  mev:  Ident¬ 
ification  rests  upon  the  fact  that  lt  loses  tlO  mev  In  4.6 
cm  with  no  change  In  Ionization,  an  abnormal  loss  for  a 
or  meson  but  not  for  an  electron,  in  the  second 
the  secondary  Is  emitted  with  20  mev  at  minimum  tunt 
zatlon;  tn  terms  of  known  particles  11  must  be  an  elect 
ron.  lor  both  particles  the  primary  mass  Is  -  1000  Me. 
In  view  of  this  and  other  recent  observations  on  the  K 
electron  decay,  It  now  seems  conclusive  ttiat  a  K-meson 
exists  and  decays  Into  an  electron  and  two  neutral  mass 
less  particles  (this  Is  Implied  by  first  event  abovel.  lt 
Is  thus  Interesting  to  Inquire  as  to  whether  the  K  decays 
giving  a  continuous  electron  and  -  meson  spectra  may 
not  be  alternate  modes  via  a  Fermi  Interaction.  The 
branching  ratio  Is  of  order  unity  and  the  life  time  ~10  ,J 
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seconds  assuming  a  Universal  Fermt  Interaction.  A 
survey  of  the  observations  on  K  meson  decay  tn  emul¬ 
sion  shows  the  data  does  not  contradict  this  hypothesis. 
(Contractor’s  abstract) 


ROC.  03:021 

Rochester  U.  [Dept,  of  Physics)  N.  Y. 

HIGH-ENERGY  COSMIC-RAY  SOFT  SHOWERS  IN 
NUCLEAR  EMULSION  (Abstract),  by  M.  Koshlba  and 
M.  F.  Kaplon.  [  1955J  [  1 J  p.  [AF  18(600)380) 

Unclasstfled 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  28-30,  1955. 

Published  In  Phvs.  Rev.,  v.  99:  641,  July  15,  1955. 

A  stack  of  stripped  emulsion  flown  tn  Sky  Hook  Balloons 
at  41 •  geomagnetic  latitude  has  been  scanned  for  high 
energy  soft  showers.  More  than  20  cases  of  pure  elect¬ 
ron  showers  whose  apparent  origin  consists  of  a  single 
electron  pair  In  emulsion  have  been  observed  and  ana¬ 
lyzed.  The  nature  of  these  showers  (Initial  pair  energy 
In  the  region  of  10  bev)  as  well  as  the  initial  cascade 
development  has  been  Investigated,  wtth  special  atten¬ 
tion  to  the  trident  process  In  the  early  development. 
Most  of  these  showers  are  consistent  with  the  assump¬ 
tion  that  they  originate  from  the  conversion  of  the  decay 
photons  from  locally  produced  rr°  mesons.  However, 
there  are  a  few  anamolous  cases  not  easily  reconclle- 
able  wtth  our  present  knowledge.  (Contractor’s  ab¬ 
stract) 


ROC.  03:022 

Rochester  U.  [Dept,  of  Physics  N.  Y. 

"V"- PARTICLES  IN  NUCLEAR  EMULSION,  by  J. 
Klarmann,  M.  F.  Kaplon,  and  G.  Yekutleit.  [1955: 
l  lip.  [  AF  1 8(600)380]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C.,  Apr,  28-30,  t955. 

Published  ill  Phvs.  Rev.,  v.  99:  64 1 ,  July  15,  1955. 

Emulsion  stacks  are  well  suited  for  precise  energy  de 
terminations  and  Identifications  of  relatively  energetic 
charged  particles  (effe-'tve  energy  U.-ntt  determined  by 
stack  size)  since  they  .an  be  stopped  and  their  energy 
limit  determined  by  range  measurement,  while  Identifi¬ 
cation  ts  assisted  by  the  characteristics  of  the  track 
terminus.  Emulsion  stacks  should  thus  afford  the  most 
precise  Q  value  determinations  for  unstable  particles 
If  they  can  be  detected  and  their  decay  fragments  stop. 
We  have  searched  for  "V  particles"  by  tracing  back 
trajectories  of  mesons;  for  those  events  In  which  the 
meson  originates  from  a  2  prong  star,  the  other  prong 
being  an  ending  proton,  a  i)  value  was  calculated  as 
sumtug  decay  of  a  neutral  particle  tntu  a  proton  and 
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ir"  meson.  Very  precise  Q- values  are  reported  for  the 
A°  decay  In  thts  way.  At  present  12  "V-particles” 
selected  this  way  tn  the  laboratory  give  a  spectrum  of 
Q-values  Including  3  between  36.  6  and  37  mev  and  two 
with  30.  3  and  30.  5  mev  respectively.  The  latter  two 
(having  no  counterpart  In  Cloud  Chamber  Investigations) 
suggest  a  possible  background  of  simulated  V-particles 
In  emulsion  coinciding  with  the  A“.  An  attempt  to  as¬ 
sess  this  ts  made  by  studying  stars  of  the  type  ( ir ♦  )0, 
(>r+)p,  ("■+  +  P)p,  ("'  +  2p)0  and  (ir  *  2p)p  which, 

wtth  the  simulated  V-particle  stars  (it'  +  p)0,  repre¬ 
sent  the  two  possibilities  of  single  ir*  meson  produc¬ 
tion  in  photo-nucleon  Interaction  and  the  four  possi¬ 
bilities  In  nucleon- nucleon  Interactions.  (Contractor's 
abstract) 

ROC.  03:023 

Rochester  U.  [Dept,  of  Physics)  N.  Y. 

p- DECAY  OF  K-MESONS  AND  THE  CLASSIFICATION 
OF  K- MESON  DECAYS,  by  M.  F.  Kaplon,  J.  Klarmann, 
and  G.  Yelcutlelt.  May  5,  1955,  20p.  lncl.  dtagrs. 
tables,  refs.  [  AF  18(600)380]  Unclassified 

Also  published  In  Phvs.  Rev.,  v.  99:  1528-1533,  Sept. 

1,  1955. 

Three  well-tdentifted  cases  of  K-electron  decay  were 
observed.  The  secondary  electrons  have  energies  of  20- 
261  mev.  This  shows  that  the  decay  Involves  at  least 
3  particles.  The  available  data  on  K- meson  decays  ob¬ 
served  tn  nuclear  emulsion  ts  analyzed  by  determining 
how  many  of  the  secondaries  are  consistent  wtth  the  as¬ 
sumption  that  they  are  (i  -mesons  from  the  K  ^3  decay 
or  electrons  from  the  Ke3  decay.  An  appreciable  frac¬ 
tion  (~  1/3  to  1/2)  of  the  observed  decays  are  consistent 
with  tills  assignment.  The  observed  branching  ratio  Is 
consistent  with  that  deduced  from  a  Fermi  Interaction, 
but  the  lifetime  predicted  on  the  basis  of  a  universal 
Fermi  Interaction  Is  shorter  than  that  suggested  by  the 
observations  lr.  emulsion  The  e  listing  data  on  K- me  te¬ 
ens  are  consistent  wtth  the  assumption  that  there  are  at 
least  5  separate  decay  schemes,  and  that  tn  each  case 
the  parent  K-meson  has  Integral  spin.  (C.  A. , 

1955:1553 2h) 

ROC.  03:024 

Rochester  U.  [  Dept,  of  Physics  i  N.  Y. 

HIGH-ENERGY  Et.ECTROMAGNETIC  PHENOMENA  IN 
COSMIC  RADIATION,  by  M.  Koshtba  and  M.  F.  Kaplon. 

1  1 955  t  v.  tncl.  ntagrs.  tables,  refs.  [AF  1 8(000) 
380.  Unclassified 

Alsu  .published  in  Phys.  Rev.,  v  100:  327  339,  Oct.  t, 
1955. 

Isolated  high  energy  electron  showers  In  phutogiaphlc 
emulsion  have  been  Investigated  and  have  yielded  the 
toliowtug  conclusions,  (t)  out  ot  16  cases  of  Isolated 
electron  showers  observed  to  originate  from  single 
electron  pairs  ot  energy  greater  than  t  bev,  2  cases 
have  been  found  to  be  anomalous  in  the  sense  that  they 


seem  to  have  been  Initiated  by  more  than  2  photons; 
one  of  the  two  has  been  analyzed  tn  detail.  (2)  The 
discrepancy  between  the  experimental  observations 
and  theoretical  predictions  on  the  trident  process 
found  tn  a  previous  work  has  been  obtained  again 
wtth  the  additional  experimental  data  of  thts  experi¬ 
ment.  (Contractor’s  abstract) 

ROC.  03:025 

Rochester  U.  Dept,  of  Physics,  N.  Y. 

NATURE  OF  THE  NEUTRAL  PARTICLES  IN  THE  Km3 
DECAY,  by  G.  Yekutielt,  M.  F.  Kaplon,  and  T.  F. 
Hoang.  [  1956J  [2Jp.  tncl.  dtagr.  (Sponsored  jointly 
by  Atomic  Energy  Commission  and  Air  Force  Office  of 
Scientific  Research  under  AF  18(600)380) 

Unclassified 

Published  In  Phvs.  Rev.,  v.  101:  506-507,  Jan.  1, 
1956. 

The  reaction  K+— »e+  +  e-  ♦  n  *  was  Identified.  The 
e-  -  e+  pair  had  p  pc  values  of  21  ±  6  and  74  ±  9  mev. 
The  n*  kinetic  energy  at  emission  was  17.93  mev. 

The  K+  mass  was  1060  i  200  me.  A  theoretical  treat¬ 
ment  of  the  K  ^3  ♦  decay  ts  given. 

ROC.  03:026 

Rochester  U.  Dept,  of  Physics,  N.  Y. 

FURTHER  EVIDENCE  ON  THE  NATURE  OF  THE 
NEUTRAL  PAP"  7CLES  IN  THE  DECAY  SCHEME  OF 
K  (j3,  by  r.  1*.  Hoang,  M.  F.  Kaplon,  andG.  Yekuttelt. 
I  1956 j  [kip.  tncl.  dtagr.  (Sponsored  jointly  by 
Atomic  Energy  CeiumU»lu>i  ami  Mr  Fvrce  Otfice  of 
Scientific  Research  under  AF  18(600)380) 

Unclassified 

Presented  at  meeting  U  the  Anu  r,  I  bye  Sue  ,  Nrw 
York,  Jan.  30  Feb.  3,  1956. 

Abstract  published  In  Bull.  Amer.  Phys.  Soc. ,  Series 
11,  v.  1:  15,  J.-.n.  30,  1956. 

Published  In  Phys.  Rev.,  v.  101:1834-1835,  Mar.  15, 
1956. 

The  decay  K  ^3-»h  *  ♦  ♦  X'  (X“  ts  a  neutral 

particle  with  mass  <  217  mev;  tt  can  be  a  irv  meson, 

X  -  ray,  or  a  neutrino)  was  demonstrated  previously. 

In  a  new  Ky  3  decay,  It  was  found  that  X"  Is  massless, 
and  that  tt  is  either  a  photon  or  a  neutrino.  (C.  A. , 
1956:9903d) 


ROC.  03:027 

Rochester  U.  Dept,  ot  Physics,  N.  Y. 

METHODS  FOR  THE  DETERMINATION  OF  GAP 
LENGTH  DISTRIBUTION  OF  NUCLEAR  EMULSION 


•  • 
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TRACKS  (Abstract),  by  J.  Klarmann  and  R.  A.  Bryan. 

L  1956 J  [ljp.  (AF  18(600)380)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  26-28,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  n,  v.  1: 
230,  Apr.  26,  1956. 

Two  different  methods,  using  a  multiple  channel  ana¬ 
lyzer,  have  been  employed  to  measure  the  gap  length 
distribution  for  tracks  of  low  Z  components  of  the  pri¬ 
mary  cosmic  radiatton.  In  prevtous  methods  the  ob¬ 
server  measured  and  recorded  the  length  of  each  gap 
individually,  but  here  the  recording  ts  automatic. 

At  the  end  of  a  measurement  the  number  of  gaps  longer 
than  s  microns  for  8  adjustable  values  of  s  can  be  read 
off  dtrectly  from  the  channel  analyzer.  In  the  first 
method  the  stage  is  driven  at  uniform  speed  along  the 
track  whtle  in  the  second  the  observer  moves  at  hair¬ 
line  along  the  track.  In  both  methods  the  observer  does 
not  have  to  remove  his  eyes  from  the  mtcroscope  for 
duration  of  the  measurement.  Thus  these  methods  seem 
lo  be  more  expedient  than  others  previously  described. 
Data  Indicating  the  sensttivlty  and  range  of  application 
of  both  methods  are  presented. 


ROC.  03:028 

Rochester  U.  Dept,  of  Physics,  N.  Y. 

RATIOS  OF  DECAY  MODES  OF  K+  MESONS  PRO¬ 
DUCED  BY  THE  COSMOTRON,  by  T.  F.  Hoang,  M.  F. 
Kaplon,  and  G.  Yekutlell.  [  1956 J  [3jp.  inct.  diagrs. 
tables.  (Sponsored  jointly  by  Atomic  Energy  Commis¬ 
sion  and  Air  Force  Office  of  Scientific  Research  under 
AF  18(600)380)  Unclassified 

Published  in  Phys.  Rev.,  v.  102:  1185-1187,  May  15, 
1956. 

A  beam  of  K'  mesons,  270  a  10  mev/c,  was  produced 
by  2.  9  -  bev  protons  on  Cu.  The  occurrence  of  the 
modes  of  decay  was:  K^,  59i  §%;  K„2i  21  t  3%; 

•t,  5.2%;  Knj,  3.5%;  K(ij,  6  t  ^e3>  ®  *  S.  7%' 

The  results  are  compared  wllh  lhose  of  Rilson,  el  al. 
(Chem.  Abstracts,  v.  50:  6965i,  1956)  and  of  Cressard, 
el  al.  (C.  A. ,  1956:14404f) 

ROC.  03:029 

Rochester  U.  Depi.  of  Physics,  N.  Y. 

TWO  EXAMPLES  OF  RARE  K*  -  DECAYS  IN  EMUt. 
SION,  by  R.  Cesler,  T.  F.  Hoang  and  others.  1956 
3  p  incl.  diagrs.  (Sponsored  jointly  by  Atomic  En 
ergy  Commission  and  Air  Force  Office  of  Scientific 
Research  under  AF  18(600)380  )  Unclassified 

Published  In  Nuovo  Ctmento,  Series  X,  v.  3:  1471 
1473,  June  1,  1956. 


A  decay  at  rest,  K+  -  ir+  +  w°  (—  e+  +  e'  +  \) 
and  a  decay  tn  flight,  v+  —  2  +  +  tr-,  are  observed. 
(C.  A. ,  1958:18007e) 


ROC.  03.030 

Rochester  U.  Dept,  of  Phystcs,  N.  Y. 

CONTROLLED  DEVELOPMENT  FOR  NUCLEAR 
EMULSIONS,  by  J.  M.  Blum.  [May  28,  1956;  rev. 
July  17,  1956 J  [  2 J p.  incl.  diagrs.  [AF  18(600)380 j 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C.,  Apr.  26-28,  1956. 

Abstract  puhllshed  in  Bull.  Amer.  Phys.  Soc.,  Series 
n,  v.  1:  219,  Apr.  26,  1956. 

Puhllshed  in  Rev.  Sctent.  Instruments,  v.  27:  938-939, 
Nov.  1956. 

A  method  consisting  of  separating  the  active  phase  of 
the  development  of  nuclear  emulsions  into  two  or  more 
stages  ts  presented  here.  The  purpose  of  this  proce¬ 
dure  is  to  obtain  a  reproducible  degree  of  development 
of  these  emulsions  at  some  prefixed  level  of  sensitivity 
The  preliminary  results  reporled  indicate  the  feasibil¬ 
ity  of  this  procedure.  (Contractor’s  abstract) 


ROC.  04:001 

Rochester  U.  Inst,  of  Optics,  N.  Y. 

INVESTIGATION  OF  LEAD  SULFIDE  PHOTOCONDUC 
T1VITY  BY  OPTICAL  SCANNING  TECHNIQUE,  by  E. 

P.  Woodruff  and  H.  D.  Polster.  Technical  rept.  Nov. 
1953,  7p.  (AF  18(600)193)  AD  28941  Unclassified 

The  photoconductive  sensitivity  of  microscopic  regions 
of  PbS  surfaces  was  Investigated  with  a  microbeam  ap¬ 
paratus  which  produced  a  spot  of  light  of  a  magnitude 
of  2  to  15m  on  the  photoconductor.  PbS  surfaces, 
chemically  deposited  onto  glass  with  gold  electrodes 
evaporated  onto  the  ends,  were  examined.  Eleclron 
photomicrographs  indicated  a  crystallite  size  of  0.  5  to 
2.0  m.  AH  work  was  carried  out  at  room  temperature. 
In  a  number  of  parallel  scans,  It  was  found  that  few 
points  varied  by  as  much  as  a  factor  of  10  fiom  Ihe  nor¬ 
mal.  Some  of  the  localized  spots  of  high  sensitivity 
occurred  near  the  ends  of  threadlike  breaks.  Several 
phenomena  were  found  that  Involved  changes  in  sensi¬ 
tivity  over  periods  of  hours.  Ion  migration  Is  discussed 
wllh  respect  lo  ihese  phenomena.  Noise  of  an  order  of 
magnitude  greater  lhan  normal  followed  a  reversal  of 
lhe  polarity  after  continuous  running  in  one  polarity  for 
days.  The  noise  subsided  to  normal  In  about  's  hr. 
(AbTIA  abstract) 


>  803  ■ 


A(R  FORCE  SCIENTIFIC  RESEARCH 


ROC.  04:002  -  ROC.  04:006 


ROC.  04:002 

Rochester  U.  Inst,  of  Optics,  N.  Y. 

FINE-SPOT  SCANNING  OF  LEAD  SULFIDE  FILMS,  by 
D.  Dutton.  Oct.  1954  [  1 9  J  p.  tncl.  dlagrs.  rels. 

([  AF  j  OSR-TN-  54-288)  (AF  18(600)193)  AD  50329 

Unclassllled 

High  resolution  optical  scanning  and  potential  probe 
measurements  have  been  made  on  chemically  deposited 
lead  sulllde  layers.  Photoconductivity  ts  localized  to  a 
high  degree  In  regions  at  least  as  small  as  lhe  optical 
resolution  llmll  ol  2  p.  These  regtons  mtghl  be  Ident- 
tlled  with  potential  barrters  ol  lhe  lype  proposed  by 
Smtth  (Proceedings  ol  the  Readtng  Conlerence  on  Semi¬ 
conducting  Malertals,  1951,  p.  198)  and  Gtbson  (Proc. 
Phys.  Soc.  London,  v.  64B:  603,  1951)  wtth  lhe  stipu¬ 
lations  that:  (a)  dllluston  ol  mlnortty  carrters  Is  ellec- 
llvely  limited  by  grain  boundaries;  and  (b)  those  grain 
boundaries  associated  with  tmporlant  poienttal  barrters 
are  relatively  tnlrequent.  The  Illms  may  show  high 
opttcal  sensttlvtty  associated  wllh  large  potential  gra¬ 
dients  near  the  electrodes.  This  ts  apparently  a  polart- 
zatlon  ellecl  absent  In  new  cells.  The  htgh  gradient  de¬ 
velops  near  the  cathode  over  a  period  ol  several  hr,  al 
room  temperature,  wtth  an  applted  Iteld  ol  the  order  ol 
5v/mm.  (Contractor's  abstract) 


ROC.  04:003 

Rochester  U.  Inst,  ol  Optics,  N.  Y. 

LOCALIZATION  OF  PHOTOCONDUCTIVITY  IN  PbS 
HLMS,  by  D.  Dutton.  Aug.  1955  [liip.  tncl.  dtagrs. 
(Technical  note  no.  3)  ([  AF  OSR-TN- 55- 279)  (AF  18- 
(600)193)  AD  77487  Unclasstlted 

Presented  at  meettng  ol  the  Amer.  Phys.  Soc. , 
Dalttmore,  Md. ,  Mar.  17-19,  1955. 

A  test  lor  the  degree  ol  localization  ol  pholuconducttvlty 
tn  thin  Hints,  Ilrst  used  by  Miiser  (Zeltschr.  phystk. 
Chemle  (Leipzig),  v.  198:  52,  1951)  and  conststtng  ol  the 
comparison  ol  the  photocurrents  produced  by  2  orlenta 
ttons  ol  a  long  narrow  beam,  parallel  to  and  perpendi¬ 
cular  to  the  applied  Held,  has  been  applted  to  samples 
ol  lead  sulllde  photoconducting  layers.  The  results  are 
consistent  wtth  a  localized  photoconductivity  model. 
Decause  ol  tnherent  experimental  dtlltculttes,  the  meth¬ 
od  does  not  appear  suitable  lor  plactng  a  small  upper 
Itmtt  on  the  range  ol  minority  carrters.  On  the  basis  ol 
the  present  measurements,  the  Itmtt  may  be  placed  at 
from  0.  t  to  0.  3  mm.  The  llmtt  suggested  by  Itne-spol 
scanning  observations  Is  less  than  2  a  lO  ^mm.  (Con¬ 
tractor's  atistract) 

HOC.  04.004 

Rochester  U.  Inst,  of  Optics.  N.  Y. 

LUMINESCENCE  OF  POTASSIUM  IODIDE,  by  K. 
Teegarden.  June  t‘J50  ,2t  p.  incl.  diagrs.  (Hep!, 
no  7)  (AFObtt  TN  50  27a)  (AF  t8(0Q0)t93) 

siHSi  Unclassllled 


Also  published  In  Phvs.  Rev.,  v.  105:  1222-1227,  Feb. 
15,  1957. 

Single  crystals  ol  HI  luminesced  wtth  a  quanlum  yield 
belween  0.  5  and  1  when  cooled  to  -160°C  and  Illumin¬ 
ated  wtth  llghl  absorbed  lu  lhe  Ilrsl  lundamenlal  band. 
Emlsston  occurred  mainly  In  a  single  band  wtth  its  peak 
al  3.  3  ev.  The  results  obtained  Indicated  that  lattice 
delecls  which  broaden  or  add  lo  the  tall  ol  lhe  lunda¬ 
menlal  band  also  caused  a  shill  ol  the  emission  band  lo 
longer  wavelengths.  Wtth  a  single  cryslal  containing  a 
small  amount  ol  Th  lmpurlly,  Indirect  excitation  ol  Th 
luminescence  apparently  resulted  trom  lhe  absorption 
ol  llghl  In  the  Ilrst  lundamenlal  band  ol  the  crystal  al 
-I60°C.  11  was  Indicated  thal  a  systematic  sludy  ol  the 
luminescence  as  a  lunction  ol  Th  concentration  may 
give  a  measurement  ol  the  so-called  "excllon"  dllluslon 
length. 


ROC.  04:005 

Rochester  U.  Inst,  ol  Optics,  N.  Y. 

NEW  DATA  ON  ALKALI  HALIDE  FILMS  CONTAINING 
EXCESS  HALOGEN,  by  K.  Teegarden.  June  I95G  [  9  J  p. 
tncl.  diagrs.  (Rept.  no.  6)  (AFOSH-TN-56-276) 

(AF  18(600)193)  AD  89486  Unclassllled 

The  optical  densities  ol  thin  illms  ol  KI  and  KBr  con¬ 
taining  CI2  and  ol  KCI  containing  excess  I2,  Br2,  and 
CI2  were  measured  at  -I83°C.  The  Itlms  were  lormed 
by  simultaneously  evaporating  an  alkali  halide  and  lhe 
halogen  onto  a  lused  quartz  substrate.  The  absorption 
spectrum  ol  a  large  crystal  ol  KPr  and  the  optical  den¬ 
sity  ol  single  KCI  crystals  were  obtained  alter  x-trradt- 
atlon  al  -MO11  and  -80",  respectively.  The  optical  ab¬ 
sorption  bands  ol  Itlms  ol  KI  or  KBr  lormed  by  excess 
1 2,  Br2,  or  CI2  were  the  same  as  the  V- absorption 
bands  iound  In  addltively  colored  or  x-rayed  crystals. 
Dlllerenl  absorption  bands  were  produced  by  the  thin 
KCI  Itlms  wtth  excess  f2,  Br2  or  Cl2- 


HOC.  04:006 

Rochester  U.  Inst,  ol  Optics,  N.  Y. 

OPTICAL  ABSORPTION  BY  SILVER  HALIDES,  by  S. 
Tutthast.  Oct.  t956  1 3  >  p.  Incl.  dtagrs.  refs. 

(AFOSH -  TN- 56- 543)  (Itept.  no.  t5  under  AF  18(000)688 
and  rept.  no.  B  under  AF  18(600)193)  AD  lt03C2 

Unclusstfled 

Also  published  In  Phys.  ltev.,  v.  t05:  882-8':4,  Feb. 

1 957. 

The  absorption  spectra  of  AgCl,  Agllr  aisl  Agl  films 
eva|>oruted  011  quartz  plates  have  been  measured  al  room 
temperature  and  liquid  nitrogen  temperatuie.  It  lias 
been  found  that  the  "exclton  peaks,  '  which  have  been  be 
lleved  tu  depend  very  little  upon  temperature,  become 
sharper  and  shift  toward  the  shorter  wave  length  side 


-  804 


AIR  FORCE  SCIENTIFIC  RESEARCH 


ROC.  05:001  -  ROC.  05:003 


as  the  films  are  cooled  down  to  ltquld  nitrogen  tempera¬ 
ture.  Attempts  are  made  to  combine  the  present  data 
wtth  some  publtshed  data  to  gtve  absorptton  curves  for 
AgCl  and  AgBr  over  a  large  range  of  absorption  spect¬ 
rum  at  room  and  low  temperatures.  (Contractor’s  ab¬ 
stract) 


ROC.  05:001 


Rochester  U.  Inst,  of  Optics,  N.  Y. 


F-CENTER  WAVE  FUNCTtONS  IN  ALKALI  HALIDES, 
by  D.  L.  Dexter.  [  1953 J  5p.  tncl.  refs.  (Itept.  no. 
R355- 20-7)  (AF  18(600)688)  AD  42588 

Unclasstfted 

Also  published  In  Phvs.  Rev.,  v.  93:244-245,  Jan.  1, 
1954. 


The  dtscusston  constders  the  conctustons  of  Ktttel  el  ai 
that  the  natural  model  for  the  F-center  wave  function 
ts  that  corresponding  to  a  Itnear  combination  of  atomtc 
orbttals  (LCAO)  centered  on  the  6  posttlve  tons  closest 
to  the  negattve-ton  vacancy.  An  attempt  ts  made  to 
show  that  prevtous  experiments  are  consistent  wtth  the 
common  alternative  model  of  the  F-center,  based  on  a 
radtal  fteld  dtrected  at  the  negattve-ton  vacancy,  when 
the  model  ts  properly  applted.  The  LCAO  model  was 
capable  ol  explatntng  the  observed  probabtlttv  denstttes 
at  the  K  nuclet,  In  agreement  wtth  prevtous  conclusions, 
although  tn  thts  stmple  form  tt  predtcts  nothtng  about 
the  denstty  at  the  nearest  CL  tons  empirically  found 
to  be  0.  t2  x  10“  cnr3.  Wtth  the  use  of  Tibbs’  functions 
(Trans.  Faraday  Soc.,  v.  35:  1471,  1 939),  the  probabil¬ 
ity  density  of  the  F-center  electron  at  one  of  the  6  near¬ 
est  Na  nuclet  was  esttmated  to  be  0.  Ot  x  10-4  cm"3. 

The  value  for  the  density  at  one  ot  the  12  nearest  Cl 
nuclei  was  computed  and  found  to  he  0.  45  x  t034  cm"3. 
The  relatively  large  value  at  the  Cl  nuclet  ts  a  result  of 
the  larger  nuclear  charge  tn  Cl,  whtch  gtves  a  large 
amplitude  to  the  4s  like  function  at  the  Cl  nucleus.  The 
width  of  the  absorption  peak  lor  NaCl  was  measured  as 
162  oersteds,  but  wtth  the  esttmated  probability  denstttes 
was  calculated  to  be  265  oersteds.  The  next  nearest 


shell  of  Na  tons  contributed  only  1%  to  the  mean  square 
width.  There  Is  no  obvious  advantage  to  etther  type  of 
wave  function,  except  that  the  function  !(|  r  )g(r  )  ts 
Simpler,  ami  gives  a  more  accurate  description  at 
larger  r  than  does  a  l.CAO  containing  only  a  few  terms. 
(ASTIA  abstract) 


ROC.  05  002 

Rochester  U.  Inst,  of  Optics,  N  Y. 

X  RAY  COt .ORATION  OK  ALKALI  HAtJDES,  by  D.  L. 
Dexter.  Nov.  23,  1953  .8  p.  lncl.  tllus.  rets,  (tn 
Cooperation  wtth  Naval  Research  Lab. ,  Washington. 

D.  C.)  AKOSlt  TN  54  22  AK  tB(&00)G88  . 

All  42587  Unclassified 

Also  published  111  t’hys.  Rev.,  v.  93:  985  992,  Mar.  t, 
1  9  a  4 . 


Processes  of  importance  tn  the  coloratton  of  soltds  hy 
x-radtation  are  dtscussed  on  the  basts  of  Settz’s  hypo- 
thests  that  vacanctes  are  created  at  jogs  on  dislocations 
or  at  other  tmperfecttons.  The  tnteractton  between  F 
centers  and  dislocations  ts  calculated,  and  tt  ts  shown 
that  F  centers  located  wtthin  about  50A  of  edge-type 
dislocations  woutd  experience  measurable  hroadentng 
and  perhaps  shifting  of  thetr  absorptton  peaks,  tn  con¬ 
tradiction  of  experiment.  From  the  avattable  energy 
in  the  form  of  potnt  thermal  pulses,  tt  Is  shown  that 
most  vacanctes  freed  from  jogs  or  other  sources  pro¬ 
bably  make  less  than  a  thousand  atomic  jumps  durtng 
x-trradtatton  at  He  temperatures  and  hence  are  unable 
to  diffuse  more  than  about  iOoA  from  thetr  sources. 

The  tunneltng  of  F-center  electrons  to  posttlve-ho!e 
centers  ts  calculated,  and  tt  ts  conctuded  that  mnneting 
can  occur  with  high  probability  over  a  distance  of—'3oA 
by  an  electron  tn  tts  ground  state,  ~4()A  tn  tts  ftrst  ex- 
ctted  state.  Such  tunneling  ts  tmportant  tn  ltmttlng 
local  F-  and  V-center  concentrations  even  at  He 
temperature  in  the  dark.  Crystats  achtevtng  macro* 
scoptc  concentrations  of  the  order  10*®  cm-3,  tt  is 
concluded,  must  contain  very  htgh  denstties  of  vacancy 
sources  to  be  consistent  with  the  requirements  of  both 
the  large  tunneling  range  and  the  small  diffusion  dis¬ 
tance.  (Contractor’s  abstract) 


ROC.  05:003 

Rochester  D.  Inst,  of  Optics,  N.  Y. 

THEORY  OF  CONCENTRATION  QUENCHING  IN  IN¬ 
ORGANIC  PHOSPHORS,  by  D.  L.  Dexter  and  J.  H. 
Schulman.  Feh.  8,  t954  8  p.  tncl.  lllus.  refs,  (tn 

cooperatton  wtth  Naval  Research  Lab. ,  Washington, 

D.  C.)  (AFOSR-TN-54-23A)  (AF  18(600)688)  AD  42586 

Unclasstfted 

Also  published  111  Jour.  Chem.  Pliys. ,  v.  22:  t063- 
1070,  June  1954. 

A  theory  ts  presented  for  concentration  quenchtng  tn 
soltd  systems,  based  on  the  mtgratton  of  excitation  en 
crgy  from  one  acttvator  center  to  another  and  eventually 
to  an  tmpertectton  which  may  act  as  an  energy  stnk. 
Calculations  are  made  on  the  dependence  of  the  fluores¬ 
cence  yteld  on  concentration,  and  to  Indicate  typtcal 
activator  concentrations  at  whtch  appreciable  quenching 
may  he  expected  to  occur,  tt  the  transition  In  the  actl 
vator  Is  ot  the  electric  dipole  or  electric  quadrupole 
type,  appreciable  quenchtng  may  arise  when  the  actt 
vator  concentration  ts  to  3  to  10  3;  11  It  Is  a  magnetic 
dtpole  transition,  transfer  will  occur  by  exchange, 
rather  than  by  overlapping  of  magnetic  dipole  ttetds, 
and  the  critical  concentration  will  l>e  ol  the  order  ol  a 
few  oercent.  The  tmpltcattons  ol  transler  phenomena 
upon  the  observed  absence  ol  luminescence  tn  most 
"pure"  Inorganic  crystals  are  discussed,  aixl  It  Is  con¬ 
cluded  that  transler  rates  are  so  high  In  strongly  ah 
sorbing  crystats  that  the  energy  can  easily  migrate  to  a 
very  lew  stnks  dispersed  throughout  the  lattice.  (Con¬ 
tractor's  abstract) 
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ROC.  05:004 


Rochesler  U.  Inst,  of  Optics,  N.  Y. 


RECIPROCITY  LAW  FAILURE  IN  DESENSITIZED 
EMULSIONS,  by  S.  Tutihasl.  June  1954  L  22  ]  p.  lncl. 
dlagrs.  tables.  ([  AF  j OSR-TN-54- 154)  (AF  18(600)- 
688)  AD  46175  Unclassified 


Jan.  1955. 


I  Jour.  Opt.  Soc.  Amer. ,  v.  45:  f5  18, 


The  reciprocity  law  failure  of  desenstltzed  emulsions 
has  been  studied  in  the  range  of  the  moderate  and  ex¬ 
tremely  high  Intensity  exposures.  II  Is  3hown  lhal  the 
desensitized  emulsion  increases  Us  sensitivity  In  the 
high  tnlenslty  range  relative  to  the  non-desensltlzed, 
baste  emulston.  Two  of  the  three  dyes  studied  have 
shown  two  steps  of  low  intensity  reciprocity  failure:  a 
strong,  prtmary  low  tntenslty  failure  and  a  weak,  sec¬ 
ondary  failure.  Speculations  on  the  merhanlsms  of  these 
two  failures  are  given.  (Contractor’s  abstract) 


ROC.  05.005 

Rochesler  U.  Inst,  of  Optics,  N.  Y. 

ON  THE  SHAPES  OF  ABSORPTION  AND  EMISSION 
LINES  OF  IMPURITIES  IN  SOLIDS,  bv  D.  L.  Dexter. 
Aug.  1954,  5p.  (In  cooperaUon  with  Naval  Research 
Lab.  Solid  Slate  Dlv. ,  Washington,  D.  C.  )  (TAFj OSR- 
TN-54 -192)  (AF  18(600)688)  AD  46175 

Unclassified 

Also  published  In  Phys.  Rev.,  v.  96:615-616,  Nov.  f, 
1954. 

Existing  treatments  of  band  shapes  In  solids,  for  the 
simplest  Impurity  centers,  predict  Causslan  shape  func 
lions.  These  treatments  assume  for  slmpltclly  lhal  the 
electronic  matrix  element  Is  Independent  of  the  nuclear 
wave  funettons,  and  that  the  energy  width  of  the  band  Is 
negligible  compared  with  lhe  energy  of  the  intdpolnt  of 
the  band.  We  estimate  here  the  expected  magnitude  of 
the  effect  o(  correcting  these  assumptions  In  typical 
cases,  and  ilnd  lhal  the  emtsslon  or  absorptton  band  may 
deviate  from  a  Gausstan  by  lwenty  per  cent  or  more  on 
the  wings.  (Contractor’s  abstract) 


HOC.  05:006 

Rochester  U.  Inst,  of  Optics,  N.  Y. 

THE  EFFECT  OF  DfSf .OCATfONS  ON  THE  OPTICAL 
ABSORPTION  EDGE  IN  NONMETALS,  by  H.  M.  Dlakney 
anil)  1..  Dexter.  Aug.  1954  31  ;  p.  lncl.  dlagrs. 

table,  refs  ( [  AF  ,  OSlt-TN- 54- f  93)  (AF  18(600)688) 

AD  ',120  Uoclassllled 

Alsu  published  111  Defects  In  Crystalline  Solids— Report 
of  1954  Bristol  Conference,  p.  108  (20. 


i  Phys.  Rev.,  v.  96:227-228,  Ocl.  1, 


Calcutaitons  are  preser.ied  whtch  show  the  extent  lo 
which  dlslocaUons  may  be  expected  to  tnfluence  the 
fundamenlal  eleclronlc  absorpUon  speclra  of  Insulators 
and  semiconductors.  An  absorpUon  coefficient  of  lhe 
order  of  1 02/c m  may  be  expected  for  several  100  A 
lhe  long-wavelength  side  of  the  absorpUon  edge  In  a 
heavily  cold-worked  crystal  for  several  types  of  band 
structure.  This  value  ts  smaller  than  lhal  esUmated  by 
considering  only  the  magnitude  of  the  malrlx  element  for 
forbidden  iranslUons  (Rev.  Modern  Phys. ,  v.  23-328, 
195’). 


ROC.  05:007 

Rochesler  U.  Inst,  of  OpUcs,  N.  Y. 

ABSORPTION  NEAR  THE  EDGE  IN  INSULATORS,  by 
D.  L.  Dexier.  Oct.  1954  [  44  J  p.  tncl.  dtagrs.  refs. 
(Technical  note  no.  6)  ([  AFJOSR-TN-54-277)  (AF  18- 
(600)688)  AD  45028  Unclasslfted 

The  shape  of  the  absorption  coefficient  to  be  expected 
In  perfect  InsulaUng  crystals  Is  reviewed,  and  the  In¬ 
fluences  of  various  types  of  ImperfecUon  upon  the  ab¬ 
sorpUon  speclrum  are  discussed.  In  poor  crystals,  an 
absorpUon  coefficient  of  102  -  103  may  be  expecled  up 
lo  one  ev  towards  lower  energy  from  the  edge,  and  In 
lhin  films  surface-effecl  may  cause  an  apparent  value 
of  fO4  or  perhaps  even  higher.  A  few  experiments  are 
suggested  which  may  help  lo  add  lo  an  understanding  of 
absorpUon  phenomena.  (Contractor’s  abstracl) 


HOC.  05:008 

Rochester  U.  fnsi.  of  OpUcs,  N.  Y. 

TUNNELING  OF  ELECTRONS  IN  ALKALI  HALIDES 
(Abslract),  by  D.  L.  Dexter.  I  1954  j  lp.  (AF  18(600)- 
688)  Unclassified 

Presented  a:  meellng  of  lhe  Amer.  Phys.  Soc. , 
Columbia  U. ,  New  York,  Jan.  28-30,  1954. 

Published  In  Phvs.  Itev.,  v.  94:  771,  May  1,  1954. 

The  tunneling  of  electrons  Iron.  F-centers  lo  hole-cen- 
lers  Is  calculated  for  the  ground  and  excited  states,  and 
lhe  accompanying  bleaching  Is  discussed.  Tunneling 
ranges  of  30  ana  40  A  are  found,  corresponding  lo  sal- 
u  ration  concentrations  of  about  10*®  per  cm3  If  the  F- 
aixl  V-center  distributions  Interpenetrate.  The  effect 
of  an  electric  field  Is  examined,  and  applications  of  the 
theory  are  made  to  experiments  by  Maurer  and  co- 
wurkers  on  optical  aid  thermal  bleaching  In  the  pres¬ 
ence  of  a  field,  implications  are  discussed  of  tunneling 
phenomena  on  the  x  ray  coloration  of  crystals  al  low 
temperatures,  and  It  Is  concluded  thai  tunneling  repre 
sents  an  Important  back  reaction  for  limiting  local 
color-center  concentraUons.  (Contractor’s  abstract) 
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ROC.  05  009 


Rochester  U.  Inst,  of  Optics,  N.  Y. 


NOTE  ON  THE  RESISTIVITY  OF  DILUTE  ALLOYS,  by 
D.  L.  Dexter.  Dec.  1953,  3p.  (Technical  note  no.  7) 

( [  AF  ]  OSR-TN-55-5)  (AF  18(600)688)  AD  84530 

Unclasslfted 


1  Phys.  Rev.,  v.  98:  543,  Apr.  15, 


It  Is  shown  that  the  temperature-independent  component 
to  the  electrical  resistivity  of  dilute  alloys,  associated 
with  and  proportional  to  the  tmpurlty  concentration, 
should  not,  even  In  Ideal  cases,  be  expected  to  obey  an 
even  power  series  In  the  valence  difference  between  host 
and  Impurity  atom,  as  expressed  by  Linde's  Rule.  In 
the  simplest  C::ses  the  odd  terms  may  be  considered  as 
artstng  from  Interference  between  (shielded)  coulomb 
and  lattice  distortion  scattering.  (Contractor's  abstract) 


ROC.  05:010 


Rochester  U.  Inst,  of  Optics,  N.  Y. 


CRITERION  FOR  THE  OCCURRENCE  OF  LUMINES¬ 
CENCE,  by  D.  L.  Dexter,  C.  C.  Klick,  and  G.  A. 
Russell.  May  1955,  4p.  tncl.  dlagrs.  refs.  (Technical 
rept.  no.  9)  (AFOSR-TN-55-174)  (AF  18(600)688) 

AD  81839  Unclassified 


15,  1955. 


_iQ  Phys.  Rev.,  v.  100:603-605,  Oct. 


A  mechanism  Is  suggested  for  the  non- radiative  quench¬ 
ing  of  excited  states  of  simple  Impurity  centers,  namely, 
a  cross-over  io  the  ground  electronic  state  of  the  center 
Immediately  after  excitation  and  before  thermal  equili¬ 
brium  has  had  lime  lo  come  about.  II  Is  proposed  that 
this  mechanism  Is  responsible  for  the  absence  of  strong 
luminescence  In  some  Impurity  and  color  centers,  e.  g., 
lhe  F-center  In  alkali  halide  crystals.  The  quenching 
process  proposed  here  Is  applicable  only  for  certain  geo¬ 
metries  of  the  configuration  coordinate  diagram,  which 
are  discussed  with  a  view  to  a  criterion  for  strong  lu¬ 
minescence.  The  quenching  mechanism  Is  consistent 
with  known  configuration  coordinate  curves,  and  leads 
to  a  prediction  which  Is  experimentally  verified,  to  the 
effect  lhal  the  wavelength  of  emitted  radiation  Is  not 
more  than  twice  that  of  the  Ughl  absorbed  by  the  center 
The  same  mechanism  shows  lhe  possibility  of  pholocon 
ducllvity  arising  from  absorption  In  discrete  lines  even 
al  low  temperatures.  (Contractor's  abstract) 


ROC.  05:011 


Rochester  U.  Insl.  of  Optics,  N.  Y. 


ON  1  HE  ADSORPTION  OF  I.IGH1  BY  ATOMS  IN  SOLIDS, 
by  D.  1  .  Dealer.  May  1955,  28p.  Incl.  refs.  (Tech¬ 
nical  note  no.  8)  (AFOSlt  TN-55  175)  (AF  18(600)688) 
AD  70984  Unclassified 


ROC.  05:019  -  ROC.  05:013 


,  Phys.  Rev.,  v.  101:48-55,  Jan.  1, 


The  Interactions  of  a.i  atom  with  tts  neighbors  In  an 
Idealized  solid  are  taken  into  account  explicitly  in 
treating  the  absorption  of  tight,  as  contrasted  with  the 
usual  introduction  of  an  "effective"  field  and  mass.  In 
the  discussion  of  the  magnitude  of  the  absorption  co¬ 
efficient,  2  cases  are  treated:  (1)  the  absorption  by  an 
lmpurtty  atom,  in  which  case  we  are  led  to  an  equation 
similar  to  Smakula's;  and  (2)  the  absorption  by  1  of  the 
atoms  of  the  perfect  crystat.  The  computations  are 
based  on  a  simpte  ldeatlzed  model  whose  validity  Is  dis¬ 
cussed  for  existing  systems.  (Contractor’s  abstract) 


ROC.  05:012 


Rochester  U.  Inst,  of  Optics,  N.  Y. 


QUENCHING  OF  PHOTOCONDUCTIVITY  IN  CADMIUM 
SULFIDE,  by  S.  Tutihasl.  Sept.  1955  [  24  J  p.  Incl. 
dlagrs.  refs.  ( [  AF  j  OSR-TN-  55-239)  (Technical  note 
no.  10  under  AF  18(600)688  and  technical  note  no.  4 
under  AF  18(600)193)  AD  77488  Unclasslfted 


Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Pittsburgh,  Pa.,  Mar.  15-17,  1956. 


Abstract  published  In  Bull.  Amer.  Phys.  Soc.,  Series 
tt,  v.  1:  110-111,  Mar.  15,  1956. 


448,  June  1956. 


jJour.  Opt.  Soc.  Amer.,  v.  46:443 


An  Investigation  was  made  of  the  spectral  distribution 
In  CdS  crystals  and  the  temperature  dependence  on  the 
quenching  of  the  photoconductivity  In  the  crystals.  Of 
the  2  quenching  bands  which  are  resolved  at  room  tem¬ 
perature  In  pure  crystals,  the  1.4 -it  band  was  no  longer 
resolved  at  -75  ^C  and  lower,  although  some  quenching 
was  observed  at  -185”C.  In  Cu-doped  crystals,  only  1 
quenching  band  was  observed  at  1.4u  ,  and  this  com¬ 
pletely  disappeared  at  temperatures  below  -80,'C.  Re¬ 
sults  Implied  that  the  quenching  process  at  1.4,i  In 
volves  the  excitation  of  trapped  holes  and  the  thermal 
Ionization  of  excited  holes.  The  quenching  peak  at  0.  On 
remained  at  -1B5“C  In  pure  crystals,  and  the  quenching 
efficiency  was  reduced  to  some  extent.  The  addition  of 
tR  radiation  to  green  light  on  CdS  crystals  caused  an 
Initial  transient  Increase  In  photoconductivity  In  the 
crystals  followed  by  a  decay.  Data  showed  that  the 
transient  Increase  In  photoconductivity  on  the  application 
of  1R  radiation  was  caused  hy  the  temporary  Increase  of 
conduction  electrons  created  by  lit  light  which  ejects 
trapped  electrons  from  traps  Into  lhe  conduction  band. 
(Contractor’s  abstract,  modified) 


ROC.  05:013 


Rochester  U.  tnst.  of  Optics,  N.  Y. 


VCENTEltS  IN  EVAPORATED  ALKALI  HALIDE  F11A1S, 
by  K.  Teegarden.  Nov.  1955  |5|p.  inct.  diagrs. 
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ROC.  05:014  -  ROC.  05:017 


([  AF  iOSP-TN- 55-402)  (Technical  note  no.  11  under 
AF  18(600)688  and  techntcal  note  no.  5  under  AF  18(600)- 
193)  AD  79513  Unclassified 

Presented  at.  meettng  of  the  Amer.  Phys.  Soc. , 

Pittsburgh,  Pa.,  Mar.  15-17,  1956. 

Abstract  published  In  Bull.  Amer.  Phys.  Soc.,  Series 
11,  v.  1:  113,  Mar.  15,  1956. 

Also  published  in  Jour.  Chem.  Phys.,  v.  24:  161,  Jan. 
1956. 

V-cerjters  have  been  produced  In  thin  films  (300  A  to 
600  A)  of  KI  and  KBr  by  evaporattng  the  alkali  halide 
and  a  halogen  simultaneously  onto  a  quartz  substrate  held 
al  low  temperature.  The  concentration  of  these  centers 
was  of  the  order  of  lO^/cm^.  a  study  of  the  ftlms  shows 
that  the  V-bands  depend  only  on  the  alkali  haltde,  not  on 
the  halogen.  As  a  result,  KI  +  lj  has  Ihe  same  band 
structure  as  KJ  +  Br2.  This  fact  tends  to  support  the 
vacancy  models  of  the  V-centers  suggested  by  Settz  and 
others.  (Contractor’s  abstract) 


ROC.  05:014 

Rochester  U.  [lnst.  of  Optics]  N.  Y. 

ABSORPTION  CROSS  SECTION  FOR  LIGHT  IN  PER¬ 
FECT  SOLIDS  (Abstract),  byD.  L.  Dexter.  [  1955 J 
[Up.  I  AF  18(600)688  j  Unclassified 

Presented  at  meettng  of  the  Amer.  Phys.  Soc. ,  Mexico 
Ctty  (Mexico),  Aug.  29-31,  1955. 

Published  In  Phvs.  Rev.,  V.  100:964,  Nov.  1,  1955. 

The  Interactions  of  an  atom  wtth  tts  netghbors  In  an 
tdealtzed  solid  are  taken  tnlo  account  expllctty  In  treating 
the  absorptton  of  Itght,  as  contrasted  with  the  usual  In¬ 
troduction  of  an  "effective"  fteld  and  mass.  It  will  be 
shown  that  In  simple  cases  the  total  cross  section  of  an 
atom  In  a  given  absorption  Itne  j  Is  uninfluenced  by  the 
dipole  coupltng  wtth  the  same  transttton  tn  neighboring 
atoms  of  denstty  n,  although  the  transltton  probability 
per  atom  Is  Increased  by  the  factor 

[  1  *  Un/3)2e2<rj>2/ej|2 

Thus  the  "effective  ftelds"  for  potartzatlon,  for  absorp¬ 
tion  cross  sectton,  and  for  transition  probability  are  all 
dlflerent.  A.ddtttonal  correction  terms  artse  from  tran¬ 
sitions  I  +  j  In  the  neighbors,  from  exchange  and  over¬ 
lap  effects,  and  from  higher  multipole  effects.  These 
additional  effects  are  In  general  tmportant. 


I'CC.  05:015 

Rochester  U.  Inst,  of  Optics,  N.  Y. 

SCATTERING  OF  ELECTRONS  FROM  CLUSTERED 
VACANCIES  IN  COPPER,  by  D.  L.  Dexter.  Jan.  1956 
19  p.  lncl.  table,  refs.  (Technical  note  no.  12) 

(  Al  OSH-TN- 56  12)  ,A1  18(600)088)  AD  82242 

Unclassified 


Also  published  tn  Phvs.  Rev.,  v.  103:  107-110,  July  1, 
1956. 

The  excess  reststivtty,  p,  and  reslstlvily  /untt  stored 
energy,  q,  associated  with  dislocations,  vacanctes,  and 
interslltlals  are  briefly  revtewed,  and  the  same  quan¬ 
tities  are  calculated  for  clustered  vacancies.  For 
clusters  of  more  than  100  vacancies,  which  seein  to 
exist  at  room  temperature  In  cold-worked  or  bombarded 
Cu,  q  Is  larger  by  factors  of  about  3,  8,  and  several 
hundred  than  the  corresponding  ratios  for  vacancies, 
interstitials,  and  dislocations.  (Contractor's  abstract) 


ROC.  05:016 

Rochester  U.  Inst,  of  Optics,  N.  Y. 

BITTER  MAGNETS  IN  GRAPHITE  SINGLE  CRYSTALS, 
by  N.  N.  Axelrod.  Apr.  1956  [  1 1  j  p.  tncl.  dtagrs. 
(Technical  nole  no.  13)  (AFOSR-TN-56-180)  (AF  18- 
(600)688)  AD  87053  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Pittsburgh,  Pa.,  Mar.  15-17,  1956. 

Abstract  published  tn  Bull.  Amer.  Phys.  Soc.,  Series 
II,  v.  1:  119,  Mar.  15,  1956. 

A  discussion  Is  presented  on  the  presence  of  screw  dis¬ 
locations,  In  single  graphite  crystals,  wtlh  their  axes 
along  the  dtrectlon  of  high  reslstlvtty.  This  antsotropy 
provides  low  reslstlvily  paths  in  the  c  dlrectton  of  these 
crystals.  The  magnetic  fteld  arising  from  a  helical 
current  flow  was  calculated  by  making  use  of  a  theorem 
hy  O.  Bottema  (Physlca  v.  8:  703,  1941)  for  the  radtal 
and  vertical  components  of  the  magnettc  field  associated 
wtth  currents  In  Unite  solenotds.  A  suggestion  was 
made  that  It  may  be  feastble  to  detect  the  magnetic  fteld 
by  using  suspensions  of  ferromagnettc  powders. 

ROC.  05:017 

Rochester  U.  Inst,  of  Optics,  N.  Y. 

SOLID  STATE  LUMINESCENCE  THEORY  AND  OSCIL¬ 
LATOR  STRENGTHS  IN  KC1:T1,  by  R.  S.  Knox  and  D. 

L.  Dexter.  June  1956  { 32 }p.  lncl.  riiagrs.  tables, 
refs.  (Technical  note  no.  14)  (AFOSR-TN-56-405) 

(AF  18(600)688)  AD  96213  Unclassified 

Also  published  In  Phvs.  Rev  .  v.  104:  1245-1262. 

Dec.  1,  1956. 

The  existing  quantttattve  treatment  by  Wliltams  (Jour. 
Chem.  Phys.  v.  19:  457,  1951)  of  the  Seitz  model  (Jour. 
Chem.  Phys.,  v.  6:  150,  1938)  for  the  KC1:T1  lumines¬ 
cent  system  has  been  extended  to  Include  a  predtctton  of 
the  osctllator  strengths  of  the  1960A  and  2475A  absorp¬ 
tion  lines.  1  nese  f  values  are  simply  related  to  those 
of  the  associated  free -ton  transitions.  In  the  course  of 
the  computations,  it  Is  found  that  the  best  available  Tl’ 
wave  functtons  are  inaccurate  for  the  free  ion  and  are 
therefore  not  of  great  value  for  the  KC1:T1  center.  Free- 
lon  osctllator  strengths  are  (a)  computed  with  these 
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lunctlons,  and  are  (b)  estimated  by  analysis  of  experi¬ 
mental  spectra.  The  results  of  both  methods,  when 
modified  for  KC1:T1,  are  In  poor  agreement  with  experi¬ 
mental  f  values  In  the  solid.  A  review  and  critique  are 
given  for  the  present  Williams  dynamical  treatment  of 
ihe  Seltz-Wllltams  model.  It  Is  conc'uded  that  a  sen¬ 
sitive  test  for  the  model  would  be  Its  successful  pre¬ 
diction  of  the  ratio  of  these  (1960  and  24VbA)  oscillator 
strengths  In  KC1:TI.  The  observed  values  are  from  3  to 
5  times  as  large  as  the  predicted  value.  It:  Is  decided 
that  the  KC1:T1  problem  Is  not  as  well  understood  as  It 
has  been  believed,  since  the  existing  quantitative  theory, 
(a)  Is  subject  to  considerable  arbitrariness.'  In  the  con¬ 
struction  of  excited-state  configurational  coordinate 
curves,  (b)  appears  to  be  In  fortuitous  agreement  with 
experiment  Insofar  as  Its  quantitative  predictions  de¬ 
pend  on  TDwave  functions,  and  (c)  does  not,  In  this 
sample  extension,  predict  the  ohserved  ratio  of  oscil¬ 
lator  strengths  corresponding  to  the  electronic  transi¬ 
tions  assumed  responsible  for  the  behavior  of  the  center. 
(Contractor's  abstract) 


ROC.  05:018 

Rochester  U.  Inst,  of  Optics,  N.  Y. 

OSCILLATOR  STRENGTHS  IN  THE  KCLT1  PHOSPHOR, 
(Abstiact),  by  R.  S.  Knox  and  D.  L.  Dexter,  [  1956: 
lp.  (Ac  18(600)688)  Unclassified 

Presented  at  mtetlng  of  the  Amer.  Phys.  Soc.,  Pitts¬ 
burgh,  Pa.,  Mar.  15-17,  1956. 

Published  In  Dull.  Amer.  Phys.  Soc.,  Series II,  v.  1: 

112,  Mar.  15,  1956. 

Wave  functions  calculated  by  Hartree  without  exchange 
are  used  to  compute  energy  levels  and  oscillator 
strengths  In  the  1'3Pi  -  JSo  transitions  In  free  TP  . 

Ihe  results  will  be  compared  with  measured  t  values  in 
the  lso-electronlc  Hg  atom  and  those  of  the  corresponding 
transitions  In  the  KCLTI  luminescent  center.  In  our 
perturbation  approximation  the  ratio  g  ol  UforUJJei.)  to 
f(allowed)  Is  Independent  of  the  dipole  matrix  element 
and  Is  simply  related  to  the  spln-orbtt  matrix  element 
Hj.  Values  of  H[  and  f  In  Hg  Indicate  that  for  the  free 
Ion  the  wave  functions  are  too  diffuse,  1.  e. ,  too  small 
at  small  distances  and  too  large  at  distances  of  tmpor 
tance  In  luminescence  theory  (~3a0).  Implications  of 
the  lack  of  agreement  between  calculated  and  observed 
values  of  f  and  g  will  be  discussed  with  a  view  to  assess 
leg  the  validity  of  the  usual  model  for  the  KCLTI  center. 
(Contractor's  abslractj 


ROC.  05:019 

Rochester  U.  Inst,  of  Optics  N.  Y. 

RESISTIVITY  FROM  CLUSTERED  VACANCIES  IN 
COPPER  (Abstract),  by  D.  L.  Dexter.  1956  1  p. 

Ar  18(600)688  Unclassified 


ROC.  05:018  -  ROM.  01:002 


Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Pittsburgh,  Pa.,  Mar.  15-17,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  II,  v.  1: 
114,  Mar.  15,  1956. 

The  excess  resistivity  and  stored  energy  associated 
with  clusters  of  vacancies,  1.  e. ,  cavities,  are  calcu¬ 
lated  for  copper  on  the  basis  of  a  simple  model;  the 
cavPles  are  assumed  spherical  and  shielding  effects 
are  neglected  so  that  the  results  are  valid  only  for 
clusters  of  more  than  103  vacancies.  The  evidence  for 
the  existence  of  cavities,  the  results  of  the  present  cal¬ 
culations,  and  comparison  with  other  scattering  entitles 
will  be  presented,  and  the  Implications  discussed.  It 
appears  probable  that,  In  copper  heavily  cold  worked 
at  nitrogen  temperatures,  a  large  fraction,  of  the  order 
one-half,  of  the  energy  expended  Is  stored  In  the  form 
of  vacancies,  many  of  which  cluster  Into  cavities  upon 
warming  to  room  temperature.  Vacancies  formed  by 
radiation  damage  seem  to  behave  similarly.  (Con¬ 
tractor's  abstract) 


ROM.  01 :001 

Rome  U.  School  of  Aeronautical  Engineering  (Italy). 

BALANCE  METHOD  IN  ENGINEERING  SCIENCE,  by 
L.  Brogllo.  July  1954,  246p.  lncl.  dlagrs.  tables. 
(Technical  rept.  SIARgraph  no.  1)  (AF  61(514)422) 

AD  93261  Unclassified 

An  explanation  Is  presented  of  the  basic  Ideas  governing 
the  Balance  Method  (B.  M. ),  as  applied  to  the  problems 
of  applied  mechanics,  with  particular  emphasis  being 
placed  on  structural  problems.  The  report  Is  divided 
Into  4  parts.  In  Part  I,  the  B.M.  Is  presented  In  a 
general  form.  Part  II  contains  detailed  practical  appli¬ 
cations  of  the  B.  M.  to  some  typical  structures.  Part 
Ill  JivltjpS  fultbel  the  wOtV  of  1  ait  11,  givllig  aoTlit 
numerical  examples  for  the  structures  already  con¬ 
sidered.  Part  IV  compares  the  B.  M.  with  other  meth¬ 
od*  of  «ot«uw,  (Contractor's  abstract,  mod tfWd) 


ROM.  01:002 

Rome  U.  School  of  Aeronautical  Engineering  (Italy). 

BALANCE  METHOD  IN  ADVANCED  AERONAUTICAL 
STRUCTURES  ANALYSIS,  by  L.  Brogllo.  Feb.  1955, 
I09p.  lncl.  dlagrs.  tables.  (Technical  rept.  SIARgraph 
no.  2)  (AF  61(514)422)  AD  93762  Unclassified 

In  this  5-part  report,  the  Balance  Method  (B.  M. )  Is 
applied  to  advanced  problems  concerning  aeronautical 
structures.  Part  1  contains  general  Information  on 
shell  structures.  Part  11  applies  the  B.M  to  the  4 
stringer  shell  for  the  most  general  condition  of  struc 
tare  aixl  ol  loading.  In  Part  III,  the  B.  M.  Is  applied  to 
the  rectangular  shell  with  4  main  stringers,  the  top  ami 
bottom  panels  being  reinforced  by  n  secondary 
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stringers  having  2  axes  of  symmetry.  Doth  the  cases 
of  symmetric  (bending)  and  antisymmetric  (torsion) 
load  distribution  are  treated.  Part  IV  Is  devoted  to  the 
D.  M.  analysis  of  the  rectangular  unsymmetric  shell, 
with  the  only  top-panel  being  reinforced  by  n  secondary 
stringers.  Finally,  Part  V  contains  some  examples  of 
application  of  the  solutions  of  Part  n  and  in  to  numeri¬ 
cal  cases.  Tables  and  graphs  are  Included.  (Con¬ 
tractor's  abstract,  modified) 


ROM.  01:003 

Rome  U.  School  of  Aeronautical  Engineering  (Italy). 

STATIC  ANALYSIS  OF  SWEPT  WING  BY  THE 
BALANCE  METHOD,  by  L.  Brogllo.  Nov.  1955,  88p. 
lncl.  lllus.  (Technical  rept.  no.  3;  SIARgraph  no.  4) 
(AF  61(514)422)  AD  113286  Unclassified 

In  this  paper  some  results  are  presented  on  the  prob¬ 
lem  of  constant  ?nd  variable  cross-section  swept-wlngs, 
reinforced  by  many  stringers,  with  elastic  ribs  and 
with  covering  sheets  working  also  In  tension  or  com¬ 
pression.  In  Part  1  the  fundamental  relationships  are 
deduced,  thai  lead  to  the  mathematical  statement  of  the 
problem.  In  Part  H  the  solution  of  the  problem  Is  ob¬ 
tained  by  the  application  of  the  Balance  Method.  In 
Part  HI  the  solution,  given  in  the  foregoing  Part  n,  Is 
applied  to  some  particular  load  conditions  for  the  con¬ 
stant  cross-section  swept-wlng,  and  the  general  solution 
is  also  given  for  the  variable  cross-section  swept-wing. 
In  Pari  IV  some  numerical  results  are  given  in  order  to 
complete  the  theoretical  results.  (Contractor’s  ab¬ 
stract) 


ROM.  01:004 

Home  U.  School  of  Aeronautical  Engineering  (Italy). 

T1IE  BALANCE  METHOD  APPLIED  TO  SWEPT  - 
WING  STRESS  ANALYSIS,  by  L.  Brogllo.  [  1956  [8  p. 

lncl.  diagrs.  table.  (AF  61(314)433;  continued  by 
AF  61(514)888)  Unclassified 

Presented  at  Structures  Session,  Twenty- third  annual 
meeting,  Inst.  Aeronaut.  Sciences,  New  York,  Jan  24- 
27,  1955. 

Published  ill  Jour  Aeronaut.  Sciences,  v.  24:363-370, 
May  1957 

Preliminary  results  are  presented  of  an  investigation 
dealing  with  the  stress  analysis  of  the  varlahle  cross- 
section  swept  wing,  reinforced  by  many  stringers, 
having  elastic  ribs,  and  with  cover  sheets  carrying  also 
tension  or  compression  Attention  was  focused  on  prob¬ 
lems  such  as  the  stress  concentration  In  the  rear  spar 
and  the  bending  torsion  interaction.  This  permitted  a 
reduction  in  tlie  numbers  of  parameters  which  are  as 
Burned  to  define  satisfactorily  (he  motion  of  the  various 
points  belonging  to  the  same  wing  section.  (Con 
tractor's  abstract,  modified) 


ROM.  02:001 

Rome  U.  School  of  Aeronautical  Engineering  (Italy). 

A  METHOD  FOR  SOLVING  DYNAMIC  PROBLEMS  OF 
MODERN  TRANSONIC  AND  SUPERSONIC  WINGS,  by 
L.  Brogllo.  [  1956]  [  25  ]  p.  lncl.  diagrs.  (NATO 
AGARDograph  rept.  no.  38)  [  AF  61(514)888;  continua¬ 
tion  of  AF  61(514)422  ]  Unclassified 

Presented  at  Third  meeting  of  the  Structures  and 
Materials  Panel,  Washington,  D.  C. ,  Apr.  10-17, 

1956. 

A  method  is  presented  for  the  general  solution  of  dy¬ 
namic  problems  of  delta,  swept  or  crescent  wings,  or 
those  of  a  more  general  type.  The  first  part  gives  a 
method  for  the  determination  of  frequencies  and  modes 
of  vibration,  with  the  influence  coefficients  and  mass 
distribution  assumed  known.  In  the  second  part  the 
calculation  of  the  influence  functions  is  discussed  and, 
in  the  third,  the  methods  of  the  previous  two  parts  are 
applied  to  determine  the  Influence  functions  in  specific 
simplified  cases.  (Contractor’s  abstract) 

ROM.  03:001 

Home  U.  School  of  Aeronautical  Engineering  (Italy). 

METHOD  OF  INTEGRATION  FOR  SUPERSONIC  FLOW 
BEHIND  AN  ATTACHED  SHOCK- WAVE,  by  L.  Brogllo. 
Mar.  1965,  114p.  lncl.  diagrs.  tables.  (Technical 
rept.  no.  1;  SIARgraph  no.  3)  [  AFOSR-TN-55-450  ] 
(AF  61(514)431)  AD  80172  Unclassified 

The  fluid  field  behind  a  shock  wave  attached  to  the 
sharp  nose  of  a  body  of  whatsoever  form  is  analyzed. 
The  solution  is  expanded  Into  a  series  of  powers  rn  of 
the  distance  r  from  the  apex:  every  term  of  the  series 
is  shown  to  be  independent  of  the  successive  ones,  and 
the  solution  results  from  the  superposition,  to  a  non¬ 
linear  field  (field  around  a  cone),  of  successive  linear 
fields  (Part  I).  In  particular,  attention  Is  devoted  to  a 
body  Utile  different  from  one  of  revolution,  and  the  pro¬ 
cedure  is  shown  in  this  case  to  reduce  to  the  step-by- 
step  integration  of  a  certain  number  of  ordinary  dif¬ 
ferential  equations  of  the  2nd  order  (Part  II).  In  Part 
HI,  the  rules  and  the  explicit  formulas  are  given  for  the 
step-by-step  integration  of  the  equations  that  result 
from  the  analysts  of  Parts  1  and  II.  Finally,  in  Part 
IV,  numerical  examples  are  developed.  Tables  and 
graphs  are  Included,  (Contractor’s  abstract,  modified) 

Kosemount  Aeronautical  Labs.  ,  Minneapolis,  Minn, 
tee  Minnesota  U.  Rosemount  Aeronautical  Labs. , 
Minneapolis,  Minn. 

ROS.  0i:C01 

Ross,  Chandler  C. ,  West  Covina,  Calif. 

A  NOMOGRAPH  ON  THE  PROBLEM  OF  COMBUSTION 
INST  ABILITY  IN  LIQUID- PROPELLANT  ROCKET 
MOTORS,  by  C.  C.  Ross  and  P.  P.  Datner.  Final 
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rept.  June  4-Dec.  31,  1953,  66p.  tncl.  lllus.  dlagrs. 
tables,  refs.  ([AF]OSR-TR  54-2)  (AF  18(600)799) 

Unclassified 

Published  In  part  In  Selected  Combustion  Problems, 
Cambridge  U.  (England)  (Dec.  7-11,  1953),  London, 
Butterworths  Scientific  Publications,  1954,  p.  352-402. 

Three  different  types  of  combustion  instability  In  liquid  - 
propellant  rocket  engines  -  the  low-frequency  "chug¬ 
ging,"  the  high-frequency  "screaming,"  and  the  low- 
frequency  "divergent"  type  -  are  briefly  described. 

The  pertinent  information  available  In  the  literature  Is 
reviewed,  and  the  problems  encountered  in  securing 
reliable  experimental  data  on  the  phenomena,  using 
conventional  instrumentation,  are  discussed.  A  discus¬ 
sion  of  low-frequency  Instability,  resulting  from  the 
Interaction  of  propellant  feed  system  oscillations  and 
combustion  gas  vibrations,  Is  given,  based  on  available 
test  results.  Some  data  on  high-frequency  combustion 
oscillations  are  presented,  Indicating  that  the  vibrations 
of  the  combustion  gases  correspond  to  the  propagation 
of  finite  pressure  disturbances  in  the  combustion 
chamber,  which  appear  to  originate  In  the  combustion 
zone.  The  modes  of  combustion  gas  oscillations  of 
both  high  and  low  frequencies  are  described  as  similar 
to  those  of  acoustic  oscillations  taking  place  In  cavity 
resonators,  and  as  maintained  by  the  Interaction  between 
the  rates  at  which  propellants  are  consumed  and  fluctua¬ 
tions  In  combustion  chamber  pressure,  resulting  in 
strong  reactive  shock  waves.  It  is  noted  that  combustion 
oscillations  may  be  excited  by  disturbances  of  the  ran¬ 
dom  noise  type,  Inherent  in  the  combustion,  or  by  a 
shock  such  as  a  "hard  start. "  It  Is  pointed  out  that  all 
published  theories  on  the  phenomena  agree  on  two 
principles.  (1)  The  oscillations  of  combustion  gases 
are  maintained  by  periodic  variations  In  the  propellant 
consumption  rate,  resulting  In  a  periodicity  In  the  rate 
of  heat  release.  All  theories  are  based  on  Rayleigh's 
principle  that  vibration  In  a  confined  mass  of  gas  can  be 
maintained  by  periodic  heat  release  If  variations  In  heat 
release  and  In  pressure  oscillations  are  In  phase,  but 
that  the  oscillations  will  be  impeded  If  the  fluctuations 
in  heat  release  and  pressure  are  out  of  phase.  (2)  The 
significance  of  the  combustion  time  lag  with  respect  to 
comhustion  Instability  Is  generally  recognized,  and  the 
rocket  engines  under  discussion  are  considered  to  be 
dynamic  systems  with  delay  reactton  because  of  this 
inherent  time  lag.  It  is  shown  that  the  Nyquist  criterion 
of  stability  could  be  applied  successfully  for  predicting 
the  dynamic  behavior  of  rocket  systems  if  sufficient 
data  were  available  concerning  the  physical  and  chemical 
kinetics  of  the  conversion  of  propellants  into  burned 
gases  In  the  combustion  chamber  (Contractor's 
summary) 

KOS.  01002 

[  ltoss,  Chandler  C. ,  West  Covina,  Calif. 

COMBUSTION  PROBLEMS  IN  LIQUID  FUEL  ROCKET 
ENGINES,  by  S.  S.  Penner  and  P.  P.  Datner  1955 
I  19  Jp.  lncl.  dlagrs.  table,  refs.  (AF  18(18(700)799) 

Unclassified 
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Published  In  Fifth  Symposium  (International)  on  Com¬ 
bustion,  Pittsburh  U. ,  Pa.  (Aug.  30- Sept.  3,  1954), 

N.  Y.,  Reinhold ,  1955,  p.  11-29. 

Brief  discussions  of  theoretical  estimates  for  motor 
performance  based  on  thermodynamics,  the  relation 
between  nozzle  flow  characteristics  and  performance, 
and  general  rocket  engines  Introduce  a  review  of 
fundamental  studies  Investigating  the  burning  character¬ 
istics  of  simple  heterogeneous  systems.  Engineering 
problems  In  rocket  engine  combustion  are  then  re¬ 
viewed.  The  consideration  of  basic  work  on  hetero¬ 
geneous  combustion  discusses  the  burning  of  single 
droplets,  of  fuel  sprays  and  of  monopropellants  In 
tubes,  carbon  formation,  and  laboratory  measurements 
of  Ignition  delay.  The  review  of  engineering  problems 
treats  the  following:  design  difficulties  associated  with 
Ignition  failure,  shutdown  and  flame- out  problems  re¬ 
garding  peak  pressures  during  transient  operation, 
combustion  chamber  volume  requirements  and  their 
relation  to  possible  rate-controlling  reaction  steps, 
combustion  oscillations,  as  well  as  motor  scaling  and 
similarity  analysis. 

ROY.  01: 001 

[Royal  Inst,  of  Tech.,  Stockholm  (Sweden).] 

ON  THE  INFLUENCE  OF  THE  GEOMETRY  OF 
SLENDER  BODIES  OF  REVOLUTION  AND  DELTA 
WINGS  ON  THEIR  DRAG  AND  PRESSURE  DISTRIBU¬ 
TION  AT  TRANSONIC  SPEEDS,  by  F.  Keune  and  K. 
08watitsch.  1955,  34p.  lncl.  dlagrs.  tables,  refs. 
(Technical  rept. )  ( [  AF  ]OSR-TN-55- 364)  (AF  61(514)- 
811)  AD  80178  Unclassified 

A  theory  of  the  transition  from  subsonic  to  supersonic 
flov.  was  applied  to  an  entire  body  of  revolution  of  finite 
length,  and  the  lower  and  upper  critical  Mach  numbers 
were  calculated.  These  results  were  compared  with 
supersonic  values.  The  drag  of  the  afterbody  (behind 
the  maximum  thickness)  at  M  =  1  is  shown  to  be 
practically  equal  to  the  whole  supersonic  drag  of  this 
part.  Even  the  linear  supersonic  theory  holds  for  all 
supersonic  Mach  numbers.  The  small  subsonic  region 
on  the  tip  at  the  upper  critical  Mach  number  has  no 
appreciable  Influence. 


RUT.  01:001 

Rutgers  U.  [Dept,  of  Mathematics  ]  New  Brunswick, 

N.  J. 

LOCALIZATION  ON  SPHERES,  by  V.  L.  Shapiro. 

July  2,  1956,  15p.  (AFOSR-TN  56-311)  (AF  16(600)- 
1595)  AD  94846  Unclassified 

Also  published  In  Trans.  Amor,  Math.  Soc. ,  v.  86' 
212-219,  Sept.  1957. 

The  main  result  is  given  by  the  following  theorem: 

Let  S  11  Yn(x)  u  series  of  surface  tpherical 
n  I 


•  •••••• 


811 


AIR  FORCE  SCIENTIFIC  RESEARCH 


RUT.  01:002  -  RUT.  03:001 


harmonics  with  Y  (x)  =  0(nP),  p  >  0,  uniformly  for  x 
on  Q.  Let  F  be  tne  Riemann  function  associated  with 
S.  Then  If  F  Is  of  class  C2w  on  a  domain  D  contained 
on  O,  S  Is  uniformly  (C,  a)  summable,  a  >  p  +  2w,  to 
AWF  In  every  closed  domain  contained  in  D.  Before 
proving  the  main  result,  3  lemmas  dealing  with  trigo¬ 
nometric  series,  and  3  lemmas  dealing  with  surface 
spherical  harmonics  are  proved.  The  main  theorem  is 
proved  by  the  Heine-Borel  theorem,  showing  that  If 
DfXjphi)  Is  contained  In  D,  then  S  is  uniformly  (C,  a) 
summable  AWF  for  x  In  DfXg,  hj).  The  operator  Aw  is 
defined  by  Aw  =  A(AW"'),  where  A  Is  the  Laplace 
operator  on  O,  the  unit  (k-l)-dlmensional  sphere  In 
Euclidean  k- space. 


RUT.  01:002 

Rutgers  U.  [Dept,  of  Mathematics  ]  New  Brunswick,  N.  J. 


THE  UNIQUENESS  OF  DOUBLE  TRIGONOMETRIC 
SERIES  UNDER  CIRCULAR  CONVERGENCE,  by  V.  L. 
Shapiro.  Sept.  20,  1956,  4p.  (AFOSR-TN- 56-453) 
(AF  18(600)1595)  AD  96799  Unclassified 


Also  published  In  Phys.  Rev.,  v.  94:  630-638,  May  1, 
1954. 

Nuclear  resonance  techniques  Involving  free  precession 
are  examined,  and,  in  particular,  a  convenient  varia¬ 
tion  of  Hahn’s  spin-echo  method  is  described.  This 
variation  employs  a  combination  of  pulses  of  different 
Intensity  or  duration  ("90-degree”  and  ”  180-degree” 
pulses).  Measurements  of  the  transverse  relaxation 
time  T,  In  fluids  are  often  severely  compromised  by 
molecular  diffusion.  Hahn’s  analysis  of  the  effect  of 
diffusion  is  reformulated  and  extended,  and  a  new 
scheme  for  measuring  T,,  Is  described  which,  as  pre¬ 
dicted  by  the  extended  theory,  largely  circumvents  the 
diffusion  effect.  On  the  other  hand,  the  free  precession 
technique,  applied  In  a  different  way,  permits  a  direct 
measurement  of  the  molecular  self- diffusion  constant 
in  suitable  fluids.  A  measurement  of  the  self-diffusion 
constant  of  water  at  25°C  Is  described  which  yields 
D  =  2.  5  (t0.  3)  x  10'5  cm2/sec,  In  good  agreement 
with  previous  determinations.  An  analysis  of  the 
effect  of  convention  on  free  precession  Is  also  given. 

A  null  method  for  measuring  the  longitudinal  relaxation 
Ume  Tj,  based  on  the  unequal-pulse  technique,  Is 
described.  (Contractor’s  abstract) 


Also  published  In  Proc.  Nat'l.  Acad.  Sciences,  v.  42: 
885-887,  Nov.  1956. 

With  M  =  (m,  n),  X  =  (x,  y),  MX  =  mx  +  ny  and 
I  X  |  =  (x2  +  y2)'1,  with  m  and  n  integers,  the  following 
theorem  is  proved:  Let 


where  aj^  =  0(1)  as  |M|  =*■  o  .  If  Sj^X)  =*  0  as  It  =* 

for  all  X,  then  a^j  0  for  all  M.  For  the  proof,  the 
set  Z  of  discontinuity  points  of  F(X)  on  the  plane  Is 
shown  to  fill  the  sufficient  condition  If  Z  is  the  empty 
set. 

RUT.  02:001 

Rutgers  U.  Dept,  of  Physics,  New  Brunswick,  N.  J. 

EFFECTS  OF  DIFFUSION  ON  FREE  PRECESSION  IN 
NUCLEAR  RESONANCE  EXPERIMENTS,  by  H.  Y. 

Carr  and  E.  M.  Purcell.  Jan.  19,  1954  [9'p.  lncl. 
illus.  diagrs.  (in  cooperation  witn  Harvard  U  Lyman 
Lab.  of  Physics,  Cambridge,  Mass.)  (fn  Its  Annual 
Research  Report,  no.  8,  Sept.  1,  1954;  AD  48577) 

[  AFOSR-TN-54-27  (Sponsored  jointly  by  Office  of 
Naval  Research,  Atomic  Energy  Commission,  The 
Radio  Carp,  of  America,  Rutgers  U.  Research  Council, 
and  '  Air  Force  Office  of  Scientific  Research  under 
AF  18(600)975)  AD  48577(e)  Unclassified 
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Rutgers  U.  [Dept,  of  Physics]  New  Brunswick,  N.  J. 

BLOCH  EQUATIONS  WITH  DIFFUSION  TERMS,  by 
H.  C.  Torrey.  May  8,  1956,  7p.  (AFOSR-TN-56- 
182)  (AF  18(603)6)  AD  87055  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
Haven,  Conn.,  June  21-12,  1956. 

Abstract  published  in  Bull.  Amer.  Phys.  Soc. ,  Series 
n,  v.  1:  282,  June  21,  1956. 

A1»0  published  In  Phys.  Rev.,  V.  104:  563-565,  Nov.  1, 


The  phenomenological  Bloch  equations  In  nuclear 
magnetic  resonance  are  generalized  by  the  addition  of 
terms  due  to  the  transfer  of  magnetization  by  diffusion. 
The  revised  equations  describe  phenomena  under  con¬ 
ditions  of  inhomogeneity  In  magnetic  field,  relaxation 
rates  or  initial  magnetization.  As  an  example,  the 
equations  are  solved  In  the  case  of  the  free  precession 
of  magnetic  moment  in  the  presence  of  an  Inhomogene¬ 
ous  magnetic  field  following  the  application  of  a  90J 
pulse  with  subsequent  applications  of  a  succession  of 
1 80 -  pulses.  The  spin- echo  amplitudes  agree  with 
the  results  of  Carr  and  Purcell  (Phys.  Rev. ,  v.  94: 

6  30,  1954)  from  a  random  walk  theory.  (Contractor’s 
abstract) 
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St.  Louis  U.  [Dept,  of  Physical  Mo. 

REDUCTION  OF  RELATIVISTIC  TWO-PARTICLE 
WAVE  EQUATIONS  TO  APPROXIMATE  FORMS.  II, 
by  Z.  V.  Chraplyvy.  Sept.  18,  1953,  18p.  incl.  diagrs. 
(Technical  rept.  no  1)  (AF  18(600)789)  AD  18908 

Unclassified 

Also  published  in  Phys.  Rev.,  v  92:  1310-1315,  Dec. 

1,  1953. 

A  method  of  reducing  2-particle  relativistic  wave  equa¬ 
tions  is  presented  which  is  free  of  the  mass  restriction 
mim2-  In  a  discussion  of  the  matrices  involved,  the 
postulate  of  an  even-even  transformed  Hamiltonian  is 
dropped,  and  the  less  stringent  requirement  of  a  uU- 
separating  or  an  lL-separating  H-pr  leads  to  a  whole 
class  of  usable  transformation  is  calculated  in  detail. 
Different  transformations  give  different  expressions 
for  Hxr,  but  they  coincide  after  the  Dirac  matrices  jt* 
and  ?  ^  are  replaced  by  1  or  -1.  Consequently,  the  re¬ 
duced  wave  equation  is  the  same  in  all  cases.  (ASTIA 
abstract) 


STL.  01 :002 

St.  Louis  U.  [Dept,  of  Physics]  Mo. 

REDUCTION  OF  RELATIVISTIC  TWO-PARTICLE 
WAVE  EQUATIONS  TO  APPROXIMATE  FORM,  by  Z. 

[V.  ]  Chraplyvy  and  F.  [N.  ]  Glover.  Aug.  16,  1954, 

85p.  incl.  diagrs.  refs.  (Technical  rept.  no.  2) 

(A  F  18(600)789)  AD  57906  Unclassified 

In  a  system  of  2  particles  (even  without  an  external 
field),  the  field  by  which  they  interact  with  each  other 
plays  an  essential  role;  however,  it  is  convenient  to 
have  at  least  an  approximate  description  of  this  inter¬ 
action  in  terms  of  quantities  referring  to  the  particles 
rather  than  to  the  field  itself.  A  2-particle  equation 
(approximately  relativistic),  yielding  such  a  descrip¬ 
tion,  has  been  established  by  Breit  (Phys.  Rev.,  v.  34: 
553,  1929;  Ibid. ,  v.  36:  383,  1930;  Ibid. ,  v.  39:  616, 
1932).  More  recently  Salpcter  and  Dethe  gave  a  2- 
particle  equation  based  on  the  Feynman  formalism  of 
quantum  electrodynamics.  Anv  '  these  2-particle 
equations  has  16  components  which  may  be  reduced  to 
a  simplified  form  consisting  of  only  4  components.  The 
development  oi  reduction  method,  analogous  to  that  of 
Foldy  and  Wouthuysen  (F-W)  is  the  aim  of  this  study, 
investigation  indicated  that  this  would  entail  more  than 
just  a  formal  generalization  of  the  1-particle  method  of 
(F-W).  There  is  found  to  exist  a  whole  class  of  appli¬ 
cable  transformations,  which,  however,  when  followed 
by  an  adequate  cut  in  the  equations,  furnish  the  same 
final  form  of  the  reduced  equation.  The  search  for  such 
transformations  must  be  based  on  a  study  of  the  prop¬ 
erties  of  16-  by  16-matrices  which  is  given  in  Chapter 
l.  In  Cliapter  n,  a  summary  of  the  F-W  method  is 
presented  in  order  to  secure  suitable  starting  points 
lor  the  extensions  and  generalizations  developed  in 
Chapter  III,  "Transformation  of  a  2-Particle  Equation." 
and  in  Chapter  IV,  "Reduction  of  the  2-Particle  Case.  " 


STL.  01:001  -  STL.  01:005 

In  the  remaining  chapters  of  this  study,  the  method  is 
applied  to  the  Breit  equation,  to  the  Salpeter-Bethe 
equation,  and  to  an  amplified  Breit  equation. 


STL.  01:003 

St.  Louis  U.  [Dept,  of  Physics]  Mo. 

REDUCTION  OF  RELATIVISTIC  TWO-PARTICLE 
WAVE  EQUATIONS  TO  APPROXIMATE  FORMS,  by 
Z.  [V.  ]  Chraplyvy  and  F.  [N.  ]  Glover.  Final  rept. 
Aug.  16,  1S55,  54p.  incl.  diagrs.  tables,  refs. 
(Technical  rept.  no.  3)  ([AF]OSR-TN-55-238)  (AF18- 
(600)789)  AD  71406  Unclassified 

Previous  studies  are  continued  on  a  reduction  method 
for  2-particle  equations  analogous  to  that  of  Foldy  and 
Wouthuysen  (Phys.  Rev.,  v.  78:  29,  1950).  Consider¬ 
ation  is  given  to  the  amplified  Breit  equation,  and  a 
new  formulation  of  the  large  component  method  of  re¬ 
duction  is  presented.  The  new  formulation  permits  a 
comparison  of  the  large  component  reduction  method 
for  1-  and  2-particle  problems  with  the  method  of  suc¬ 
cessive-  canonical  transformations  of  Foldy  and 
Wouthuysen  in  the  1-  and  2-particle  cases.  (ASTIA 
abstract) 


STL.  01:004 

St.  Louis  U.  [Dept,  of  Physics]  Mo. 

REDUCTION  OF  RELATIVISTIC  TWO-PARTICLE 
WAVE  EQUATIONS  TO  APPROXIMATE  FORMS.  HI, 
by  W.  A.  Barker  and  F.  N.  Glover.  [1955]  [8]p.  incl. 
tables,  refs.  [AF  18(600)789]  Unclassified 

Published  in  Phys.  Rev.,  v.  99:  317-324,  July  1,  1955. 

The  interaction  between  two  fermions  of  charge  i  j 
and  ijj  and  intrinsic  magnetic  moment  pj  and  pjj 
is  described  by  a  sixteen-component  wave  equation 
of  the  Breit  type.  The  method  of  reduction  of  two- 
particle  wave  equations,  as  given  in  two  previous 
papers  by  Chraplyvy,  is  used  to  convert  this  equation 
to  an  approximate  four- component  Pauli  equation 
A  simple  perturbation  calculation  is  used  to  deter 
mine  the  contribution  of  the  intrinsic  magnetic  mo¬ 
ments  to  the  fine  and  hyperflne  structure  of  hydrogen 
and  positronium.  (Contractor's  abstract) 

STL.  01:005 

St.  Louis  U.  iDept.  of  Physics]  Mo. 

REDUCTION  OF  RELATIVISTIC  WAVE  EQUATIONS 
AND  THE  "CONTACT  INTERACTION,"  by  F.  N. 
Glover  and  Z.  V.  Chraplyvy.  [1956 1  12p.  illus. 

(A  F  18(600)789)  Unclassified 

Also  published  in  Phys.  Rev.,  v.  103:  821-824,  Aug. 

1,  1956. 

A  new  formulation  of  the  large-component  reduction 
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method  for  one-  and  two-particle  relativistic  wave  equa¬ 
tions  is  presented  and  compared  with  the  reduction  pro¬ 
cedure  by  the  method  of  successive  canonical  transfor¬ 
mations.  Sufficient  conditions  are  given  for  the  identity, 
to  the  order  (l/c)2,  of  the  energy  spectra  obtained  by 
the  two  methods.  The  "contact  interaction"  term  re¬ 
sulting  from  the  latter  procedure  is  shown  to  arise  in 
the  former  as  well,  contrary  to  a  statement  by  Wu  and 
Tauber.  (Contractor's  abstract) 


STL.  02:001 

St.  Louis  U.  Dept,  of  Physics,  Mo. 

FOREIGN  GAS  PRESSURE  BROADENING  OF  LINEAR 
MOLECULES,  by  K.  L.  Perkine,  A.  V.  Bushkovitch, 
and  L.  J.  Kieffer.  [July  24,  1956]  [3]p.  incl.  table. 
[AF  18(600)1590]  Unclassified 

Published  in  Jour.  Chem.  Phys. ,  v.  26:779-781,  Apr. 
1957. 

Calculations  have  been  made  for  the  general  cases  of 
a  linear  polar  molecule  Interacting  with  the  following 
foreign  molecules:  monatomic,  linear  nonpolar,  and 
linear  polar.  The  interactions  of  importance  are  the 
first-order  London  dispersion  force  for  the  first  two 
cases  and  the  combined  dipole-quadrupole,  quadrupole- 
quadrupole,  and  first-order  London  dispersion  forces 
for  the  third  case.  In  the  case  of  OCS  with  He,  O2,  and 
N2O  the  calculations  yield  3.22,  5. 41.  and  7. 41  A,  re¬ 
spectively,  in  reasonable  agreement  with  experiment. 
(Contractor's  abstract) 


SAN.  01:001 

[Sandberg-Serrell  Corp. ,  Pasadena,  Calif.] 

A  SUMMARY  OF  THE  TECHNIQUES  OF  VARIABLE 
MACH  NUMBER  SUPERSONIC  WIND  TUNNEL  NOZZLE 
DESIGN,  by  J.  T.  Kenney  and  L.  M.  Webb.  Oct.  1954, 
133p.  incl.  diagrs.  refs.  (NATO  AGARDograph  rept. 
no.  3)  [AFOSR-TR-54-14]  (AF  18(600)847)  AD  56640 

Unclassified 

A  survey  is  presented  ol  the  techniques  ul  two-dimen¬ 
sional  (supersonic)  wind  tunnel  nozzle  design.  A  pro¬ 
cedure  for  the  aerodynamic  design  of  flexible  nozzles 
capablv  el  turttirat<u»  Mach  number  variation  is  devel¬ 
oped  in  detail.  The  special  structural,  mechanical, 
calibration,  and  cost  estimation  problems  involved  in 
flexible  nozzle  construction  are  discussed.  (AGARD 
abstract) 


SCL.  01:001 

Santa  Clara  U.  [Dept,  of  Mathematics]  Calif. 

ON  SINGULARITIES  OF  SOLUTIONS  OF  DIFFERENTIAL 
EQUATIONS  OF  THE  ELLIPTIC  TYPE,  by  E.  Netanyahu. 
June  1954,  lip.  (iAF]OSR-TN-54-138)  (AF  18(600)1036) 
AD  54369  Unclassified 


Also  published  in  Jour.  Rational  Mech.  and  Analysis, 
v.  3:  755-761,  Nov.  1954. 

Partial  differential  equations  of  the  elliptic  type 

L(u)  iu  t  |aUx»  -i-BUy+  Cu=  0,  where  A, 

B,  C,  are  assumed  to  be  entire  functions  of  x  and  y 
(even  when  continued  to  complex  values)  are  consid¬ 
ered.  The  main  theorem,  proved  by  means  of  the 
Bergman  integral  operator  method,  is  the  following 
one:  Any  subsequence  Dmn,  n  fixed,  m  0,  1,  2,  .. 
of  the  series  development  of  the  real  solution 

Oj 

U(z,  z*)  -  y  Dmnzmz»n 
m,  n=  0 

of  L(u)  -  0  determines  the  location  and  character  of 
the  singularities  of  U(z,  z*)  up  to  a  finite  number  of 
isolated  ones.  (Contractor's  abstract) 


SCL.  01:002 

Santa  Clara  U.  Dept,  of  Mathematics,  Calif. 

INVESTIGATIONS  ON  COMPRESSIBLE  FLUID  FLOWS, 
by  A.  D.  Wasel.  Technical  rept.  Jan.  1955,  46p. 
incl.  diagrs.  tables,  refs.  ([AFlOSR-TN-54-360) 

(AF  18(600)1036)  AD  52470  Unclassified 

A  summary  is  presented  of  some  theoretical  results 
and  some  applications  resulting  from  investigations  of 
2-dimensional,  steady,  compressible  fluid  flows.  The 
basic  theory  underlying  this  work  is  that  which  pertains 
to  second-order  linear  partial  differential  equations  of 

the  form  t  b(z,  2)  ^  tc(z,i)  —  +  d(z,  z)u  ♦ 

iziz  ’  »z  sz 

e(z,  z)  =  0,  where  z  -  y  +  iy  and  z  x  -  iy.  Methods 
are  developed  for  the  evaluation  of  Bergman's  formu¬ 
las  for  the  determination  of  compressible  fluid  flow 
patterns  bounded  by  segments  of  straight  lines  and  por¬ 
tion  of  free  boundary.  This  requires  a  construction  of 
a  set  of  particular  solutions  of  the  equation  satisfied  by 
the  stream  function  >1-  in  a  certain  plane  and  the  ortho¬ 
normalization  of  this  set  of  solutions  with  respect  to 
the  boundary  in  that  plane.  Bergman's  integral  opera¬ 
te!  lui  generating  solutions  ul  equattuiis  oi  the  above 
form  is  studied  with  regard  to  possible  simplification. 
Comparisons  are  made  between  different  forms  of  the 
A  (ortv  ptv  which  psMl&s  a  theory 

concerning  singularities  of  solutions  to  the  stream 
function  equation  corresponding  to  singularities  of  the 
so-called  associate  functions.  A  new  integral  operator 
is  introduced.  It’s  domain  of  definition  is  determined, 
and  forms  of  it  are  developed  which  could  serve  as  a 
basis  for  theory  concerning  this  operator  analogous  to 
that  concerning  the  Bergman  operator.  Sample  comput¬ 
ing  machine  programs  and  a  wiring  diagram  are  ap¬ 
pended. 


Sarah  Mellon  Scaife  Radiation  Lab.  ,  Pittsburgh,  Pa. 

see  Pittstxirgh  U.  Surah  Mellon  Scaife  Radiation  l-ib.  , 
Pa. 
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Sibley  School  of  Mechanical  Engineering,  lthaci,  N.  Y. 
see  Cornell  U.  Sibley  School  of  Mechanical  Engineer¬ 
ing,  Ithaca,  N.  Y. 

SOU.  01:001 

Snundrlve  Engine  Co. ,  Los  Angeles,  Calif. 

STUDIES  OF  HIGH  AMPLITUDE  SOUND.  A.  MEAS¬ 
UREMENTS  OF  THE  ACOUSTIC  IMPEDANCE  OF  A 
RESONATOR  AT  LARGE  AMPLITUDES.  B.  MEAS¬ 
UREMENTS  OF  THE  ATTENUATION  OF  REPEATED 
SHOCK  WAVES.  C.  A  LOGARITHMIC  AMPLIFIER,  by 
O.  B.  Wilson,  Jr.  and  D.  A.  Bles.  Aug.  1954  [37]p. 
incl.  dlagrs.  refs.  (Report  no.  79)  f[AF]OSR-TN-54- 
276)  (AF  18(600)495)  AD  52274  Unclassified 

The  experimental  investigation  of  the  acoustic  Imped¬ 
ance  of  a  Ilelmholtz-type  resonator  at  very  high  ampli¬ 
tudes  of  excitation  is  presented.  Sound  levels  up  to 
180  db  and  particle  velocity  amplitudes  in  the  neck  of 
the  resonator  up  to  1.  5  x  104  cm/sec  were  used.  The 
results  at  lowzr  levels  are  compared  with  those  of  pre¬ 
vious  investigators  whose  work  has  been  confined  to 
levels  below  140  db  and  particle  velocity  amplitudes  in 
the  resonator  neck  below  4  x  103  cm/sec.  Experimen¬ 
tal  work  on  the  rate  of  attenuation  of  repeated  shock 
waves  in  a  5-in.  tube  is  reported.  Qualitative  agree¬ 
ment  with  theory  Is  found,  but  there  is  at  present  no 
adequate  explanation  of  quantitative  discrepancies.  The 
design  and  construction  of  a  logarithmic  amplifier  is 
discussed.  (Contractor’s  abstract) 


SOU.  01:002 

Soundrive  Engine  Co. ,  Los  Angeles,  Calif. 

STUDIES  OF  VERY  HIGH  AMPLITUDE  SOUND,  by  O. 

B.  Wilson,  Jr.  and  D.  A.  Hies.  Apr.  1955,  22p.  incl. 
diagrs.  table.  (Rept.  no.  82)  (|AF]OSH-TK-55-10) 

(A F  18(600)495)  AD  72433;  PB  137707 

Unclassified 

A  standing  wave  technique  was  used  to  investigate  the 
acoustic  Impedance  of  a  lletmholtz-typo  resonator  over 
a  wide  range  of  sound  levels.  At  large  sound  pressure 
levels  alwve  150  db,  the  sound  waves  propagating  down 
the  Impedance  tube  became  essentially  repeated  shock 
waves  so  that  it  was  necessary  to  use  a  filter  in  the 
monitoring  system,  and  to  consider  only  the  behavior 
of  the  fundamental  component  in  the  repealed  shock 
wave.  In  this  way,  a  range  of  sound  pressure  levels  in 
the  resonator  from  100  to  170  db  was  investigated.  Two 
different  methods  of  mounting  the  resonator  were  con¬ 
sidered.  In  one  case  the  resonator  was  mounted  on  the 
side  of  the  impedance  tube  next  to  a  solid  end  plate  ter¬ 
minating  the  tube,  ami  in  the  other  case  the  resonator 
was  mounted  on  the  solid  end  plate  coaxially  with  the 
impedance  tube.  At  the  higher  levels  of  excitation  a 
rise  in  resonant  frequency  and  in  acoustic  resistance 
was  noted  m  both  cases,  iwt  the  details  of  the  effects 
in  each  case  were  quite  different.  With  the  resonator 
mounted  on  the  side  the  rise  in  the  acoustic  resistance 
followed  Sivian's  formula  (Jour.  Acousl.  Soc.  Amer. , 


81  j 
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v.  7:  94,  1935)  while  the  mass  end  correction  de¬ 
creased  only  at  very  high  sound  pressure  levels.  With 
the  resonator  mounted  on  the  end,  the  rise  in  acoustic 
resistance  was  at  first  more  rapid,  then  less  rapid 
than  Sivian's  formula  would  predict.  The  decrease  In 
mass  end  correction  with  increasing  sound  pressure 
level  began  at  a  lower  level  and  was  more  pronounced 
than  in  the  former  case. 


SCU.  01:001 

South  Carolina  U.  [Dept,  of  Mathematics]  Columbia. 

THE  FIVE- POINT  DIFFERENCE  EQUATION  WITH 
PERIODIC  COE FFICIENT 3,  by  T.  Fort.  Oct.  1956, 
14p.  [AF  18(603)23)  Unclassified 

Published  in  Pacific  Jour.  Math.,  v.  7:  1341-1350, 
Fall  1957. 

The  five-point  equation  is  investigated  for  solutions 
and  individual  characteristics  with  kj(i,  j)y(i  —  1,  j)  + 

M1*  i)y(‘  ♦  i.  ))  +  M1-  J)y(i.  J  -  !)  +  Ml,  i)y(u 

]  +  1)  ♦  kj:(i,  j)y(i,  j)  0  where  kj,  k2,  k3,  k,j,  and 
kj  are  defined  for  integral  values  of  1  and  j  over  the 
rectangle  1  <.  1  ^  n«i  -  1,  1  ^  j  C.  <u  -  1.  The  semi- 
periodicity  of  the  solution.!  is  established  by  the  theo¬ 
rem  that  no  characteristic  value  is  zero.  The  roots 
of  the  characteristic  equation  are  also  proven  to  be 
distinct.  Multiple  roots  are  discussed. 


SOC.  01:001 

Southern  California  U. ,  Los  Angeles. 

AN  INVERSION  FORMULA  FOR  LAPLACE  TRANS¬ 
FORMS  AND  SEMI-GROUPS  OF  LINEAR  OPERATORS, 
by  R.  S.  Phillips.  [1954]  [32)p.  (A F  18(600)163) 

Unclassified 

Published  in  Ann.  Math.,  v.  59:  325-356,  Mir.  1954. 

A  discussion  is  presented  of  the  conditions  ‘rat  a  closed 
linear  operator  be  the  Infinitesimal  generator  '1.  g. )  of 
a  semi-group  of  bounded  linear  operators  (b.  1.  o. ) 

T(s),  s  0,  Abel  summable  lo  the  Identity  at  s  0.  It 
is  proved,  in  section  2,  that  F('  )  Is  the  Laplace  trans¬ 
form  of  a  measurable  submultlpiicative  function  (0  . 
.(si  •  S2>  *  -  (s j )  (»2)  integrable  near  s  0,  if  the 
following  conditions  are  satisfied:  (1)  there  exists  a 
real  •  suen  that  F( '•  )  is  completely  monotonic  in  , 

■ ),  (ii)Ilm-.  F(  )  0  and  (ili)  G(k  t  m  *  1,  )  •_ 

G(k,  .  )G(m,  )  for  G(n,  )  (-  l)n(n ■)'*  l^n)(  • ),  and 

for  integers  k,  m  2  0.  This  result  is  applied,  in  sec¬ 
tion  3,  to  the  class  of  semi-groups  T(s)  satisfying 

o'  T(s)x  ds  .  for  each  x  For  those  T(s) 
strongly  Abel  summable  lo  the  identity  al  s  0,  Uic  i 
g.  A  defined  by  strong  linq,;  ph"  *(T(h)  —  I)1  is  not  in 
general  closed.  The  Laplace  transform_of  such  T(s) 
is  shown  to  be  equal  to  the  resolvent  of  A,  the  small¬ 
est  closed  extension  of  A.  A  necessary  and  sufficient 
condition  that  A  A  is  that  T(s)  be  strongly  Cesaro 
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summable  to  the  identity  at  s  0.  In  section  4,  similar 
results  are  obtained  under  the  further  hypothesis 

q  ||T(s)||ds,  specializing  to  give  results  concerning 
semi-group  theory  due  to  Hille,  the  reviewer  and  the 
author.  In  the  final  section  is  discussed  the  perturba¬ 
tion,  by  a  b.  l.o. ,  of  the  i.g.  of  semi-groups  of  the 
above  type.  The  method  and  the  results  are  extensions 
of  the  author's  previous  paper  (Trans.  Amer.  Math. 
Soc.,  v.  74:  199-221,  1953;  Math.  Rev.,  v.  14:  882). 
(Math.  Rev.  abstract) 


SOC.  02:001 

Southern  California  0.  Dept,  of  Chemistry,  Los  Angeles. 

DERIVATIVES  OF  SULFENIC  ACIDS.  XXIL  STUDIES 
OF  SULFENATE  ESTERS  (THIOPEROXIDES).  PART  2, 
by  L.  Goodman  and  N.  Kharaich,  Mar.  1955,  31;  .  inch 
aiagrs.  tables,  refs.  (Technical  note  no.  1)  ([AF'OSR- 
TN- 55-62)  (Also  bound  with  its  Final  rept.  ;  AfOSR-TR- 
57-32;  AD  120492)  (AF  18(550)844)  AD  59561 

Unclassified 

Pre^nted  at  meeting  of  Organic  Division  of  the  Amer. 
Che  .  Soc.,  Cincinnati,  Ohio,  Apr.  2,  1955. 

Also  published  in  Jour.  Amer.  Chem.  Soc.,  v.  77: 
6541-6546,  Dec.  20,  1955. 

A  kinetic  study  of  the  reaction  ArSCl  t  CH3OH 
ArSOCHj  ♦  HC1  (1),  where  Ar  2, 4-dinitrophenyl,  in 
the  absence  of  pyridine,  with  pyridine  present,  and  with 
the  highly  hindered  amine,  N,  N-dimethylmesidine  leads 
to  the  conclusion  that  the  powerful  catalytic  effect  of 
pyridine  on  reaction  1  involves  formation  of  the  inter¬ 
mediate  2,  4 -dinitrobenzene sulfenylpyridinium  chloride, 
(ArSNCsHsJCr.  The  attainment  of  equilibrium  1  is 
measurably  slow,  and  favors  the  reactants  (^28°'*® "*), 
in  ethylene  chloride  solution.  An  infrared  technique  was 
used  to  follow  the  kinetics.  Other  tertiary  amines,  e.  g. , 
trlethylamine  and  acridine,  also  catalyze  reaction  1. 

The  results  obtained  with  the  special  case  of  reaction  1, 
above,  appear  to  apply  also  to  the  general  case  of  reac¬ 
tion  1,  Involving  other  sulfenyl  halides  and  alcohols.  To 
evaluate  the  utility  of  2,  4-dinltrobenzenesulfenyl  chlo¬ 
ride  for  the  characterization  of  more  complex  alcohols, 
the  reactions  with  ethylene  glycol,  pinacol,  allyl  alcohol, 
cinnamyl  alcohol,  benzhydrol,  trlphenylcarbinol,  2- 
methy!-3-butyn-2-ol,  and  propargyl  alcohol  were  stud¬ 
ied.  Several  new  examples  of  2, 4-dinltrobenzenesul- 
fenate  esters  are  reported,  and  the  complexities  which 
can  be  encountered  with  various  of  the  above  alcohols 
are  illustrated  anti  interpreted.  (Contractor’s  abstract) 


SOC.  02:002 

[Southern  California  U.  Dept,  of  Chemistry,  Los  Angeles. 

THE  ALCOHOLYSIS  OK  2.  4-D1N1THOBENZENESUL- 
FKNYL  CHLORIDE,  by  L.  Goodman  and  N.  Kharasch. 

1 1 955]  [l |p.  (AK  18(600)844)  Unclassified 


Chem.  Soc.,  Cincinnati,  Ohio,  Apr.  2,  1955. 

Study  was  made  of  the  strong  catalytic  effect  of  pyri¬ 
dine  in  the  reaction  ArSCl  +  ROH  ArSOR  ♦  HC1, 
with  Ar  =  2, 4-dinitrophenyl  and  R  =  methyl  (reaction  1). 
The  rate  of  reaction  1  was  studied  in  the  absence  of 
pyridine,  with  pyridine  present  and  with  the  highly 
hindered  amine,  N,  N-dimethylmesidine,  in  ethylene 
chloride  as  solvent.  At  28°,  the  reaction  approaches 
equilibrium  at  a  measurably  slow  rate  and  the  equilib¬ 
rium  favors  the  reactants  (Nog0  —  1 0_ ■*).  With  one 
mole,  or  with  excess  of  pyridine  present,  however,  re¬ 
action  is  practically  instantaneous  and  complete.  With 
excess  N,  N-dimethylmesidine  (which  is  highly  hindered, 
but  slightly  more  basic  than  pyridine)  reaction  1  also 
goes  to  completion,  but  again  measurably  slowly  and  at 
a  rate  dependent  on  the  concentration  of  mesidine.  The 
reaction  in  the  latter  case  was  found  to  be  first  order 
with  respect  to  the  sulfenyl  chloride.  The  rates  were 
ElL'WrJ  by  an  infra-red  technique.  The  aU>v«  results 
suggest  that  the  effect  of  pyridine  of  reaction  1  involves 
the  intermediate  formation  of  2,  4-dlnitrobenzenesul- 
fenylpyridintum  chloride  [(N02)2-CgH3-S-NC5H]*Cl~. 
TTiiAhyiamlr.t,  quinuttnt  and  acridine  lam.  similar  ef¬ 
fects.  An  attempt  to  isolate  the  pyridinium  intermedi¬ 
ate  was,  however,  not  successful.  The  synthetic  util¬ 
ity  of  reaction  1  has  also  been  extended  to  various 
examples,  such  as  the  2, 4- dinitrobenzenesulfenaies  of 
ethylene  glycol,  pinacol,  allyl  alcohol,  cinnamyl  alco¬ 
hol  and  2-methyl-3-butyn-2-ol.  The  complexities 
which  can  be  encountered  in  these  reactions  are  illus¬ 
trated,  as  are  also  the  difficulties  which  may  arise  in 
extending  the  reaction  to  benzhydrol,  triphenylcarbinol 
and  propargyl  alcohol.  (Contractor's  abstract,  modi¬ 
fied) 


SOC.  02:003 

Southern  California  U.  Dept,  of  Chemistry,  Los  Angeles. 

THE  UNIQUE  PROPERTIES  OF  2,  4-DINITROBEN- 
ZENESULFENYL  CHLORIDE,  by  N.  Kharasch.  ( 1955] 
(7  )p.  incl.  tables,  refs.  (Summary  of  a  paper  pre¬ 
sented  at  Duqucsne  U. ,  Pittsburgh,  Pa. ,  Dec.  1955) 
(Also  bound  with  its  Final  rept.  ;  AFOSR-TR-57-23; 

AD  120492)  fAF  18(600)844]  Unclassified 

Published  in  Jour.  Che  <  >  Education,  v.  33:  585-591, 
Nov.  1956. 

A  review  Is  presented  of  research  on  the  ionic  reaction 
mechanisms  of  2.  4 -dinitrobenzene sulfenyl  chloride  to 
show  the  major  analytic  and  synthetic  aspects  of  the 
chemistry  of  this  sulfenyl  halide. 


SOC.  02:004 

Southern  California  U.  Dept,  of  Chemistry,  Los  Angeles. 

DERIVATIVES  OF  SULFENIC  ACIDS.  XXV1I1.  THE 
REACTION  OF  1,2-EPOXIDES  WITH  2.4-PINITRO- 
BENZENESULFENYL  CHLORIDE,  by  D.  Peters  and 
N.  Kharasch.  [Feb.  1956]  10p.  incl.  table,  refs. 
(Technical  note  no.  2)  (AFOSH-TN-56-87) 


Presented  at  meeting  of  Organic  Division  of  the  Amer. 
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(AF  18(600)844)  AD  82001  Unclassified 

The  reactions  of  2,  4-dinitrcbenzenesulfenyl  chloride  (I) 
with  selected  1, 2-epoxides  or  chlorohydrins  have  been 
examined  These  latter  reactants  include:  ethylene 
oxide;  2-chloroethanol;  cyclohexane  oxide;  trans-1, 2- 
chlorocyclohexanol;  propylene  oxide;  l-chloro-2-propa- 
nol,  styrene  oxide;  2-chloro-2-phenylethanol;  2-chloro- 

1- phenylethanol;  and  the  nonreactive  cis-  and  trans- 
stilbenc  oxides.  The  tabular  data  given  present  react¬ 
ants,  product,  %  yield,  mp,  %  unreacted  I  in  the  ab¬ 
sence  of  pyridine,  and  calculated  ••>nt1  found  C,  H,  and 
N.  h  all  ease,  in  which  pyridine  was  used,  varying 
amounts  of  the  highly  insoluble  bis(2.  4-dinitrophenyl) 
disulfide  were  precipitated.  Since  the  hydrolysis  of  the 
sulfenyl  chloride  occurs  very  rapidly  in  the  presence  of 
pyr.dine,  and  the  disulfide  is  known  to  be  the  major 
product,  it  is  believed  that  the  disulfide  results  from  a 
reaction  with  K2O  present  in  the  system.  As  a  result, 
the  yields  of  products  obtained  are  probably  determined 
by  the  amounts  of  moisture  in  the  reaction  mixtures, 
rather  than  by  the  course  of  the  main  reactions  with  the 
epoxides  or  chlorohydrins.  It  is  probable  that  the  ef¬ 
fect  of  pyridine  in  the  reactions  of  I  with  epoxides  in¬ 
volves  reactions  of  the  epoxides  with  the  pyridine- 
sulfenyl  complex,  previously  formulated  as  2,  4-dinitro- 
benzenesulfenylpyridinium  chloride.  This  mechanism 
explains  the  catalytic  role  of  pyridine  and  is  similar  to 
the  one  suggested  by  Steward  and  Cordts  (Jour.  Amer. 
Chem.  Soc,,  v.  75:  2658,  1953)  for  an  analogous  reac¬ 
tion  wiU.  l-plsn'llles  1:  which  the  adtltkA.  of  1-rhUn  - 

2- propanesulfenyl  chloride  to  propylene  sulfide  gave 
bis(l-methyi-2-chloroethyl)  disulfide. 


SOC.  02:005 

Southern  California  U.  Dept,  of  Chemistry,  Los  Angeles. 

DERIVATIVES  OF  SULFEN1C  ACIDS.  XXV.  THE  RE¬ 
ACTION  OF  1,2-EPOXIDES  WITH  2,  4 -DINITROBEN¬ 
ZENE  SlILFENYL  CHLORIDE,  by  D.  Peters  and  N. 
Kliarasch.  [Feb.  13,  1956]  [3]p.  incl.  table,  refs. 

(Also  bound  with  Its  Final  rept. ;  AFOSR-TR-57-23; 

AD  120492)  (AF  18(600)844)  Unclassified 

Published  in  Jour.  Org.  Chem.,  v.  21:  590-592,  May 
1956. 

Verbatim  published  version  of  TN-56-87  (item  no. 

SOC.  02:004),  except  for  rept.  numeration  in  title. 


SOC.  02:006 

Southern  California  U.  Dept,  of  Chemistry,  Los  Angeles. 

DERIVATIVES  OF  SULFFNIC  ACIDS.  XXIX.  BIS(2,  2' 
FLI'OROKULFONYL)A ZO BENZENE  VIA  2-NITROBEN¬ 
ZENE  S  U  L  FE  NY  L  CHLORIDE  AND  HYDROGEN  FLU¬ 
ORIDE,  by  D.  L.  Chamberlain,  D.  Peters,  and  N. 
Kliarasch.  [1956]  19p.  Incl.  diagrs.  refs.  (AF  18- 
(600)844)  Unclassified 


The  reaction  of  2-mtrobenzenesulfenyl  chloride  (I)  with 
liquid  hydrogen  fluoride  was  studied  as  a  possible  route 
to  2-nitrobenzenesulfenyl  fluoride  (n).  Besides  tars, 
and  a  small  amount  of  an  unidentified,  colorless  prod¬ 
uct  (found  when  carbon  tetrachloride  was  used  as  a  di¬ 
luent)  there  was  formed  5-15%  of  the  bright-red  bis(2, 
2'-fluorosulfonvl)azobenzene,  m.  The  proof  of  struc¬ 
ture  of  m  is  given  and  related  preparative  details  are 
reported.  (Contractor's  abstract) 


SOC.  03:001 

Southern  California  U.  Dept,  of  Chemistry,  Los  Angeles. 

THE  ADDITION  OF  p-THIOCRESOL  TO  BICYCLIC 
OLEFINS.  QUANTITATIVE  ANALYSIS  FOR  REAR¬ 
RANGEMENT  PRODUCTS,  by  J.  A.  Berson  and  W.  M. 
Jones.  May  11,  1956,  14p.  refs.  [AFOSR-TN-56- 
254]  (AF  18(600)1544)  AD  88974  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  78: 
6045-6048,  Dec.  5,  1956. 

The  free  radical  additions  of  p-thiocresol  to  exo-cis- 
3, 6-endo-methylene- A  4-tetrahydrophthalic  anhydride 
and  the  corresponding  dimethyl  ester  yielded  the  unre¬ 
arranged  g-tolyl  thio  ethers  as  the  major  products.  The 
total  absence  of  rearrangement  in  the  products  obtained 
from  the  reaction  of  g-thiocresol  and  the  ester  was  de- 
tettiitned  by  biotope  ditatkx  analysis.  (Contrartur's 
abstract) 


SOC.  03:002 

Southern  California  U.  Dept,  of  Chemistry,  Los  Angeles. 

CONVERSION  OF  A  1,  4-DIOL  TO  A  LACTONE  BY 
RANEY  NICKEL,  by  J.  A.  Berson  and  W.  M.  Jones. 
June  1956,  4p.  incl.  diagr.  (AFOSR-TN-56-268) 

(AF  18(600)1544)  AD  88988  Unclassified 

Also  published  in  Jour.  Org.  Chem. ,  v.  21:  1325- 
1326,  No'v.  1956; 

LIAIH4  (I)  (10  g)  and  250  cc  anhydrous  Et20  was  re¬ 
fluxed  with  stirring  and  the  condensate  passed  through 
28.  5  g  endonorbornane-2, 3-dicarboxylic  anhydride  in 
a  Soxhlet  apparatus,  the  resulting  mixture  cooled, 
treated  dropwise  with  81  cc  iso-PrOH  (II)  and  then  66 
cc  saturated  NaCl  solution,  stirred  30  min,  and  fit 
iered,  the  filter  cake  washed  with  2:3  B-Et20,  and  the 
filtrate  evaporated  to  give  21  g  gummy  solid,  distilled 
at  148-50V1.  5  mm  and  recrystallized  from  CgHg- 
Cglli4  (ID)  to  give  9.  5  g  2,  3-bis(hydroxymethyl)nor- 
bornane  (IV),  melting  at  61-2";  bls(p-tolluenesulfo- 
nate),  melting  at  128-9“ .  Raney  Ni  (freed  of  H2O  by 
washing  with  F.tOll  and  of  EtOH  by  azeotropic  distilla¬ 
tion  with  Cgllg)  (10  g),  50  cc  Cgllg,  and  1  g  IV  was  re¬ 
fluxed  3  hrs,  filtered,  the  filler  cake  washed  with 
CgHg,  and  the  filtrate  evaporated.  Crystallization 
0:  ,ie  residue  from  Cgli^  gave  0  83  g  solid,  melting 
a.  '.42-4°;  purification  by  solution  in  5%  NaOll,  repre 
cipitati  -n  with  arid,  and  recrysiallization  from  CgllI4 
gave  the  pure  lactone  (V),  melting  at  145  6“  (shrinking 
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at  135-40°),  Insoluble  In  bicarbonate  and  cold  NaOH, 
negative  test  with  KMnO^  and  2,4-O2N06H4NH-NH2. 

V (0.  570  g)  in  25  cc  absolute  Et20,  was  added  to  0.  30  g 
1  in  50  cc  Et20  with  vigorous  stirring,  refluxed  3  hr,  and 
worked  up  with  3.  3  cc  II  and  3.  3  cc  saturated  NaCl  as 
above.  Evaporation  of  solvents  and  recrystallization 
of  the  residue  from  in  gave  0. 450  g  IV,  melting  at  59- 
61°.  IV  (1.0  g),  2  cc  10%  NaOH,  and  100  cc  ice  was 
treated  with  135  cc  1%  KM11O4  with  stirring,  allowed 
to  stand  overnight,  filtered,  and  the  filtrate  acidified 
and  extracted  with  CHCI3.  The  extract  was  dried  over 
MgS04,  filtered,  evaporated,  the  residue  leached  with 
3  cc  hot  5%  NaOH,  and  the  insoluble  gummy  residue 
filtered  off.  The  precipitate  obtained  on  acidification 
of  the  filtrate  was  washed  with  5%  NaHCOj  and  H2O  to 
give  0. 11  g  V,  melting  at  139-41°,  identified  by  infra¬ 
red  spectrum.  (C.  A. ,  1950:  5305f) 


SOC.  04:001 

Souther.,  California  U.  Dept,  of  Chemistry,  Los  Angeles. 

ON  POINCARE  RECURRENCES,  by  II.  L.  Frisch. 

[Aug.  9,  1956]  15p.  refs.  (Technical  rept.  no.  1) 

( A POSR-TN- 56-374)  (AF  18(603)122)  AD  95810 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  104:  1-5,  Oct.  1, 
1956. 

In  connection  with  the  tracing  of  the  origin  of  the  ap¬ 
parent  irreversibility  exhibited  by  a  class  of  simple 
mechanical  systems,  namely  all  multiply  or  condition¬ 
ally  periodic  Hamilton  Jacobi  systems,  estimates  are 
obtained  for  the  Poincard  recurrence  time  of  such  a 
system  in  terms  of  the  preassigned  limits  of  error  of 
the  mechanical  recurrence,  t.  Dy  applying  the  theory 
of  diophantinc  approximations,  the  asymptotic  fraction 
of  the  time  a  system  spends  in  such  recurrence  is  found 
exactly.  These  results  allow  further  deductions  con¬ 
cerning  the  fraction  of  time  a  given  system  obeys  a 
strict  version  of  the  Second  Law  of  Thermodynamics 
as  well  as  the  existence  and  order  of  magnitude  of  the 
average  Poincare  recurrence  time  of  the  Gibbsian  en¬ 
semble  of  such  systems  whose  degrees  of  freedom  are 
indistinguishable.  The  relation  of  the  results  obtained 
for  this  important  class  of  mechanical  systems  and  the 
resolution  of  the  paradoxes  of  heat  theory  propounded 
by  /.ermelo  Loschmidt,  etc.  due  (o  Boltzmann  and  von 
Smoluchowski  is  discussed.  An  ei.pccl.tiiy  easily  visu 
ail/.txi  model,  the  one -dimensional  gas  cif  hard  spheres. 
Is  treated,  In  particular,  In  some  detail  (Contractor's 
absirac  t) 

SOC.  04  X02 

Southern  California  U.  Dept,  of  Chemistry,  Los  Angeles. 

THE  TIME-LAG  IN  DIFFUSION,  by  H.  L.  Frisch. 

[Aug.  9.  1956]  8p.  (Technical  rept.  no.  2)  (AF  18- 
(603)122)  AD  95811  Unclassified 

Also  published  in  Jour.  Phys.  Che  in.  ,  v.  61:  93-95, 
Jan.  1957. 


Explicit  expressions  for  the  time  lag  in  linear  diffusion 
of  a  gas  or  vapor  through  a  membrane  with  concentra¬ 
tion  dependent  diffusion  coefficient  are  obtained  without 
explicitly  solving  the  diffusion  equations.  Generaliza¬ 
tions  of  the  method  used  to  obtain  the  time  lag  are  Indi¬ 
cated.  The  use  of  the  derived  relations  is  sketched  by 
applying  them  to  several  cases  of  physical  interest. 
(Contractor's  abstract) 


SOC.  04:003 

Southern  California  U.  Dept,  of  Chemistry,  Los  Angeles. 

THE  TIME  LAG  IN  N’JCLEATION,  by  H.  L.  Frisch. 
[1956]  [2 1  ]p.  incl.  diagrs.  refs.  (Technical  rept.  no. 

3)  (AFOSR-TN-56-557)  (AF  18(603)122)  AD  110377 

Unclassified 

Also  published  in  Jour.  Chem.  Phys.,  v.  27:  90-94, 
July  1957. 

A  theory  of  the  time  lage  of  nucleation  L  based  on  the 
Zeldovich  modification  of  the  Becker-Doring  theory  of 
nucleation  of  a  new  phase  (B)  from  a  pure  old  phase  (A) 
is  presented  in  accord  with  the  L  used  in  diffusion  the¬ 
ory.  The  complete  spectrum  oi  embryos  f(g,t)  or  the 
flux  of  embryos  is  attributed  a  hypothetical  time  lag 
which  is  validated  without  explicit  knowledge  of  f(g,  t) 
over  the  whole  range  of  values  of  g  and  t.  The  "mem¬ 
ory  effects”  of  the  time  lag  are  able  to  account  for  cer¬ 
tain  nucleation  processes  involving  condensed  phases 
(and  the  reversal  processes). 


SOC.  05:001 

Southern  California  U.  Engineering  Center,  Los  Angeles. 

AN  INVESTIGATION  OF  SHOCK  WAVE  —  BOUNDARY 
LAYER  INTERACTION,  by  R.  L.  Chuan.  Aug.  1955, 
46p.  incl.  illus.  diagrs.  (USCEC  rept.  no.  40-201) 

([ A F]OSR-TN- 55-299)  (AF  18(600)1145)  AD  72049 

Unclassified 

Experimental  results  are  presented  for  an  investigation 
of  the  characteristics  of  separating  and  reattaching 
boundary  layer  flow  over  a  compression  corner  on  a 
flat  plate  for  M  2.  54  and  Re  (based  on  1  in. ) 

6  x  lO®.  Detailed  measurements  of  the  boundary  layer 
structure  showed  that  in  transitional  interaction  the 
flow  can  be  characterized  in  terms  of  the  mean  temp¬ 
erature  and  mean  velocity  by  2  separate  curves,  one 
ior  the  laminar  separating  flow  and  the  other  for  the 
turbulent  reattaching  flow;  while  in  turbulent  interac¬ 
tion  the  entire  flow  can  be  characterized  by  one  such 
curve.  The  rate  at  which  momentum  is  transported 
from  the  free  stream  to  the  viscous  region  was  deter¬ 
mined  for  the  transitional  and  turbulent  eases,  and 
was  found  to  be  highly  dependent  on  the  Reynolds  num¬ 
ber  (based  on  a  boundary  layer  momentum  thickness). 
(ASTIA  abstract) 
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SRL  01:001 

Southwest  Research  Inst. ,  San  Antonio,  Tex. 

FLOW  IN  A  VISCOUS  VORTEX,  by  C.  D.  PengeUey. 

Mar.  16,  1956,  59p.  incl.  diagrs.  tables.  (Rept.  no. 
494C-1)  (AFOSR-TN-56-126)  (AF  18(600)1540) 

AD  86002  Unclassified 

Equations  have  been  derived  for  velocity,  temperature 
and  pressure  distribution  in  a  2-dimensional  viscous 
vortex  with  a  steady  state  component  of  radial  flow. 
Radial  velocity  has  been  assumed  small  compared  with 
the  tangential  component,  and  heat  transfer  has  been 
neglected.  The  equations  have  been  based,  upon  the 
[ulluAliig  wcli_c  atdLllol,c\l  j>ri.it.iplc.o.  (1)  Hit  Navitr- 
Stokes  equation  in  its  most  general  form,  (2)  the  first 
law  of  thermodynamics,  and  (3)  the  gas  laws.  A  refer¬ 
ence  radius  uas  been  defined  where  viscous  stress  is 
zero;  using  this,  nondimensional  forms  have  been  set 
up  and  generalized  charts  prepared  for  ready  visualiza¬ 
tion  and  numerical  applications.  Due  to  the  classical 
concept  of  viscosity  as  used  in  the  Navier-Stokes  equa¬ 
tion,  results  are  strictly  applicable  to  laminar  flow  only; 
a  discussion  is  presented  regarding  possible  application 
to  turbulent  flow.  (ASTIA  abstract) 


INSTITUTE  OF  TECHNOLOGY  LENS-TYPE  SOLAR 
FURNACE,  by  N.  K.  Hiester,  E.  Loh,  and  T.  E. 

Tietz.  Apr.  24,  1956,  24p.  incl.  illus.  diagrs. 
Technical  rept.  no.  2;  rept.  no.  5)  (AFOSR-TN-56- 
248)  (AF  18(600)1499)  AD  88368  Unclassified 

A  description  is  given  of  the  lens-type  solar  furnace. 
The  concentration  of  solar  energy  is  accomplished  by 
using  converging  lenses.  The  19  large  lenses,  with 
their  axes  pointed  toward  the  sun,  are  arranged  with 
one  in  the  center,  6  surrounding  this,  and  then  12 
around  the  central  7.  The  converging  rays  from  the 
sun  are  brought  to  these  lenses  by  18  oblique  mirrors. 
The  concentration  efficiency,  qc,  defined  as  the  ratio 
of  the  power  received  within  the  smallest  sun  image  to 

tile  luLtl  paaSm^  tiiTuu  git  llic  sjytl  cal  bjrottiiiy  was 

calculated  to  be  45%.  The  concentration  ratio,  C, 
which  is  the  ratio  of  heat  flux  per  unit  area  at  the  sun 
image  to  the  actual  flux  per  unit  area  received  at  the 
furnace  site,  was  calculated  io  be  19. 7  x  10^.  The 
computed  maximum-attainable  temperature,  Tm,  for 
a  cavity  receiver  under  ideal  conditions  was  4700°K. 
These  theoretical  values  of  q  ,  C,  and  Tm  are  for  the 
case  where  the  target  plane  is  perpendicular  to  the  rays 
coming  from  the  sun. 


STR.  01:001 

Stanford  Research  Inst. ,  Menlo  Park,  Calif. 

THEORETICAL  CONSIDERATIONS  ON  PERFORMANCE 
CHARACTERISTICS  OF  SOLAR  FURNACES,  by  E.  Lot., 
P.  Duwez  and  others.  Jan.  16,  1956,  27p.  incl.  diagrs. 
(Technical  rept.  no.  1;  Rept.  no.  3)  (AFOSR-TN-56- 
69)  (AF  18(600)1499)  AD  81521  Unclassified 


STR.  01:003 

Stanford  Research  Inst. ,  Menlo  Park,  Calif. 

ECONOMIC  AND  DESIGN  STUDY  OF  SOLAR  FUR¬ 
NACES,  by  R.  E.  De  La  Rue,  Jr. ,  T.  E.  Tietz,  and 
N.  K.  flfetdtT.  Jane  SI,  1966,  5Sp.  inti,  diagrs. 
tables,  refs.  (Rept.  no.  6;  Technical  rept.  no.  3) 
(AFOSR-TN-56-382)  (AF  18(600)1499)  AD  95818 

Unclassified 


This  study  contains  a  theoretical  discussion  of  the 
parabolic-type  solar  furnace.  Calculations  of  the  heat 
flux  and  the  maximum  temperature  obtainable  at  the 
focus  are  presented  for  furnaces  of  different  diameter- 
to-focal-length  ratios.  The  analysis  is  extended  to  the 
California  Institute  of  Technology  lens-type  furnace.  The 
calculations  indicate  that  the  upper  practical  limit  of  a 
parabolic  furnace  has  a  rim  angle  between  50°  to  60° 
or  a  diameter-to-focal-length  ratio  of  about  2.  0.  Above 
a  rim  angle  of  60°  there  is  very  little  increase  in  the 
maximum  temperature  obtainable  at  the  focus.  In 
addition,  the  difficulty  of  constructing  an  accurate  para¬ 
bolic  surface  increases  with  increasing  rim  angle.  The 
rruulta  [ri'U'rtnl  here  indlrab  that  •  parol*  L  id  f  n  I- 
atively  low  quality  is  capable  of  achieving  temperatures 
over  2000°K  with  a  low  heat  flux  of  about  20  cal/sec/sq 
cm.  On  the  other  hand,  a  research  furnace  capable  of 
d.talmi.g  teiiipeFatUt ia  in  the  talige  uf  oG 00°  to  42dO°K, 
or  a  furnace  capable  of  high  heat  flux  values  above  230 
cal/sec/sq  cm,  would  have  to  have  a  paraboloid  of  very 
high  quality. 


STR.  01:002 

Stanford  Research  Inst. ,  Menlo  Park,  Calif. 

T1IE  OPERATION  AND  USE  OF  THE  CALIFORNIA 


Also  published  in  Jour,  oolar  Energy  science  and 
Engineering,  v.  1;  28-43,  Apr. -July  1957. 


Investigation  was  continued  on  the  feasibility  of  adapt¬ 
ing  a  lens-type  solar  furnace  for  research  on  solids  at 
high  temperatures.  The  theoretical  and  practical  fac¬ 
tors  which  affect  the  specific  performance  characteris¬ 
tics  and  costs  of  solar  furnaces  are  reviewed.  Techni¬ 
cal  and  economic  considerations  indicated  that  the  best 
design  for  a  large  solar  furnace  should  incorporate: 

(1)  a  parabolic  concentrator  consisting  of  adjustable 
curved-mirror  segments;  (2)  a  stationary  concentrator 
with  its  axis  horizontal,  with  rn  auxUiary  movable 
mirror  tu  fellow  tht  tran;  (3)  &  50°  to  70°  angle  b*twv%t. 
the  image  area  and  the  rim  of  the  concentrator;  and  (4) 
a  reflecting  surface  consisting  of  back-silvered  glass. 
The  actual  heat  flux  available  at  the  target  was  ex¬ 
pressed  as  p  46. 1  x  lu^  Ep0  #ui*  ,  wnere  E  is  tne 
over-all  efficiency  factor  of  the  solar  furnace,  pQ  is 
the  solar  constant,  and  is  the  rim  angle.  Consider¬ 
ation  was  given  to  the  factors  which  affect  the  perform¬ 
ance  characteristics  and  their  effect  on  the  size  re¬ 
quirements  of  a  furnace.  The  specifications  to  allow 
operation  at  2  flux  levels  and  image  diameters  were 
evaluated  with  respect  to  cost  by  the  use  of  3  possible 
methods  to  meet  the  requirements.  A  preliminary 
structural  dectgi  and  cost  esunaiR  for  a  solar  far nace 
system  having  a  100-ft  parabolic  concentrator  with  a 
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STR.  01:004  -  OTA.  01:001 


movable  auxiliary  mirror  to  follow  the  sun  is  presented. 
The  study  results  were  extrapolated  to  give  cost  curves 
for  furnace  systems  with  50-  to  200-ft-diam  concentra¬ 
tors.  Comparison  between  flat-plate  and  parabolic  con¬ 
centrator  segments  showed  that  the  parabolic  concentra¬ 
tor  was  most  economical. 


the  individual  lenses  and  mirrors,  and  lack  of  perfect 
superposition  of  the  nineteen  images.  (Contractor’s 
abstract) 


STR.  01:006 


STR.  01 :004 

Stanford  Research  Inst. ,  Menlo  Park,  Calif. 

PHASE  RELATIONSHIPS  IN  THE  Z1RCONIA-THORIA 
SYSTEM,  by  P.  Duwez  and  E.  Loh.  Sept.  4,  1956,  18p. 
inel.  diagrs.  tables,  refs.  (Technical  rept.  no.  4;  rept. 
no.  7)  (AFOSR-TN-56-459)  (AF  18(600)1499)  AD  97076 

Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  40:  321- 
324,  Sept.  1957. 

The  phase  relationships  in  the  zirconia-thoria  system 
were  investigated  by  x-ray  diffraction  and  d  Jatometric 
methods.  The  specimens  were  melted  in  air  at  the  focus 
of  a  solar  furnace.  The  existence  of  a  cubic  CaF2  type 
solid  solution  was  established  for  thoria  concentration 
above  17.  5  mol  %.  This  solid  solution  is  stable  only  at 
high  temperature;  after  prolonged  heating  at  2000° C  and 
below,  it  decomposes  into  tetragonal  zL'Conia  (which 
during  subsequent  cooling  undergoes  the  unavoidable 
tetragonal- monoclinic  inversion)  and  a  thorla-rich  phase 
containing  at  least  99  mole  %  thoria.  (Contractor's  ab¬ 
stract) 


STR.  01:005 

Stanford  Research  Inst. ,  Menlo  Park,  Calif. 

HEAT  FLUX  MEASUREMENTS  AT  THE  SUN  IMAGE 
OF  THE  CALIFORNIA  INSTITUTE  OF  TECHNOLOGY 
LENS-TYPE  SOLAR  FURNACE,  by  E.  Loh,  N.  K. 
Hiester,  and  T.  E.  Tietz.  Sept.  14,  1956,  17p.  incl. 
diagrs.  tables.  (Rept.  no.  8;  technical  rept.  no.  5) 

(A FOSR-TN-56-567)  (AF  18(600)1499)  AD  110383 

Unclassified 

Also  published  in  Jour.  Solar  Energy  Science  and 
Engineering,  v.  1:  23-26,  Apr.  -July  1957. 


Stanford  Research  Inst. ,  Menlo  Park,  Calif. 

STUDY  OF  THE  UTILIZATION  OF  A  SOLAR  FURNACE 
FOR  HIGH  TEMPERATURE  RESEARCH  ON  SOLIDS,  by 
T.  E.  Tietz  and  N.  K.  Hiester.  Final  summary  rept. 
Sept.  28,  1956, 8p.  (Rept.  no.  9)  (AFOSR-TR-56-56) 
(AF  13(600)1499)  AD  115011  Unclassified 

The  application  of  solar  furnaces  to  research  on  solids 
at  elevated  temperature  is  studied.  The  investigation 
comprised  theoretical,  design,  and  experimental  study. 
The  results  of  these  studies  previously  presented  in 
five  separate  reports  (see  item  nos.  STR.  01:001- 
STR.  01:005)  are  summarized. 


STA.  01:001 

Stanford  U.  Applied  Mathematics  and  Statistics  Lab. , 
Calif. 


EXTENSIONS  OF  A  THEOREM  OF  LOEWNER  ON  IN¬ 
TEGRAL  OPERATORS,  by  D.  C.  Benson.  Apr.  16, 
1954,  41p.  (Technical  note  no.  1)  ([AF]OSR-TN-54- 
59)  (AF  18(600)680)  AD  29641  Unclassified 


Extensions  are  considered  of  a  result  of  Loewner  (Ami. 
Math.,  v.  49:  316-332,  1948)  which  gives  a  necessary 
and  sufficient  condition  that  a  function  k(t),  L-integra- 
ble  on  [0,  1)  have  the  property  that,  for  every  continu¬ 
ous  function  x(t)  of  period  1,  the  closed  curve  in  the  x~ 
y  plane,  x  -  x(t),  y  =  y(t)  =  -  J1  k(-t)x(t  -  t)d-i  has 

non-negative  index  with  respect  ^o  every  point  of  the 
x-y  plane  not  lying  on  this  curve.  The  extensions  con¬ 
sidered  include:  (1)  the  function  k(t)  is  Lcbesque  inte¬ 
grate  on  the  half  line  [0,^°  ].  The  operator  y(t) 

-  k(-[)x(t  -  i  )d  ,  is  applied  to  functions  x(t),  which 

arc  continuous  in  (-^  ,  i  )  and  sucli  that 

llm  x(l)  =  0.  Then  lim  y(t)  0  and  x  x(t),  y  y(t) 

t  — >  *  •  t  — *  t 


Flux  measurements  were  made  at  the  focus  of  the  CIT 
lens-type  solar  furnace  using  two  U.  S.  Naval  Radio¬ 
logical  Defense  Laboratory  (NRDL)  water-cooled  radi¬ 
ometers.  Maximum  flux  values  were  obtained  for  three 
cases:  central  lens  only  operating,  central  seven  lenses 
operating,  and  finally,  all  lenses  operating.  For  each 
of  these  cases,  flux  profiles  were  obtained  by  traversing 
the  radiometer  through  the  sun  image.  A  maximum  flux 
value  of  220  eal/sec/sq  cm  was  recorded  with  all  lenses 
operating.  The  direct  solar  radiation  received  at  the 
furnace  site  at  this  time  was  about  1.04  cal/min/sq  cm. 
Under  these  conditions  the  furnace  operating  efficiency 
was  found  to  be  47.  2%.  The  losses  of  52.  8 'l  are  as¬ 
cribed  to  transmission  losses  in  the  lenses,  reflectivity 
losses  at  the  mirrors,  the  geometrical  imperfection  of 


j 

curve. 


<  uiuatuvieu  ao  u  1  t 


J'*  vowiirtuuii 


The  curve  x  .  x(t),  y  .  y(t)  is  considered  , 
and  the  question  is  asked  as  to  which  functions  k(t) 
generate  only  curves  of  non- negative  circulation. 

(2)  Consideration  is  given  to  the  original  problem  when 
all  uf  the  integrations  are  taken  in  the  sense  of  the 

Cauchy  principal  value.  Assume  that  k(t)  =  -il1?  .. 

'■ 'l-t)a 


,u( 

where  4<t)  is  L-integrable  on  the  interval  [0^  1) 


|  and 

0  <  a  _  1  The  integral  operator  y(t)  -  p  *  k( .)  x 

(t  -  t  )d  is  applied  to  a  class  of  functions  x(t)  which 
satisfy  a  suitable  Holder  condition  (to  insure  the  ex¬ 
istence  and  continuity  of  y(t)).  The  symbol  P  denotes 
that  the  integration  is  taken  in  the  sense  of  the  Cauchy 
principal  value.  The  above  question  is  again  asked. 
(ASTLA  abstract) 
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STA.  01:002 

Stanford  U.  Applied  Mathematics  and  Statistics  Lab. , 

Calif. 

ON  SOME  CRITICAL  POINTS  OF  HIGHER  ORDER,  by 
C.  Loewner.  Nov.  30,  1954  [25]p.  (Technical  note  no. 
2)  ([AF]OSR-TN-54-309)  (AF  18(600)680)  AD  48583 

Unclassified 

The  report  contains  a  study  of  critical  points  of  func¬ 
tions  or  mappings  defined  for  sufficiently  differentiable 
functions.  The  simplest  critical  points  are  stationary 
points  of  a  differentiable  function.  In  general,  a  critical 
point  is  defined  by  a  system  of  differentiable  relations 
containing  derivatives  up  to  an  order  k,  whieh  is  then 
called  the  order  of  the  critical  points  under  considera¬ 
tion.  Several  theorems  are  proved  about  existence  of 
rrUlral  puLrli.  ur.drr  conditions  regarding  the  boundary 
values  and  the  qualitative  behavior  of  the  functions  in¬ 
volved.  (Contractor's  abstract) 


STA.  01:003 

Stanford  U.  Applied  Mathematics  and  Statistics  Lab. , 
Calif. 

ON  FREE  BOUNDARY  PROBLEMS  AND  CONFORMAL 
MAPPING,  by  R.  Finn.  Mar.  11,  1955,  63p.  incl. 
diagrs.  refs.  (Technical  note  no.  3)  ([AF]OSR-TN-55- 
44)  (AF  18(600)680)  AD  58419  Unclassified 

A  study  is  made  of  existence,  uniqueness,  and  stability 
questions  for  the  2 -dimensional  steady  flow  of  a  perfect 
fluid  with  formation  of  a  tree  boundary  at  an  interface 
of  discontinuity.  The  first  proof  is  given  of  the  exist¬ 
ence  of  a  flow  through  an  asymmetric  nozzle  into  a 
medium  of  constant  pressure.  Also,  it  is  shown  that 
for  symmetric  nozzles  the  restrictions  on  total  curva¬ 
ture  of  the  boundary  which  have  appeared  in  previous 
literature  are  of  no  mathematical  significance.  The  ex¬ 
istence  of  multisheeted  flows  is  demonstrated,  and 
boundaries  are  characterized  which  do  not  admit  non¬ 
singular  flows.  Several  related  problems  are  also  con¬ 
sidered,  e.  g. ,  the  flow  of  fluid  past  a  boundary  with 
formation  of  an  infinite  wake.  (Contractor's  abstract) 


STA.  01:004 

Stanford  U.  Applied  Mathematics  and  Statistics  Lab. , 
Calif. 

ON  SOME  CONVEX  CONES  AND  ASSOCIATED  MONO¬ 
TONE  FUNCTIONS,  by  D.  P.  Squier.  July  29  1955, 
57p.  (Technical  note  no.  4)  (|AF]OSR-TN-55-224) 

(AF  18(600)680)  AD  70391  Unclassified 

The  concept  of  a  monotone  function  is  defined  for  any 
linear  space  S  by  means  of  a  convex  cone  K  in  S.  A 
function  f(')  which  maps  a  subset  of  S  into  S  is  called 
monotone  increasing  on  the  subset  if  it  preserves  the 
order  of  the  elements  so  that  a  2  i  implies  f(u)  2  F(,  ) 
for  every  a  and  ,  in  die  domain  of  definition  of  f("). 


Attention  is  given  to  spaces  of  real  binary  forms  in  x 
and  y  with  the  requirement  that  the  convex  cones  are 
closed  and  invariant  under  linear  transformations  on 
the  variables  x  and  y.  The  analysis  shows  that  in 
spaces  of  odd  degree  forms  the  whole  space  is  the  only 
closed  cone.  In  spaces  of  even  degree,  any  closed  cone 
is  contained  in  either  the  set  of  nonnegative  forms  or 
the  set  of  nonpositive  forms,  and  also  contains  a  cer¬ 
tain  closed  cone  or  its  opposite  which  is  the  smallest. 
For  binary  quartics,  all  closed  cones  are  determined 
and  characterized  by  means  of  an  invariant  of  the  posi¬ 
tive  definite  forms.  Elements  in  the  smallest  closed 
cone  in  the  space  of  forms  of  degree  2m  are  character¬ 
ized  by  means  of  the  matrix  of  coefficients  of  a  quadrat¬ 
ic  form  in  m  +  1  variables.  In  special  spaces  with 
special  convex  eenes,  functions  are  defined  on  the  space 
by  means  of  a  scalar  function  f(t)  defined  on  an  interval 
together  with  a  generalized  concept  of  eigenvalues. 
Those  funcUbt^  f(t)  are  determined  which  yield  a  mono¬ 
tone  function  on  the  space. 


STA.  01:005 

Stanford  U.  [Applied  Mathematics  and  Statistics  Lab.  ] 
Calif. 


ON  TOTALLY  POSITIVE  MATRICES,  by  C.  Loewner 
[1955]  [3]p.  [AF  18(600)680]  Unclassified 

Published  in  Math.  Zeitschr. ,  v.  63:  338-340,  1955. 

A  semigroup  Sn  (containing  the  identity  matrix  I)  has  as 
elements  the  non- singular  matrices  of  S„,  with  n  the 
order  of  totally  positive  square  matrices.  It  is  shown 
for  the  case  considered,  that  a  semigroup  can  be  com¬ 
pletely  recreated  from  its  infinitesimal  semigroup, 
even  if  the  semigroup  is  connected. 


STA.  01:006 

Stanford  U.  Applied  Mathematics  and  Statistics  Lab. , 
Calif. 

HOMOLOGY  AND  FLOWS  ON  MANIFOLDS,  by  T. 
Frankel.  Mar.  28,  1956,  19p.  (Technical  note  no.  5) 
(AFOSR-TN-56-141)  (AF  18(600)680)  AD  86018 

Unclassified 

Also  published  in  Ann.  Math.,  i.  65:  331-339,  Mar. 
1957. 

An  investigation  is  made  of  the  manner  in  which  the 
homology  of  a  manifold  influence  5  the  vector  and  tensor 
fields  on  that  manifold.  The  vector  fields  give  rise  to 
1 -parameter  groups  of  point  trannformations  on  the 
manifold  and  interest  is  focused  oi  those  transforma¬ 
tions  which  conserve  a  volume  eiement.  Such  diver¬ 
gence  free  vectors  and  their  associated  transformations 
are  called  flows.  For  flows  which  are  also  isometries 
of  a  Riemannlan  metric,  a  proof  is  presented  that  the 
homology  class  of  any  possible  closed  trajectory  is  es¬ 
sentially  determined  by  means  of  De  Rham's  theorem; 
this  is  not  true  if  the  isometry  requirement  is  not  met. 
A  homological  form  of  a  theorem  of  Cartan  (Ann.  Soc. 


•  •  • 


•  •  • 
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Polon.  Math.,  v.  8:  181-225,  1929)  is  proved  for  flows 
on  a  homogeneous  space,  and  the  theorem  that  the  homol¬ 
ogy  class  of  any  possible  closed  trajectory  is  essentially 
determined  by  De  Rham's  theorem  is  interpreted  within 
the  framework  of  homogeneous  spaces.  An  extension  is 
given  by  Weyl's  theorem  for  compact  semi-simple  Lie 
groups. 


STA.  01:007 

[Stanford  U.  Applied  Mathematics  and  Statistics  Lab. , 
Calif.] 

ON  SOME  TRANSFORMATION  SEMIGROUPS,  by  C. 
Loewner.  [1956]  [I4]p.  (AF  18(600)680) 

Unclassified 

Published  in  Jour.  Rational  Mech.  and  Analysis,  v.  5: 
791-804,  Sept.  1956. 

Semigroups  projection  transformations  or  transforma¬ 
tions  of  the  Moebius  group  are  considered  in  this  paper. 

D  is  an  open  convex  domain  of  the  n-dimensional  pro¬ 
jective  space  which  can  be  associated  with  a  semigroup 
of  projective  transformations.  Analogously  in  Moebius 
geometry  a  semigroup  Mq  of  transformations  transforms 
the  domain  D  into  itself.  The  first  section  derives  dis¬ 
tortion  theorems  for  the  semigroup  PD  for  arbitrary  do¬ 
mains  D  and  Mq  ir.  spherical  domains.  In  section  two, 
finer  distortion  theorems  for  Mp  are  obtained  but  only 
for  circles  in  the  plane.  Section  three  holds  group- 
theoretical  considerations  giving  a  group- theoretical 
considerations  giving  a  group- theoretical  characteriza¬ 
tion  of  some  of  the  semigroups  PD  and  MD. 

ST  A.  01:008 

Stanford  U.  Applied  Mathematics  and  Statistics  Lab. , 

Calif. 

SOME  THEOREMS  ON  DISCONTINUOUS  PLANE  FLUID 
MOTIONS,  by  R.  Finn.  [1955/1956]  [46]p.  incl.  diagrs. 
refs.  (AF  18(600)680)  Unclassified 

Published  in  Jour.  Analyse  Math. ,  v.  4:246-291,  1955/ 


Proofs  are  given  of  results  stated  in  an  earlier  note 
(Proc.  Nat'l.  Acad.  Sciences,  v.  40:  983-987,  1954; 
Math.  Rev. ,  v.  16:  296).  The  demonstrations  are  based 
on  the  well-known  Levi-Civita  representation  for  free 
boundary  flows,  and  make  use  of  the  method  of  continui¬ 
ty.  In  addition  to  the  work  reported  in  the  earlier  note, 
the  author  also  studies  by  the  same  method  the  classical 
problem  of  free-boundary  flow  past  a  polygonal  obstacle. 
For  this  problem,  a  local  uniqueness  theorem  is  proved 
for  concave  obstacles  (especially  significant  in  that  no 
restrictions  are  placed  on  total  curvature),  and  an  ex¬ 
istence  theorem  is  obtained  for  both  symmetric  and 
asymmetric  convex  obstacles,  again  with  no  restriction 
on  curvature.  Finally,  the  existence  theorems  are  ex¬ 
tended  to  apply  to  curved  nozzles  and  obstacles.  (Math. 
Rev.  abstract) 


STA.  02:001 

Stanford  U.  Dept,  of  Mechanical  Engineering,  Calif. 

THE  COMPUTATION  OF  THE  LAMINAR  COMPRES¬ 
SIBLE  BOUNDARY  LAYER,  by  I.  Fliigge-Lotz.  Final 
rept.  June  15,  1954  [65]p.  incl.  diagrs.  tables,  refs. 
([AF]OSR-TN- 54- 1 44)  (AF  18(600)586)  AD  40185 

Unclassified 

A  difference  method  was  developed  for  computing  shear 
stress  and  enthalpy  i  =  cpT  as  functions  of  the  coordi¬ 
nate  x  along  the  wall  and  the  velocity  u  parallel  to  the 
wall.  Pressure  gradient  and  temperature  distribution 
along  the  wall  are  given  continuous  finite  functions  of 
the  coordinate  x.  Density  and  viscosity  coefficients  de¬ 
pend  on  the  local  temperature  in  the  boundary  layer. 

The  method  is  tested  in  regions  of  pressure  decrease 
and  increase.  Various  examples  are  included  to  show 
the  influence  of  the  pressure  gradient  on  skin  friction 
and  heat  transfer. 

STA.  03:001 

Stanford  U.  Dept,  of  Physics,  Calif. 

INTERPRETATION  OF  ELECTRON  SCATTERING  EX¬ 
PERIMENTS,  by  L.  I.  Schiff.  June  24,  1953,  16p. 
diagrs.  refs.  (Technical  rept.  no.  1)  (AF  18(600)545) 
AD  16169  Unclassified 

Also  published  in  Phys.  Rev.,  v.  92:  988-993,  Nov. 

15,  1953. 

The  results  of  electron  scattering  experiments  are  in¬ 
terpreted  with  the  aid  of  the  first  Born  approximation. 
These  experiments  imply  nuclear  charge  distributions 
that  are  peaked  at  the  center  and  taper  off  smoothly. 

The  rms  radii  of  the  charge  distributions,  and  tl.e  nu¬ 
clear  Coulomb  energies,  are  in  approximate  agree¬ 
ment  with  those  computed  from  the  usual  uniform 
charge  distribution.  The  effect  of  radiation  loss  and 
nuclear  excitation  are  discussed  qualitatively,  and  the 
effect  of  a  nuclear  electric  quadrupole  moment  is  con¬ 
sidered  quantitatively.  The  over-all  conclusion  is  that 
these  effects  cannot  account  for  the  discrepancy  be¬ 
tween  the  observed  scattering  cross  section  which  de¬ 
creases  monotonically  with  increasing  angle  and  the 
diffraction  minima  and  maxima  expected  from  a  uni¬ 
form  charge  distribution  with  a  sharp  or  moderately 
rounded  edge.  Theoretical  improvements  on  the  first 
Born  approximation  are  being  undertaken.  (ASTIA 
abstract) 


STA.  03:002 

Stanford  U.  Dept,  of  Physics,  Calif. 

LATTICE-SPACE  QUANTIZATION  OF  A  NONLINEAR 
FIELD  THEORY,  by  L.  1.  Schiff.  Aug.  6,  1953,  30p. 
diagrs.  refs.  (Technical  rept.  no.  2)  (AF  18(600)545) 
AD  15602  Unclassified 

Also  published  in  Phys.  Rev.,  v.  92:  766-779  Nov 
1,  1953. 
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A  method  is  developed  for  the  approximate  diagonaliza- 
tion  of  certain  types  of  quantum  field  Hamiltonians  which 
is  not  limited  to  weakly  nonlinear  systems.  It  consists 
of  omitting  the  gradient  terms  in  zero  order  and  diago¬ 
nalizing  the  resulting  Hamiltonian  by  replacing  the  field 
defined  in  a  continuum  space  by  a  field  defined  in  a  lat¬ 
tice  space.  This  unperturbed  system  is  equivalent  to  a 
eowteMy  infinite  number  A  vmeuupled  mmllnear  oscil¬ 
lators,  which  are  then  coupled  together  when  the  gradi¬ 
ent  terms  are  included  as  a  perturbation.  The  method 
is  applied  to  the  quantization  of  the  classical  nonlinear 
meson  theory  previously  introduced  (L.  I.  Schiff,  Phys. 
Rev. ,  v.  84:  1,  1951)  to  give  a  qualitative  explanation 
of  the  saturation  of  nuclear  forces,  according  to  which 
a  positive  a4  term  is  added  to  the  field  Hamiltonian. 
Although  the  quantized  theory  is  manifestly  noncovariant, 
a  single -particle  solution  exists  that  has  an  approximate¬ 
ly  relativistic  relation  between  energy,  momentum,  and 
rest  mass.  It  is  essential  that  the  lattice  constant  be 
kept  finite,  as  all  computed  physical  quantities  become 
tKatilnglcss  In  the  continuum  limit  (It.  which  the  lattice 
constant  approaches  zero).  These  particles  obey 
Einstein-Bose  statistics,  and  they  scatter  from  each 
other.  Nucleons  are  introduced  as  classical  sources 
for  the  meson  field,  and  calculations  are  made  on  the 
nucleon  isobaric  state,  interaction  mesons  with  nucleons 
ana  neavy  nuclei,  ana  nucieon-nucieon  interaction.  A 
brief  discussion  is  given  of  the  possibility  of  extending 
the  method  to  the  quantization  of  both  meson  and  nucleon 
fields  when  they  are  strongly  eoupled  together.  (AST1A 
abstract) 


STA.  03:003 

Stanford  0.  Dept,  of  Physics,  Calif. 

PHOTOPRODUCTION  OF  If- MESON  PAIRS,  by  R.  D. 
Lawson.  Aug.  27,  1953,  15p.  diagrs.  refs.  (Technical 
rept.  no.  3)  (AF  18(600)545)  AD  18727 

Uhclas  silted 

Also  published  in  Phys.  Rev.,  v.  92:  1272-1279,  Dec. 

1719557 

A  perturbation  study  of  the  photoproduction  of  lr-meson 
pairs  by  Y-rays  incident  on  portions  is  made  for  both 
pseudoscalar  and  pseudovector  coupling.  Expressions 
are  derived  for  the  possible  cross  sections,  assuming 
that  the  nucleon  is  infinitely  heavy.  The  effect  of  first- 
uruer  nudeon  recoil  on  the  (a  *  ,  " )  cross  section,  as¬ 

suming  pseudoscalar  coupling,  is  considered.  Curves 
illustrating  the  results  are  given.  The  possibility  of  ob¬ 
taining  information  on  the  type  of  interaction  operative 
between  mesons  and  nucleons  from  a  study  of  the  pair 
production  cross  sections  is  discussed.  (Contractor's 
abstract) 


STA.  03:004 

Stanford  U.  Dent,  of  Physics,  Calif. 

PHASE  SHIFT  CALCULATION  OF  HIGH  ENERGY  ELEC¬ 
TRON  SCATTERING  BY  NUCLEI,  by  D.  R.  Yennie,  R. 

N.  Wilson,  and  D.  G.  Ravenhall.  Oct.  1953,  3p.  diagrs. 


STA.  03:003  -  STA.  03:006 


(Technical  rept.  no.  4)  (AF  18(600)545)  AD  18892 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  92:  1325-1326, 

Dec.  1,  1953. 

A  numerical  phase  shift  calculation  was  perform“d  to 
examine  the  accwraey  uf  the  Beni  apprexlmattAi.  The 
results  disagreed  with  those  of  Parzen  (Phys.  Rev. , 
v.  80:  355,  1953).  Generally,  the  calculation  followed 
the  methods  of  Acheson  (Phys.  Rev.,  v.  82:  488,  1951) 
and  Parzen.  The  details  of  the  calculation  are  to  be 
published.  The  phase  shift  relative  to  that  of  the  Cou¬ 
lomb  was  calculated  for  the  first  nine  partial  waves; 
the  last  shift  was  less  than  0. 003°  in  all  cases.  All  the 
phase  shifts  were  negative  and  tended  monotonically  to 
zero.  Uniform  and  exponential  charge  distributions 
were  used  for  Au  and  Cu.  Scattering  angle  vs  differen¬ 
tial  cross-section  curves  are  given  for  the  phase  shift 
analysis  of  Au  and  Cu,  as  well  as  the  Born  approxima¬ 
tion!. 


STA.  03:005 

Stanford  U.  Dept,  of  Physics,  Calif. 

ON  THE  EXPRESSION  FOR  THE  TOTAL  CROSS  SEC¬ 
TION,  by  L.  L  Schiff.  Jan.  8,  1954,  5p.  (Technical 
rept.  no.  5)  flAFlOSF  TN-54-7)  (AF  lfe(«.’0)H5) 

AD  27412  Unclassified 

Also  published  in  Prog.  Theoret.  Phys..  v.  11:  288- 
290,  Mar.  1954. 

A  simple  derivation  is  presented  for  the  well-known 
expression  for  the  total  cross  section  in  terms  of  the 
imaginary  pert  of  the  coherent  forward  scattered  ampli¬ 
tude.  The  derivation  shows  that  there  is  a  shadow  rem¬ 
nant  beyond  the  actual  shadow,  within  which  the  forward 
coherent  scattering  intensity  is  diminished,  ol  approxi¬ 
mate  radius  (rA)*7,  where  r  is  the  distance  from  the 
scattering  center  and  k  -  2^A  is  the  wave  number. 

A  qualitative  understanding  of  the  shadow  remnant  is 
'.btained  in  ternu  of  ttu.  uncertainty  principle.  (ASTIA 
abstract) 


STA.  03:006 

Stanford  V.  Dept,  ul  Physios,  Calil. 

NUCLEAR  MULTIPOLE  TRANSITIONS  IN  INELASTIC 
ELECTRON  SCATTERING,  by  L.  I.  Schiff.  July  1954, 
24p.  Ir.cl.  table,  refs.  (Technical  repl.  no.  7) 
((AF)OSR-TN-54-191)  (A F  18(600)545)  AD  41720 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  96:  765-772,  Nov.  1, 
19547 

Expressions  are  obtained  for  the  differential  cross 
sections  for  inelastic  scattering  of  fast  electrons  with 
excitation  of  various  nuclear  multipole  transitions.  The 
most  probable  transitions  are  those  that  involve  collec¬ 
tive  motion  of  many  nucleons,  and  in  this  case  the  term 
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arising  from  the  transition  charge  density  dominates 
those  that  come  from  the  current  and  magnetization 
densities.  There  is  then  a  close  relation  between  the 
probability  foi  Inelastic  elect!  un  scattering  and  the 
probability  for  the  corresponding  radiative  electric 
multiple  transition,  although  an  assumption  must  be 
made  as  to  the  shape  of  the  transition  charge  density. 
This  is  illustrated  with  a  detailed  discussion  of  the 
collective  electric  quadrupole  transitions,  using  the 
model  of  bol  j  and  Mcttelsoi..  Wnen  Uie  transition  ii, 
produced  by  one  or  a  small  number  of  nucleons,  or 
when  It  is  of  magnetic  multipole  type,  there  is  likely  to 
be  little  relation  between  inelastic  scattering  and  radi¬ 
ation  probabilities.  The  electric  moncpoie  transition 
(0  +  — »  0  +)  is  also  discussed.  It  is  shown  how  the 
elastic  scattering  can  be  corrected  for  unresolved  in¬ 
elastic  scattering,  as  well  as  elastic  quadrupole  scat¬ 
tering,  before  an  analysis  is  made  in  terms  of  the 
spherically  symmetric  part  of  the  static  nuclear  charge 
density,  and  also  how  the  strength,  as  well  as  the  shape 
of  the  transition  charge  density,  can  be  determined  ex¬ 
perimentally  when  only  relative  measurements  of  in¬ 
elastic  scattering  are  available.  (Contractor's  abstract) 


STA.  03:007 

Stanford  U.  Dept,  of  Physics,  Crlif. 

RESULTS  OF  A  PHASE  SHIFT  CALCULATION  OF 
HIGH  ENERGY  ELECTRON  SCATTERING,  by  D.  G. 
Ravenhall  and  D.  R.  Yennle.  Aug.  1954,  4p.  diagrs. 
(Technical  rcpt.  no.  8)  ([AF]OSR-TN-54-209) 

(AF  18(600)545)  AD  41801  Unclassified 

Also  published  in  Phys,  Rev. ,  v.  96:  239-240,  Oct.  1, 
1954/ 

The  results  of  a  phase  shift  analysis  of  the  scattering 
of  84,  126,  154,  and  183  mev  electrons  on  gold  are 
described.  For  "smoothed  uniform”  charge  distribu¬ 
tions,  characterized  by  a  central  region  of  almost  con¬ 
stant  density  and  a  surface  region  in  which  the  density 
dpapa  to  *ert,  tt  to  found  that  at  these  energies  the  sur¬ 
face  structure  is  unimportant.  The  best  fit  with  the  ex- 
perimental  data  Is  given  by  a  distribution  with  rms 
radius  ^3 75  A1/"*  x  1. 20  x  10'  *3  cm,  and  surface 
thickness  1,65  x  lO'^3  cm.  (Contractor's  abstract) 


STA.  03:008 

Stanford  U.  Dept,  of  Physics,  Calif. 

PHASE  SHIFT  CALCULATION  OF  *HGH  ENERGY  ELEC¬ 
TRON’  SCATTERING,  by  D.  R.  Yennie,  D.  G.  Ravenhall, 
and  R.  N.  Wilson.  Mar.  1954,  29p.  diagrs.  tables, 
refs.  (Technical  rept.  no.  6)  (|AF|OSR-TR-54-ll) 

(AF  18(600)545)  AD  30601  Unclassified 

Also  published  in  Phys.  Rev. ,  v.  95:  500-512,  July  15, 
1954. 

The  details  of  a  phase  shift  calculation  of  high  energy 
electron  scattering  by  nuclei  are  given,  together  with 
some  preliminary  results.  A  new  method  for  summing 


the  Legendre  series  for  the  Coulomb  scattering  ampli¬ 
tude  is  described.  The  results  indicate  that  the  first 
Born  approximation  does  not  give  cross  sections  accu¬ 
rate  enougn  tor  a  reliable  line,  pi  elation  ut  Hie  experi¬ 
ments.  From  a  comparison  of  the  few  theoretical 
cross  sections  already  obtained  with  the  experiments 
in  gold  at  125  mev,  very  tentative  conclusions  about 
the  nuclear  charge  distribution  are  drawn.  It  is  pointed 
out  that  an  analysis  of  results  at  two  or  more  energies 
will  lit  a  much  inure  sens'd  lvc  lest  ui  possible  charge 
distributions.  (Contractor's  abstract) 


STA.  03:009 

Stanford  U.  [Dept,  of  Physics]  Calif. 

PHASE  SHIFT  CALCULATION  OF  HIGH-ENERGY 
ELECTRON  SCATTERING  BY  NUCLEI,  I  (Abstract), 
by  D.  R.  Yennie,  R.  N.  Wilson,  and  D.  G.  Ravenhall. 
[1954]  [l]p.  [AF  18(600)545]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Stanford  U. ,  Calif.,  Dec.  28-30,  1953. 

Published  in  Phys.  Rev.,  v.  93:  948-949,  Feb.  15, 
1954] 

The  computational  program  for  calculating  the  elastic 
scattering  of  electrons  from  spherically  symmetrical 
charge  distribution  Is  described,  and  in  the  foUowing 
paper  the  results  are  presented  and  compared  with  ex¬ 
periment.  The  calculation  follows  in  general  the  meth¬ 
ods  given  by  Parzen  and  Acheson,  with  some  modifica¬ 
tions  in  the  details.  To  calculate  the  phase  shifts,  the 
radial  wave  functions  inside  the  nucleus  are  integrated 
numericaUy  and  fitted  to  Coulomb  functions  (obtained 
by  series  expansion  about  the  origin)  outside  the  nu  - 
cleus.  In  order  to  obtain  relatively  accurate  differen¬ 
tial  cross  sections  for  large  angles  (>  90°),  it  Is  nec- 
cessary  that  the  phase  shut  errors  tie  kept  small  (less 
than  10'4  radian).  In  this  angular  region  it  is  also  nec- 
sary  to  knew  the  Coulomb  scattering  amplitude  very 
aeeiratoty.  A  new  method  ol  sammtog  the  settee  tot 
this  amplitude  will  be  given.  (Contractor’s  abstract) 


STA.  03:010 

Stanford  t).  (Dept,  ul  Physics)  Caul. 

PHASE  SHIFT  CALCULATION  OF  HIGH-ENERGY 
ELECTRON  SCATTERING  BY  NUCLEI,  H  (Abstract), 
by  D.  G.  Ravenhall,  D.  R  Yennie,  and  R,  N.  Wilson. 
(tOS4|[ljji  ]AF  18(600)5451  ITnrlasnftrd 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Stanford  U.,  Calif.,  Dec.  28-30,  1953. 

Published  in  Phys.  Rev.,  v.  93:  949,  Feb.  15,  1954. 

For  gold,  Z  79,  differential  cross  sections  for  uni¬ 
form  exponential  and  intei  mediate  charge  distributions 
have  been  calculated.  Compared  with  the  first  Born 
approximation,  the  maxima  and  minima  given  by  the 
uniform  charge  distributions  are  smoothed  out,  the 
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first  minimum  appearing  only  as  a  point  of  inflection. 
The  slope  of  the  cross  section  for  the  exponential  dis¬ 
tribution  is  greater  than  that  given  by  the  first  Born 
approximation;  this  effect  can  be  understood  qualitative¬ 
ly  as  being  due  to  the  Increase  of  the  electron's  wave 
number  inside  the  attractive  potential  of  the  nucleus. 

For  comparison,  some  distributions  for  copper  ( S  =  29) 
nave  also  been  obtained.  The  maxima  and  minima  are 
more  pronounced  and  are  shifted  to  smaller  angles  rel¬ 
ative  to  the  Born  approximation,  an  effect  explainable 
qualitatively  in  terms  of  the  effect  wave  number,  far¬ 
ther  calculations  now  in  progress  will  be  reported  and 
compared  with  the  experimental  results  of  Hofstadter, 
Fechter,  and  McIntyre.  (Contractor's  abstract) 


STA.  03:011 

Stanford  U.  [Dept,  of  Physics]  Calif. 

SECOND  BORN  APPROXIMATION  TO  THE  SCATTERING 
OF  FAST  ELECTRONS  AND  POSITRONS  BY  NUCLEI 
(Abstract),  by  R.  N.  Wilson.  [1954]  [l]p.  [AF  18(600)- 
545]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Stanford  U. ,  Calif.,  Dec.  28-30,  1953. 

Published  in  Phys.  Rev.,  v.  93:  949,  FeV>.  15,  1954. 

The  scattering  of  a  Dirac  particle  in  an  electrostatic 
potential  is  calculated  in  second  Born  approximation. 

A  charge  distribution  of  the  form  p  (r)  (Ze/8rra3) 
cxp(-r/a)  is  chosen  because  the  integrations  can  be 
performed  exactly  and  because  it  is  of  interest  to  com¬ 
pare  the  result  with  an  exact  calculation  by  phase  shift 
analysis.  In  the  imaginary  part  of  the  second-order 
contribution  to  the  scattering  amplitude  there  appear 
divergent  terms  which  are  to  be  interpreted  as  phase 
corrections  to  the  first-order  contribution.  A  compari¬ 
son  is  made  of  the  results  of  this  calculation  with  the 
first  Born  approximation  and  with  the  exact  phase  shift 
calculation.  (Contractor’s  abstract) 


STA.  03:012 

Stanford  U.  Dept,  of  Physics,  Calif. 

THE  SIGN  OF  THE  PHASE  SHIFT  IN  THE  ELASTIC 
SCATTERING  OF  ELECTRONS,  hv  D.  R.  Yennie,  D. 
G.  Ravenhall,  ano  E.  Baranger.  [1954]  [2]p.  [AF  18- 
(GOO)545  ]  Unclassified 

Published  in  Phys.  Rev.,  v.  93:  1128-1129,  Mar.  1, 
1954. 

The  lotal  phase  shift,  in  the  phase  shift  analysis  of  the 
scattering  of  electrons  from  a  nuclear  charge  distribu¬ 
tion,  can  be  expressed  as  (lie  sum  of  2  terms: 
j  >,jC  -  t, j,  with  jC  being  the  phase  shift  of  the 


1th  partial  wave  for  .  pure  Coulomb  field  and  the 
•idditionai  phase  sluft  due  to  the  modification  of  the 
Coulomb  field  lnstde  the  nucleus.  The  assertion  that 
for  large  1,  |  approaches  zero  through  positive  values 
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is  found  incorrect.  Proof  is  given  that  for  all  reason¬ 
able  charge  distributions  inside  the  nucleus  &j  <  0. 


STA.  03:01 3 

Stanford  U.  Dept,  of  Physics,  Calif. 

NUCLEAR  DISPERSION  CONTRIBUTION  TO  E1GH- 
ENERGY  ELECTRON  SCATTERING,  by  L.  I.  Schiff. 
Jan.  1955,  16p.  (Technical  rept.  no.  9)  ([AF]OSR- 
TN-55-27)  (AF  18(600)545)  AD  55259 

Unclassified 

Presented  at  meeting  of  the  Amer.  Pbvs.  Soc. , 
California  U. ,  Berkeley,  Dec.  28-30,  1954. 

Also  published  in  Phys.  Rev.,  v.  98:  756-760,  May 
1,  1955. 

An  expression  for  the  contribution  of  virtual  intermedi¬ 
ate  states  of  the  nucleus  (nuclear  dispersion)  to  the 
elastic  and  inelastic  scattering  of  high-energy  electrons 
is  obtained.  The  closure  relation  for  the  nuclear  states 
is  used  to  put  this  in  a  form  which  depends  only  on  the 
properties  of  the  initial  and  final  states.  An  estimate 
of  this  contribution  in  comparison  with  the  first-order 
scattering  shows  that  it  is  expected  to  be  small  but  not 
negligible  for  the  light  elements  and  somewhat  larger 
for  the  heavy  elements,  when  the  electronics  have  sev¬ 
eral  hundred  mev  energy.  The  estimate  is  only  valid 
for  large  scattering  angles.  More  detailed  knowledge 
of  the  1-  and  2- proton  transition  charge  densities  would 
be  required  in  order  to  extend  the  range  of  validity.  It 
seems  likely  that  the  bulk  of  the  dispersion  correction 
would  be  taken  into  account  if  the  correct  electron  wave 
functions  in  the  static  Coulomb  field  were  to  be  used  in 
place  of  plane  waves.  (Contractor’s  abstract) 


STA.  03:014 

Stanford  U.  Dept,  of  Physics,  Calif. 

ELECTRIC  MONOPOLE  TRANSITIONS  IN  C12  AND 
AND  O16,  by  L.  1.  Schiff.  Feb.  1955,  16p.  refs. 
(Technical  rept.  no.  11)  ([AF]OSR-TN-55-41) 

(AF  18(600)545)  AD  55261  UnclassHied 

Also  published  in  Phys.  Rev.,  v.  98:  1281-1285,  June 

171555: 

The  matrix  element  (ME)  was  calculated  for  electric 
monopole  transitions  (0*  — »  0+)  between  the  ground 
and  7.68-mev  states  in  Cl2.  The  calculations  were 
based  on  Jj-coupling  independent-particle  model  in 
which  2  nucleons  undergo  transitions  between  the  P3/2 
sheU  and  the  pj/2  sheU.  Pair  forces  were  included  to 
first  order,  and  the  sum-over  configurations  were  per¬ 
formed  exactly  by  means  of  a  Green's  function.  (For 
simplicity  an  infinitely  deep  square-well  independent- 
particle  potential  was  assumed.)  The  calculated  ME 
was  —1.58  x  1022  CR  cm2,  witn  R  measured  in  cm  and 
C  in  mcv-cm3.  By  using  R  3.0  x  IQ"*3  cm  and  the 
experimental  value  of  ME  (3.  8  \  10*2^  cm2)  of 
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Opiienheimer  and  Schwinger  (Phys.  Rev. ,  v.  56:  1066, 
1939)  and  Dalitz  (Proc.  Roy.  Soc.  (London),  v.  206A: 
521,  1951),  the  neutron-proton  interaction  value,  C  - 
8. 0  x  10'^v  mev-cm^  was  obtained.  Since  this  is  about 
6  times  the  volume  integral  of  the  triplet  neutron-proton 
interaction  when  it  is  assumed  to  be  of  Gaussian  form, 
a  model  is  required  which  is  more  collective  than  the 
independent-particle  model  (with  pair  interactions)  and 
less  collective  than  the  a -particle  or  elastic-fluid  mod¬ 
els  in  order  to  account  for  the  experimental  value  of 
ME.  (ASTIA  abstract) 


STA.  03:015 

Stanford  U.  Dept  of  Physics,  Calif. 

LATTICE  SPACE  QUANTIZATION  OF  COUPLED  MESON 
AND  NUCLEON  FIELDS,  by  D.  H.  Holland.  Jan.  1955, 
17p.  (Technical  rept.  no.  10)  ((AF]OSR-TN-55-42) 

(A  F  18(600)545)  AD  55260  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

California  U.,  Berkeley,  Dec.  28-30,  1954. 

Also  published  in  Phys.  Rev.,  v.  98:  788-792,  May  1, 
1955. 

The  lattice  space  quantization  method  of  Schiff  (Phys. 
Rev.,  v.  92:  766,  1953)  for  treating  nonlinear  mesons 
is  used  to  quantize  coupled  mesons  and  nucleon  fields. 
Neutral  pseudoscalar  mesons  with  pseudoscalar  cou¬ 
pling  to  neutral  Dirac  nucleons  are  assumed,  and  only 
the  fields  at  the  lattice  points  of  a  cubic  lattice  are  con¬ 
sidered.  A  lattice  space  Hamiltonian  is  found,  and  mo¬ 
mentum  terms  are  treated  as  petrurbations.  To  zero 
order,  the  lattice  points  are  uncoupled  so  that  the  state 
function  is  written  as  a  product  of  functions  describing 
a  single  point.  Finding  a  particular  point  function  re- 
qu'rve  IU  solution  of  »  *et  of  C-aspled  differentia!  equa¬ 
tions.  Linear  combinations  of  zero-order  solutions  are 
found  which  diagonalize  the  perturbation  to  the  lowest 
jrJrr  ant  which  cat  be  MHqnM  as  I -'article  Mtonwr  - 
turn  eigenstates.  Linear  combinations  of  2-particle  mo¬ 
mentum  states  are  obtained  which  approximately  diago¬ 
nalize  »he  |»'rt"rbjttnn?  and  1  r  m  this.  ,  vatfirtng 
cross  sections  are  calculated.  The  lattice  constant,  1, 
appears  in  the  final  results  and  must  be  regarded  as  a 
parameter  of  the  theory.  This  constant  must  be  much 
la.gei  than  the  meson  Compton  wave-length  fu.  the  pei  - 
turbation  approximation  to  be  valid. 


STA.  03:016 

Stanford  U.  Dept,  of  Physics,  Calif. 

ON  THE  RADIATIVE  CORRECTION  TO  HIGH-ENERGY 
ELECTRON  SCATTERING,  by  H.  Suura.  Mar.  1955 
[ 24  Ip.  incl.  diagrs.  refs.  (Technical  rept.  no.  12) 

([ A E]OSR-TN- 55-93)  (AF  18(600)545)  AD  60034 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. . 
California  U.,  Berkeley,  Dec.  28-30,  1954, 


Also  published  in  Phys.  Rev.,  v.  99:  1020-1028, 

Aug.  1,  1955. 

Abstract  published  in  Phys.  Rev.,  v.  98:  278,  Apr.  1, 
1955. 

An  analysis  is  presented  of  the  1 -photon  radiative  cor¬ 
rection  to  the  high-energy  electron  scattering  by  a 
nuclear  field  to  all  orders  of  Born  approximation  for 
the  nuclear  potential.  The  leading  term  of  the  fraction¬ 
al  decrease  of  the  elastic  scattering  cross  section  is 
shown  to  be  exactly  the  same  as  that  given  by  the  first 
Born  approximation.  The  effect  of  the  long  Coulomb 
tail  on  the  IR  divergence  is  analyzed  in  detail.  In  addi¬ 
tion,  the  origin  of  the  logm  term  which  appears  in  the 
radiative  correction  is  analyzed. 


STA.  03:017 

Stanford  U.  Dept,  of  Physics,  Calif. 

DEUTERON  MODEL  CALCULATION  OF  THE  HIGH- 
ENERGY  NUCLEAR  PHOTOEFFECT,  by  K.  G. 

Dedrick.  May  1955  [26]p.  incl.  diagrs.  tables,  refs. 
(Technical  rept.  no.  13)  ([AF]OSR-TN-55-135) 

(A  F  18(600)545)  AD  63957  Unclassified 

Also  published  in  Phys.  Rev.,  v.  100:  58-66,  Oct.  1, 
1955. 

The  high-energy  nuclear  photoeffect  has  been  calculated 
according  to  the  "deuteron  model''  of  Levinger.  In  this 
model,  the  photo  process  occurs  when  a  neutron  and  a 
proton  which  are  scattering  one  another  inside  the  nu¬ 
cleus  absorb  the  energy  of  the  incident  photon  and  es¬ 
cape  from  the  nuclear  potential  weU  into  the  laboratory. 
The  nuclear  photoeffect  cross  section  is  then  obtained  by 
averaging  the  cross  section  for  the  above  process  over 
all  pcctbb  ru'itr  ji  -protor  pairs  tr.  tl*  ijuctaus  at  - 
Burning  a  nucleon  momentum  distribution.  The  electric 
dipole  and  quadrupole  interactions  of  the  radiation  field 
urtibtU1  i-'uir  ji  aid  protoi  arc  t->ciuW  aid  the  mag¬ 
netic  terms  are  neglected.  The  averaging  over  all  neu¬ 
tron-proton  pairs  is  performed  by  means  of  a  random 
flight  formuia'ion  of  the  ;rntdrm,  The  analytical  i»v  rk 
involved  may  conveniently  be  done  using  either  a  zero 
temperature  Fermi  ground  state  nucleon  momentum 
distribution  or  a  Gaussian  distribution.  Numerical  re¬ 
sults  lor  the  eitcigy  and  angle  disll  [buttons  ul  photo- 
neutrons  and  photoprotons  are  presented  in  the  case  of 
the  Gaussian  distribution,  for  4  photon  energies  between 
50  and  125  inev.  (Contractor's  abstract) 
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Stanford  U.  [Dept,  of  Physics  1  Calif. 

ELECTRIC  QUADRUPOLE  EFFECTS  IN  SCATTERING 
OF  HIGH-ENERGY  ELECTRONS  BY  HEAVY  NUCLEI 
(Abstract),  by  B.  W.  Downs,  D.  G.  Ravenhall,  and  D. 
R.  Yennie.  fl955|  [2]p.  [AF  18(600)545 ] 

Unclassified 
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Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

California  U  ,  Berkeley,  Dec.  28-30,  1954. 

Published  in  Phys.  Rev.,  v.  98:  277-278,  Apr.  1,  1955. 

Using  a  modified  Born  approximation,  calculations  have 
been  derived  of  the  contributions  to  the  differential  scat¬ 
ter  big  cioss  settlor.  which  o.l  irit  Itutr.  tt.t  static  quadra 
pole  moment  and  from  the  collective  electric  quadru- 
pole  transitions  (excitation  of  low-lying  collective  rota¬ 
tional  states  of  the  target  nucleus).  For  nuclei  having 
large  intrinsic  quadrupole  moments  these  contributions 
partially  smooth  the  diffraction  wiggles  in  the  scattering 
curves  calculated  by  the  method  of  Yennie  et  al. ;  the 
theoretical  curves  are  thus  brought  into  better  agree¬ 
ment  with  the  experimental  data.  The  quadrupole 
charge  distribution  and  the  extent  to  which  its  details 
affect  the  scattering  cross  section  are  discussed.  Re¬ 
sults  are  presented  for  scattering  of  183  mev  electrons 
by  tantalum.  (Contractor’s  abstract) 


STA.  03:019 

8la>  Rri  U  [Dupt  jf  Phytic* |  Calif. 

ELECTRODISINTEGRATION  OF  THE  DEUTERON  (Ab¬ 
stract),  by  V.  Z.  Jankus.  [1955]  [l]p.  [AF  18(600)545] 

Unclassified 

Presetted  at  Un.tlll.fc,  ul  the  A...t  1 .  Ptijio.  Sue.  , 
California  U. ,  Berkeley,  Dec.  28-30,  1954. 

Published  in  Phys.  Rev.,  v.  98:  278,  Apr.  1,  1955. 

CakuiMfcv*  i*i  Uo  i.aie  j*  the  dfslriL  t.ratk  >  .f  the 
deuteron  in  high-energy  electron  impact.  With  increase 
of  momentum  transfer  the  inelastic  cross  section  in¬ 
creases  at  the  expense  of  the  elastic,  while  the  sum  of 
the  two  remains  approximately  equal  to  the  Mott  cross 
section.  The  energy  spectrum  of  the  scattered  electron 
has  been  obtained  using  the  Miller  potential.  In  this 
calculation  it  was  necessary  to  take  account  of  the 
proton-neutron  interaction  in  the  final  S  state.  The  in¬ 
fluence  of  this  interaction  on  the  states  of  higher  angular 
momentum  has  been  found  to  be  much  smaller.  The  re¬ 
sults  indicate  that  the  cross  section  is  sensitive  to  the 
effective  range  of  proton-neutron  forces,  especially  at 
mg!,  l.njfirci.tuii.  transfer!.,  such  a  produced  by  Ku  mev 
electrons  scattered  at  60°.  (Contractor's  abstract) 
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Stanford  U.  [Dept,  of  Physics]  Calif. 

EXCITED  STATES  OF  C12  AND  O16  (Abstract),  by  L. 

1.  Schiff.  [  1955]  [  1  ]p.  [AF  18(600)545] 

Unclassified 

Presented  at  meeting  of  Amer.  Phys.  Soc.  ,  Chicago, 

Ul. ,  Nov.  26-27,  1954. 

Published  in  Phys.  Rev.,  v.  98:  235,  Apr.  1,  1955. 

The  matrix  element  for  the  electric  monopole  transition 


in  016  computed  from  the  pair  emission  lifetime  has 
roughly  the  same  magnitude  as  the  matrix  element  be¬ 
tween  the  ground  and  7.  68-mev  states  in  C12  estimated 
from  inelastic  electron  scattering,  assuming  that  the 
latter  is  also  electric  monopole.  Both  matrix  elements 
are  much  smaller  than  would  be  expected  on  the  basis 
of  an  alpha  particle  model,  an  elastic  fluid  model,  or  a 
IS  ♦  2C  trsu.b«.4cs.  cf  a  lAngk.  proton.  11  seef.it:  pos¬ 
sible  that  this  can  be  explained  on  the  independent  par¬ 
ticle  model  (IPM)  if  two  particles  change  their  states. 
The  transition  is  then  forbidden  if  the  IPM  is  taken 
literally,  but  becomes  allowed  if  some  interaction  be¬ 
tween  particles  is  admitted  in  addition  to  that  which  is 
included  on  the  average  in  the  IPM.  An  estimate  of  the 
magnitude  of  this  residual  interparticle  interaction  that 
is  required  to  explain  the  matrix  elements  are  pre¬ 
sented.  (Contractor's  abstract) 
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Stanford  U.  [Dept,  of  Physics]  C»iif. 

HIGH-ENERGY  ELECTRON  SCATTERING  AND  THE 
CHARGE  DISTRIHTTIONS  OF  SELECTED  NUCLEI 
(Abstract),  by  B.  Hahn,  D.  G.  Ravenhall,  and  R. 
Hofstadter.  [1955]  [l]p.  [AF  18(600)545] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Galifuma  U. ,  Berkeley,  Let.  2u  3b,  Ltf, 

Published  in  Phys.  Rev. ,  v.  98:  278,  Apr.  i,  1955. 

Recent  improvements  in  experimental  technique  have 
rm.V  o  ptsKillr  i.  measure  mere  accurately  the  ante  - 
lar  distribution  of  high-energy  electrons  (180  mev) 
scattered  by  heavy  and  medium  nuclei.  Small  differ¬ 
ences  in  scattering  cross  sections  of  two  nuclei  can  be 
established  by  measuring  ratios  of  counting  rates  at 
each  scattering  angle.  Scattering  ratios  of  gold  with 
respect  to  hydrogen  have  been  measured,  as  well  as 
ratios  with  respect  to  Rh,  Ta,  W  and  U.  Ta,  W,  and 
U  definitely  show  less  pronounced  diffraction  wiggling 
in  the  angular  distribution  than  Pb2®®,  Au,  and  Bi.  It 
is  fairly  difficult  to  fit  the  experimental  results  for  Ta, 
W,  and  U  with  phase  shift  calculations  to  a  spherically 
symmetric  charge  distribution.  A  possible  explanation 
v!  Uie»e  relatively  wtA/oth  angular  GlstrlbAUia#  nuty 
involve  nuclear-quadrupole  effects.  (Contractor's 
abstract) 
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A  MODIFIED  BORN  APPROXIMATION  FOR  ELECTRON 
SCATTERING  CALCULATIONS  (Abstract),  by  D.  R. 
Yennie,  D.  G.  Ravenhall,  and  B.  W.  Downs.  [1955] 
[l]p.  [AF  18(600)545]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
California  U. ,  Berkeley,  Dec.  28-30,  1954. 

Published  in  Phys.  Rev.,  v.  98:  277,  Apr.  1,  1955. 
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It  has  been  shown  previously  that  for  heavy  elements 
the  Born  approximation  is  inadequate  for  calculating 
high-energy  electron  scattering.  However,  after  the 
problem  of  scattering  in  a  central  potential  has  been 
solved  exactly  (by  numerical  methods),  additional  ef¬ 
fects  can  be  treated  by  perturbation  theory.  Since  the 

lifiiltrtiiibtl  o^»tLfci  L.g  ttiVca  die  kiiiiwii  uiii  jr  till  i/ugli 

their  partial  wave  decomposition,  this  method  leads  to 
a  tedious,  though  straightforward,  computation,  An 
analytic  approximation  to  the  complete  unperturbed 
scattering  wave  has  been  found  which  restores  the  per¬ 
turbation  calculation  to  the  simplicity  of  the  Born  ap¬ 
proximation;  thp  aj  J  roximation  iq  good  in  thp  neighbor¬ 
hood  of  the  nucleus.  In  this  region  the  approximate 
function  is  very  nearly  a  plane  wave  with  normalization 
and  wave  number  altered  from  that  of  the  incident  wave; 
in  addition  the  wave  fronts  are  slightly  curved.  This 
modified  Born  approximation  is  used  to  estimate  the 
sensitivity  of  electron  scattering  to  small  changes  in 
the  radial  charge  distribution.  (Contractor's  abstract) 
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PHASE  SHIFT  ANALYSIS  OF  HIGH-ENERGY  ELEC¬ 
TRON  SCATTERING  (Abstract),  by  D.  G.  Ravenhall 
andD.  R.  Yennie.  [1955]  [l]p.  [AF  18(600)545] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
California  U. ,  Berkeley,  Dec.  28-30,  1954. 

Published  in  Phys.  Rev. ,  v.  98:  277,  Apr.  1,  1955. 

Results  of  a  phase  shift  analysis  of  high-energy  electron 
scattering  is  reported.  Previously,  experimental  data 
on  gold  at  several  energies  have  been  compared  with 
cross  sections  obtained  by  using  a  "smoothed  uniform" 
charge  distribution.  The  effect  of  altering  the  central 
charge  density  has  now  been  Investigated,  in  an  attempt 
to  improve  the  agreement  with  these  experiments,  and 
in  order  to  examine  the  extent  to  which  the  experiments 
determine  the  charge  distribution.  Some  results  are 
also  presented  for  other  nuclei  whose  distortion  (i.  e. , 
intrinsic  quadrupole  moment)  is  small  enough  that  the 
assumption  of  a  spherically  symmetrical  charge  distri¬ 
bution  is  justified.  (Contractor's  abstract) 
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W.  K.  B.  APPROXIMATION  TO  PHASE  SHUTS  (Ab¬ 
stract),  by  S.  P.  Heims,  D.  R.  Yennie,  and  D.  G. 
Ravenhall.  [1955]  [l]p.  [AF  18(600)545] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
California  U. ,  Berkeley,  Dec.  28-30,  1954. 

Published  in  Phys.  Rev.,  v.  98:  278,  Apr.  1,  1955. 

The  computing  time  required  to  evaluate  exactly  the 


phase  shifts  for  the  nuclear  electron  scattering  at  very 
high  energies  increases  roughly  as  the  square  of  the 
energy.  For  this  reason  the  W.  K.  B.  approximation 
for  the  phase  shifts  is  being  reconsidered.  Using  this 
approximation,  E.  Baranger  has  obtained  cross  sec¬ 
tions  at  150  mev  for  mercury  that  agree  well  with  those 
obtained  by  the  exact  method,  and  the  atcuiaty  -1  the 
W.  K.  B.  approximation  improves  as  the  energy  in¬ 
creases.  The  phase  integral  is  evaluated  numerically 
rather  than  by  the  analytic  approximation  used  by 
Baranger.  Phase  shifts  and  cross  sections  obtained 
by  this  method  are  compared  with  those  obtained  by 
the  exact  method.  (Contractor's  abstract) 


STA.  03:025 

Stanford  U.  [Dept,  of  Physics]  Calif. 

LOW-ENERGY  PHYSICS  FROM  A  HIGH-ENERGY 
STANDPOINT,  by  L.  L  Schiff.  [1955]  [4]p.  incl.  refs. 
[AF  18(600)545]  Unclassified 

Presented  at  meeting  of  tho  Amer.  Phys.  Soc. , 

Wash  ,  Ton,  D.  C. ,  Apr.  28,  1955. 

Published  in  Science,  v.  121:  881,  June  "4,  1955. 

A  lucid  survey  in  elementary  terms  is  presented  of 
the  information  gained  from  high-energy  experiments 
involving  nuclear  charge  distributions  and  ground  and 
low-excited  states  of  nuclei.  Photo-diBintegration, 

M -meson  capture  and  scattering  and  high-energy  elec¬ 
tron  scattering  are  discussed  in  particular. 


STA.  03:026 

Stanford  U.  [Dept,  of  Physics]  Caiif. 

THE  EFFECTS  OF  SHORT-RANGE  CORRELATIONS 
[IN  POSITION]  BETWEEN  TWO  PROTONS  IN  THE 
ELASTIC  SCATTERING  OF  HIGH-ENERGY  ELEC¬ 
TRONS  BY  HEAVY  NUCLEI,  by  B.  W.  Downs.  [Oct. 

3,  1955]  [2l]p.  incl.  diagr.  [AF  18(600)545] 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  101:  820-825,  Jan. 
15,  1956. 

An  expression  is  obtained  for  the  leading  term  in  the 
2-proton  contribution  to  the  scattering  cross  section 
with  a  2-proton  charge  density  which  is  a  Yukawa  func¬ 
tion  of  the  separation  between  2  protons.  The  cross 
section  for  scattering  from  more  complicated  charge 
distributions  can  be  generated  from  this  basic  result 
by  differentiation  with  respect  to  the  Yukawa  range 
parameter.  The  2-proton  cross  section  is  evaluated 
for  a  charge  density  in  which  short-range  correlations 
in  position  between  2  protons  appear.  Results  are 
given  for  the  scattering  of  600-mev  electrons  by  heavy 
nuclei.  (Contractor's  abstract) 


AIR  FORCE  SCIENTIFIC  RESEARCH 


STA.  03:027 

Stanfjrd  U.  [Dept.  of  Physics]  Calif. 

INELASTIC  ELECTRON  SCATTERING  BY  CARBON 
Abstract),  by  D.  G.  Ravenhall.  [1955]  [2]p. 

AF  18(600)545]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Southern  California  U. ,  Los  Angeles,  Dec.  28-30,  1955. 

Published  in  Phys.  Rev.,  v.  100:  1797-1798,  Dec.  15, 
1955. 

The  experimental  results  of  Fregeau  and  Hofstadter  on 
the  scattering  of  187-mev  electrons  by  carbon  contain 
differential  cross  sections  for  both  elastic  and  inelastic 
processes.  The  former  can  be  related  to  the  charge 
distribution  of  the  nucleus  in  its  ground  state,  and  the 
latter  are  associated  with  nuclear  excitation,  in  this 
case  to  each  of  the  first  three  levels,  at  4.  43,  7.  68, 
and  9. 61  mev.  The  spins  and  parities  of  the  first  two 
levels  are  known  to  be  2+  and  O*  respectively,  and  the 
experimental  results  relating  to  these  levels  and  to  the 
ground  state  are  in  qualitative  agreement  with  the  pre¬ 
dictions  of  the  shell  model.  In  this  paper  a  discussion 
is  given  of  the  excitation  to  the  9.  61-mev  level,  and  of 
the  information  it  gives  concerning  the  spin  and  parity 
of  this  level.  Further  experiments  which  could  assist 
in  giving  an  unambiguous  assignment  are  also  discussed. 
(Contractor's  abstract) 


STA.  03:028 

Stanford  U.  Dept,  of  Physics,  Calif. 

CALCULATION  OF  ELECTRON- DEUTERON  SCATTER 
ING  CROSS  SECTIONS,  by  V.  Z.  Jankus.  Feb.  1956 
]20]p.  incl.  diagrs.  refs.  (Technical  rept.  no.  14) 
(AFOSR-TN-56-48)  (A F  18(600)545)  AD  80560 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  102:  1586-1591,  June 
15,T956. 

Elastic  and  inelastic  cross  sections  for  electron- 
(louteron  scatlering  with  large  momentum  transfers 
wcr  investigated.  The  calculations  were  performed  in 
the  first  Bo.-ri  approximation.  The  neutron-proton  in¬ 
teraction  was  inscribed  by  a  phenomenological  potential, 
and  the  nucleons  were  represented  by  point  charges  and 
point  magnetic  moments.  The  finite  size  of  nucleons 
caused  major  corrections  to  the  results.  The  calcula¬ 
tions  treated  the  deuteron  nonrelativistically,  while  the 
electron  was  considered  extremely  relativistic.  Thus 
the  wave  functions  for  incident  and  scattered  electrons 
were  represented  by  plane  waves,  and  the  deflection  of 
the  electrons  generated  Moiler  potentials  to  act  iqxm 
the  charge  and  current  distributions  in  the  deuteron. 

The  calculations  showed  that  the  elastic  cross  section 
is  sensitive  to  tnc  presence  or  absence  of  the  hard  core 
m  the  interaction  and  that  the  inelastic  cross  section  is 
senslt  ve  to  the  presence  or  absence  of  the  neutron- 
proton  interaction  in  the  final  'P  state.  The  calculations 


STA. 03:027  -  STA. 03:030 

used  bare  nucleons  to  represent  the  proton  and  the 
neutron. 


STA.  03:029 

Stanford  U.  Dept,  of  Physics,  Calif. 

THE  ZERO- ZERO  TRANSITION  IN  CARBON  12,  by  B. 
F.  Sherman  and  D.  G.  Ravenhall.  Mar.  1956  [I8]p. 
refs.  (Technical  rept.  no.  15)  (AFOSR-TN-56-152) 
(AF  18(600)545)  AD  86311  Unclassified 

Also  published  in  Phys.  Rev. ,  v.  103:  949-955,  Aug. 
15,  1956. 

The  electric  monopole  transition  density  between  the 
ground  state  and  the  7.  68  mev  level  of  C^  is  examined 
on  the  basis  of  the  nuclear  shell  model.  It  is  found  to 
vanish  for  all  stages  of  intermediate  coupling  if  only  the 
(lp)8  configuration  is  involved.  A  nonzero  value  is  ob¬ 
tained  by  including  states  of  the  (lp)?  (2p)  configuration, 
which  are  the  results  of  a  residual  central  internucleon 
interaction.  For  computational  simplicity,  both  this 
and  the  spin-orbit  Interaction  are  first  treated  as  per¬ 
turbations  about  the  L-S  limit.  Since  the  results  show 
that  the  residual  interaction  is  probably  too  large  for 
this  to  be  reliable,  an  attempt  is  made  to  diagonalize 
the  Hamiltonian  exactly,  but  the  severe  restriction  on 
the  number  of  states  considered  makes  the  result  rath¬ 
er  unsatisfactory.  It  is  concluded  that  if  all  of  the  pos¬ 
sible  states  of  the  low-lying  configurations  were  to  be 
included  in  the  diagonalization,  agreement  with  experi¬ 
ment  might  result,  but  that  in  this  case  some  semi¬ 
collective  model  might  better  be  applied.  (Contractor's 
abstract) 


STA.  03:030 

Stanford  U.  Dept,  of  Physics,  Calif. 

AN  APPROXIMATION  METHOD  FOR  HIGH-ENERGY 
POTENTIAL  SCATTERING,  by  L.  1.  Schiff.  Apr. 

1956,  24p.  refs.  (Technical  rept.  no.  16)  (ArOSR- 
TN-56-162)  (A  F  18(600)545)  AD  86582 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  103:  443-453.  July 
15,  1956. 

An  approximation  method  for  high-energy  potential 
scattering  is  developed  that  expresses  the  scattered 
amplitude  in  terms  of  a  quadrature,  similar  to  the 
Dorn  approximation  but  superior  to  it  in  accuracy.  It 
is  valid  when  the  jvotentia!  is  slowly  varying  compared 
to  a  wavelength.  V  ,/K'  is  small  compared  to  unity, 
is  either  small  or  large  compared  to  (kR)'lj,  and 
V  R/tiv  is  unrestricted  in  magnitude,  vhere  K’,  ,  k. 

and  v  are  the  kinetic  energy,  seattering  angle,  wave 
nuinner,  and  speed  of  the  scattered  particle,  respec¬ 
tively.  and  V  and  R  are  rough  measures  of  the  strength 
and  range  of  the  seattering  potential,  which  may  be 
complex.  For  comparison,  the  Dorn  approximation 
requires  that  1  V  H  fiv  lie  small  compared  to  unity. 


•  82.1 
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The  procedure  consists  in  summing  the  infinite  Born 
series  after  approximating  each  term  by  the  method  of 
stationary  phase.  Both  the  Schrodinger  and  Dirac  equa¬ 
tions  are  treated,  and  it  is  expected  that  the  method 
can  be  extended  to  the  scattering  theory  of  other  wave 
equations.  The  relation  of  the  present  work  to  previous 

wuik  of  utbei  a  is  dlsCussed,  slid  the  liililLitiui.s  vf  Yvrvja 

or  eikonal-type  approximations  are  explored.  The  meth¬ 
od  is  expected  to  be  especially  useful  for  calculating  the 
scattering  of  fast  electrons,  neutrons,  and  protons 
from  nonspherical  nuclei.  (Contractor's  abstract) 


ST  A.  03  <131 

Stanford  U.  Dept,  of  Physics,  Calif. 

APPROXIMATION  METHOD  FOR  SHORT-WAVELENGTH 
OR  HIGH-ENERGY  SCATTERING,  by  L.  I.  Schiff.  Sept. 
I«ll6}p.  (Technical rept  no.  17)  (AFGfiH-TN-56- 
407)  (AF  18(600)545)  AD  96215  Unclassified 

Also  published  in  Phys.  Rev.,  v.  104:  1481-1485,  Dec. 

1,  1956. 

The  approximation  method  developed  recently  is  extended 
to  the  scattering  theory  of  Maxwell's  equations,  and  of 
the  Schrodinger  equation  with  spin-orbit  interaction. 

Both  of  these  situations  are  more  complicated  thi  n  the 
Schrodinger  and  Dirac  cases  considered  earlier.  While 
the  electromagnetic  case  yields  the  earlier  type  of  re¬ 
sult  in  which  the  Born  formula  is  modified  by  the  inclu¬ 
sion  of  an  additional  phase  factor,  the  Schrodinger  spin- 
orbit  cas*  rar.i,.4  be  put  1 1  surh  a  simple  turn  Brief 
mention  is  also  made  of  the  tensor  interaction,  which 
is  even  more  complicated  than  the  spin-orbit  interac¬ 
tion,  and  of  the  space-exchange  interaction,  which  can 
only  be  treated  by  this  method  if  the  potential  is  sym¬ 
metric  with  respect  to  inversion.  (Contractor's  ab¬ 
stract) 


ST  A.  03:032 

Stanford  li.  Dept,  of  Physics,  Calif. 

PION  PRODUCTION  IN  ELECTRON-PROTON  COLLI¬ 
SION,  by  R.  II.  Dalitz  and  D.  R.  Yennic.  .Jov.  1956 
|59jp.  incl.  diagrs.  tables,  refs.  (Technical  rept.  no. 
18)  (AFOSR-TN-56-533)  (Sponsored  jointly  by  [Air 
Force |  Office  of  Scientific  Research  under  (AF  18(600) - 
545),  Office  of  Naval  Research,  and  Atomic  Energy 
Commission)  AD  110352  Unclassified 


Also  published  in  Phys.  Rev. 
Mar.  f,  1957. 


1598-1610, 


The  close  relationship  between  photo-pion  and  electro- 
pion  production  from  protons  allows  an  unambiguous 
first  estimate  (the  standard  value)  for  the  ratio  of  these 
cross  sections,  based  on  assumptions  very  close  to 
those  of  the  WeizsSeker  (Zeitsclir.  Phys.,  v.  88.  612. 
1934)-WilUan:s  (l’hys.  Rev. ,  v.  45:  729.  1S34;  Kgl 
Vidtnskab.  Selshab,  Mat-fys.  Medd.  Danske,  v.  13: 

4  1935)  method.  Deviations  of  the  i atlo  from  this  t  s- 
liu  aie  arise  from  |  ion  production  by  the  longitudinal 


comjxments  of  the  field  of  the  scattered  electron  and 
from  the  variation  of  the  off-diagonal  transverse  exci¬ 
tations  from  their  on-diagonal  photoproduction  values. 
The  dependence  of  these  deviations  on  the  physical 
processes  contributing  to  the  electromagnetic  excita¬ 
tion  of  pions  Is  discussed  in  terms  of  matrix  elements 
specified  lii  the  plon-mcteon  ctr.tti  ui  mass  ay  stem, 
both  for  various  phenomenological  contributions  and 
for  specific  meson  theories.  The  experimental  values 
reported  are  interpreted  as  an  indication  of  the  small¬ 
ness  of  longitudinal  production,  in  qualitative  accord 
with  the  fixed  source  theory.  These  features  may  also 
be  investigated  by  study  of  the  energy  spectrum  of  in- 
i  la  stir-ally  seal  fpred  elect  runs  and  of  the  azimuthal 
variation  of  pion  production  relative  to  the  scattering 
plane,  which  are  also  discussed  here.  (Contractor's 
abstract) 


ST  A  03-033 

Stanford  U.  Dept,  of  Physics,  Calif. 

ELECTROMAGNETIC  STRUCTURE  OF  NUCLEONS, 
by  D.  R.  Yennle,  M.  M.  Levy,  and  D.  G.  Ravenhall. 
Nov.  1956,  lv.  incl.  diagrs.  refs.  (Technical  rept. 
no.  20)  (A FOSR-TN- 56-559)  (AF  18(600)545) 

AD  110379  Unclassified 

Also  published  in  Rev.  Modern  Phys.,  v.  29:  144- 
157,  Jan.  1,  1957. 

The  extent  to  which  the  results  of  the  separate  experi- 
witi  p<  rl  r f—jc.1  upon  ptieikdiwna  .  f  It*  -r-jurieon  elec¬ 
tromagnetic  interaction  type  can  be  combined  into  a 
consistent  picture  of  nucleons  as  charge-current  dis¬ 
tributions.  Neutron  scattering  by  atoms  gives  informa¬ 
tion  about  the  volume  integral  of  the  electron-neutron 
interaction.  An  interpretation  is  made  in  terms  of  a 
simple  meson  model  of  nucleon  structure  in  which  the 
"physical"  nucleon  Is  made  up  of  "bare"  nucleons  and 
pions  interacting  in  a  charge-symmetrical  manner. 
Other  speculative  ways  of  interpreting  results  are 
commented  upon. 


ST  A.  03:034 

Stanford  U.  Dept,  of  Physics,  Calif. 

HIGHER-ORDER  RADIATIVE  CORRECTIONS  TO 
ELECTRON  SCATTERING,  by  D.  R.  Yennle  and  H. 
Suura.  Nov.  1956  [I4[p.  Incl.  diagrs.  refs.  (Tech¬ 
nical  rept.  no.  19)  (A EOSR-TN-56-560)  (AF  18(600) - 
545)  AD  110380  Unclassified 

Also  published  in  Phys.  Rev.,v.  105:  1378-1382. 

Feb.  15,  1957. 

The  question  of  higher  order  radiative  corrections  In 
the  Infrared  region  is  examined,  and  it  is  shown  that 
Schwinger's  conjecture  that  the  functional  dependence 
of  these  radiative  corrections  on  the  energy  resolution 
is  asymptotically  true  (or  small  E  (-  E  «  E-energy 
available  for  radiation).  The  cause  of  the  statistical 
lndeixMulence  of  the  soft  quanta  Is  examined  In  some 


•  • 


•  • 
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detail.  A  discussion  of  the  literature  and  previous  re¬ 
sults  is  given. 


STA.  03:035 

Stanford  U.  [Dept,  of  Physics]  Calif. 

SHORT  WAVELENGTH  SCATTERING  APPROXIMA¬ 
TIONS  (Abstract),  by  L.  L  Schlff.  [1956]  [l]p. 

[AF  18(600)545]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  30- Feb.  3,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  H,  v.  1: 
66,  Jan.  30,  1956. 

The  Born  series  for  the  exact  scattering  amplitude  as¬ 
sociated  with  the  Schrfldinger  equation  Is  simplified  by 
applying  the  stationary  phase  approximation  in  the  short 
wavelength  case.  The  series  can  then  be  summed  In 
two  ways.  One  of  these  leads  to  an  expression  already 
obtained  by  Glauber,  who  used  the  WKB  approximation 
for  the  wave  function  in  the  integral  equation  for  the 
scattered  amplitude.  The  other  yields  a  superficially 
different  expression  first  derived  by  the  author  with  the 
help  of  a  WKB  approximation  for  the  Green's  function. 
The  two  expressions  are  equivalent,  but  Glauber's 
see tr.s  t  _  be  slightly  n^re  c^verUnt  for  numerical 
computation.  This  point,  and  the  extension  to  the  Dirac 
equation,  is  discussed.  (Contractor's  abstract) 


STA.  04:001 

Stanford  U.  Div.  of  Engineering  Mechanics,  Calif. 

THE  SOLUTION  OF  COMPRESSIBLE  LAMINAR 
BOUNDARY  LAYER  PROBLEMS  BY  A  FINITE  DIF¬ 
FERENCE  METHOD.  PART  L  DESCRIPTION  OF  THE 
METHOD,  by  I.  Fill gge- Lot z  and  D.  C.  Baxter.  Sept. 
30,  1956,  81p.  incl.  diagrs.  tables,  refs.  (Technical 
rept.  no.  103)  (AFOSR-TN-56-544)  (AF  18(600)1488) 
AD  110363  Unclassified 

The  differential  equations  of  the  boundary  layer  can  be 
conveniently  treated  by  the  described  method.  Such  a 
method  will  allow  the  determination  of  boundary  layer 
behavior  under  any  combination  of  pressure  gradient 
and  wall  temperature  of  heat  transfer  rate  variation. 
The  stability  of  the  finite  difference  solution  of  the 
boundary  layer  equations,  and  of  parabolic  equations 
In  general,  has  been  investigated  and  found  to  place 
certain  restrictions  on  the  mesh  sizes  which  may  be 
used.  Series  expansions  in  powers  of  the  velocity  for 
the  dependent  variables  and  L,t (pertaining  to  shear 

stress  and  enthalpy,  respectively)  can  be  used  to  allow 
determination  of  the  wall  conditions.  The  finite  dif¬ 
ference  solution  of  the  boundary  layer  equations  has 
been  programmed  for  the  IBM  650  digital  computer, 
and  the  computation  of  an  extensive  series  of  examples 
under  various  combinations  of  heat  transfer  rate  and 
pressure  gradient  been  started.  (Contractor's 
abstract) 


STA.  03:036 

Stanford  U.  [Dept,  of  Physics]  Calif. 

SCATTERING  OF  CLASSICAL  ELECTRONS  BY  NUCLEI, 
by  S.  P.  Heims,  D.  G.  Ravenhall.  and  D.  R.  Yennie. 
[1956]  [I9]p.  Incl.  diagrs.  refs.  [AF  18(600)545] 

Unclassified 

Published  in  Amer.  Jour.  Phys.  ,  v.  24:  568-573, 

Nov.  1956. 

U.  ev.nnectl.jh  with  recent  research  at  Stanford  University 
on  the  scattering  of  high-energy  electrons  by  atomic 
nuclei,  a  study  Is  made  of  the  scattering  of  extremely 
relativistic  classical  charged  particles  by  a  distribution 
of  charge.  The  approximation  is  made  that  the  mass  of 
the  scattered  particle  can  be  neglected;  this  Is  valid  for 
the  energies  used  In  the  experiments  (between  100  and 
200  mev).  In  the  case  of  the  point  charge,  orbits  ap¬ 
pear  in  which  the  particle  encircles  the  nucleus  many 
times  before  emerging.  Cross  sections  are  obtained 
for  this  case,  f(!;-  the  spherical  shell,  and  for  the 
"smoothed  uniform"  charge  distribution.  From  these 
results,  it  is  clear  that  the  experimentally  interesting 
region  is  completely  inaccessible  to  classical  particles, 
and  ilat  the  process  observed  corresponds  more  to  the 
diffraction  of  waves.  (Contractor’s  abstract) 


8TA.  05:001 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

THE  ANALYSIS  AND  SYNTHESIS  OF  GROUND-GRID 
AMPLIFIER  TRANSFER  FUNCTIONS,  by  W.  A. 
Christopher  son.  May  12,  1952,  llOp.  incl.  illus. 
refs.  (Technical  rept.  no.  46)  (Sponsored  jointly  by 
Office  of  Naval  Research,  Signal  Corps,  and  [Air 
Force  Office  of  Scientific  Research]  under  N6onr- 
25107)  U22181;  ATI- 154480  Unclassified 

The  need  for  •vide -band  (50  to  75  megacycles),  band¬ 
pass  an.phiiers  operating  at  cciittf  frequencies  in  the 
ultra-high  frequency  range  (above  300  megacycles)  and 
having  voltage  gains  of  at  least  one  thousand  cannot  be 
satisfied  through  the  use  of  present  day  pentode  tubes. 
However,  such  amplifiers  can  be  designed  by  incor¬ 
porating  presently  available  ultra-high  frequency  tri- 
ode  types  In  grounded-grld  operation  If  stagger  tuning 
is  employed  to  preserve  gain  band-width  product  and 
to  province  the  necessary  selectivity.  An  alternative 
method  is  to  use  a  traveling-wave  tube,  though  this 
lias  several  practical  disadvantages  having  to  do  with 
noise-figure,  selectively,  and  physical  size.  This  in- 
vestigat'on  was  undertaken  to  develop  techniques  of 
analysis  and  synthesis  that  would  make  possible  the 
systematic  design  ol  a  stagger-tuned  cascade  of 
grounded-grid  triode  amplifiers  having  a  prescribed 
►  ain-niagnltude  response.  The  first  part  of  this  re¬ 
port  is  concerned  with  the  analysis  cf  grounded-grid 
cascades.  It  .s  shown  that  the  cascade  is  not  unilater¬ 
al  and  that  the  equivalent  circuit  is  a  passive  ladder 
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network.  However,  series  resistors  in  the  equivalent 
ladder  network  allow  the  sections  '■orresponding  to  the 
stages  of  the  cascade  to  behave  as  though  they  are  near¬ 
ly  unilateral.  Deviations  from  unilateral  behavior  are 
defined  as  interaction.  The  tubes  act  as  impedance 
transformers  having  low  input- Impedance  and  high  out¬ 
put-impedance.  It  is  necessary  tu  obtain  gain  b>  em¬ 
ploying  only  four-terminal  interstages  that  act  as  cur¬ 
rent  transformers.  Thus,  the  choice  of  interstages  is 
restricted.  The  second  part  of  the  report  is  concerned 
with  the  synthesis  of  prescribed  gain-magnitude  func¬ 
tions  of  grounded-grid  cascades.  A  simple  interstage 
network  is  selected  with  which  it  is  possible  to  obtain 
a  band-pass  response.  The  resultant  amplifier  transfer 
function  has  three  clusters  of  poles  (points  of  infinite 
gain)  on  the  band-pass  complex-frequency  plane.  There 
is  a  pole  in  each  cluster  for  each  stage  of  the  amplifier. 
The  problem  of  arranging  the  poles  to  obtain  the  de¬ 
sired  gain- magnitude  response  is  solved  by  transform¬ 
ing  it  to  a  low-pass  complex-frequency  plane  where 
there  is  only  one  cluster  of  poles.  The  solution  of  the 
problem  in  such  a  low-pass  plan<1  is  known  for  a  variety 
of  gain- magnitude  responses.  Hence,  the  problem  is 
solved  if  the  inverse  transformation  from  the  low-pass 
plane  to  the  high-pass  plane  can  be  carried  out.  This 
problem  is  actually  by-passed,  and  the  alignment  data 
(center  frequency  and  three  -db  bandwidth)  for  each 
stage  are  obtained  directly  from  the  low-pass  plane 
solution.  This  is  accomplished  by  using  a  plot  of  the 
correspondence  of  the  imaginary  axes  of  the  low-pass 
and  band-pass  planes.  Since  the  alignment  data  is  ob¬ 
tained  directly  in  the  synthesis  procedure,  only  approx¬ 
imate  design  equations  are  needed  for  the  interstage 
•wtlworh*.  These  are  di vilupeti  ir  the  Ltlrd  part  ul  the 
report.  The  final  adjustment  in  performed  experiment¬ 
ally.  Throughout  the  development  of  the  synthesis  pro¬ 
cedure,  interaction  is  assumed  to  be  negligible  in  order 
to  simplify  the  problem.  Ftius  It  is  necessary  to  inves¬ 
tigate  methods  of  reducing  interaction  so  that  this  as¬ 
sumption  is  justifiable.  It  ip  shown  that  the  order  of 
the  stagger-tuned  stages  is  a  very  important  factor  in 
reducing  interaction.  In  the  final  part  of  the  report, 
the  design  of  a  low-frequency-analog  amplifier  (eight 
megacycle  renter  (rrqurnry  inr  tnrparyrlr  tam'wUHH 
is  described  in  order  to  illustrate  the  use  of  the  synthe¬ 
sis  and  design  techniques.  The  experimental  results 
obtained  with  this  amplifier  check  closely  with  the  re¬ 
sults  predicted  by  ihe  theory.  (Contractor's  abstract) 


STA.  05:002 

Stanford  U.  Electronics  Research  Lab.  ,  Calif. 

HELIX  IMPEDANCE  OK  TRAVELING  WAVE  TUBES, 
by  P.  K.  Tien.  June  27,  1952,  26p.  Incl.  diagrs. 
(Technical  rept.  no.  50)  (Sponsored  Jointly  by  Office  of 
Naval  Research.  Signal  Corps,  and  (Air  Force  Office  of 
Scientific  Research]  under  NConr-25107)  U23274; 

ATI- 159659  Unclassified 

The  impedance  parameter  E^z/2;  of  r.  circular  helix 
was  investigated  for  a  tape-helix  model  in  which  a  helix 
of  width  and  pitch  p  is  assumed  to  be  wound  of  infi¬ 
nitely  thin  conducting  tape.  (E_  is  the  maximum  value 
of  the  axial  electric  field  on  the  axis  of  a  helix  carrying 


power  P  and  with  a  phase  constant  p . )  The  results  in¬ 
dicate  that  the  impedance  has  a  smaller  value  than  for 
the  sheath-helix  model  and  is  considerably  reduced  at 
larger  values  of  ka,  the  ratio  of  the  helix  circumfer¬ 
ence  to  the  (ree-space  wave  length.  Analysis  of  a  tape 
helix  surrounded  by  a  dielectric  medium  established 
that  tiie  impedance  ol  a  htlix  til  circular  v.sx,  sup¬ 
ported  by  a  dielectric  structure,  can  be  estimated  on 
the  basis  of  the  phase  velocity  reduction.  The  estimates 
using  this  procedure  were  in  agreement  with  measure¬ 
ments  on  various  tube  designs.  Two  ways  of  improving 
the  helix  design  for  use  In  traveling  wave  tubes  were 
Indicated:  (1)  to  increase  the  dielectric  loading  factor 
and  (2)  to  reduce  the  space  harmonic  component  fields. 
The  dielectric  loading  far  tor  can  be  raised  by  using  di¬ 
electric  supports  so  that  most  of  the  dielectric  material 
is  away  from  the  helical  surface;  the  space  harmonic 
component  fields  can  be  reduced  either  by  using  a  larg¬ 
er  ratio  of  5  /p  or  a  smaller  value  of  ka. 


STA.  05:003 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

THE  MECHANISM  OF  RADIO  REFLECTIONS  FROM 
METEORIC  IONIZATION,  by  V.  R.  Eshleman.  July 
15,  1952,  128p.  incl.  diagrs.  table,  refs.  (Technical 
rept.  no.  49)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  [Air  Force  Office  of  Scien¬ 
tific  Research] under  N6onr-25107)  U23268; 

ATI- 163933  Unclassified 

A  theory  ot  nfxo  wHerttotve  Iron.  ryUtxler  a  kvnisw  - 

tion  Is  presented  in  an  attempt  to  explain  the  character¬ 
istics  of  radio  echoes  from  meteor  trails.  The  theoret¬ 
ical  approaches  to  the  problem  were  (1)  solution  of  the 
electromagnetic-wave  equation  tor  dielectric  columns 
with  cylindrical  symmetry  and  (2)  a  summation  of  the 
fields  scattered  by  the  individual  electrons  in  the 
column.  Neither  method  was  easily  applicable  for  find¬ 
ing  reflections  from  a  column  of  arbitrary  properties; 
however,  consideration  of  both  led  to  approximate  ex- 

prruaijEs  fcr  the  rrnrrtiurs  ««  »  tiancUeai  rUx  , 

number  of  electrons,  and  radial  variation  of  electron 
density.  A  meteor-trail  model  which  is  proposed  to 
explain  conflicting  experimental  results  consists  of  a 
column  with  a  dense  core  surrounded  by  a  larger,  more 
dilute  region  of  ionization.  This  model  would  produce 
the  observed  increase  in  the  number  and  amplitude  ol 
meteor  echoes  with  wave  length  as  well  as  the  differ¬ 
ence  in  polarization  effects  measured  at  dliferent  wave 
lengths.  High  electron  densities  in  the  dense  core  of 
the  column  appeared  responsible  for  tne  ama'l  percent¬ 
age  of  long-duration  echoes;  these  durations  were  be¬ 
lieved  to  be  enhanced  by  the  sharp  boundaries  of  this 
Inner  core.  The  amplitude  fluctuations  observed  in 
long-duration  echoes  were  attribuied  to  (1)  upper  at¬ 
mosphere  winds  and  turbulence  and  (2)  expansion  ol 
the  sharply  bounded  inner  core  of  Ionization.  A  theo¬ 
retical  treatment  ol  forward  scattering  from  meteor 
trails  indicated  that  the  duration  ol  meteor  echoes  Is 
expected  to  increase  markedly  with  thi-  distance  be¬ 
tween  the  transmitting  and  receiving  locations. 
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Stanford  U.  Electronics  Research  Lab. ,  Calif. 

GRID-MODULATED  TRAVELING  WAVE  TUBE  FOR 
LOW-PASS  AMPLIFICATION,  by  J.  T.  Mendel.  July 
31,  1952,  92p.  incl.  dlagrs.  tables.  (Technical  rept. 
r.o.  47)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Force  Office  of  Scientific  Re¬ 
search]  under  N6onr-25107)  U23203;  ATI-166259 

Unclassified 

The  fundamental  limitations  of  conventional  wideband 

lovv-^xaSo  aiupliiitx  S  u&Lig  liiultb  Slid  [eijUdtS  plCCViidc; 

the  possibility  of  extending  the  gain-bandwidth  perform¬ 
ance  of  these  devices  much  beyond  present  day  stand¬ 
ards.  The  network  approach  to  extremely  large  band- 
widths  is  seriously  hampered  by  the  difficulties  encount¬ 
ered  in  the  physical  realization  of  the  component  parts. 
Parasitic  inductances  and  capacitances,  and  the  effects 
of  conventional  networks  are  virtually  impossible  to 
eliminate.  To  circumvent  the  limitations  of  vacuum 
tube  networks,  the  inherent  broadband  high-gain  prop¬ 
erties  of  the  traveling-wave  tube  have  been  utilized  to 
achi(  low-pass  video  amplification.  The  video  signal 
is  used  to  modulate  the  beam  current  of  a  helix  type 
TWT,  and  consequently  the  effective  gain  of  the  table 
varies  according  to  the  input  signal.  A  microwave  local 
oscillator  supplies  a  carrier  signal  to  the  Input  of  the 
helix  and  the  modulated  output  of  the  TWT  Is  fed  into  a 
grounded-grid  microwave  triode  which  serves  as  a  plate 
detector.  Following  the  detector  is  a  low-pass  filter 
which  rejects  the  microwave  frequency  components  ap¬ 
pearing  at  the  plate  of  the  detector.  At  the  output  of 
the  low-pass  filter  the  original  video  signal  appears  at 
an  amplified  level.  Thus,  the  basic  principles  of  modu¬ 
lation,  amplification,  and  detection  are  combined  In  a 
system  to  accomplish  low-pass  amplification.  The 
analysis  that  a  video  gain  of  36  db  over  the  pass  band 
0-1000  me  Is  possible  with  components  which  are  easily 
realized  in  view  of  modern  construction  techniques.  A 
gain  of  60  db  with  the  same  video  bandwidth  is  possible 
if  a  second  unmodulated  TWT  Is  employed  to  serve  as  a 
linear  power  amplifier.  With  respect  to  gain  and  band¬ 
width,  the  indicated  performance  of  this  system  is  bet¬ 
ter  by  an  order  of  magnitude  than  other  more  convention¬ 
al  broadband  amplifiers  available  at  this  time.  An  ex¬ 
perimental  system  has  been  constructed  and  tested  to 
verify  the  predicted  behavior.  The  experimental  meas¬ 
urements  of  bandwidth  and  video  gain  were  In  close 
agi  ewnettt  with  the  analytic  results,  ft  was  found  that 
with  the  proper  level  of  lnfxit  carrier  power  the  outjxit 
power  of  the  TWT  was  a  linear  function  of  beam  current 
over  a  wide  range,  and  consequently  the  system  could 
be  made  linear  for  much  larger  injxjt  video  powers  than 
the  analysis  Indicated.  Although  the  grounded-grid  tri 
ode  detector  used  in  the  experimental  system  was  ade¬ 
quate  for  measurement  purposes,  a  tube  of  larger  powe- 
capabilities  would  be  needed  for  a  practical  high  gain 
amplifier.  The  overall  video  noise  figure  is  shown  to 
be  several  db  larger  than  that  of  the  modulated  TWT 
when  operating  as  a  microwave  amplifier.  If  a  repre¬ 
sentative  low  noise  TWT  were  used  the  video  noise  fig¬ 
ure  would  be  of  the  order  of  15  db.  (Contractor's  ab¬ 
stract) 


STA.  05:005 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

TRAVELING  WAVE  AMPLIFICATION  OF  MILLIME¬ 
TER,  by  H.  Heffner.  July  31,  1952  [118]p.  incl.  Ulus, 
diagrs.  tables,  refs.  (Technical  rept.  no.  51)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  N6onr-25107)  U24219;  ATI-169726 

Unclassified 

An  investigation  of  the  helix  and  certain  heavUy  loaded 
wavegUidts  Is  made  to  dtAermlnc  their  suitability  as 
slow  wave  structures  of  millimeter  wave  amplifiers. 
Fundamental  mode  interaction  in  these  circuits  is  found 
to  be  unsuitable  because  of  the  minuteness  of  the  di¬ 
mensions  involved  and  the  excessive  close  tolerances 
required  in  their  construction.  The  periodically  loaded 
guide  is  shown  to  exhibit  space  harmonics  of  the  funda¬ 
mental  mode  whose  velocities  may  be  made  many  times 
lower  than  that  of  the  funda.  aental.  Interaction  with 
these  space  harmonics  is  Investigated  particularly  with 
regard  to  the  finned  rectangular  guide  and  is  shown  to 
lead  to  practical  millimeter  wave  amplifiers  if  the  im¬ 
pedance  magnification  around  either  the  high  or  low 
frequency  cut-off  regions  is  utUized.  The  advantages 
of  low  frequency  cut-off  operation  are  pointed  out.  A 
detaUed  analysis  of  the  expected  gain  in  the  vicinity  of 
the  low  frequency  cut-off  including  the  effects  of  loss 
and  space  charge  for  the  first  space  harmonic  of  the 
fin-opposite -fin  and  fin-opposite-slot  corrugated  guide 
is  made.  Interaction  with  backward  waves  is  investi¬ 
gated  and  is  shown  to  form  a  high  gain,  narrow  band, 
regenerative-type  amplifier,  and,  at  higher  beam  cur¬ 
rents,  a  continuously  voltage  tunable  oscillator  suita¬ 
ble  for  use  in  the  millimeter  wave  region.  The  start - 
osclUation  conditions  including  the  effect  of  space 
charge  are  quoted.  The  probable  occurrence  cf  back¬ 
ward  wave  oscillations  In  forward  wave  space  harmonic 
amplifiers  is  pointed  out  and  methods  for  their  elimina¬ 
tion  proposed.  The  easitron,  consisting  oi  a  resonant 
wall  surrounding  an  electron  beam,  is  analyzed  and 
shown  to  form  a  high  gain  narrow  band  amplifier 
Circuits  of  both  cylindrical  and  rectangular  geometry 
are  proposed  for  millimeter  wave  easltrons  and  curves 
of  expected  gain  are  drawn.  The  problems  of  circuit 
excitation  are  pointed  out.  The  results  of  a  representa¬ 
tive  sample  of  nine  experimental  tubes  of  both  the  space 
harmonic  and  easitron  type  are  given  and  compared 
with  the  theory  presented.  ^Cortr«ctivr -s  abstract) 
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SUPERREGENERA TTVE  OPERATION  OF  A  TRAVEL¬ 
ING-WAVE  AMPLIFIER,  by  F.  M.  Turner.  Aug.  1, 
1952  [20 ]p.  Incl.  Ulus,  tables.  (Technical  rept.  no. 
52;  (Sponsored  Jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Force  Office  of  Scientific  Re¬ 
search)  under  N6onr-25107)  U24070;  ATI-166258 

Unclassified 
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Superregeneration  is  a  method  of  operation  whereby  the 
tendency  of  a  traveling -wave  amplifier  to  oscillate  is 
utilized  to  obtain  high  gain  and  improved  sensitivity.  In 
superregenerative  operation  the  traveling- wave  tube  is 
allowed  to  oscillate  periodically.  The  conditions  of  op¬ 
eration  are  such  that  the  amplitude  of  oscillation  is 
greatly  increased  when  a  signal  is  received.  Conven¬ 
tional  operation,  in  which  attenuation  is  added  to  the 
helix  structure,  and  superregenerative  operation  are 
compared.  Gain  is  increased  from  18  to  50  db  and  sen¬ 
sitivity  Is  improved  by  at  least  5  db  during  superregen¬ 
erative  operation.  Superregenerative  amplification  is 
not,  however,  amplification  in  the  true  sense.  Many 
frequencies  uthei  than  those  Contained  in  the  signal  are 
present  at  the  output.  (Contractor's  abstract) 


STA.  05:007 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

SCATTER-SOUNDING:  A  TECHNIQUE  FOR  STUDY  OF 
THE  IONOSPHERE  AT  A  DISTANCE,  by  O.  G.  Vlllard, 
Jr.  and  A.  M.  Peterson.  Aug.  1952,  16p.  lncl.  illus. 
tables,  refs.  (Technical  rept.  no.  54)  (Sponsored  joint¬ 
ly  by  Office  of  Naval  Research.  Signal  Corps,  and  [Air 
Force  Office  of  Scientific  Research]  under  N6onr-25107) 
U24482;  ATI- 169853  Unclassified 

Pre  waled  a  U71S1-RE  meeting,  Nal'L  Bur.  Standards 
Washington,  D.  C. ,  Apr.  21-24,  1952. 

Also  published  in  LR.E.  Trane,  of  Professional  Group 
on  Antennas  and  Propagation,  v.  PGAP-3:  186-201, 

Aug.  1952. 

Echoes  arising  through  back-scattering  when  radio 
waves  strike  the  ground  at  oblique  incidence  are  readily 
detectable  even  with  low  power  and  provide  a  useful 
means  for  studying  the  ionosphere  at  a  distance.  Use  of 
a  rotatable  directional  antenna,  with  PPI  display  of  the 
back-scattered  echoes  is  convenient.  The  techniques, 
called  scatter -sounding,  permits  systematic  investiga¬ 
tion  of  geographical  variations  in  F-layer  MUF,  and 
makes  possible  for  the  first  time  study  of  the  detailed 
spatial  distribution  of  sporadlc-E  clouds  and  other 
anomalies.  The  characteristics  of  F-layer  back-scat¬ 
ter  echoes  are  reviewed  from  the  standpoint  of  their 
usefulness  in  ionospheric  research.  As  an  aid  In  Inter 
pretation,  the  following  relationships,  calculated  on  the 
basis  of  a  parabolic  model  of  the  F-layer,  are  presented 
in  graphical  form:  (1)  echo  amplitude  and  pulse  width, 

(2)  echo  delay  time  and  distance  to  the  edge  of  the  skip 
zone,  and  (3)  equivalent  transmission  path  length  and  the 
rurrespairaUnc  vertical  angle  Experimental  vrrUlra- 
tion  of  the  pulse  width-echo  amplitude  relationship  is 
lound  to  agree  well  with  the  simple  theory.  Examples 
of  some  practical  uses  of  scatter- sounding  are  given. 
(Contractor's  abstract) 
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Sanford  U.  Electronics  Research  Lab. ,  Calif. 

SYNTHESIS  OF  DISTRIBUTED  AMPLIFIERS  FOR  PRE¬ 
SCRIBED  AMPLITUDE  RESPONSE,  by  A.  D.  Moore. 


Sept.  1,  1952,  95p.  incl.  diagrs.  tables,  refs.  (Tech¬ 
nical  rept.  no.  53)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  [Air  Force  Office 
of  Scientific  Research]  under  N6onr-25107)  U24220; 
ATI-171341  Unclassified 

The  purpose  of  this  investigation  is  the  development  of 
synthesis  techniques  for  distributed  amplifiers  in  order 
to  produce  amplitude  characteristics  which  approximate 
specified  functions  of  frequency,  using  the  concepts  of 
modern  network  theory.  Conventional  distributed  ampli¬ 
fiers  are  designed  by  an  extension  of  the  principles  of 
image-parameter  filter  synthesis;  this  study  shows  that 
tt  in  possible  to  combine  the  more  effective  insertion 
loss  method  of  filter  design  with  an  interactive  process 
to  achieve  prescribed  amplitude  characteristics  for 
distributed-amplifier  stages  in  specified  circuit  con¬ 
figurations.  The  relationship  between  this  problem  and 
the  more  complete  one  of  general  active  network  syn¬ 
thesis  is  described.  Amplifiers  with  resistlvely  ter¬ 
minated  ladder-like  reactive  structures  in  the  plate 
and  grid  networks  are  analyzed.  It  is  shown  that  the 
number  of  Jt green  of  freedom  available  for  approxi¬ 
mation  purposes  in  the  gain  function  of  a  distributed- 
amplifier  stage  is  usually  less  than  the  number  apparent 
In  the  degree  of  the  function.  For  this  reason.  It  Is 
generally  impossible  to  match  exactly  an  arbitrarily 
specified  function  of  the  same  degree  If  the  correspond¬ 
ing  circuit  Is  to  be  physically  realizable.  In  order  to 
satisfy  the  requirements  of  approximation  and  realiza¬ 
bility  simultaneously,  an  lnterative  procedure  Is  intro¬ 
duced;  variation  of  the  gain  function  to  meet  each  of  the 
two  requirements  In  turn  produces  a  converging  solu¬ 
tion.  Although  no  formal  proof  of  convergence  is  given, 
the  examples  show  that  the  method  can  give  useful  re¬ 
sults  after  very  few  steps.  The  solutions  are  not 
unique;  a  number  of  discrete  choices  must  be  made 
during  the  design,  so  that  a  finite  number  of  different 
circuits  can  be  obtained,  aU  in  the  specified  configura¬ 
tion.  Some  of  the  available  degrees  of  freedom  are  not 
used  in  the  method  and  must  be  determined  from  other 
considerations.  Design  techniques  for  maximally- flat 
and  equal -ripple  types  of  amplitude  response  are  con¬ 
sidered  in  detail.  The  maxlmaUy-flat  specification  is 
most  easily  satisfied;  methods  are  described  for  num¬ 
erous  special  cases,  Including  some  which  reduce  the 
numbei  of  choices  which  must  be  made.  Modifications 
applicable  to  multi-stage  amplifiers  are  described. 
Illustrative  examples  are  presented  for  two-  and  three- 
tube  stages  In  various  configurations,  with  greatest  em¬ 
phasis  on  the  maxtmaily-flat  designs.  The  principle 
difficulty  in  all  cases  is  the  necessary  factorization  of 
polynomials  of  high  degree;  suggestions  for  simplifying 
this  problem  are  included.  Although  the  principle  re¬ 
mains  the  same  1  it  mure  rUburxtr  design*  the  numer¬ 
ical  computation  becomes  excessive  for  the  usual  desk 
calculator.  For  this  particular  form  of  active  network, 
the  Iterative  solution  to  the  approximation  and  realiza¬ 
tion  problems  presents  a  new  technique  in  netwo.k  syn¬ 
thesis.  (Contractor’s  abstract) 

STA.  05:009 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 
EXTENDED-RANGE  RADIO  TRANSMISSION  BY 
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ST  A.  05:010  -  ST  A.  05:013 


OBLIQUE  REFLECTION  FROM  METEORIC  IONIZA¬ 
TION,  by  O.  G.  Villard,  Jr. ,  A.  M.  Peterson  and  oth¬ 
ers.  Oct.  1,  1952,  23p.  incl.  illus.  diagrs.  tables. 
(Technical  rept.  no.  55)  ([Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  Air  Force  Office 
of  Scientific  Research]  under  N6onr-25107)  U24483; 
ATI-169854  Unclassified 

U  has  been  found  that  radio  communication  between 
relatively  low-power  stations  operating  at  14  megacycles 
and  separated  by  distances  of  roughly  1200  km  may  be 
maintained  at  times  when  no  layer  transmission  to  any 
point  on  the  earth's  surface  can  be  demonstrated  to  be 
present.  The  signal  obtained  is  subject  to  considerable 
fading,  but  some  signal  is  nearly  always  detectable. 

The  contribution  of  overlapping  oblique -incidence  meteor 
reflections  to  the  observed  signal  is  considered  in  the 
light  of  some  preliminary  theoretical  and  experimental 
findings.  It  is  clearly  important  to  assess  the  meteoric 
contribution  with  care,  since  the  possibility  that  mete¬ 
oric  reflections  alone  could  account  for  the  signal  does 
not  seem  unreasonable.  Suggestions  for  futher  investi¬ 
gation  are  given.  (Contractor's  abstract) 


ST  A.  05:010 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

THE  POTENTIAL  ANALOGY  AS  APPLIED  TO  A  DRIV¬ 
ING  POINT  IMMITTANCE  FUNCTION,  by  E.  M.  Gold- 
farb.  Dec.  1,  1952,  81p.  incl.  illus.  refs.  (Technical 
rept.  no.  56)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  [Air  Force  Office  of  Scien¬ 
tific  Research]  under  N6onr-25107)  AD  3548 

Unclassified 

Tne  principles  and  techniques  of  synthesizing  a  1-ter¬ 
minal  pair  (which  is  useful  in  interstage  and  feed-back 
networks)  are  developed  with  the  object  of  presenting  a 
practical  approach  to  the  synthesis  of  an  lmmittance 
with  a  magnitude  that  is  almost  constant  over  a  speci¬ 
fied  band  of  frequencies.  The  1-termlnal  pair  is  con¬ 
sidered  to  have  a  constant  value  which  may  be  approxi¬ 
mated  in  either  a  Tchebycheff  or  Butterworth  manner. 
The  potential  analogy  is  used  to  relate  the  magnitude 
and  phase  functions  to  the  scalar  potential  and  stream 
functions  about  filaments  of  charge.  The  maximum 
number  of  poles  and  zeros  (positive  and  negative  charg¬ 
es)  which  are  needed  for  the  accuracy  of  the  approxi¬ 
mate^  are  established.  Ttey  are  then  located  sl  that 
the  absolute  value  approximates  a  constant  value  along 
the  pass  band.  When  the  negative  charge  is  properly 
quantized,  a  constant  k  is  added  to  the  exponential  of 
the  complex  function  which  will  move  the  negative 
charges  to  the  positive  charges  along  odd  *  lines  of 
flux.  For  some  k  kr,  the  charges  will  be  located  to 
be  analogous  to  the  magnitude  squared  of  a  positive 
real  immittance  which  is  approximately  constant  over 
a  band  of  frequencies.  Graphical  root  locus  techniques 
are  used  to  locate  the  minimum  jwrmissible  value  of 
the  constant.  The  ultimate  limiting  factors  to  a  full 
realization  of  the  driving  pomt  immittance  lr.  a  physical 
form  -<e  the  wiring  and  physical  components.  (ASTLA 
abst  ract ) 


STA.  05:011 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

RADIO  COMMUNICATION  BY  SCATTERING  FROM 
METEORIC  IONIZATION,  bv  V.  R.  Eshleman  and  L. 

A.  Manning.  Dec.  1,  1952  [41  ]p.  incl.  illus.  tables, 
refs.  (Technical  rept.  no.  57)  (Sponsored  jointly  by 
Office  of  Naval  Research,  Signal  Corps,  and  [Air  For^e 
of  Scientific  Research]  under  N6onr-25107)  AD  3587 

Unclassified 

By  a  consideration  of  the  amplitude  and  duration  of 
echoes  forward-scattered  from  individual  meteor  ioni¬ 
zation  trails,  and  of  the  probability  of  detecting  ran¬ 
domly  oriented  trails  over  an  oblique  radio  propagation 
path,  an  estimate  of  the  contribution  of  meteoric  ioni¬ 
zation  to  extended  range  HF  and  VHF  radio  transmis¬ 
sion  has  been  obtained.  It  has  been  concluded  that 
meteoric  ionization  alone  would  give  a  virtually  contin¬ 
uous  signal  for  a  transmission  path  of  about  1000  km 
at  frequencies  near  15  megacycles.  For  the  very-high 
frequencies,  scattering  from  meteor  trails  has  been 
found  to  be  at  least  an  important  contributing  factor  to 
the  propagation  of  a  signal  over  an  oblique  path.  A  pre¬ 
cise  evaluation  of  the  role  of  this  process  must  await  a 
better  determination  of  the  number  of  trails  as  a  func¬ 
tion  of  their  ionization  density.  (Contractor's  abstract) 


STA.  05:012 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

THE  EFFECT  OF  RADAR  WAVELENGTH  ON  METEOR 
ECHO  RATE,  by  V.  R.  Eshleman.  Feb.  1,  1953,  16p. 
incl.  refs.  (Technical  rept.  no.  59)  (Sponsored  jointly 
by  Office  of  Naval  Research,  Signal  Corps,  and  [Air 
Force  Office  of  Scientific  Research]  under  N6onr-25107) 
AD  3549  Unclassified 

A  new  theory  is  given  for  the  way  in  which  the  number 
of  echoes  received  from  sporadic  meteor  ionization 
trails  varies  with  radar  wavelength  and  other  cystem 
parameters.  Previously  published  explanations  of  the 
echo  rate  dependence  on  wavelength  are  critically  ex¬ 
amined.  The  present  explanation  of  echo  rate  varia¬ 
tions  is  baaed  on  a  more  complete  analysis  of  the  radio 
reflection  process  than  is  afforded  by  the  Lovcll-Clegg 
theory.  A  number  of  apparent  conflicts  in  earlier  in- 
i*st tgatk  ns  are  rer.»rciUd  by  the  new  Uteury,  (Con¬ 
tractor's  abstract) 


STA.  05:013 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

THE  DESIGN,  PHYSICAL  HEAUZATION,  AND 
TRANSIENT  BEHAVIOR  OK  DOUBLE-TUNED  AM¬ 
PLIFIERS  OF  ARBITRARY  BANDWIDTH,  by  M.  M. 
McWhorter.  Feb.  9,  1953,  106p.  incl.  illus.  diagrs. 
tables,  refs.  (Technical  rept.  no.  58)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[Air  Force  Office  of  Scientific  Research]  under  N6onr- 
25107)  AD  4318  Unclassified 
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ST  A.  05:014  -  STA.  05:017 


An  experimental  study  of  new  synthesis  techniques  re¬ 
sulted  in  a  stagger-timed,  double-tuned  amplifier  which 
has  a  center  frequency  of  30  me,  an  18. 2-mc  bandwidth, 
a  maximally  flat  gain  characteristic,  and  a  midband 
gain  of  43. 2  db.  An  exact  low-pass  to  band-pass  trans¬ 
formation  was  employed  which  permits  utilization  of 
both  double-tuned  interstages  and  staggering  techniques. 
The  design,  tuning,  and  limitations  of  the  physical  net¬ 
works  to  produce  such  an  amplifier  are  discussed  to¬ 
gether  with  the  measured  characteristics  of  the  experi¬ 
mental  amplifier.  The  staggering  technique  permits 
cascading  stages  without  narrowing  the  overall  band¬ 
width.  An  amplifier  was  designed  without  staggering  to 
obtain  a  comparison  of  staggered  and  nonstaggered 
double-tuned  amplifiers.  Methods  of  obtaining  the  tran¬ 
sient  response  are  reviewed,  and  the  need  for  a  simple 
method  of  obtaining  the  transient  response  is  demon¬ 
strated.  An  analog  circuit  containing  only  single-tuned 
RLC  and  RC  circuits  is  described.  The  analog  has  the 
advantages  of  precision  and  ease  of  tuning.  The  results 
obtained  from  the  analog  are  oscillograms  which  show 
the  envelope  of  the  transient  response  of  2,  very-wide- 
band,  stagger-tuned,  double-tuned  amplifiers.  The 
analog  can  also  be  used  to  measure  the  rejection  of 
transient  signals  with  carrier  frequencies  outside  of 
the  pass  band  of  the  analog.  Results  of  measurements 
of  the  transient  selectivity  are  included.  (ASTIA  ab¬ 
stract) 


STA.  05:014 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

IONOSPHERIC  WIND  ANALYSIS  BY  METEORIC  ECHO 
TECHNIQUES,  by  L.  A.  Manning,  A.  M.  Peterson,  and 
O.  G.  VlUard,  Jr.  Feb.  15,  1953  [37]p.  incl.  Ulus, 
table.  (Technical  rept.  no.  60)  (Sponsored  Jointly  by 
Office  of  Naval  Research,  Signal  Corps,  and  [Air  Fbrce 
Office  of  Scientific  Research]  under  N6onr-25107) 

AD  3386  Unclassified 

The  meteoric  method  tor  finding  die  velocities  of  winds 
in  the  lower  E-region  is  extended.  The  previously  given 
procedure  for  finding  vector-average  wind  is  shown  to 
be  unaffected  by  the  presence  of  turbulent  wind  com¬ 
ponents.  A  new  procedure  is  worked  out  for  finding 
root- mean- square  values  of  the  horizontal  and  vertical 
wind  components.  By  looking  at  the  statistics  of  reduc¬ 
tion  procedures,  estimates  of  the  accuracies  ol  the 
method  are  found;  the  sources  of  error  are  discussed. 
Relationships  between  sample  size  and  accuracy  are 
given.  Typical  results  of  the  method  are  presented. 
(Contractor's  abstract) 


STA.  05:015 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

METEOR  SCATTER:  A  NEWLY-DISCOVERED  MEANS 
FOR  EXTENDED  RANGE  COMMUNICATION  IN  THE 
15-  AND  20-METER  BANDS,  by  O.  G.  Vtllard,  Jr.  and 
A.  M.  PeterHon.  Apr.  7,  1953  { 6 tp.  incl.  Ulus.  (Tech¬ 
nical  rept.  no.  62)  (Sponsored  Jointly  by  Office  of  Navai 
Research,  Signal  Corps,  and  |Air  Force  Office  of  Scien¬ 


tific  Research]  under  N6onr-25107)  AD  12429 

Unclassified 

Also  published  in  QST,  v.  37:  11-15,  124,  126,  Apr. 
1953. 

This  article  describes  a  newly  discovered  type  of  prop¬ 
agation  that  is  always  present,  for  which  the  optimum 
communication  distance  is  of  the  order  ot  800  mUes. 

It  has  gone  undetected  for  many  years  because  it  Is 
usually  masked  by  other  forms  of  propagation  and  re¬ 
quires  first-rate  for  Its  exploitation-equipment  which, 
however,  is  not  at  all  unusual.  (Contractor's  abstract) 


STA.  05:016 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

ON  THE  APPROXIMATION  OF  ARBITRARY  PHASE- 
FREQUENCY  CHARACTERISTICS,  by  V.  H.  Grinich. 
May  1,  1953,  102p.  incl.  Ulus,  diagrs.  refs.  (Tech¬ 
nical  rept.  no.  61)  (Sponsored  Jointly  by  Office  of  Nav¬ 
al  Research,  Signal  Corps,  and  [Air  Force  Office  of 
Scientific  Research]  under  N6onr-25107)  AD  12808 

Unclassified 

Design  methods  were  achieved  for  obtaining  an  approxi¬ 
mation  to  any  given  phase-vs-frequency  function.  The 
Taylor  series  approximation  in  the  low-interval  case 
is  discussed  for  its  value  as  a  final  solution  to  the  ap¬ 
proximation  problem  and  as  an  aid  in  obtaining  Cheby- 
shev  approximations.  Darlington's  approximation  meth¬ 
od  (BeU  System  Tech.  Jour.,  v.  31:  613-655,  1952) 
employing  a  Chebyshev  polynomial  series  is  discussed, 
particularly  with  respect  to  conformal  transformations 
and  the  linear  low-interval  phase.  Taylor  approxima¬ 
tions  were  made  for  an  arbitrary  band- interval  phase 
and  the  simultaneous  band-interval  and  phase  problem. 
Elliptic  transformations  were  used  to  apply  Taylor  ap¬ 
proximation  techniques  to  the  nearly  equal-ripple 
(Chebyshev)  approximations.  Examples  of  band-inter¬ 
val  Chebyshev  approximations  are  presented  tor  the 
linear  phase,  the  wide-band  phase  discriminator, 
standard  and  direct-approach  constant-phase-differ¬ 
ence  networks,  phase  equalization  for  a  coaxial  cable, 
and  the  simultaneous  constant  attenuation-and-llnear 
phase  problem.  A  discussion  is  Included  of  (1)  the 
symmetric  functions  which  occur  in  the  Taylor  approx¬ 
imation*  and  (t)  the  txpansiot.  ol  an  arbitrary  tanettt/h 
tn  a  series  of  eUiptlc  din  functions. 


STA.  05:017 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

A  TRAVELING-WAVE  ELECTRON  DEFLECTION 
SYSTEM,  by  R.  C.  Honey.  May  1,  1953,  58p.  incl. 
Ulus.  refs.  (Technical  rept.  no.  63)  (Sponsored  joint¬ 
ly  by  Office  of  Naval  Research,  Signal  Corps,  and  |Air 
Force  Office  of  Scientific  Research]  under  N6onr- 
25107)  AD  12598  Unclassified 

A  detailed  study  is  made  ol  a  slow-wave  structure 
whose  transverse  electric  fields  may  be  utilized  for 
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deflecting  an  electron  stream.  It  Is  a  special  case  of 
parallel  zig-zag  lines  since  It  does  not  propagate  a 
mode  whose  transverse  electric  fields  are  zero  along 
the  plane  of  symmetry.  The  phase  velocity  of  such 
lines  as  a  function  of  frequency  is  determined  both  the¬ 
oretically  and  experimentally  for  a  wide  range  of  geom¬ 
etries.  A  theoretical  analysis  of  the  Interaction  of  elec¬ 
trons  with  purely  transverse  fields  is  included  which 
takes  into  account  the  deflect,r>n  occurring  within  the 
deflection  space  as  well  as  within  the  drift  space.  The 
results  are  applied  to  traveling-wave  structures,  and 
the  electron  velocities  are  determined  which  produce 
the  maximum  deflection  as  a  function  of  frequency, 
p’.iast  velocity,  and  geenuetry  ci  atracture  aid  drift 
space.  A  tube  utilizing  a  zig-zag  line  deflection  struc¬ 
ture  9  in.  long  vaf  built  and  its  phase  velocity  meas¬ 
ured  from  100  to  2700  me.  The  tube  exhibited  a  maxi¬ 
mum  sensitivity  of  over  1  mm  total  deflection  for  an 
input  power  20  db  below  1  mw.  The  deflection  sensitiv¬ 
ity  is  discussed  from  several  theoretical  viewpoints.  A 
matching  section  tapering  from  coaxial  line  to  line-over- 
plane  transmission  line  is  described  in  detail.  It  is  con¬ 
cluded  that  such  zig-zag  line  structures,  in  either  the 
ft n  i  a  lint  uvti  a  i.  ci  ul  parallel  lifita,  show 
promise  for  use  in  traveling-wave  deflection  devices. 
(ASTIA  abstract) 


STA.  05:018 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

QUASI  -  DISTORTIONLE  SS  FILTER  FUNCTIONS,  by  J. 

L.  Stewart.  May  25,  1953,  35p.  incl.  illus.  (Technical 
rept.  no.  64)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  [Air  Force  Office  of  Scientific 
Research]  under  NGonr-25107)  AD  12807 

Unclasstfted 

Fourier  and  Laplace  methods  are  reviewed  lor  obtaining 
low-pass  filter  functions.  The  first  metnod  describes 
the  input  signal  as  a  Fourier  series  in  which  frequency 
components  are  known,  and  the  second  desertbes  the 
signal  as  the  Laplace  transform  of  the  time  variable. 

The  signal  described  by  a  time-function  power  series 
is  designated  as  the  quasl-dlstortionless  method.  Low- 
pass  filter  functions  are  obtained  by  this  method  which 
exhibit  either  delay  or  prediction.  Quasi-dislortlonleas 
functions  of  increasing  complexity  are  listed,  and  a  dis¬ 
cussion  Is  given  of  their  network  realizations.  Second-, 
third-,  and  fourth-order  amplitude  functions  are  plotted 
for  comparison  with  a  maximally  flat  function.  Specific- 
networks  discussed  include  the  shunt-peaked,  linear  - 
phase,  and  series-peaked  circuits.  The  general  quasi- 
distortionless  network  is  derived  in  an  ap|>endix  on  the 
basis  of  the  central  moments  of  pulse-llke  input  and  out- 
jxit  functions. 


STA.  05  019 

Stanford  U.  Klectronlcs  Rt-.earch  f.ab. ,  Calif. 

SOMF  PROPERTIES  OF  \  SUKATH  HELIX  WITH  A 
CENTER  CONDUCTOR  OR  ELECTRICAL  SHIELD,  by 


STA.  05:018  -  STA.  05:020 


G.  W.  C.  Mathers  and  G.  S.  Kino.  June  17,  1953, 

34p.  incl.  illus.  (Technical  rept.  no.  65)  (Sponsored 
olntly  by  Office  of  Naval  Research,  Signal  Corps,  and 
Air  Force  Office  of  Scientific  Research]  under  N6onr- 
25107)  AD  14909  Unclassified 

This  report  outlines  the  theoretical  analysis  of  a  cylin¬ 
drical  helix  with  either  an  external  shield  or  a  center 
conductor.  The  current  sheath  model  of  the  helix  is 
used  in  the  analysts.  The  results  are  presented  in  the 
form  of  equations  and  graphs  which  give  the  ratio  of 
the  square  of  the  electric  field  to  the  power  flow, 
(modified  by  appropriate  normalizing  factors)  as  a 
ftHietiLT.  u!  frequency  fur  various  ration  the  htlia- 
to-conductor  radii.  The  electric  fields  used  in  these 
graphs  are  the  longitudinal  electric  field  at  the  center 
of  the  helix  and  at  the  helix,  and  the  radial  electric 
field  at  the  conductor  and  at  the  helix.  In  addition,  the 
input  impedance  (defined  on  a  power-current  basis)  for 
such  helical  transmission  systems  has  been  evaluated 
and  plotted  as  a  function  of  frequency.  These  results 
show  that  it  is  possible  to  obtain  a  wideband  match  from 
a  coaxial  line  to  a  helical  transmission  system  with  a 
ulusply  Spaced  shield  oi  center  conductor .  Several 
simple  matching  techniques  are  briefly  explained. 
(Contractor's  summary) 


STA.  05:020 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

METEORIC  RADIO  ECHOES,  by  L.  A.  Manning.  July 
15,  1953,  29p.  tllus.  diagrs.  ref».  (Technical  rept. 
no.  66)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Force  Office  of  Scientific  Re¬ 
search]  under  N6onr-25107)  AD  16402 

Unclassified 

Also  published  in  I.  R.  E.  Trans,  of  Professional  Group 
on  Antennas  and  Propagation,  v.  AP-2:  82-90,  Apr. 
1954. 

A  summary  of  progress  in  radio  meteoric  detection  is 
presented  which  classifies  the  accomplishments  under 
the  headings  of  astronomical  properties,  tools  for  de¬ 
termining  properties  of  the  atmosphere,  and  contribu¬ 
tions  to  radio  propagation.  Methods  of  radiant  determi¬ 
nation  are  discussed  as  well  as  velocity  measurements. 
Velocity  measurements  made  by  the  Doppler  meteor- 
whistle  technique  for  thousands  of  meteors  indicate  that 
the  meteors  are  members  of  the  solar  system.  The 
need  for  a  satisfactory  technique  to  measure  the  rate 
of  occurrence  ami  distribution  in  size  of  meteoric 
lurticles  is  indicated  as  well  as  a  reliable  theory  re¬ 
lating  meteoric  mass  and  ionization  production  to  aug 
ment  present  information  concerning  the  distributions 
of  the  smaller  meteoric  masses.  Various  theories  are 
described  which  attempt  to  explain  the  processes  in  the 
.onization  trail.  An  important  problem  remains  tn  re¬ 
lation  to  the  recombtnatton  coefficient  applicable  to 
meteoric  ionization.  Meteor  studies  of  wind  motion 
utilize  body-Doppler  and  double- Doppler  techniques. 

The  former  technique  yields  information  concerning  the 
radial  velocity  component  of  the  wind,  the  speed  and 


H37 


AIR  FORCE  SCIENTIFIC  RESEARCH 


STA.  05:021  -  STA.  05:025 


direction  of  the  average  translation  of  the  air  mass, 
and  the  rms  wind  speed.  The  results  of  both  theory  and 
experiment  indicate  that  meteors  should  be  considered 
as  possible  transmission  mechanisms  at  frequencies 
above  the  normal  layer  criticals. 


STA.  05:021 

Stanford  U.  Electionics  Research  Lab. ,  Calif. 

THE  STRENGTH  OF  METEORIC  ECHOES  FROM  DENSE 
COLUMNS,  by  L.  A.  Manning.  Aug.  1,  1953  [12lp. 
incl.  illus.  (Technical  rept.  no.  67)  (Sponsored  jointly 
by  Office  of  Naval  Research,  Signal  Corps,  and  [Air 
Force  Office  of  Scientific  Research]  under  N6onr-25107) 
AD  16401  Unclassified 

Echo  strengths  from  dense  meteoric  ionization  columns 
were  calculated  under  the  assumption  of  a  cylindrically 
symmetrical  distribution  of  refractive  index  about  the 
trail  axis.  Sufficiently  large  columns  were  assumed  so 
mat  geometrical  optics  and  ray-tracing  methods  are 
applicable.  The  results  indicate  that  when  refractive 
effects  are  considered,  the  maximum  received  power 
from  a  diffusion  formed  trail  is  70%  of  that  computed  by 
using  the  critical  radius  method. 


STA.  05:022 

S'nnford  U.  Electronics  Research  Lab.,  Calif. 

COUPLED- HELIX  ATTENUATORS  FOR  TRAVELING- 
WAVE  TUBES,  by  O.  G.  Owens.  Aug.  26,  1953,  44p. 
incl.  illus.  tables.  (Technical  rept.  no.  68)  (Sponsored 
ointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
Air  Force  Office  of  Scientific  Research]  under  N6onr- 
25107)  AD  18468  Unclassified 

An  investigation  was  made  of  the  problem  of  constructing 
a  coupled-helix  device  which  would  operate  over  a  wide 
range  of  frequencies.  The  attenuator  is  intended  for  use 
with  a  high-power  hollow-beam  traveling-wave  tube 
operating  over  the  70-  to  300-mc  range.  A  theoretical 
tui&tyats  of  thi  ;  r\  Idem  U>  i  rrsentiv'.  Ti  «1b  of  ■  ijrfl- 
mental  helices  indicated  that  attenuation  by  such  devices 
is  possible,  and  that  a  terminated  low- loss  coupled 
helix  can  be  made  to  have  a  broad  range  of  attenuation. 

By  taking  into  account  the  dielectric  loading  of  the  tube 
envelope,  an  outer  helix  with  synchronous  velocity  can 
be  designed  on  the  basis  of  an  equivalent  unloaded  inner 
helix.  The  positions  of  attenuation  maxima  and  the 
shape  of  the  attenuation  curve  can  be  predicted  in  this 
way  with  fair  accuracy. 


STA.  05:023 

Stanford  U.  Electronics  Research  Lab.  ,  Calif. 

EXPERIMENTS  ON  RADIATION  BY  FAST  ELECTROS 
11KAMS,  by  II.  Motz,  W.  |H.  [  Thon,  and  R.  N.  Wlute- 
hurst.  [  1 953 ]  |8]p.  incl.  illus.  (Technical  rejx.  no.  71) 
(Sponsored  jointly  by  Office  of  Naval  Research.  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  Nocnr-25107)  AD  19030  Unclassified 


Also  published  in  Jour.  Appl.  Phys. ,  v.  24:  826-833, 
July  1953. 

The  results  of  some  experiments  on  mUlimeter  wave 
and  light  generation  by  means  of  an  undulator  are  de¬ 
scribed.  After  a  brief  survey  of  the  theoretical  back¬ 
ground  the  design  of  a  magnet  system  is  discussed. 

An  experiment  is  described  in  which  a  100-mev  elec¬ 
tron  beam  from  the  Stanford  linear  accelerator  passed 
through  the  undulator.  Light  radiated  by  the  beam  was 
observed  and  the  plane  of  polarization  determined.  A 
smaH  linear  accelerator  with  good  bunching  action  was 
used  for  an  experiment  on  millimeter  wave  g  ation. 
At  a  beam  energy  of  3  mev,  radiation  in  a  wa'  .^ngth 
band  below  1.9  mm  was  observed.  A  peak  power  out¬ 
put  of  the  order  of  one  watt  was  obtained.  Millimeter 
waves  generated  in  the  accelerator  tube  were  also  ob¬ 
served. 

STA.  05:024 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

THE  DISTRIBUTED  PAIR,  by  D.  O.  Pederson.  Oct. 

5,  1953,  21p.  incl.  diagrs.  tables,  (Technical  rept. 
no.  70)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Force  Office  of  Scientific  Re¬ 
search]  under  N6onr-25107)  AD  19061 

Unclassified 

An  analysis  is  presented  for  the  distributed  amplifier 
(distributed  pair)  in  which  the  grid  and  plate  networks 
are  simple  ladders  without  any  node  bridging.  The 
shunt  elements  of  the  networks  are  restricted  to  a 
complexity  no  greater  than  parallel  combinations  of 
resistance  and  capacitance,  and  the  series  elements 
are  restricted  to  series  combinations  of  resistance 
and  inductance.  Design  \  rocedures  include  either 
rigorous  mathematical  synthesis  and  approximation 
techniques  or  !  ituitive  rut-and-try  methods  based  on 
an  understanding  of  the  pair.  Two  amplifiers  were 
built  by  means  of  the  latter  method.  On  a  gain-magni¬ 
tude  basis  these  simple  amplifiers  compare  favorably 
with  cascades  of  conventional  interstages  for  band- 
uLhlin  |dOHUU  !  iU’Ul  1  tt>>"  Hf.wrver,  thr  iti- 
tributed  pairs  become  more  advantageous  as  the  band¬ 
width  requirement  is  increased.  The  pair  also  pro¬ 
vides  a  greater  available  output  voltage  and  will  have 
a  more  linear  input -output  voltage  characteristic.  The 
frequency  or  transient  characteristic  of  the  pair  can 
be  modified  (by  simple  changes  in  the  values  of  the 
network  elements)  to  obtain  a  desired  characteristic 
with  little  or  no  change  in  the  gain  level.  (ASTIA  ab¬ 
stract) 


STA.  05:025 

Stanford  U.  Electronics  Research  lab. ,  Caiif. 

RESONANCE  PHENOMENA  IN  TIME- VARYING  CIR¬ 
CUITS,  by  M.  C.  llerrero.  Oct.  15,  1953,  97p.  incl. 
illus.  diagrs.  tables,  refs.  (Technical  rept.  no.  69) 
(Sjxnisored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  NConr-25107)  AD  20154  Unclassified 
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Also  published  in  I,  R.  E.  Trans,  of  Professional  Group 
on  Circuit  Theory,  v.  CT-2:  35-41,  Mar.  1955. 

A  study  was  made  of  the  o weeping- filter  and  Its  applica¬ 
tions  to  panoramic  receivers.  The  latter  were  defined 
as  receivers  which  display  their  responses  as  functions 
of  the  receiver  frequency  setting.  The  envelope  of  the 
steady-state  solution  of  the  sweeping  filter  was  obtained 
directly.  The  method  of  solution  utilized  a  system  trans¬ 
fer  function  defined  as  the  ratio  of  amplifier  output  to 
input  as  both  vary  exponentially  with  time.  The  case  of 
a  variable  inductance  in  a  parallel  RLC  filter  was 
studied  in  detail.  A  combination  of  parameters  small 
compared  tu  unity  Wad  indicated  iuT  a  qUadi-stcaly-state 
solution.  A  comparison  was  made  between  the  sweeping- 
filter  and  the  gliding-tone  problems  .n  panoramic 
receivers  of  the  sweeping-local-oscillator  type.  In  the 
gliding-tone  problem  the  peak  of  the  solution  for  the 
system  output  decreased  with  increasing  sweeping  fre- 
fjtK  ry,  aid  it  stai  lltty  rjuU  •  it  errur.  In  t'w  sw> p- 
ing  filter  the  peak  magnitude  was  almost  constant,  and 
instability  occurred  under  some  conditions.  Experi¬ 
mental  results  are  included  for  a  backward-wave  am¬ 
plifier  used  as  a  sweeping  filter  at  2000  me.  Analogies 
and  differences  of  this  case  with  previous  cases  are 
tabulated.  Various  types  of  parametric  excitation  are 
Compared,  and  the  resulting  solutions  arc  interpreted 
physically. 


STA.  05:026 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

THEORY  OF  RADIO  REFLECTIONS  FROM  ELECTRON- 
ION  CLOUDS,  by  V.  R.  Eshleman.  Dec.  1,  1953,  37p. 
incl.  diagrs.  tables,  refs.  (Technical  rept.  no.  72) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  N6onr-25107)  AD  24168  Unclassified 

Also  published  in  I.  R.  E.  Trans,  of  Professional  Group 
on  Antenna  Propagation,  v.  AP-3:  32-39,  Jan.  1955. 

Approximations  to  the  reflection  coefficients  of  electron- 
ion  clouds  of  various  sizes,  shapes,  and  densities  are 
determined.  A  simplified  approach  to  the  problem  is 
employed,  wherein  the  total  reflection  from  the  low- 
density  clouds  is  computed  by  summing  the  scattered 
wavelets  from  the  individual  electrons,  while  the  high- 
density  clouds  are  treated  as  total  reflectors  at  the 
critical  density  radius.  Some  of  the  limitations  of  this 
method  are  discussed.  While  more  elaborate  determi¬ 
nations  should  be  used  in  certain  regions  of  cloud  size 
and  density,  the  method  used  here  provides  an  over-all, 
first-order  appi  oximation  of  the  effects  of  size,  shape 
and  density  on  the  reflecting  properties  of  elect!  r.i  ion 
clouds.  Several  possible  application!:  of  the  theoretical 
results  are  outlined.  (Contractor's  summary) 


STA.  05:027 

Stanford  U.  Electronics  Research  Lab.  ,  Calif. 

LARGE  SIGNAL  THEORY  OF  THE  TRAVELING- WAVE 


TUBE  (INCLUDING  THE  EFFECTS  OF  LOSS,  SPACE 
CHARGE  AND  FINITE  ”C”),  by  H.  C.  Poulter.  Jan. 

28,  1954,  87p.  incl.  diagrs.  tables.  (Technical  rept. 
no.  73)  (Sponsoied  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Force  Office  of  Scientific  Re¬ 
search]  under  N6onr-25107)  AD  47136  Unclassified 

An  extension  is  made  of  the  large  signal  theory  of 
Nordsleck  (Proc.  Inst.  Radio  Engineers,  v.  41:  630- 
637,  1953)  of  the  traveling-wave  tube  to  include  the  ef¬ 
fects  of  circuit  loss,  finite  C  (Pierce’s  gain  parameter), 
and  space  charge.  The  effect  of  loss  Is  included  by 
considering  the  equivalent  transmission  line  to  be  lossy. 
The  eileet  oi  Unite  C  la  includvii  Uy  retaining  all  the 
terms  involving  C  which  were  neglected  in  the  small 
C  theory,  and  under  conditions  of  finite  C  there  is  an 
additional  term  which  did  not  appear  in  the  earlier 
theory.  Space-charge  effects  are  Included  by  consid¬ 
ering  the  field  acting  upon  the  electrons  to  consist  of  a 
circuit  field  •ud  a  sjarc-riargc  tuid.  Tve  letter  !«. 
evaluated  by  expanding  the  charge  distribution  of  the 
beam  in  a  Fourier  series  in  the  time  domain.  The 
electric  field  associated  with  each  of  the  Fourier  com¬ 
ponents  of  charge  is  approximated,  and  a  weighting 
function  is  derived  which  relates  the  space-charge 
field  at  a  particular  electron  to  the  distribution  of 
cltargc  about  tlat  electron.  Equations  are  developed 
which  allow  for  the  computation  of  cases  where  the  elec¬ 
tric  field  Is  not  constant  across  the  beam,  but  calcula¬ 
tions  based  on  these  equations  are  impractical  at  pres¬ 
ent.  The  numerical  calculation  procedure  for  thin 
bttHi.t.  If  dtwcnbtd,  htid  result-.,  art  preatrAed  w.  tin. 
form  of  graphs  for  thin  beams  for  C  0.2,  d  0.0, 
b  1.  5  and  2.  2;  d  is  Pierce's  loss  parameter,  and  b 
u0 

is  defined  by  v0  - - ,  where  v_  is  the  wave  velocity 

1  i  be 

on  the  helix  in  the  absence  of  a  beam,  and  uQ  is  the 
beam  vel  ty. 


STA.  05:028 

Stanford  IJ.  Electronics  Research  Lab. ,  Calif. 

THE  INFLUENCE  OF  POSITIVE  IONS  OF  ELECTRON- 
BEAM  PROFILES,  by  B.  H.  Wadla.  Jan.  28,  1954, 

66p.  incl.  illus.  diagrs.  (Technical  rept.  no.  74) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [ Air  Force  Office  of  Scientific  Research] 
under  N6onr-25107)  AD  27028  Unclassified 

The  presence  of  residual  gs3  within  the  envelope  of  an 
electron  tube  leads  to  the  formation  of  positive  ions  by 
collision  with  electrons.  Because  of  the  natun  of  the 
fields  in  the  drift  space,  the  ions  formed  are  in  con¬ 
tinuous  motion  toward  the  cathode  and  a  variation  of 
ion  density  in  the  drift  space  results.  This  distribution 
of  positive  ions  determines  the  net  negative  charge  ef¬ 
fective  at  each  point  in  the  drift  space,  and  hence  con¬ 
trols  the  shape  of  the  beam.  This  work  concerns  the 
I'o.sh Utility  of  controlling  the  posittve-lon  distribution 
in  such  a  manner  as  to  obtain  a  nondiverging  electron 
tteam.  The  loss  of  positive  ions  to  the  cathode  may  be 
counteracted  in  two  ways.  First,  by  increasing  the 
pressure,  one  may  obtain  such  a  high  rate  of  production 
of  ions  that  complete  neutralization  is  jxisstble  despite 
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the  losses.  Alternatively,  the  flow  of  ions  toward  the 
cathode  may  be  eliminated  by  Interposing  a  positive 
hump  of  potential  in  their  path.  Both  these  methods  of 
control  have  been  known  for  some  time,  but  their  simple 
theory  has  not  found  any  consistent  experimental  sup¬ 
port.  Consequently  it  is  necessary  to  enlarge  upon  the 
iimpls  ^rlneipl-j  and  to  modify  them  in  cird.r  tc  obtain 
a  full  understanding  of  the  phenomenon  and  to  correlate 
theory  with  experiment.  The  results  of  the  investiga¬ 
tor  indicate  that  both  methods  of  c  rdi  !  U  v*.  lw  mor* 
complicated  phenomena  than  are  accounted  for  in  the 
prevailing  simple  theory.  The  first  method  cannot  be 
widely  applied  because  of  practical  considerations,  but 
the  secona,  which  avoids  tnese  disadvantages,  should 
find  some  application.  The  investigation  also  shows 
that  the  design  of  the  second  method,  called  ion  trapping, 
fa.  only  possible  by  a  ptoeess  of  trial  and  error,  tyuaii- 
tative  suggestions  are  made  which  can  b°  of  help  in  de¬ 
signing  an  acceptable  trapping  system.  (Contractor's 
summary) 


STA.  05:029 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

STUDY  OF  MICROWAVE  NOISE  IN  BEAM-TYPE  DE¬ 
VICES,  by  G.  Wade,  Apr.  21,  1954,  164p.  lncl.  tllus. 
diagrs.  refs.  (Technical  rept.  no.  75)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[Air  Force  Office  of  Scientific  Research]  under  N6onr- 
25107)  AD  32043  Unclassified 

The  microwave  nmst  piopetries  of  elect ren  beams  and 
of  certain  devices  which  employ  beams  were  investi¬ 
gated.  An  approach  to  the  problem  of  analyzing  the 
noise  characteristics  of  beams  Is  presented  which  ac¬ 
counts  for  the  multivelocity  nature  of  beams.  The  ap¬ 
proach  embodies  a  set  of  simultaneous  equations  whose 
solutions  give  the  variations  of  the  magnitude  of  the  ac 
current  and  the  velocity  for  an  arbitrary  number  of 
modulated  beams  which  are  mixed  at  an  Input  plane  and 
then  allowed  to  travel  together.  The  multivelocity  ap¬ 
proach  gave  results  which  were  In  close  agreement  with 
those  of  the  Rack  approach  (Bell  System  Tech.  Jour. , 
v.  17:  592-619,  1938).  An  analysis  of  the  rectification 
charwtcrMtir#  and  the  ta  Lm-  brhavt  ir  la  preaeutel  fur 
a  traveling-wave  tube  modified  for  use  as  a  video  de¬ 
tector.  The  analysis  indicated  that  such  a  detector 
would  have  a  smaller  minimum  detectable  signal  than 
do  crystal  detectors.  The  noise  and  amplification  prop¬ 
erties  were  examined  for  a  traveling- wave  amplifier 
which  employs  a  coupled  helix  structure  as  a  slow-wave 
circuit.  An  analysis  of  the  Interaction  between  lightly 
coupled  hellcec  and  an  axial  beam  Includes  a  derivation 
of  the  equations  for  the  propagation  constants.  (ASTIA 
abstract) 


STA.  05:030 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

NEW  METHODS  OF  DRIVING- POINT  AND  TRANSFER- 
FUNCTION  SYNTHESIS,  by  R.  H.  Pantell.  July  19, 
1954,  lOlp.  lncl.  diagrs.  refs.  (Technical  rept.  no. 


76)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signa1  Corps,  and  [Air  Fnrce  Office  of  Scientific  Re¬ 
search]  under  N6onr-25107)  AD  35057  Unclassified 

New  methods  are  presented  for  accomplishing  driving- 
point  and  transfer-function  synthesis  by  means  of  pas¬ 
sive,  linear,  bliau.ra.1  tkrncnu  without  including 
coupled  coils.  Two  new  approaches  to  driving-point 
synthesis  are  discussed:  decomposition  of  the  even 
pwrt  oC  In.pwViM  function  w  3  r«nta«W*r  realiza¬ 
tions.  In  the  former,  the  even  part  of  the  specified 
function  is  expressed  as  the  sum  of  even  functions  that 
tndi-idually  satisfy  the  conditions  for  being  the  even 
part  ot  a  positive-real  function.  Tne  impedance  cor¬ 
responding  to  each  even  function  was  determined  and 
synthesized  by  Brune  procedure  (Jour.  Math,  and 
Phys. ,  v.  K  :  191-23C,  U&l).  By  dteompot.a.h.1  cl 
the  even  functions  the  Impedances  can  be  made  to  have 
zeros  on  the  j.-axis  and  reduced  to  expressions  that 
are  simpler  to  realize  than  the  Brune  procedure.  The 
rc.e  ladder  reallzxtljne  to  quire  or*;  Iraiv  rr  active  ■•li  - 
ment  per  reduction  cycle  than  the  Bott-Duffin  (Jour. 
Appl.  Phys,,  v.  20:  816,  1949),  realization  requires. 
A  new  method  for  RLC  transfer-function  synthesis 
presents  a  means  for  realizing  a  minimum-phase  func¬ 
tion  H(p)  to  within  a  constant  multiplier  provided  that 
H(p)  has  no  poles  on  the  ju>-  axis  including  infinity. 
Synthesis  is  illustrated  for  resistance  termination  at 
input  end  output  and  for  an  RC  termination  at  both  ends. 
The  synthesis  problem,  regardless  of  the  complexity 
of  H(p),  can  always  be  reduced  to  the  problem  of  syn¬ 
thesizing  driving-point  functions  that  are  no  more  com¬ 
plicated  than  the  ratio  of  quadratic  polynomials  in  p. 
(ASTIA  abstract) 


STA.  05:031 

Stanford  U.  Electronics  Research  Lab.  ,  Calif. 

NOISE  AT  THE  POTENTIAL  MINIUM  IN  THE  HIGH- 
FREQUENCY  DIODE,  by  D.  A.  Watkins.  July  29, 

1954  [3]p.  inch  diagrs.  refs.  (Technical  rept.  no.  89) 
(Sponsored  Jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  N6onr-25I07)  AD  C8068  Unclassified 

Also  publisned  In  Jour.  Appl.  Phys. ,  v.  26.  622-624, 
May  1955. 

Noise  quantities  at  the  potential  minimum  In  the  high- 
frequency  diode  are  analyzed  by  means  of  a  relatively 
simple  model  which  assumes  that  the  transit  angle  from 
the  cathode  to  the  potential  minimum  ts  small  and  that 
the  transit  angle  from  the  potential  minimum  to  the 
anode  is  large.  The  mean-square  convection  current 
is  found  to  be  about  half  full  shot  noise  for  a  typical 
case  and  the  mean-square  velocity  ts  found  to  be  the 
same  as  In  the  temperature-limited  case.  Application 
of  this  result  to  an  analysis  of  the  minimum  obtainable 
noise  figure  of  klystrons  and  traveling- wave  tubes  us¬ 
ing  velocity-jump  noise  reduction  shows  that  their  noise 
figure  can  be  reduced  without  theoretical  limit  by  In¬ 
creasing  the  current  density  at  the  cathode. 
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Stanford  U.  Electronics  Research  Lab. ,  Calif. 

AN  INVESTIGATION  OF  THE  ITERATIVE  SYNTHESIS 
OF  DISTRIBUTED  AMPLIFIERS,  by  H.  B.  Demuth. 
Aug.  5,  1954,  64p.  incl.  diagrs.  tables,  refs.  (Tech¬ 
nical  rept.  no.  77)  (Sponsored  jointly  by  Office  of  Nav¬ 
al  Research,  Signal  Corps,  and  [Air  Force  Office  of 
Scientific  Research]  under  N6onr-25107)  AD  43449 

Unclassified 

The  iterative  synthesis  method  of  Moore  (Synthesis  of 
Distributed  Amplifiers  for  Prescribed  Amplitude  Re¬ 
sponse.  Electronics  Research  Lab. ,  Technica'  ropt. 
no.  53;  Item  no.  STA.  05:008)  is  applied  to  distributed- 
amplifier  design  through  the  use  of  electronic  comput¬ 
ing  equipment.  The  results  support  the  feasibility  of 
further  application  of  the  method  to  different  types  of 
problems,  particularly  those  concerning  networks. 


STA.  05:033 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

HEUX  MILLIMETER  WAVE  TUBE,  by  W.  V. 
Christensen  and  D.  A.  Watkins.  Aug.  23,  195*,  (rev. 
Nov.  1,  1954)  [4  ip.  Incl.  Ulus.  (Technical  rept.  no. 
82)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [  Air  Force  Office  of  Scientific  Re¬ 
search  1  under  NGonr- 25107)  AD  61074  Unclassified 

Also  published  in  Proc.  Last,  of  Radio  Engineers,  v.  43: 
93-96,  Jan.  1955. 

The  experimental  results  of  a  program  to  extend  helix 
backward-wave  oscillator  tecnniques  to  the  4.  5-  to  6.  0- 
millimeter  range  are  described.  The  design  of  a  tube 
capable  of  cw  output  ever  this  range  is  presented  to¬ 
gether  with  operating  characteristics.  The  tube  em¬ 
ploys  a  tungsten  helix  wound  with  0.  0C2-in.  by  0.  005- 
in.  tape  with  a  0.  025-in.  inner  diameter.  The  helix 
voltage  is  tuned  frora  2,400  to  850  volts  to  cover  the 
range,  and  the  cathode  current  is  4.0  ma.  The  tube 
with  its  all-glass  envelope  is  believed  to  be  a  relatively 
inexpensive  millimeter- wave  signal  source.  Power  out¬ 
put  is  estimated  to  be  greater  than  1  milliwatt. 


STA.  05:034 

Stanford  U.  Electronics  Research  laib. ,  Calif. 

JUNCTION-TRANSISTOR  CIRCUITS  FOR  SQUARE - 
WAVE  GENERATION,  by  C.  Martin,  Aug.  24,  1954, 
47p.  Incl.  illus.  diagrs.  refs.  (Technical  rept.  no.  78) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Fbrce  Office  of  Scientific  Research] 
under  N6onr-25107)  AD  5  4848  Unclassified 

This  work  comprises  a  review  of  junction  transistor 
multivibrators  with  the  aim  of  finding  a  practical 
frequency-controllable  square -wave  generator.  Two 
circuits  appear  to  offer  the  best  possibilities  as  far  as 


STA.  05:032  -  STA.  05:035 


good  waveform  and  a  good  percentage  of  utilization  of 
ihe  supply  voltage  are  concerned.  Of  these  two  circuits, 
the  emitter- coupled  multivibrator  gives  broader  possi¬ 
bilities  of  frequency  control.  This  circuit  has  been 
built  and  tested,  and  it  operates  over  a  range  of  50  cps 
to  20  kc/s,  the  frequency  being  adjustable  by  a  single 
control  knob.  An  output  amplitude  of  15  v  is  obtained 
using  a  19  v  dc  supply.  Analysis  of  the  different  multi¬ 
vibrators  is  developed  In  a  manner  similar  to  that  used 
for  vacuum-tube  multivibrators.  The  transistor  is  re¬ 
placed  by  equivalent  passive  T  networks,  the  element 
values  of  which  are  taken  from  the  characteristic 
curves  or  from  measurements  at  the  proper  operating 
points.  (Contractor's  summary) 


STA.  05:035 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

BACKWARD-WAVE  OSCILLATOR  EFFICIENCY,  by  R. 
W.  Grow.  Nov.  2,  1954,  129p.  incl.  illus.  diagrs. 
refs.  (Technical  rept.  no.  80)  (Sponsored  jointly  by 
Office  of  Naval  Research,  Signal  Corps,  and  [Air 
Force  Office  of  Scientific  Research]  under  N6onr- 
25107)  AD  48897  Unclassified 

Also  published  in  Proc.  Inst.  Radio  Engineers,  v.  43: 
848-856,  July  1955. 

Backward-wave  oscillators  are  new  and  interesting  de¬ 
vices  which  have  characteristics  different  from  those  of 
other  microwave  tubes.  This  report  contains  the  re¬ 
sults  of  a  study  conducted  for  the  purpose  of  obtaining 
information  concerning  the  factors  which  determine  the 
oscillation  level  in  a  backward-wave  oscillator  and 
which  wtll  permit  the  design  of  an  oscillator  to  produce 
a  given  amount  of  r-f  power.  All  of  the  theoretical  re¬ 
sults  contained  in  this  report  are  based  on  linear  theory 
restricted  by  an  arbitrary  specification  of  the  degree  of 
saturation  of  the  device.  A  targe-C  theory  of  backward- 
wave  oscillators  li  derived  as  a  basis  for  beginning  the 
efficiency  study.  It  is  shown  that  values  of  large  C  ob¬ 
tained  to  date  cannot  produce  any  additional  significant 
differences  in  the  operating  characteristics  than  would 
be  expected  from  small-C  theory.  The  efficiency  of 
backward-wave  oscillators  is  influenced  by  space 
charge,  circuit  loss,  beam  thickness,  and  velocity 
spread  and  the  effect  of  each  of  these  factors  is  pre¬ 
sented  in  the  report  in  such  a  manner  as  to  provide  re¬ 
sults  which  can  be  easily  applied  to  the  understanding  of 
backward- wave  oscillators  and  to  their  design.  Poor 
terminations  at  the  ends  of  the  circuit  of  backward- 
wave  oscillators  are  shown  to  produce  sinusoidal  vari¬ 
ations  In  the  starting  current  and  power-output  vs  fre¬ 
quency  curves.  The  magnitude  of  the  variations  is  de¬ 
termined  in  analytic  form  as  a  function  of  the  reflec¬ 
tions  at  the  ends  of  the  tube  and  the  circuit  loss.  An 
additional  forward-wave  mode  existing  simultaneously 
with  the  backward-wave  mode  of  an  oscillator  is  shown 
to  produce  no  effect  with  perfect  matches  even  when 
both  modes  have  Identical  spacla.  variations.  It  is  pos¬ 
sible  that  the  combination  of  two  modes  and  imperfect 
matches  will  affect  the  operating  characteristics. 
(Contractor's  summary) 
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STA.  05:036 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

ON  THE  THEORY  OF  JUNCTION  TRANSISTORS,  by  R. 
D.  Vflddlebrook.  Dec.  16,  1954,  132p.  incl.  diagrs. 
tables,  refs.  (Technical  rept.  no.  79)  (Sponsored  joint¬ 
ly  by  Office  of  Naval  Research,  Signal  Corps,  and  [Air 
Force  Office  of  Scientific  Research]  under  N6onr-25107) 
AD  50323  Unclassified 

The  theory  is  prefaced  by  a  qualitative  discussion  of 
solid-state  physics  and  crystal  structure.  A  general 
qualitative  development  is  given  of  the  l>-n-£  junction 
transistor  by  way  of  the  g-n  junction  rectifier  and  a 
brief  discussion  of  crystal  structure.  A  more  detailed 
treatment  uf  crystal  structure  is  followed  by  the  idea  of 
energy  bands  which  leads  to  the  distinction  between  in¬ 
sulators,  conductors,  and  semiconductors.  Definitions 
a-e  giver  cl  the  Ffcftnl  level  and  of  an  6Artt*ic  semi¬ 
conductor.  Equations  are  obtained  for  carrier  densities 
in  intrinsic  and  in  impurity  semiconductors,  and  the 
modification  of  the  Fermi  levels  because  of  injected 
carriers  la  diaeusatd.  A  qda.ltt.atm  dlsctssaivi.  of  the 
energy  diagram  is  followed  by  a  discussion  of  the  g-n 
junction  under  applied  forward  dc  potential.  A  solution 
U  giver  of  the  contirulty  vquaftailsr  mttierity  carriers 
which  leads  to  the  rectifier  characteristic  of  the  g-n 
junction.  The  equations  for  carrier  currents  are  ob¬ 
tained  for  a  g-n  junction  under  applied  reverse  poten¬ 
tial.  The  continuity  equation  is  solved  for  minority 
carriers  in  the  base  region,  and  this  leads  to  an  ex¬ 
planation  of  the  power  gam  ol  a  transistor.  Emitter  and 
collector  minority  currents  are  discussed,  and  an  LF 
equivalent  circuit  is  set  up.  The  qualitative  effects  of 
feedback  and  capacitance  in  the  transistor  are  summa¬ 
rized. 


STA.  05:037 

Stanford  U.  Electronics  Research  Lab.  ,  Calif. 

A  FLIP-  FLOP  CIRCUIT  BASED  ON  FREQUENCY 
MEMORY,  by  H.  C.  Lee.  Jan.  30,  1955,  42p.  incl. 
diagrs.  (Technical  rept.  no.  81)  (Sponsored  jointly  by 
Office  of  Naval  Research,  Signal  Corps,  and  (Air  Force 
Office  of  Scientific  Research |  under  NGonr-25107) 

AD  56611  Unrlassifiea 

The  present  report  is  Intended  to  introduce  the  idea  of 
counting  In  multi-mode  oscillatory  systems  by  use  of  a 
beat-frequency  technique.  To  demonst rate  this  idea,  a 
binary  counting  system  which  employs  a  balanced  fre¬ 
quency  mixer  to  switch  from  one  frequency  to  the  other 
is  studied.  The  analysis  is  based  on  a  bistable  oscil¬ 
lator  with  two  degrees  of  freedom,  forced  with  an  ex¬ 
ternal  signal.  The  corresponding  behavior  is  described 
by  a  simultaneous  pair  of  second-order  nonlinear  dif¬ 
ferential  equations  for  which  no  general  solution  is 
known.  Graphical  solutions  for  different  values  of  the 
external  voltage  have  been  obtained  with  the  aid  of  the 
IBM  computer.  Conditions  for  switching  are  analyzed 
and  discussed.  It  :s  found  that  for  satisfactory  switch¬ 
ing  it  is  necessary  that  the  external  voltage  must  ex¬ 
ceed  a  certain  critical  value.  An  experimental  system 


which  has  the  property  of  a  binary  counter  is  described. 
The  experimental  results  confirm  the  prediction  of  the 
analysis.  To  extend  this  Idea,  a  ten-frequency  decimal 
counter  based  on  beat-frequency  techniques  Is  dis¬ 
cussed.  Finally,  a  new  technique  for  frequency  switch¬ 
ing  based  on  a  single  variable  impedance  is  introduced 
and  studied  in  terms  of  the  behavior  of  the  roots  in  the 
complex  frequency  plane.  (Contractor's  summary) 


STA.  05:038 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

NORMAL  MODE  THEORY  IN  PERTURBED  TRANS¬ 
MISSION  SYSTEMS,  by  G.  S.  Kino.  May  2,  1955, 

22sp.  md.  dlagis.  ids.  (Ttclrtilcal  ixyl.  ho,  o4) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  Nfin.i-25Ki7)  Ai.  Ur  cl&fattUed 

The  reciprocity  theorem  is  used  to  derive  the  orthogo¬ 
nality  properties  of  the  modes  of  transmission  systems 
that  att  cttt.cT  tti.HbTir.  or  periodic  u,  the.  2  dlrtrtto-. 
Certain  of  the  conditions  are  valid  for  modes  that  are 
not  pure  TE  or  TM,  even  when  there  is  loss  present, 
and  Uifcrt  are  several  conductors  passing  l>  rough  »H 
cross  section.  It  is  also  shown  that,  in  a  lossless  sys¬ 
tem,  the  propagation  constants  of  the  modes  (or  funda¬ 
mental  space  harmonics)  are  pure  real  or  pure  imagi¬ 
nary  and  the  corresponding  power  flows  are  pure  imagi¬ 
nary  or  pure  real.  The  perturbation  of  the  modes  of  a 
uniform  or  periodic  system  by  change  in  permittivity, 
permeability  or  the  current  at  some  point,  is  consid¬ 
ered  by  making  use  of  normal  mode  expansions  derived 
from  the  orthogonality  conditions.  It  is  shown  that  the 
expansion  derived  by  Pierce  for  pu.e  TM  modes  is 
valid  for  the  mon-0 -varying  modes  of  a  general  circu¬ 
lar  system.  A  combination  of  Blrdsall's  impedance 
matching  method  and  the  normal  mode  expansion  is 
used  to  derive  E2/j  2p  at  any  point  of  a  uniform  trans¬ 
mission  system.  The  change  in  the  propagation  con¬ 
stant  caused  by  the  insertion  ul  a  dielectric  rod  or  uni¬ 
form  conductor  into  a  transmission  system  is  also  cal¬ 
culated,  and  it  is  shown  how  Efy,  2p  may  determined 
from  measurement  of  this  effect.  Pierce's  factors  C 
and  Q  for  a  hollow  electron  beam  inside  a  sheath  helix 
are  derived  from  the  normal  mode  or  expansion  and  by 
a  method  known  to  be  accurate;  good  agreement  is  ob¬ 
tained  between  the  results.  Fletcher's  derivation  of 
these  parameters  is  discussed,  and  it  is  shown  that 
some  of  the  assumptions  made  are  not  valid,  so  that 
values  of  Q  obtained  are  too  low.  The  normal  mode 
method  is  used  to  estimate  QC^  for  a  sheath  helix  or 
tape  surrounded  by  dielectric.  It  is  demonstrated  that 
the  correct  value  of  k2/,  2p  has  been  applied  in  the  pasl 
to  periodic  systems  but  the  value  of  QCm  In  tile  pres 
ence  of  dielectric  is  somewhat  lower  Ilian  for  the  sys 
tern  with  no  dielectric.  The  co  pleteness  and  cenver 
gence  of  the  expansions  for  a  sheath  helix  are  checked 
by  comparing  with  direct  derivations  of  identical  ex¬ 
pansions  from  the  field  theory  of  Mittag-Leffler’s  meth¬ 
od.  In  all  important  cases  the  expansions  are  conver¬ 
gent  but  are  complete  for  the  shielded  helix,  only  when 
certain  fast  and  cut-off  modes  that  do  not  appear  in  the 
unshielded  helix  system  are  taken  into  account.  These 
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modes  form  a  continuum  in  P  in  the  so-called  forbidden 
region  of  the  unshielded  sheath  helix  and  may  be  included 
in  the  normal  miv'e  expansion  in  the  form  of  an  Integral 
Such  an  integral  is  shown  be  valid  for  a  simple  paral 
lei  plate  transmission  system  when  one  plate  is  re¬ 
moved  to  infinity.  (Contractor's  summary) 

ST  A.  05:039 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

A  JUNCTION-TRANSISTOR  HIGH-FREQUENCY  EQUIV¬ 
ALENT  CIRCUIT,  by  R.  D.  Middlebrook.  May  2,  1955, 

23  lp.  incl.  illus.  diagrs.  tables.  (Technical  rept.  no. 

83)  (Sponsored  jointly  by  Office  of  Naval  Research, 

Signal  Corps,  and  [Air  Force  Office  of  Scientific  Re¬ 
search]  under  N6onr-25107)  AD  65767 

Unclassified 

A  new  junction  transistor  equivalent  circuit,  derived 
from  theoretical  principles  and  valid  up  to  and  beyond 
the  alpha  cut-off  frequency,  is  presented.  Two  main 
results  are  achieved:  first,  it  is  shown  how  the  behavior 
of  a  practical  transistor  depends  on  the  geometry  and 
physical  properties  of  the  transistor  materials  (of  use 
to  transistor  designers);  second,  it  is  shown  how  the 
element  values  in  the  practical  equivalent  circuit  may 
be  determined  numericaUy  from  six  measurements 
made  on  a  Completed  tranchtur  (of  ute  to  circuit  de 
signers)  The  final  equivalent  circuit  takes  into  account 
collector  space-charge  capacitance,  collector  space- 
charge-layer  widening,  and  base  resistance,  and  is  in 
the  form  of  four  short-circuit  admittances.  Each  ad¬ 
mittance  can  be  represented  by  a  network  of  lumped 
elements  each  of  which  is  constant  with  frequency.  The 
results  ait  obtained  fur  the  gruui.d-bast  connection, 
but  are  easUy  modified  for  grounded-emitter  or  grounded- 
collector  configurations.  Experimental  verification  of 
the  practical  equivalent  elreult  is  presented  for  fifteen 
commercial  transistors  of  various  makes  and  types,  and 
it  is  concluded  that  the  theoretical  results  obtained  are 
substantiated  but'-  qualitatively  an  1  q'«i  it  natively.  (Con¬ 
tractor's  summary) 


ST  A.  05:040 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

ITERATIVE  METHODS  IN  AMPLIFIER  INTERSTAGE 
SYNTHESIS,  by  G.  A.  Caryotakts.  May  2,  1955,  95p. 
incl.  diagrs.  refs.  (Technical  rept.  no.  86)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
I  Air  Force  Office  of  Scientific  Research]  under  Niionr- 
25107)  AD  65768  Unclassified 

A  discussion  is  given  of  the  design  of  tow-pass  video 
amplifiers  for  specified  amplitude  or  phase  response. 
This  is  accomplished  by  stagger  tuning  similar  to  that 
used  for  narrow-band  amplifiers  except  that  the  problem 
is  complicated  by  the  presence  of  finite  zeros  in  the 
amplifier  gain  function.  The  method  used  is  an  iterative 
process  by  means  of  which  the  elements  in  the  predeter¬ 
mine  d  amplifier  configuration  can  be  adjusted  so  that 
the  gain  function  may  approximate  the  desired  response. 


STA  05:039  -  l?T A.  05:042 


The  designs  obtained  by  this  method  exhibit  a  marked 
increase  in  gain-bandwidth  product  over  the  all-pole 
designs.  The  iterative  method  can  be  applied  to  syn¬ 
thesis  for  prescribed  phase  as  well  as  amplitude  re¬ 
sponse. 


ST  A.  05:041 

Stanford  U.  [Electronics  Research  Lab.  ]  Calif. 

SOME  PROPERTIES  OF  OBLIQUE  RADIO  REFLEC¬ 
TIONS  FROM  METEOR  IONIZATION  TRAILS,  by  O. 

G.  Villard,  Jr.,  A.  M.  Peterson  and  others.  May  31, 
1955,  33p.  incl.  diagrs.  tables.  (Technical  rept.  no 
85)  (In  cooperation  with  Stanford  U.  Radio  Propagation 
Lab. )  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Force  Office  of  Scientific  Re¬ 
search]  under  N6onr-25107)  AD  68059  Unclassified 

Also  published  in  Jour.  Geophysical  Res. ,  v.  61:  233- 
247,  June  1956. 

Certain  characteristics  of  radio  signals  propagated  by 
reflection  from  meteor  ionization  trails  from  a  low- 
power  continuous-wave  transmitter  960-km  distant  are 
studieu  at  ladio  frequencies  of  23.2,  46.  4,  and  92.  8 
megacycles.  In  particular,  the  percent  of  the  total 
time  that  mat. .or  rtfleclk.;ih  were  detectable  at  each 
frequency  is  presented,  and  shown  to  be  in  qualitative 
agreement  with  theoretical  expectations.  Simultaneous 
recordings  were  also  made  of  signals  from  a  second 
remote  transmitter  operated  at  23.  1,  46.  2  and  92.  4 
megacycles,  and  located  at  variable  distances  up  to 
180  km  from  the  first.  Based  on  the  percent  time 
signals  received  frurntht  second  ti  ansmittir  v  eft 
coincident  with  those  from  the  first,  it  is  concluded 
that  reradiation  from  the  numerous,  low  density  trails 
it  highly  directional,  and  that  the  fading*  long-endur¬ 
ing  eclioes  from  the  relatively- infrequent,  high-density 
trails  are  considerably  less  directional.  When  the 
tnu  Mr  liter*  were  spared  in  a  direction  perpendicular 
to  the  propagation  path,  the  signal  coincidence  de¬ 
creased  much  more  rapidly  with  transmitter  spacing 
than  when  the  transmitters  were  spaced  along  the  prop¬ 
agation  path.  (Contractor's  summary) 


STA.  05:042 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

ON  THE  STATISTICAL  DESIGN  OF  DEMODULATION 
SYSTEMS  FOR  SIGNALS  IN  ADDITIVE  NOISE,  by  J. 

B.  Thomas.  Aug.  1,  1955,  140p.  Incl.  diagrs.  refs. 
(Technical  rept.  no.  88)  (Sponsored  jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  (Air  Force  Of¬ 
fice  of  Scientific  Research]  under  N6onr-25107) 

AD  68067  Unclassified 

Demodulation  system  to  recover  message  signals  cor¬ 
rupted  by  additive  noise  are  discussed  with  the  as¬ 
sumption  that  the  amplitudes  of  the  message  and  the 
noise  have  Gaussian  probability  distributions.  The 
maximized  posterior  probability  density  function  of  the 
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message  is  given  by  2  integral  equations  which  contain 
as  known  functions  the  autocorrelation  functions  of  the 
message  and  of  the  noise  and  the  functional  form  of  the 
modulated  wave.  Solutions  of  these  equations  result  in 
receivers  which  are  optimum  on  a  maximum  likehood 
basis.  For  the  assumed  Gaussian  statistics,  this  is 
equivalent  to  being  optimum  on  a  minimum  mean- 
square-error  basis.  The  analysis  shown  that  for  the 
case  of  simple  filtering,  the  optimum  filter  is  Wiener's 
minimum  mean-square-error  filter.  In  the  AM  case 
the  optimum  receiver  is  a  cross-correlation  detector 
followed  by  a  form  of  the  Wiener  filter.  A  more  ap¬ 
propriate  criterion  than  that  of  the  mean-square  error 
ior  high  noise  level  reception  is  the  loss  of  correlation 
between  the  message  part  of  the  input  and  the  output  of 
various  AM  receivers.  Specification  of  the  optimum 
AM  receiver  requires  a  knowledge  of  message  and  noise 
power  s’  ;c.ra  and  of  carrier  amplitude  and  phase.  The 
error  i  .l'  oduced  when  the  carrier  phase  and  magnitude 
are  "l'-nown  is  given,  and  the  optimum  receiver  is 
shown  to  be  relatively  insensitive  to  such  errors.  With¬ 
in  the  limits  of  certain  approximations,  the  optimum 
PM  receiver  is  a  lock-oscillator  type  of  detector. 
(ASTIA  abstract) 


STA.  05:043 

Stanford  U.  [Electronics  Research  Lab.  ]  Calif. 

RADIO  COMMUNICATION  AND  SCATTER  PROPAGA¬ 
TION,  by  J.  D.  Mitchell,  Jr.  Aug.  15,  1955,  49p. 
met.  Ulu  i  dfcvgrs  VI)  (Epo  - 

sored  jointly  by  Office  of  Naval  Research,  Signal  Corps, 
and  [Air  Force  Office  of  Scientific  Research]  under 
NGonr-25107)  AD  68060  Unclassified 

This  report  discusses  the  communication  capabilities 
of  ground-scattered  propagation.  It  is  shown  that  radio 
communication  inay  be  practical  using  frequencies 
several  megacycles  higher  than  the  conventional  great- 
circle-path  maximum  usable  frequency  (MUF).  To  make 
use  of  ground-scattering  it  will  be  necessary  that  trans¬ 
mitting  and  receiving  antennas  be  directed  towards 
distant  scattering  areas  on  the  earth's  surface  which  can 
be  commonly  illuminated  rather  than  along  the  great- 
circle-path  between  stations.  A  number  of  experiments 
which  demonstrate  the  characteristics  of  ground  scat¬ 
tered  propagation  are  discussed.  The  scatter-path  MUF 
is  calculated  m<d  Compared  with  tile  CuhVelitlohal  great- 
circle-path  MUF  for  a  number  of  different  transmission 
path  lengths  and  orientations.  Possible  limitations  of 
ground  teaUef  emmntthieirttois  art  ottUltied  atid  fe-rem* 
mendatione  are  made  for  further  study  of  this  propaga¬ 
tion  mode.  (Contractor's  summary) 


STA.  05:041 

Stanford  U,  Electronics  Research  Lab.  ,  Calif. 

PRINCIPLES  AND  CONCEPTS  OF  RELIABILITY  FOR 
ELECTRONIC  EQUIPMENT  AND  SYSTEMS.  PART  L 
INTRODUCTION  TO  ELECTRONIC  RELIABILITY,  by 
W.  E.  Luebbert  Aug.  18,  t955,  C2p.  incl.  diagrs. 
tables,  refs.  (Technical  rept.  no.  90)  (Sponsored 


jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[Air  Force  Office  of  Scientific  Research]  under  N6onr- 
25107)  AD  73482  Unclassified 

General  concepts,  principles,  and  mathematical  tech¬ 
niques  are  to  be  presented  for  the  analysis  of  reliability 
in  electronic  equipment.  Electronic  reliability  is 
pointed  out  as  one  of  a  number  of  important  aspects  of 
the  broad  general  problem  of  achieving  most  efficient 
and  effective  performance  from  electronic  equipment. 

A  rationale  for  the  development  of  reliable  systems  is 
developed  and  presented  in  the  form  of  a  system  de¬ 
velopment  check-list.  A  discussion  is  given  on  the 
term  reliability  and  some  ol  the  meaning  that  might  be 
given  to  it.  A  few  of  the  figures-of  -merit  are  discussed 
which  can  be  used  to  measure  the  basic  property  akin 
to  dependability,  trustworthiness,  and  failure  resist¬ 
ance.  A  brief,  simplified  introduction  is  given  to  life 
curves  of  reliability  vs  time  description.  The  initial 
discussion  is  qualitative;  various  simple  patterns  of 
failure  are  introduced  and  described  with  emphasis 
being  given  to  the  degree  of  randomness  in  time  of  oc¬ 
currence,  to  variation  with  time  of  the  instantaneous 
hazard  of  failure  to  an  individual,  and  to  presentation, 
when  applicable,  of  a  simple  mechanism  of  failure 
which  might  lead  to  such  a  pattern  of  failure.  An 
analogy  between  equipment  life  patterns  and  human 
mortality  is  demonstrated  and  explained.  This 
analogy  leads  to  an  approach  which  indicates  that 
differential  (or  integral)  equations  of  probability  such 
as  are  used  in  queueing  (waiting  line)  theory,  renewal 
theory,  and  even  in  Gompertz-Makenham  actuarial 

xMH'tn Ulc*  may  be  tt#Ua4  Mi  ri  U'it-Ulty  vfvtoksiu  , 


STA.  05:045 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

PRINCIPLES  AND  CONCEPTS  OF  RELIABILITY  FOR 
ELECTRONIC  FQUIPMENT  AND  SYSTEMS.  PART  II. 
SIMPLE  MODELS  FOR  FAILURE  OF  COMPLEX 
EQUIPMENT,  by  W.  F.  Luebbert.  Aug.  18,  1955, 

6?p.  incl.  illus.  diagrs.  tables,  refs.  (Technical  rept. 
no.  91)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Force  Office  of  Scientific  Re¬ 
search]  under  N6onr-25197)  AD  73483  Unclassified 

Further  analysis  was  conducted  on  simple  models  for 
the  failure  ol  complex  systen.s.  Basically,  2  types  of 
systems  are  considered:  (1)  cascade  systems,  in  which 
the  failure  of  any  essential  element  of  the  system 
causes  fsHuce  of  the  system,  amt  (2)  petal!*!  redundant 
systems,  in  which  there  is  duplication  of  essential  ele¬ 
ments,  so  that  the  system  remains  successful  as  long 
as  any  of  the  elements  remain  successful.  Most  practi¬ 
cal  equipment  systems  can  be  broken  down  into  combi¬ 
nations  of  these  basic  types.  The  models  considered 
assume  either  complete  success  or  complete  failure 
of  function,  and  hence  are  drastic  simplifications  of 
reality;  yet,  when  applied  realistically,  with  due  atten¬ 
tion  to  their  limitations  and  capabilities,  they  are  con¬ 
sidered  quite  useful.  (See  also  item  no.  STA. 05:044) 
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STA  05:046 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

THE  VARIABILITY  OF  SOME  CHARACTERISTICS  OF 
A  GROUP  OB  FUSED- JUNCTION  TRANSISTORS,  by  G. 
H.  Scithers.  Sept.  16,  19&o,  3Cp.  ir.c!.  dlaers.  tables. 
(Technical  rept.  no.  92)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  [Air  Force  Office 
of  Scientific  Research]  under  N6onr-2bl07)  AD  72662 

Unclassified 

An  investigation  of  certain  of  the  physical  characteris¬ 
tics  of  transistors,  derived  from  measurements  of  a 
group  of  100  fused- junction  transistors,  is  made  for  the 
purpose  of  determining  the  empirical  relations  that  exist 
among  them.  Significant  departure  from  the  theoretical 
relations  derived  lor  the  one-dimenslunal  transistor  is 
discovered.  An  approximate  relation  based  on  the 
measurements  of  the  group  of  transistors  is  presented, 
together  with  some  discussion  of  the  possible  reason  for 
the  discrepancy  between  the  theoretical  and  empirical 
relations.  In  addition,  it  is  shown  that  for  this  group 
of  transistors,  the  lew-frequency  circuit  parameters 
may  be  expressed  as  functions  ol  but  two  Dasic  physical 
quantities.  (Contractor's  summary) 


STA.  05:047 

Stanford  U.  [Electronics  Research  Lab.  ]  Calif. 

REGULARLY  OBSERVABLE  ASPECT-SENSITIVE 
RADIO  REFLECTIONS  FROM  IONIZATION  ALIGNED 
WITH  THE  EARTH'S  MAGNETIC  FIELD  AND  LOCATED 
WITHIN  TOE  IONOSPHERIC  LAYERS  AT  MIDDLE 
LATITUDE,  by  A.  M.  Peterson,  O.  G.  Villard,  Jr. 
and  others.  Sept.  30,  1955,  25p.  lncl.  lllus.  dlagrs. 
table,  refs.  (Technical  rejrt.  no.  93)  (In  cooperation 
with  Stanford  U. ,  Radio  Propagation  Lab.  under  Office 
of  Ordnance  Research,  DA  0s-200-ORD-181)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  Signal  Corps, 
and  [Air  Force  Office  of  Scientific  Research]  under 
N6onr-25107)  AD  74945  Unclassified 

Acpect-sensitive  radio  reflections  in  the  frequency  range 
from  6  to  30  me  have  been  regularly  obtained  from  scat- 
iuurrcr  located  within  t  V  kinotplere  at  locations 
quite  far  south  of  the  auroral  zone.  Observations  have 
been  made  at  two  locations  on  the  West  Coast  of  the 
United  States  (Stanford,  Calif. ,  geomagnetic  latitude 
43.75°,  and  Spokant,  Wash.,  geomagnetic  latitude  55°). 
With  few  exceptions,  the  echoes  occur  when  the  line  of 
sight  from  the  transmitter  intersects  a  magnetic  field 
line  at  perpendicular  incidence  at  heights  corresponding 
to  these  of  the  E-  and  F-layers.  Thus  the  E-layer  echoes 
are  obtained  from  areas  in  the  Immediate  vicinity  of  the 
observing  stations.  The  echoes  may  be  detected  with 
relatively  low-power  radars  during  the  majority  of  the 
hours  of  darkness  on  almost  every  night.  The  reflection 
geometry  xrvd  the  characteristics  of  the  echoes  them¬ 
selves  —  occurrence  frequency,  fading  rate,  etc. ,  — 
all  suggest  that  the  observed  low-latitude  phenomenon 
is  caused  by  the  same  general  type  of  particle  bombard¬ 
ment  which  Is  believed  to  cause  the  aurora.  (Contrac¬ 
tor's  summary) 


STA  05:046  -  STA  05:050 


STA  05:048 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

SYNTHESIS  OF  MULTITERMINAL  TWO-ELEMENT - 
KIND  NETWORKS,  by  F.  S.  Boxall.  Nov.  1,  1955, 

122p.  inci.  diagrs.  (Technical  rept.  no.  95)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  Signal  Corps, 
and  [Air  Force  Office  of  Scientific  Research]  under 
N6onr-25107)  AD  76262  Unclassified 

A  method  is  given  by  which  all  the  realizations  of  a 
given  immittance  matrix  may  be  obtained  by  a  se¬ 
quence  of  elementary  tranpfor motions  on  an  initial 
realization  which  is  usually  nonphysical.  The  labor 
involved  in  passing  from  one  realization  to  another  is 
small,  and  the  designer  is  guided  at  each  step  of  the 
transformation  by  the  lurm  ol  Uus  current  realization. 

A  useful  by-product  of  the  method  is  the  generation  of 
equivalent  networks.  Since  any  terminal-pair  voltage 
can  be  expressed  as  the  difference  of  2  terminal-to- 
ground  voltages  and  since  any  terminal  pair  current 
can  be  expressed  as  2  equal  and  opposite  terminal-to- 
ground  currents,  the  synthesis  procedure  can  be  ap¬ 
plied  to  terminal-pair  networks.  The  theoretical  de¬ 
velopment  and  examples  are  phrased  in  terms  of  RC 
networks,  but  the  results  are  valid  for  RL  and  LC  net¬ 
works  after  a  simple  change  of  variable.  (ASTLA  ab¬ 
stract) 


STA  05:049 

Stanford  U.  [Electronics  Research  Lab.  ]  Calif. 

THEORY  AND  APPLICATION  OF  UNIFORM  ELECTRO¬ 
STATIC  FOCUSING  OF  HOLLOW  ELECTRON  BEAMS, 
by  C.  B.  Crumly.  Nov.  1,  1955,  78p.  inci.  Ulus, 
dlagrs.  refs.  (Technical  rept.  no.  457-1)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[Air  Force  Office  of  Scientific  Research]  under  N6onr- 
25107  and  DA  36-039-sc-63189)  AD  79834 

Unclassified 

A  method  of  focusing  hollow  electron  beams  is  investi¬ 
gated  which  eliminates  the  need  for  a  magnetic  field. 

The  method  uses  a  radial  electric  field  to  counterbal¬ 
ance  IV  syare-rbarge  diwgew*  torres  Ic  axially 
symmetric,  spinning  hollow  beam.  The  analysis  shows 
that  the  nonuniform -charge-density  distribution  re¬ 
quirement  is  not  critical  for  beams  that  are  not  thick. 
An  experimental  traveling- wave  ampllller  tube,  oper¬ 
ating  in  the  UHF  region,  was  designed  and  built,  and 
the  results  confirmed  the  practicality  of  this  focusing 
method. 


STA  05:050 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

THE  DESIGN  OF  STAGGER-TUNED  DOUBLE-TUNED 
AMPLIFIERS  FOR  ARBITRARILY  LARGE  BAND¬ 
WIDTH,  by  M.  M.  McWhorter  and  J.  M.  Pettit.  Nov. 
30,  1955  [9[p.  inci.  dlagrs.  (Technical  rept.  no.  96) 
(Sponsored  Jointly  by  Office  of  Naval  Research,  Signal 
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ST  A.  05:051  -  ST  A.  05:053 


Corps,  and  (Air  Force  Office  of  Scientific  Research] 
under  N6onr-25107)  AD  79928  Unclassified 

Also  published  in  Proc.  Inst.  Radio  Engineers,  v.  43: 
923-931,  Aug.  1955. 

Double-tuned  amplifier  stages  have  a  greater  gain-band¬ 
width  factor  than  single -tuned  stages,  and  by  stagger 
tuning  the  double-tuned  stages  the  gain-bandwidth  factcr 
is  better  preserved  as  stages  are  cascaded  than  if 
identical  stages  were  used.  This  paper  presents  the 
results  of  a  study  which  has  yielded  accurate  design 
curves  for  the  wide  band  case  permitting  straight¬ 
forward  synthesis  of  maximally -flat  staggered  pairs  and 
triples.  The  theory  leading  to  the  design  curves  is 
described  in  the  Appendix.  (Contractor's  summary) 


STA.  05:051 

Stanford  U.  Electronics  Research  lab. ,  Calif. 

THE  SINGLE-LAYER  SOLENOID  AS  AN  RF  TRANS¬ 
FORMER.  by  W.  A.  Edson.  Nov.  30,  1955  [5]p.  ind. 
dlagrs.  (Technical  rept.  no.  97)  (Sponsored  Jointly  jy 
Office  of  Naval  Research,  Signal  Corps,  and  [Air  Force 
Office  of  Scientific  Research]  under  N6onr-25107) 

AD  79929  Unclassified 

Also  published  in  Proc.  Inst.  Radio  Engineers,  v.  43: 
932-936,  Aug.  1955 

A  set  of  curves  is  presented  which  makes  it  relatively 
easy  to  design  air-core  transformers  satisfying  a 
majority  of  engineering  needs.  Inductances  in  the  range 
0. 1  u  h  to  mh,  coupling  coefficients  in  the  range  0.001 
to  1.0,  and  Inductance  ratios  up  to  100:1  are  covered 
di-ectly.  Certain  arbitrary  restrictions  are  placed  up¬ 
on  the  proportions  in  order  to  obtain  a  single  set  of 
charts,  but  the  available  elect '■lxail  characteristics  are 
not  limited  thereby.  The  projections  of  the  resulting 
colls  are  compatible  with  large  values  of  Q,  but  this  is 
seldom  Important  because  heavy  damping  must  usually 
be  provided  by  associated  resistors.  The  derivation  and 
use  of  the  curves  Is  explained.  (Contractor's  summary) 


STA.  05:052 

Stanford  U.  [Electronics  Research  Lab.  ]  Calif. 

RADIO  ECHOES  FROM  AURORAL  IONIZATION  DE¬ 
TECTED  AT  RELATIVELY  l>OW  GEOMAGNETIC 
LATITUDES,  by  R.  L.  Leadabrand.  Dec.  9,  1955, 
191p.  ind.  Ulus,  dlagrs.  rets.  (Technical  rept.  no. 
98)  (In  cooperation  with  Stanford  U. ,  Radio  Propaga¬ 
tion  Lab.  under  Office  of  Ordinance  Research,  DA  04- 
200-ORD-181)  (Sponsored  jointly  by  Office  of  Naval 
Research,  Signal  Corps,  awl  [Air  Fbrce  Office  of 
Scientific  Research'  unxler  N6onr-25t07)  .AD  82494 

Unclassified 

Radio  echoes  were  discovered  which  are  the  lesult  of 
reflection  from  ionization  aligned  with  the  earth's  mag¬ 
netic  field  lines.  The  echoes  between  1400  and  4700  km 
correspond  to  reflection  from  tontzatlon  In  the  zone  of 


maximum  auroral  occurrence  north  of  Stanford.  Ioniza¬ 
tion  formation  Is  attributed  to  the  bombardment  of  the 
upper  atmosphere  by  high-speed  charged  particles 
emitted  from  the  sun.  The  echoes  have  great  ampli¬ 
tudes  with  duration  times  between  1  sec  and  1  hr.  Their 
appearance  and  disappearance  Is  simUar  to  the  behavior 
of  visual  aurorae;  the  occurrence  of  the  echoes  Is  re¬ 
lated  to  geomagnetic  disturbances.  The  heights  of  de¬ 
flection  are  between  300  and  1200  km  above  the  earth's 
surface.  The  paths  which  the  auroral  signals  travel  are 
greatly  influenced  by  the  presence  of  the  normal  Iono¬ 
spheric  layers.  The  echoes  were  observed  at  ranges 
and  bearings  which  indicate  reflection  from  ionization 
at  points  along  the  auroral  zone  from  eastern  Canada 
to  Alaska.  The  echoes  at  ranges  between  220  and  1800 
km  correspond  to  reflection  at  points  where  a  straight- 
line  path  from  Stanford  intersects  the  earth's  magnetic 
field  lines  at  perpendicular  incidence.  The  low-latitude 
auroral  effect  appears  regularly  and  can  be  detected  at 
Stanford  almost  nightly.  Frequently,  the  echoes  last 
throughout  the  night.  The  occurrence  of  the  low-latitude 
auroral  echoes  has  little  correlation  with  geomagnetic 
disturbances.  The  heights  of  reflection  are  restricted 
within  the  E  and  F  layers  of  the  Ionosphere.  The  E- 
reglon  echoes  are  associated  with  the  formation  of 
sporadic  E  Ionization.  The  F-reglon  echoes  are  related 
to  spread  F  and  F-layer  irregularity  appearing  on  the 
vertical- incidence  sounding  records. 


STA.  05:053 

Stanford  U.  Electronics  Research  lab. ,  Calif. 

COMMON-BASE  TRANSISTOR  EQUIVALENT  CIRCUITS 
FOR  WIDEBAND  AMPLIFICATIONS,  by  J.  M.  Mathias. 
Dec.  12,  1955,  45p.  inel.  dlagrs.  (Technical  rept.  no. 
94)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Force  Office  of  Scientific  Re¬ 
search]  under  NBonr-25107)  AD  79930  Unclassified 

The  problem  of  choosing  a  transistor  equivalent  circuit 
of  practical  usefulness  for  wideband,  low-pass  (video) 
amplifiers  Is  studied  experimentally.  Measurements  of 
amplitude  and  phase  response  up  to  and  beyond  a  cutoff 
are  made  on  a  single  transistor  In  the  grounded -base, 
resistance-loaded  configuration.  The  calculated  re¬ 
sponses  of  several  equivalent  circuits  of  varying  com¬ 
plexities  are  compared  with  the  actual  measured  re¬ 
sponse.  A  simple  T  circuit,  having  coUector  capaci¬ 
tance  and  a  single  pole  expression  for  a  as  frequency 
dependent  elements,  Is  found  to  fit  the  measurements 
as  well  as  some  of  the  more  complicated  forms.  Ap¬ 
proximate  formulas  are  then  found,  which  enable  the 
cutoff  frequency  of  such  an  amplifier  to  be  calculated 
for  all  values  of  source  and  load  resistance.  An  Instru¬ 
ment  was  developed  to  measure  accurately  the  phase 
response  of  the  transistor  amplifier.  This  resulted  In 
a  device,  with  high  Input  Impedance,  that  could  meas¬ 
ure  the  relative  phase  shift  between  a  reference  signal 
and  the  low-'  !  coUector  signal  at  frequencies  from 
the  audio  r  .p  to  10  me.  (Contractor's  summary) 
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ST  A.  05:054 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

COUPLED  HELICES  FOR  USE  IN  TRAVELING- WAVE 
TUBES,  by  G.  Wade  and  N.  Rynn.  Dec.  20,  1955  (l0]p. 
incl.  dlagrs.  refs.  (Technical  rept.  no.  99)  (Sponsored 
ointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
Air  Force  Office  of  Scientific  Research]  under  Nfionr- 
25107)  AD  81064  Unclassified 

Also  published  in  LR.E.  Trans,  of  Professional  Group 
on  Electron  Devices,  v.  ED-2:  15-24,  July  1955. 

Previous  theoretical  treatments  concerning  coupled 
helices  In  the  absence  of  a  beam,  while  useful  for  pre¬ 
dicting  approximate  behavior,  are  not  satisfactory  for 
many  tube  applications  because  the  presence  of  a  beam 
can  substantially  modify  the  behavior.  This  paper  pre¬ 
sents  a  theory  of  propagation  for  coupled  concentric 
helices  in  the  presence  of  a  coaxial  beam  and  computes 
therefrom  properties  pertaining  to  coupler  and  attenuator 
applications.  Included  are  curves  of  the  propagation  con¬ 
stants  as  functions  of  coupling  coefficient  and  beam  ve¬ 
locity,  curves  of  the  Inner  and  outer  helix  voltages  as 
functions  of  the  physical  dimensions,  and  curves  which 
permit  the  frequency  response  for  various  designs  of 
input  and  output  couplers  to  be  calculated.  Sample  cal¬ 
culations  show  that  the  proper  length  for  Input  and  out¬ 
put  couplers  is  greater  than  the  length  for  complete 
energy  transfer  between  helices  in  the  absence  of  the 
beam  (a  criterion  commonly  used  in  design  work).  Cal¬ 
culations  also  illustrate  the  rotated  tart  that  the  fre¬ 
quency  for  maximum  transmission  through  a  coupler  is 
lower  when  the  beam  is  turned  on  than  when  off.  Only 
irrliuin&ry  vrk  has  been  do at  to  late  la  computing  the 
properties  of  a  coupled-helix  attenuator.  (Contractor's 
summary) 


ST  A.  05:055 

Stanford  U.  [Electronics  Research  Lab.  ]  Calif. 

THE  ROLE  OF  METEORS  IN  EXTENDED- RANGE  VHF 
PROPAGATION ,  by  O.  G.  VUlar,  Jr.  V.  R. 

Eahleman  and  others.  Dec.  20,  1955  I9fc.  incl.  diagrs. 
refs.  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  (Air  Force  Office  of  Scientific  Re¬ 
search)  as  Technical  rept.  no.  100  under  N6onr-25107, 
and  Air  Force  Cambridge  Research  Center  as  Scientific 
rept.  no.  3 -AFCRC-TN-55-399,  AD  88666  under 
AF  19(604)1031)  AD  81457  Unclassified 

Also  published  In  Proc.  Inst.  Radio  Engineers,  v.  43: 
T47TT48TT  Oct.  1955. 

The  main  factors  influencing  the  propagation  of  continu¬ 
ous  radio  signals  by  reflection  from  meteoric  ionization 
trails  are  reviewed  and  summarized.  A  procedure  Is 
;lver  for  calculating  the  system  parameters  required 
to  maintain  the  signal  received  over  a  given  path  above 
the  cosmic  background  noise  level  for  951  of  the  time. 

It  is  pointed  out  that  the  variation  of  signal  level  with 
frequency  and  path  length  measured  for  certain  "lono- 
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spheric  forward  scatter"  circuits,  agrees  well  with 
calculations  based  on  the  assumption  that  the  propaga¬ 
tion  is  entirely  by  scattering  from  meteor  ion  trails. 

It  is  suggested  that  ionospheric  scatter  is  predominant¬ 
ly  meteoric  at  night  in  the  lower  latitudes.  To  the  extent 
that  this  is  true,  the  minimum  performance  level  of  ex¬ 
isting  circuits  could  be  Improved  by  use  of  antennas  de¬ 
signed  to  maximize  the  meteoric  component  of  the 
signal.  Present  designs  actually  tend  to  discriminate 
against  meteors.  (Contractor's  summary) 


STA.  05:056 

Stanford  U.  Electronics  Research  Lab. ,  Calif. 

A  MEAN- SQUARE  ERROR  ANALYSIS  OF  SEVERAL 
DEMODULATION  SYSTEMS,  by  B.  F.  Ludovlci.  Jan. 
31,  1956,  50p.  incl.  dlagrs.  (Technical  rept.  no.  101) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  N6onr-25107)  AD  85618  Unclassified 

Four  different  methods  of  extracting  the  intelligence 
from  amplitude-modulated  carrier  in  the  presence  of 
noise  are  analyzed  on  a  mean-square  error  basis. 
Assumed  is  band-limited  white  Gaussian  noise  and  a 
noise-like  modulating  Intelligence  of  uniform  power 
spectrum  ranging  from  d-c  to  an  upper  limiting  fre¬ 
quency  equal  to  two-thirds  of  the  carrier  frequency. 
Included  in  the  analysis  are  the  square-law,  autocor¬ 
relation,  two-amplifier  and  crosscorrelation  demodu¬ 
lators.  As  an  important  result,  this  Investigation 
shows  that  the  autocorrelation  demodulator  offers  no 
significant  improvement  over  the  simple  square-law 
demodulator,  Lrr-frvvenxnl*  -  f  apf-rexUiairly  2  «5b 
and  6  db  can  be  expected  from  the  two-amplifier  and 
crosscorrelation  demodulators,  respectively.  The  re¬ 
sults  agree  essentially  with  those  of  the  other  authors 
who  carried  out  similar  analyses  on  a  signal -to-noise 
ratio  basis.  (Contractor's  summary) 


STA.  05:057 

Stanford  U.  Electronics  Research  lab. ,  Calif. 

INVESTIGATION  OF  A  TRAVELING-WAVE  TUBE 
WITH  INTERCHANGEABLE  EXTERNAL  SLOW-WAVE 
STRUCTURES,  by  A.  R.  Matthews.  Feb.  7,  1956, 
158p.  incl.  Ulus,  dlagrs.  refs.  (Technical  rept.  no. 
102)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Fores  Office  of  Scientific  Re¬ 
search]  under  N6onr-25107)  AD  85155  Unclassified 

An  investigation  was  conducted  on  a  TWT  using  an  ex- 
tern.nl  slow-wave  structure  consisting  of  lumped  cir¬ 
cuit  elements  connected  as  conventional  filters.  The 
tube  for  maximum  beam  coupling  Is  discussed  along 
with  the  practical  considerations  for  the  use  of  lumped- 
circuit  elements  as  the  slow-wave  structure.  Electron 
beam  focusing  by  means  of  a  uniform  magnetic  field 
and  by  periodic  electrostatic  focusing  voltages  is  brief¬ 
ly  examined  theoretically  and  verified  expei  imentally. 
Cold  tests  were  conducted  on  the  m-derived  low-pass 
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filter.  Determinations  were  made  of  the  characteristic 
Impedance,  phase  shift,  attenuation,  cutoff  frequency, 
phase  and  group  velocity,  and  the  effective  magnitude 
of  circuit  elements.  An  extension  was  made  on  the  cir¬ 
cuit  characteristics  of  the  filter  for  TWT  space- 
harmonic  operation.  Derivations  are  presented  for  the 
Brillouln  diagram,  space-harmonic  phase  and  group 
velocities,  space-harmonic  voltage -tuning  curves,  Im¬ 
pedance  parameter  K,  and  gain  parameter  C.  Results 
Indicated  that  the  external  filter  slow-wave  structure 
car.  be  developed  for  a  practical  tube  having  the  desir¬ 
able  features  of  small  size  and  voltage  tuning  in  the  VHF 
and  UHF  range.  Periodic  electrostatic  focusing  is 
demonstrated  for  backward-wave  oscillator  operation; 

It  offers  further  advantages,  particularly  If  large  beam 
currents  can  be  electrostatically  focused.  The  tube  Is 
a  convenient  device  for  instructional  purposes  and  for 
further  theoretical  Investigation  of  such  factors  as  ‘he 
effects  of  a  large  gain  parameter.  The  versatility  of 
changing  slow-wave  structures  while  using  the  identical 
electron  beam  Is  unique  to  this  tube. 


STA.  05:058 

Stanford  U.  [Electronics  Research  Lab.  ]  Calif. 

SOME  NEW  HIGH-FREQUEN.T  EQUIVALENT  CIR¬ 
CUITS  TOR  JUNCTION  TRANSISTORS,  by  R.  M. 
Scarlett.  Mar.  20,  1956,  188p.  in  cl.  Ulus,  tables. 
(Technical  rept.  no.  103)  (Sponsored  Jointly  by  Office 
of  Naval  Research,  Signal  Corps,  and  [Air  Force  Office 
of  Scientific  Research]  under  N6onr-25107)  AD  91300 

Unclassified 

A  description  Is  given  of  the  physical  processes  in  an 
idealized  1 -dimensional  Junction  transistor,  leading  to 
the  fundamental  equation  for  minority  carrier  motion 
and  its  appropriate  boundary  conditions.  The  small- 
signal  solution  to  this  equation  was  stated  In  the  form 
of  4  short-circuit  admittance  (or  y-)  parameters.  Ra¬ 
tional  function  approximations  are  developed  for  the 
theoretical  short-circuit  admittance  parameters.  An 
sctual  transistor  is  assumed  to  be  composed  of  the 
intrinsic  transistor  in  combination  with  the  collector 
space  charge  layer  capacitance  and  base  spreading  re¬ 
sistance.  On  this  basis,  s  derivation  was  undertaken, 
on  a  reasonably  simple  and  approximate  basis  of  small- 
signal  equivalent  circuits  and  4-pole  parameters 
representing  Junction  transistor  common-emitter  and 
common-collector  configurations.  Results  are  pre¬ 
sented  on  the  development  of  methods  for  the  measure¬ 
ment  of  the  small-signal  HF  properties  of  Junction 
translators.  A  number  of  fundamental  properties  in¬ 
volving  maximum  single- frequency  gain  and  potential 
Instability  were  obtained  for  the  3  transistor  configura¬ 
tions.  Design  theory  for  band-pase  and  low-pass  ampli¬ 
fiers  were  presented.  Discussions  are  appended  on  the 
electric  circuit  analogy  for  minority  carrier  flow  in  the 
base  region,  the  effects  of  surface  recombination,  and 
the  comparison  of  y-parameters  with  those  given  In  a 
previous  report,  item  no.  STA.  05:039.  (AS  ITA  ab¬ 
stract) 


STA.  05:059 

Stanford  U.  [Electronics  Research  Lab.  ]  Calif. 

ANALYSIS  OF  COUPLED- STRUCTURE  TRAVELING- 
WAVE  TUBES,  by  N.  Rynn.  May  7,  1956,  167p.  incl. 
Ulus,  dlagrs.  refs.  (Technical  rept.  no.  104)  (Spon¬ 
sored  Jointly  by  Office  of  Naval  Research,  Signal  Corps, 
and  [Air  Force  Office  of  Scientific  Research]  under 
N6onr-25107)  AD  94037  Unclassified 

An  analytical  procedure  was  developed  for  predicting 
the  effect  of  the  electron  beam  on  the  coupling  between 
the  distributed  circuit  of  a  traveling- wave  tube  and  a 
second  transmission  system  placed  adjacent  to  it  and 
outside  the  vacuum  envelope.  Emphasis  Is  placed  on 
the  design  of  couplers  and  attenuators  for  traveling- 
wave  tubes.  A  theory  Is  reviewed  which  includes  the 
effect  of  the  beam.  The  theory  Is  applied  to  predicting 
the  active  characteristics  of  the  couplers  and  one  type 
of  attenuator.  The  theory  is  extended  to  include  loss  in 
the  coupled  structure  and  space-charge  in  the  beam. 

The  coupled -mode  theory  is  summarized  and  extended 
to  the  coupled- structure  traveling- wave  tube.  A  root 
equation  Is  derived,  the  4  complex  roots  of  which  are 
plotted  as  functions  of  the  beam  velocity  parameter  for 
many  combinations  of  coupling,  loss,  space-charge, 
and  velocity  parameters.  The  operation  of  a  commer¬ 
cial  traveling-wave  tube  with  a  coupled-helix  attenua¬ 
tor  under  beam-saturation  conditions  is  determined 
experimentally.  A  comparison  is  made  of  the  satura¬ 
tion  properties  of  2  different  coupled-helix  attenuations 
and  s  lossy-wall  attenuator.  Curves  are  presented 
which  show  that  s  small  diameter,  tightly  coupled  helix 
attenuator  has  more  effect  on  the  electron  beam  than  the 
equivalent  lossy-wall  attenuator.  An  outline  Is  given  of 
the  procedure  to  calculate  the  passive  properties  of 
coupled  structures. 


STA.  05:060 

Stanford  U.  [Electronics  Research  Lab.  ]  Calif. 

AMPLIFIERS  EMPLOYING  POTENTIALLY  UNSTABLE 
ELEMENTS,  by  G.  S.  Bahrs.  May  7,  1956,  lOOp.  incl. 
dlagrs.  tables,  refs.  (Technical  rept.  no.  105)  (Spon¬ 
sored  Jointly  by  Office  of  Naval  Research,  Signal  Corps, 
end  [Air  Force  Office  of  Scientific  Research]  under 
N6onr-25107)  AD  95920  Unclassified 

The  tendency  toward  oscillation  which  la  caused  by 
internal  feedback  in  practical  amplifying  devices  was 
studied  along  with  the  conditions  under  which  this  in¬ 
ternal  feedback  may  cause  the  device  to  oscillate. 

Studies  were  also  made  to  establish  the  maximum  gain 
that  may  be  obtained  from  a  device  with  circuit  con¬ 
ditions  that  provide  freedom  from  oscillation.  Several 
types  of  amplifier  situations  employing  various  repre¬ 
sentative  types  of  tubes  and  transistors  are  considered. 
By  means  of  the  Ny quiet  diagram,  F(p),  the  character¬ 
istic  function,  for  each  of  these  stages  Is  explored.  The 
extent  to  which  any  set  of  termination  provides  freedom 
oscillation  la  Indicated  by  a  stability  margin.  The  use 
of  external  feedback  or  neutralization  circuits  was  not 
considered.  Solutions  for  a  wide  range  of  representative 
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situations  were  obtained  by  means  of  an  electronic 
computer.  Design  charts  were  prepared  from  the  re¬ 
sulting  data.  Based  on  the  admittances  measured  for 
3  representative  junction  transistors,  several  amplifier 
stage  designs  were  completed.  These  designs  Indicate 
that  the  gain  obtained  when  stability  Is  Insured  through 
control  of  the  terminating  admittances  is  comparable 
with  the  gain  delivered  by  the  same  units  in  neutralized 
circuits.  The  measured  gain  for  an  actual  amplifier 
was  within  0. 8  db  of  the  design  value.  When  the  origi¬ 
nal  transistor  was  replaced  by  various  unselected  units 
of  the  same  type,  the  amplifier  remained  stable  and  ex¬ 
hibited  gain  variations  of  not  greater  than  2  db. 


STA.  05:061 

Stanford  U.  [Electronics  Research  Lab.  ]  Calif. 

THE  DESIGN  OF  ALIGN  ABLE  TRANSISTOR  AMPLI¬ 
FIERS,  by  J.  F.  Gibbons.  May  7,  1956,  83p.  incl. 
dlagrs.  (Technical  rept.  no.  106)  (Sponsored  jointly  by 
Office  of  Naval  Research,  Signal  Corps,  and  [Air  Force 
Office  of  Scientific  Research]  under  N6onr-25107) 

AD  94554  Unclassified 

A  method  is  presented  for  designing  easily  allgnable 
multistage  transistor  amplifiers  when  the  Individual 
stages  are  not  unilateraL  The  method  consists  In  first 
describing  the  transistor  through  measurement  of  its 
Y  parameters  at  a  set  of  discrete  frequencies  in  the  de¬ 
sired  amplifier  passband.  This  definition  of  the  device 
Is  then  used  to  determine  Its  maximum  available  gain 
vs  frequency  properties,  thus  providing  a  criterion  of 
amplifier  performance.  The  sensitivity  of  the  transis¬ 
tor's  Input  admittance  variations  la  mathematically  de¬ 
fined  and  given  the  symbol  t>.  This  definition  Is  used  as 
a  criterion  of  alignabllity  and  as  a  measure  of  the  feasi¬ 
bility  of  partially  or  wholly  neutralizing  the  transistor 
In  any  given  application.  Power  gain  formulas  are  de¬ 
veloped  In  terms  of  fc  and  the  measured  transistor 
parameters.  Specification  of  the  desired  power  gain  and 
sensitivity  at  each  frequency  then  serves  to  determine 
the  frequency  behavior  appropriate  for  the  amplifier  load 
and  coupling  networks.  Synthesis  of  these  networks 
completes  the  amplifier  design.  Several  video  amplifier 
designs  are  given  In  the  text  to  Illustrate  the  design  pro¬ 
cedures.  Measurement  of  the  characteristics  of  these 
amplifiers  provides  experimental  verification  of  the 
theory.  (Contractor’s  summary) 


STA.  05:062 

Stanford  U.  [Electronics  Research  Lab.  ]  Calif. 

ANALYSIS  OF  A  NEW  TYPE  OF  RADIO  SCATTERING 
FROM  THE  IONOSPHERIC  E- REGION,  by  P.  G. 
Gallagher.  May  7,  1956,  145p.  Incl.  Ulus,  dlagrs. 
tables,  refs.  (Technical  rept.  no.  107)  (Sponsored 
olnUy  by  Office  of  Naval  Research,  Signal  Corps,  and 
Air  Force  Office  of  Scientific  Research)  under  N6onr- 
25107;  continued  by  Nonr-22524)  AD  95546 

Unclassified 


A  discussion  is  presented  on  direct  scattering  originat¬ 
ing  in  the  ionospheric  E-region.  An  attempt  was  made 
to  deduce  the  nature  of  the  scattering  region  and  its  re¬ 
lation  to  known  properties  of  the  ionosphere  from  the 
characteristics  •  (  the  scatter  echo.  Special  Importance 
is  attached  to  tl.e  fading  characteristics  and  the  typical 
geometrical  shape  of  the  radar  echo  in  developing  a 
physical  mode!  of  the  scatter  region.  Various  proposals 
are  made  to  account  for  the  scattering  effect,  and  each 
is  analyzed  theoretically.  The  recurrent  behavior  of 
the  new  scatter  echo  suggests  that  field-aligned  ioniza¬ 
tion  ?r  the  Ionospheric  E-region  should  be  considered  a 
part  of  normal  ionospheric  behavior.  The  origin  of  the 
field-aligned  scatter  forms  can  be  attributed  to  a  hydro¬ 
dynamic  rearrangement  of  ionization  existing  in  the 
affected  (E- layer)  region,  rather  than  to  ionization  by 
high-energy  charges  originating  external  to  the  affected 
region.  A  close  association  exists  with  sporadic- E  but 
hot  with  geomagnetic,  meteoric,  auroral  or  various 
solar  events.  The  data  lead  to  the  hypothesis  that  In 
most  cases  sporadic-E  and  the  new  radio  scattering  are 
different  manifestations  of  a  common  phenomenon;  both 
manifestations  can  be  observed  simultaneously  under  a 
specified  (but  not  unusual)  set  of  conditions.  The  ulti¬ 
mate  source  of  ionization  for  the  new  scattering  cannot 
be  determined  as  yet. 


STA.  06:001 

Stanford  U.  Stanford  Electronics  Labs. ,  Calif. 

ANALYSIS  OF  EXTERNAL  CIRCUIT  TRAVELING- 
WAVE  TUBES,  by  C.  -T.  Sah.  June  1,  1956,  141p. 

Incl.  diagrs.  refs.  (Technical  rept.  no.  1)  (Sponsored 
olntly  by  Office  of  Naval  Research,  Signal  Corps,  and 
Air  Force  Office  of  Scientific  Research)  under  Nonr- 
22524;  continuation  of  N6onr-25107)  AD  100249 

Unclassified 

A  theoretical  investigation  la  presented  of  traveling- 
wave  tubes  using  external  slow-wave  circuits  of  either 
the  lumped  element*  or  a  combination  of  the  lumped 
and  the  distribution  elements.  A  review  la  given  of 
several  known  metnoda  for  solving  the  travellng-wave- 
tube  problem.  An  eaact  field  analysis  by  using 
Maxwell's  equation  can  give  useful  information  only  for 
the  simplest  geometries  and  only  alter  making  some 
approximations  to  the  solutions.  The  best  method  of 
solution  Is  that  of  the  normal-mode  expansion  which 
provides  accurate  results  in  normalized  forms  for  any 
slightly  perturbed  transmission  system.  An  approxi¬ 
mate  method  for  a  planar  model  which  uses  the  concept 
of  an  equivalent  current  generator  La  discussed  which 
takes  Into  consideration  all  the  space  harmonics  and 
gives  relatively  simple  expressions  for  the  solution  of 
the  problem ;  results  cannot  be  reduced  to  a  simple 
normalized  form  for  application  to  a  general  transmis¬ 
sion  system  with  large  perturbations.  For  small  per 
turbattons,  the  results  give  the  same  normalized  re¬ 
sults  as  those  given  by  the  normal-mode  expansion 
method.  Electronic  equations  are  obtained  for  the  grkl- 
leaa  gapa  by  Fourier  analysis  of  the  space  harmonic 
field.  The  cases  are  considered  for  Interaction  In  the 
longitudinal  and  the  transverse  interaction  structures. 
The  electronic  equations  are  obtained  for  uniformly 
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periodic  transverse  and  longitudinal  interaction  gaps 
with  grids.  The  circuit  relations  of  a  filter  circuit  are 
revised.  The  electronic  and  circuit  equations  are  com¬ 
bined  for  the  2  types  of  interaction  gaps.  The  character¬ 
istics  of  the  slow-wave  circuits  are  compared  to  illus¬ 
trate  the  best  circuits  for  certain  types  of  operation 
such  as  forward-wave  amplification  or  backward-wave 
oscillation. 


STA.  06:002 

Stanford  U.  Stanford  Electronics  Labs. ,  Calif. 

COCCI  INSERTION  LOSS  DESIGN  OF  ELECTRIC 
FILTERS,  by  D.  J.  H.  Maclean.  June  7,  1956,  251p. 
incl.  diagrs.  refs.  (Technicai  rept.  no.  2)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[Air  Force  Office  of  Scientific  Research]  under  Nonr- 
22  524)  AD  103219  Unclassified 

The  CuLei  design  n.ttliud  fur  LC  filters  meets  prescribed 
insertion  amplitude-frequency  characteristics.  The 
method  is  one  of  cascading  elementary  networks  by  the 
ut«  ol  the  appropriate  mathematical  tool  of  the  chain 
(or  general  circuit  parameter)  matrix.  The  method  and 
practical  design  procedures  were  developed  by  Prof. 
Giovanni  Cocci  (1907-1942)  of  Italy.  Free  translations 
are  given  of  his  3  articles:  Filters  with  the  Minimum 
Number  of  Elements  (Aita  Frequenza,  v.  11:  11-12, 

Nov  -Dec.  1942);  Transmission  Functions  of  Purely 
React lve  Qu ad ru poles  Inserted  Between  T*wo  Resistors 
(Alta  Frequenza,  v.  7:  12,  Dec.  1938);  and  Design  of 
Quadrupoles  of  Pure  Reactance  with  Given  Transmls - 
sion  Functions  (Alta  Frequenza,  v.  10:  fl-9,  Aug. - 
Sept.  1941). 


STA.  06:003 

Stanford  U.  Stanford  Electronics  Labs. ,  Calif. 

ITERATIVE  SYNTHESIS  OF  A  LINEAR-PHASE  NET¬ 
WORK.  by  C.  Y.  Chang.  June  25,  1956,  44p.  incl. 
diagrs.  refs.  (Technical  rept.  no.  3)  (Sponsored  joint¬ 
ly  by  Office  of  Naval  Research,  Signal  Corps,  and  [Air 
Force  Office  of  Scientific  Research]  under  Nonr-22524) 
AD  100245  Unclassified 

The  procedure  is  described  for  using  the  iterative  meth¬ 
od  of  Moore  (Synthesis  of  Distributed  Amplifiers  for 
Prescribed  Amplitude  Response;  item  no.  STA.  057608) 
to  synthesize  a  linear-phase  transfer  function  with  an 
equal-ripple  approximation  to  a  constant  phase  slope. 

B  is  economical  to  adopt  a  linear-phase  network  and  the 
rate  of  fall  of  the  phase  slope  of  this  transfer  point  will 
be  steeper.  A  cascade  should  be  arranged  which  con¬ 
sists  on  n/2  different  second-order  all  pass  networks 
if  n  (the  number  of  polar  or  zeros)  is  even,  or  nJ  >  dif¬ 
ferent  second-order  all-pass  networks  and  1  first-order 
all-pass  network  is  n  is  odd  so  that  the  overall  transfer 
will  have  n  equal  maximum  phase  slope  points  in  the 
desired  frequency  band  (-1  •_  j  •_  1).  The  computation 
in  the  iterative  method  is  aggravated  as  n  increases. 


STA.  06:004 

Stanford  U.  Stanford  Electronics  Labs. ,  Calif. 

AN  APPROXIMATION  TO  ALPHA  OF  A  JUNCTION 
TRANSISTOR,  by  R.  D.  Middlebrook  and  R  M. 
Scarlett.  July  12,  1956  [5]p.  incl.  diagrs.  (Technical 
rept.  no.  5)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  [Air  Force  Office  of  Scien¬ 
tific  Research]  under  Nonr-22524  and  N6onr-25107) 

AD  102922  Unclassified 

Also  published  in  LR.E.  Trans,  of  Professional  Group 
on  Electron  Devices,  v.  ED-3:  25-29,  Jan.  1956. 

A  new  approximation  for  the  frequency  dependence  of 
the  short-circuit  current  gain  of  a  theoretical  junction 
triode  is  derived,  which  is  a  rational  function  of  fre¬ 
quency  and  convenient  to  use.  It  is  shown  that  the  ap¬ 
proximation  is  in  excellent  agreement  with  the  frequen¬ 
cy  response  of  the  theoretical  expression  for  alpha  In 
both  magnitude  and  phase  to  aix/vi  the  alpha  culuil  Ire 
quency.  The  approximation  is  also  considered  in  the 
time  domain,  where  it  is  in  good  agreement  except  for 
small  values  cl  time  corresponding  to  frequencies  well 
above  alpha  cutoff.  (Contractor's  summary) 


STA.  06:005 

Stanford  U.  Stanford  Electronics  Labs. ,  Calif. 

SOME  PROPERTIES  OF  LUMPED- FILTER  CIRCUITS 
FOR  TRAVELING- WAVE  TUBES,  by  C.-T.  Sah  and 
G.  A.  Loew.  July  20,  1956,  159p.  incl.  diagrs. 
(Technical  rept.  no.  4)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  [Air  Force  Office 
of  Scientific  Research]  under  Nonr-22524)  AD  104566 

Unclassified 

A  family  of  curves  is  presented  of  the  properties  of 
lumped-filter  circuits  which  are  useful  as  slow-wave 
circuits  for  external-circuit  traveling-wave  tubes  or 
as  approximate  equivalent  circuits  for  traveling-wave 
tubes  with  distributed  or  lumped  and  distributed  cir¬ 
cuits.  The  characteristics  presented  Include  phase- 
frequency,  the  phas;  velocity,  the  group  velocity,  the 
circuit  impedances  and  the  Interaction  impedance 
characteristics  as  a  function  of  frequency.  These 
characteristics  are  obtained  for  the  uniformly  periodic 
geometry,  i.e. ,  equal  lengths  for  all  the  cylinders  and 
equal  lengths  for  all  the  gaps;  the  jap  reduction  factor 
is  not  taken  Into  consideration  in  th  lnte  action  im¬ 
pedance  calculations.  The  circuits  are  assumed  to  be 
lossless.  The  circuits  considered  in  this  report  repre¬ 
sent  only  a  small  number  of  the  various  possible  types 
of  lumped-filter  circuits  that  can  be  used  as  slow-wave 
circuits  for  external-circuit  traveling- wave  tubes. 
However,  they  do  represent  the  simplest  types  of  cir¬ 
cuits.  Other  more  complicated  circuits  may  have  more 
desirable  properties  for  traveling- wave  tube  operation. 
(Contractor's  summary) 
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ST  A.  06:006 

Stanford  U.  Stanford  Electronics  Labs. ,  Calif. 

TRANSIENT  PHENOMENA  IN  TRAVELING-WAVE 
TUBES,  by  A.  V.  Brown.  July  30,  1956,  113p.  incl. 
illus  diagrs.  refs.  (Technical  rept.  no.  6)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[Air  Force  Office  of  Scientific  Research]  under  Nonr- 
22524)  AD  104569  Unclassified 

When  the  r-f  input  signal  to  a  traveling- wave  tube  is 
pulsed  on,  and  the  electric  beam  in  the  tube  is  in  a 
steady- state  conditions,  the  rise  time  of  the  tube's  out¬ 
put  signal  can  be  calculated  with  a  knowledge  of  the 
tube's  steady- state  response  versus  frequency  charac¬ 
teristics.  This  calculation  is  performed  for  both  the 
forward-wave  and  the  backward-wave  amplifier.  For 
the  case  with  the  r-f  signal  applied  continuously  to  the 
circuit  of  a  helix-type  forward-wave  amplifier  and  the 
electron  beam  pulsed  on,  transient  effects  of  a  time 
duration  of  0. 2  u  sec  have  been  observed  experimentally. 
It  is  shown  that  the  pulse  beam  impresses  a  video  signal 
on  the  helix,  which  causes  the  helix  to  ring.  Due  to  the 
ringilh-'  liienomenon,  the  beam  is  placed  out  of  synchro¬ 
nism  with  the  circuit  wave,  thereby  distorting  the  r-f 
output  signal.  Under  suitable  operating  conditions  a 
minimum  rise  time  of  less  than  20  mp  sec  was  obtained. 
No  theoretical  investigation  of  this  phenomenon  was  un¬ 
dertaken  Calculations  of  the  beam-front  distortion  due 
to  its  transit  down  the  length  of  the  circuit  were  carried 
uut.  They  predicted,  for  most  conventional  tubes,  a 
collector- current  rise  time  of  less  than  a  fifth  of  a 
beam  transit  time.  Experimental  results  agreed  with 
the  theory  to  within  a  fraction  of  two.  An  Investigation 
of  the  build-up  process  In  backward-wave  oscillators 
was  performed.  The  theoretical  results,  based  on  a 
small  -C  dnear  theory,  show  reasonable  agreement 
with  Die  experimental  results.  The  experimental  re 
suits  indicated  build-up  times  of  2.  5  to  0.  1  p  sec  for 
an  S-band  oscillator,  as  the  tube's  beam  current  was 
varied  from  1. 1  to  2  4  times  Its  start-osclilation 
value.  Fourier  and  Laplace  transformation  methods 
were  used  In  the  theoretical  Investigations.  The  dlf 
flculties,  usually  encountered  when  apply.cg  trans¬ 
formation  calculus  methods  to  distributed  circuits, 
were  considerably  reduced  by  approximately  the  tube's 
response  function  before  evaluating  (lie  Inversion  inte 
gral.  (Contractor's  summary) 

ST  A.  06:097 

Stanford  U.  Stanford  Electronics  Labs. ,  Calif. 

NEW  SYSTEM  OF  PHYSICAL  UNITS  AND  STANDARDS, 
by  B.  F.  Ludovicl.  Aug.  25,  1956  [8]p.  (Technical 
rept.  no.  9)  (Sponsored  Jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  and  [Air  Force  Office  of  Scientif¬ 
ic  Research]  under  N6onr-25107  and  Nonr-22524) 

AD  104884  Unclassified 

Also  published  In  Amer.  Jour.  Phys.  ,  v.  24:  400-407, 
May  1556. 


tion  of  the  present  primary  standards  through  a  natural 
catastrophe.  A  new  system  Is  proposed. 


STA.  06:008 

Stanford  U.  Stanford  Electronics  Labs. ,  Calif. 

A  REPRESENTATION  OF  D-C  CHARACTERISTICS 
AND  TRANSIENT  RESPONSE  OF  COMMERCIAL  SEMI¬ 
CONDUCTOR  DIODES,  by  F.  S.  Barnes.  Aug.  30, 

1956,  43p.  incl.  diagrs.  refs.  (Technical  rept.  no.  8) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  Nonr-22524)  AD  106051  Unclassified 

An  attempt  is  made  to  present  in  one  place  a  reasonably 
complete  analysis  of  the  characteristics  of  commercial 
semiconductor  diodes.  The  first  portion  of  the  paper 
analyzes  the  ideal  p-n  junction  and  the  resulting  distri¬ 
bution  of  carriers  in  the  bulk  of  the  diode.  The  analysis 
is  based  on  a  relatively  simple  model  of  the  crystal 
structure  of  germanium  and  silicon  from  which  the 
mechanisms  by  which  currents  are  carried  Is  developed 
and  related  to  the  case  of  a  p-n  junction.  The  second 
portion  of  the  paper  analyzes  the  deviations  of  the  d-c 
characteristics  of  commercial  diodes  from  the  ideal 
p-n  Junction.  The  discussion  of  these  deviations  includes 
the  effect  of  ohmic  voltage  drop  through  the  bulk  of  the 
diode,  the  effect  of  high  currents,  and  of  the  leakage 
currents.  The  final  portion  of  the  paper  analyzes  the 
transient  response  of  these  diodes  In  brth  the  forward 
and  reverse  direction.  The  results  of  measurements 
on  commercial  diodes  of  both  the  forward  and  inverse 
transient  response  are  presented  and  compared  with  the 
theory.  (Contractor's  summary) 


STA.  06:009 

Stanford  U.  Stanford  Electronics  Labs. ,  Calif. 

SOME  RESULTS  IN  THE  ESTIMATION  OF  SIGNAL 
PARAMETERS,  by  R.  D.  Bennion.  Sept.  10,  1956, 

19p.  incl.  diagrs.  (Technical  rept.  no.  10)  (Sponsored 
jointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
[Air  Force  Office  of  Scientific  Research]  under  Nonr- 
22524)  AD  109752  Unclassified 

This  memorandum  summarizes  some  results  obtained 
In  the  study  of  certain  aspects  of  signal  reception  In 
the  presence  of  noise.  Two  types  of  difficulties  are  con¬ 
sidered.  First,  the  problem  of  obtaining  best  estimates 
of  pulse-heights  occurring  with  certain  non -Gauss lan 
distributions  is  treated.  The  solution  in  each  case  im¬ 
plies  some  nonlinear  filtering  operation.  Second,  pulse 
trains  with  Gaussian  statistics  but  interdependence  be¬ 
tween  adjacent  pulses  are  considered.  The  ‘hest"  es- 
t  lmate  of  any  pulse  height  Is  found  to  be  a  certain  linear 
combination  of  the  present  and  previous  signal  samples. 
Some  suggestions  for  extending  this  resu't  to  the  case 
of  interdependence  between  an  arbitrary  number  of 
pulses  are  Included.  (Contractor’s  summary) 


The  present  system  of  physical  units  and  standards  Is 
critically  examined  with  a  view  of  the  possible  destruc 
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ETTA.  06:010 

Stanford  U.  Stanford  Electronics  Labs. ,  Calif. 

THE  TRANSVERSE-CURRENT  TRAVELING-WAVE 
TUBE.  [PART  I]  THEORY  OF  THE  TRANSVERSE- 
CURRENT  TRAVELING-WAVE  TUBE.  [PART  H]  AN 
EXPERIMENTAL  TRANSVERSE-CURRENT  TRAVEL¬ 
ING-WAVE  TUBE,  by  D.  A.  Dunn,  W.  A.  Harman  and 
others.  Sept.  25,  1956  [I8]p.  Incl.  Ulus,  dlagrs. 
tables,  refs.  (Technical  rept.  no.  12)  (In  coopera¬ 
tion  with  General  Electric  Microwave  Lab. )  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  Signal  Corps, 
and  l  Air  Force  Office  of  Scientific  Research  ]  under 
Nonr- 22524)  AD  109757  Unclassified 

Also  published  In  Proc.  Inst.  Radio  Engineers,  v.  44: 
879-887,  68ft-89£,  July  1956. 

Part  L  An  analysis  Is  presented  of  a  traveling-wave 
tube  In  which  unmodulated  dc  cur-ent  is  ^continuously 
Introduced  along  the  length  of  the  tube  and  is  removed 
after  traveling  a  fixed  distance  In  the  presence  of  the 
circuit  field.  This  change  In  the  dc  current  distribution 
as  compared  with  that  of  a  conventional  traveling-wave 
tube  results  In  three  forward  growing  waves  Instead  of 
one;  one  growing  exponentially  as  in  the  conventional 
tube,  one  growing  linearly,  and  one  growing  as  the 
square  of  distance.  Expressions  for  the  over-all  gain 
of  a  forward-wave  amplifier  of  this  type  are  derived  as 
a  function  of  the  usual  parameters  phis  an  additional 
parameter  related  to  the  distance  traveled  by  electrons 
In  the  Interaction  apace.  The  power  output  of  this  device 
Is  found  to  depend  on  saturation  of  individual  current 
elemerta  rather  than  of  the  beam  as  a  whole,  with  the 
result  that,  after  saturation  Is  once  reached,  the  power 
output  is  Independent  of  Input  power.  An  estimate  of  the 
value  of  the  saturation  power  level  is  obtained  from  the 
linear  analysis.  Part  II.  A  transverse  current  travel¬ 
ing-wave  tube  employing  a  flat  helix  and  a  skew  beam 
has  been  built  and  tested  both  as  a  forward  wave  ampli¬ 
fier  and  as  a  backward  wave  osrtllator.  The  tube  oper¬ 
ates  as  an  amplifier  over  the  frequency  range  from  1 
to  1  kmc  with  a  power  output  ot  the  order  of  34)  milli¬ 
watts.  Testa  on  the  tube  indicated  a  gain  va  voltage 
characteristic  markedly  dlff_  ->nt  from  that  obtained 
with  a  conventional  traveling-wave  tube,  particularly 
with  reaped  to  the  wide  range  of  current  and  vulugr 
over  which  a  large  amoc  of  attenuation  In  exce»  i  of 
the  cold  insertion  loss  of  the  circuit  was  observed.  The 
general  ahapea  of  the  curvea  of  gain  va  current  and  the 
gain  and  saturation  power  level  va  frequency  are  as 
predicted  from  theory  and  display  significant  differences 
from  calculated  curvea  for  an  equivalent  conventional 
tube.  The  nonlinear  behavior  of  the  tube,  as  a  function 
of  Input  algnal  level,  follows  the  general  pattern  pre¬ 
dicted  from  qualitative  arguments.  The  output  power  Is 
constant  to  within  0. 05  db  over  an  Input  power  range  of 
20  to  SO  db.  With  two  signals  of  different  frequencies 
supplied  to  the  Input  of  the  tube,  a  region  of  operation 
was  observed  In  which,  with  the  Input  amplitude  of  one 
signal  fixed,  the  output  amplitudes  of  both  signals  were 
Independent  ot  the  amplitude  o'  the  other  (variable)  In¬ 
put  signal.  (Contractor’s  summaries) 


ST  A.  06:011 

Stanford  U.  Stanford  Electronics  Labs. ,  Calif. 

NEGATIVE-IMPEDANCE  CONVERTER  DESIGN,  by  A. 

L  Larky.  Oct.  30,  1956,  50p.  inch  dlagrs.  tables. 
(Technical  rept.  no.  11)  (Sponsored  jointly  by  Office  of 
Naval  Research,  Signal  Corps,  and  [Air  Force  Office  of 
Scientific  Research]  under  Nonr-22524)  AD  109753 

Unclassified 

An  active  device  with  the  property  that  the  driving-point 
immlttance  at  one  terminal-pair  Is  the  exact  negative  of 
the  load  Immlttance  connected  to  the  other  terminal- 
pair  Is  called  a  negative-impedance  converter.  This 
work  describes  Ihe  external  or  circuit  properties  of  the 
ideal  negative-impedance  converter  and  relates  them  to 
certain  ideal  amplifier  combinations.  The  necessary 
and  sufficient  conditions  that  a  given  device  be  an  ideal 
negative- Impedance  converter  are  derived.  The  prop¬ 
erties  of  the  non-ideal  negative-impedance  converter 
are  discussed  and  a  method  shown  by  which  the  non- 
ideal  device  may  be  made  ideal  by  the  addition  of  pas¬ 
sive  elements.  Practical  circuits  are  never  ideal  and 
are  also  subject  to  changes  In  performance  due  to  drifts 
in  their  elements.  Sensitivity  criteria  are  developed 
which  Indicate  which  of  the  external  parameters  of  the 
device  most  affect  the  negative-impedance  conversion 
process.  These  are  the  parameters  which  must  be 
most  stable  and  this  fact  leads  to  the  statement  of  the 
characteristics  of  a  good  negative- Impedance  converter 
circuit.  Thro  transistor  negative-impedance  converter 
circuits  are  analyzed  and  compared.  One  of  these  has 
been  published  previously  and  the  other  is  new.  The 
new  circuit  le  shown  to  be  superior  In  frequency  re¬ 
sponse  and  to  have  less  distortion  at  a  given  signal 
leveL  The  predicted  behavior  of  these  circuits  Is 
checked  experimentally.  (Contractor*  s  summary) 


ST  A.  06:012 

Stanford  U.  Stanford  Electronics  Labs. ,  Calif. 

LITERATURE  GUIDE  ON  FAILURE  CONTROL  AND 
RELIABILITY,  by  W.  F.  Luebbert.  Dec.  31,  1956, 
lv.  IncL  refs.  (Technical  rept.  no.  13)  (Sponsored 
jointly  by  Office  of  Naval  Heaeorrh,  Signal  Cnrpa,  am! 
[Air  Force  Office  of  Scientific  Research]  under  Nonr- 
22524)  AD  122983  Unclassified 

A  literature  guide  is  presented  on  failure  control  and 
reliability  of  electronic  components  and  equipment  to 
show  what  Information  Is  available  and  where  II  can  be 
found.  References  are  arranged  alphabetically  by 
author  by  using  a  special  IBM  cord  format.  This  format 
may  be  used  as  a  conventional  annotated  bibliography 
or  is  the  foundation  of  a  rapid-access,  edge-punch 
card  file.  Thro  subject  classification  schemes  are  used. 
The  conventional  subject  guide  te  of  the  type  which  Is 
designed  for  Isolation  of  desired  articles  from  the  list 
of  references.  The  following  subject  headings  are  used 
In  the  guide,  but  thr?y  differ  from  those  used  for  edge 
punching  of  the  cards:  (1)  general  material;  (2)  defini¬ 
tion  and  quantification  of  reliability;  (3)  administrative 
aspects  of  reliability;  (4)  reliability  and  design; 
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(S)  reliability  and  manufacture;  (6)  reliability  versus 
utilization,  maintenance,  and  repair;  (7)  reliability 
testing;  (8)  mathematical  theory  of  reliability;  (9)  math¬ 
ematical-statistical  tools  useful  in  study  of  reliability; 
(10)  electron  tube  reliability;  (11)  semiconductor  de¬ 
vice  reliability;  (12)  component  reliability;  (13)  guided 
missile  and  airborne  electronic  reliability;  and  (14)  com¬ 
puter  reliability.  The  unconventional  type  of  subject 
guide  is  a  key  to  the  edge-punching  code  for  use  with 
the  card  format.  The  sub)ect  classification  scheme 
which  was  prepared  for  use  with  the  punched  cards,  con¬ 
tains  classification  by  author,  topic,  type  of  equipment, 
type  of  circuit,  type  of  component,  type  of  construction, 
critical  environmental  factor,  and  type  of  service. 
(ASTIA  abstract) 


STA.  07:001 

Stanford  U.  High-Energy  Physics  lab. ,  Calif. 

HIGH  ENERGY  ELECTRON  SCATTERING  AND  NUCLE¬ 
AR  STRUCTURE  DETERMINATIONS  [l],  by  R. 
Hofstadter,  H.  R.  Fechter,  and  J.  A.  McIntyre.  Aug. 
1953,  23p.  diagrs.  refs.  (Rept.  no.  HEPL-205)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research  under  N6onr- 
25116,  [Air  Force]  Office  of  Scientific  Research  under 
AF  18(600)646,  and  Atomic  Energy  Commission) 

AD  16168  Unclassified 

Presented  in  part  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  29-May  1,  1953. 

Also  published  in  Phyr.  Rev. ,  v.  92:  978-987,  Nov. 
1571  953. 

An  investigation  was  made  of  the  elastic  scattering  of 
fast  electrons  with  energies  of  125  and  150  mev  by 
several  elements.  The  relative  angular  distributions 
were  measured  for  Be,  Ta,  Au,  and  Pb.  The  data  in¬ 
dicated  that  these  nuclei  have  charge  distributions 
tapering  off  gradually  from  near  the  center  to  the  out¬ 
side.  The  best  fit  of  first  Born  approximation  form 
factors  (Dorn  and  L.  M.  Yang,  Nature,  v.  168:  399, 
1950)  suggests  an  exponential  charge  distribution  with 
rma  radii  12  to  22%  larger  than  conventional  radii.  The 
radii  show  considerable  dependence  on  the  function  as¬ 
sumed  for  the  charge-density  taper.  Among  the  tapers 
(Gaussian,  half-uniform  and  half-Gaussian,  uniform, 
and  uniform  with  exponential)  which  were  tried,  all 
were  definitely  poorer  than  the  exponential  in  repre¬ 
senting  the  experimental  data. 


STA.  07:002 

Stanford  U.  High-Energy  Physics  Lab.,  Calif. 

INTENSITY  FLUCTUATIONS  IN  SCINTILLATION 
COUNTERS,  by  J.  A.  McIntyre.  [1954]  [33  [p.  incl. 
tabV,  refs.  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search  under  N6onr-25116,  [Air  Fbrce]  Office  of  Scien¬ 
tific  Research  under  AF  18(600)646,  and  Atomic  Energy 
Commission)  Unclassified 

The  statistical  effects  inherent  in  a  scintillation-counter 


system  are  examined  theoretically  and  the  sources  of 
statistical  spread  noted.  Comparison  is  then  made  be¬ 
tween  the  theory  developed  and  the  rather  meager  ex¬ 
perimental  data  available,  and  the  necessity  for  more 
experiments  is  made  evident.  It  is  also  pointed  out  that 
a  yet  unexploited  method  for  determining  scintillator 
efficiencies  is  possible  and  that  an  improvement  in  the 
precision  of  gamma-ray  energy  measurements  seems 
feasible.  (Contractor's  abstract) 


STA.  07:003 

Stanford  U.  High-Energy  Physics  Lab. ,  Calif. 

INELASTIC  SCATTERING  OF  190- MEV  ELECTRONS 
IN  BERYLLIUM,  by  J.  A.  McIntyre,  B.  Hahn,  and  R. 
Hofstadter.  [1954]  [2jp.  (Sponsored  jointly  by  Office 
of  Naval  Research  under  [N6onr-25116],  [Air  Force] 
Office  of  Scientific  Research  under  [AF  18(600)646], 
and  Atomic  Energy  Commission)  Unclassified 

Published  in  Phys.  Rev. ,  v.  95:  512-515,  July  15, 
1954. 

An  elastic  peak  A  and  two  inelastic  peaks  B  and  C  are 
found  in  the  scattering  of  190-mev  electrons  by  Be. 
A-B  =2.  54  mev;  A-C  =6.96  mev. 


STA.  07:004 

Stanford  U.  [High -Energy  Physics  Lab.  ]  Calif. 

HIGH-ENERGY  ELECTRON  SCATTERING  AND 
NUCLEAR  STRUCTURE  DETERMINATIONS,  H,  by  R. 
Hofstadter,  B.  Hahn  and  others.  [Mar.  15,  1954][2l]p. 
incl.  dlagra.  table,  refs.  (Sponsored  jointly  by  Office 
of  Naval  Research  under  [N6onr-25116],  [Air  Force] 
Office  of  Scientific  Research  under  AF  18(600)646, 
Atomic  Energy  Commission,  and  Research  Corp. ,  New 
York)  Unclassified 

Presented  in  part  at  meeting  of  the  Amer.  Phys.  Soc. , 
New  York,  Jan.  28-30,  1954. 

Published  in  Phys.  Ref. ,  v.  95:  512-515,  July  15.  1954 

TWC 

Elastic  scattering  measurements  have  been  carried  out 
with  electrons  in  Au1®^  at  energies  of  84,  126,  154, 
and  183  mev  and  in  Pb*®*  at  84,  153,  and  186  mev. 
Diffraction  effects  are  observed  which  appear  to  vary 
with  momentum  and  angular  position  as  if  a  fundament  - 
ta!  parameter  p  sin  —  were  equal  to  a  constant  for  a 

given  diffraction  feature.  Such  a  behavior  would  be 
predicted  by  the  Born  approximation.  A  comparison 
of  the  scattering  in  Au^  and  Pb*®*  suggests  that  in¬ 
elastic  scattering  does  not  materially  Influence  the 
scattering  curves  presented.  The  appearance  of  dif¬ 
fraction  effects  indicates  a  model  more  nearly  uniform 
in  charge  density  than  early  tentative  conclusions  based 
on  Bom  approximation  calculations.  (Contractor’s 
abstract) 
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STA.  07:005 

Stanford  U.  [High-Energy  Physics  Lab.  ]  Calif. 

ELECTRON  SCATTERING  FROM  HYDROGEN,  DEU¬ 
TERIUM,  AND  CARBON  AT  190  MEV  (Abstract),  by  J. 
A.  Mclntyr?  and  R.  Hofstadter.  [1954]  [lip.  (Sponsored 
joirtly  by  Office  of  Naval  Research  under  [N6onr-25116l, 
[Air  Force]  Office  of  Scientific  Research  under  [AF  18- 
(600)646],  and  Atomic  Energy  Commission) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Seattle,  Wash.,  July  7-10,  1954. 

Published  in  Phys.  Rev. ,  v.  96:  854,  Nov.  1,  1954. 

The  recoil  of  the  proton  or  deuteron  permits  solid  tar¬ 
gets  of  light  and  heavy  polyethylene  to  be  used  in  study¬ 
ing  the  elastic  scattering  of  high  energy  electrons  from 
the  nuclei  of  hydrogen  and  deuterium,  as  distinguished 
from  the  elastic  scattering  from  carbon  nuclei.  Inelas  - 
tic  electron  scattering  peaks  have  been  observed  in  car¬ 
bon  at  4.  5  mev  and  9. 7  mev  and  add  a  background  be¬ 
low  the  carbon  elastic  peak  which  must  be  substracted 
from  jie  hydrogen  and  deuterium  peaks.  Angular  dis¬ 
tributions  of  the  lastlc  electron  scattering  have  been 
observed  in  hydrogen  between  35°  and  100°  at  190  mev 
in  the  laboratory  frame.  The  proton  appears  to  be  a 
point  charge  since  the  experimental  points  fit  the  Mott 
formula.  The  deuteron  definitely  appears  as  not  a  point 
charge.  Us  finite  size  is  exhibited  by  a  fivefold  induc¬ 
tion  from  the  Mott  formula  at  105°  in  the  center-of- 
mass  system.  The  rms  radius  of  the  observed  charged 
distribution  is  1. 5  i  0. 2  x  10" 13  cm.  This  "radius"  is 
a  measure  of  the  rms  distance  between  the  center  of 
mass  of  the  deuteron  structure  and  the  position  of  the 
proton.  (Contractor's  abstract) 


STA.  07:006 

Stanford  U.  [High-Energy  Physics  Lab.  ]  Calif. 

ELECTRON  SCATTERING  IN  HYDROGEN  AND  HELIUM 
(Abstract),  by  R.  Hofstadter,  R.  [W.  [  McAllister,  and 
E.  Wiener.  [1954]  [lb.  (Sponsored  Jointly  by  Office  of 
Naval  Research  under  [N6onr-25116],  [Air  Force]  Office 
of  Scientific  Research  under  |AF  18(600)646],  and  Atom¬ 
ic  Energy  Commission)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Seattle.  Wash.,  July  7-10,  1954. 

Published  in  Phys.  Rev. ,  v.  96:  845,  Nov.  1,  1954. 

To  investigate  the  elastic  scattering  of  high-energy  elec¬ 
trons  from  hydrogen,  helium,  and  other  gaaes  we  have 
constructed  a  stainless  steel  scattering  chamber  con  - 
tabling  gas  at  high  pressure.  The  target  la  a  right  cyl¬ 
inder  of  length  2-t/  2  in. ,  diameter  3/4  in.  with  waits 
15  mils  thick  and  end  windows  of  thickness  5  to  10  mils. 
Operation  at  1000  psl  has  proved  quite  convenient.  The 
end  effects  are  easily  subtracted  out  by  emptying  the 
gaseous  contents  and  are  not  Important  except  at  small 
angles  (~35‘).  Studies  of  the  angular  distribution  In 


hydrogen  and  helium  have  been  carried  out  at  190  mev 
in  the  laboratory  frame  of  coordinates  and  show  agree¬ 
ment  with  the  Mott  point -charge  formula  for  hydrogen 
but  distinct  deviations  from  the  Mott  formula  for  heli¬ 
um.  These  studies  thus  demonstrate  the  finite  size  of 
the  helium  nucleus  (the  alpha  particle).  A  preliminary 
estimate  of  the  size  of  the  alpha  particle  gives  1.40  t 
0. 2  x  10'*'  cm  for  the  rms  radius  of  the  alpha  particle. 
The  rm  radius  is  taken  with  respect  to  charge. 
(Contractor’s  abstract) 


STA.  07:007 

Stanford  U.  High-Energy  Physics  Lab. ,  Calif. 

HIGH-ENERGY  ELECTRON  SCATTERING  IN  Rh,  Ta, 
W,  and  U  (Abstract),  by  B.  Hahn  and  R.  Hofstadter. 
[1954]  [l]p.  (Sponsored  Jointly  by  Office  of  Naval  Re¬ 
search  under  N6onr-25116,  [Air  Force]  Office  of  Scien¬ 
tific  Research  under  AF  18(600)646,  Atomic  Energy 
Commission,  and  Research  Corp. ,  New  York) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Berkeley,  Calif.,  Dec.  28-30,  1954. 

Published  in  Phys.  Rev. ,  v.  98:  278,  Apr.  1,  1955. 

Recent  improvements  in  experimental  technique  have 
made  it  possible  to  measure  more  accurately  the  angu¬ 
lar  distribution  of  high-energy  electrons  (IK.  .nev) 
scattered  by  heavy  and  medium  heavy  nuclei.  Small 
differences  in  scattering  cross  sections  of  two  nuclei 
can  be  established  by  measuring  ratios  of  counting 
rates  at  each  scattering  angle.  Scattering  ratios  of 
gold  with  respect  to  hydrogen  have  been  Lneasured,  as 
well  as  ratios  with  respect  to  Rh,  Ta,  W,  and  U.  Ta, 
W,  and  U  definitely  show  less  pronounced  diffraction 
wiggling  in  the  angular  distribution  than  Pb***®,  Au, 
and  Bl.  n  is  fairly  difficult  to  fit  the  experiment  d  re¬ 
sults  for  Ta,  W,  and  U  with  phase  shift  calculation.':  to 
a  spherically- symmetric  charge  distribution.  A  pon 
slble  explanation  of  these  relatively  smooth  angular 
d  1*1  rtbel tons  may  involve  rroelear  qnwdmpolt  effects. 
(Contractor's  abstract) 


STA.  07:008 

Stanford  U.  High-Energy  Physics  Lab. ,  Calif. 

SCATTERING  OF  192-MEV  ELECTRONS  FROM  DEU¬ 
TERIUM,  by  J.  A.  McIntyre  and  R.  Hofstadter.  Jan. 
1955,  lOp.  diagrs.  (Rept.  no.  HEPL-37)  [APOSR- 
TN-55-20]  (Sponsored  Jointly  by  Office  of  Naval  Re¬ 
search  under  N6onr-25116,  [Air  Force]  Office  of  Scien¬ 
tific  Research  under  AF  18(600)646,  and  Atomic  Ener¬ 
gy  Commission)  AD  52928  Unclassified 

Also  published  in  Phys.  Rev.,  v.  98:  158-161.  Apr. 

TTT5K. 

Elastic  scattering  of  192-mev  electrons  from  deuterium 
has  been  studied  using  both  solid  (CDj)  and  high-pres¬ 
sure  gas  targets.  The  results  obtained  by  these  2 
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methods  are  In  agreement  and  yield  the  following  con¬ 
clusions:  (1)  the  range  of  the  neutron-proton  potential 
is  between  1  and  4  x  10"  13  cm  (f  a  square  potential 
well  is  assumed,  and  if  the  deuteron  wave  functions 
predicted  by  the  binding  energy  of  the  deuteron  are  used; 
and  (2)  it  is,  however,  impossible  with  the  present  data 
to  eliminate  the  possibility  of  other  charge  distributions 
lor  deuterium  such  as  uniform  or  Gaussian.  Inelastic 
electron  scattering  from  deuterium  was  also  investi¬ 
gated,  and  promises  to  give  Independent  information  on 
the  deuteron  structure.  (Contractor’s  abstract) 


STA.  07:009 

Sta.  jord  U.  High-Energy  Physics  Lab. ,  Calif. 

HIGH-ENERGY  ELECTRON  SCATTERING  ON  NUCLE¬ 
AR  STRUCTURE  DETERMINATIONS.  HL  THE  CAR¬ 
BON  12  NUCLEUS,  by  J.  a  Fregeau  and  R.  Kofstadter. 
May  19SS  [30]p.  incl.  diagrs.  tables,  refs.  (Rept.  no. 
HEPL-49)  d A  F ]OSR-TN- 55-134)  (Sponsored  Jointly  by 
Office  of  Naval  Research  under  [N6onr-25116],  [Air 
Force]  Office  of  Scientific  Research  under  AF  18(600)- 
646,  and  Atomic  Energy  Commission)  AD  63843 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  99:  1503-1509, 

Sept.  1,1955.'""  ' 

The  elastic  scattering  peak  in  C13  is  accompanied  by 
a  number  of  additional  peaks  corresponding  to  inelastic 
scattering  of  electrons  from  the  various  excited  levels 
of  the  C  nucleus.  Three  levels  have  been  investigated 
by  this  method  and  correspond  to  the  3  known  states  at 
4.43  mev,  7.68  mev,  and  9.61  mev.  Angular  distribu¬ 
tions  of  the  inelastically-scattered  electrons  have  been 
obtained,  as  well  as  the  angular  distribution  of  the 
elastically-scattered  electrons.  The  angular  distribu¬ 
tions  of  the  inelastic  peaks  fall  off  less  steeply  with 
angle  than  the  elastic  peak.  By  comparing  the  scatter¬ 
ing  from  C  with  scattering  from  the  proton,  and  using 
the  theoretical  value  of  the  cross  section  of  electrons 
scattered  from  the  proton,  it  la  possible  to  obtain 
"absolute"  values  for  the  elastic  and  Inelastic  scatter¬ 
ing  cross  sections.  From  the  elastic  scattering  curve, 
information  about  the  size  and  charge  distribution  in  ihe 
C12  nucleus  may  be  derived.  The  charge  distribution 
lies  approximately  half  way  between  a  Gaussian  and 
a  uniform  model.  The  rms  (root  mean  square)  radius  of 
the  resultant  charge  distribution  la  2.40  »  0.25  x  IO-*3 
cm.  (Contractor’s  abstract) 


STA.  07:010 

Stanford  U.  [lligh-Ei.vrgy  Physics  Lab.  ]  Calif. 

HIGH-ENERGY  ELECTRON  SCATTERING  AND  THE 
CHARGE  DBTRnUTlONS  OF  SELECTED  NUCLEI,  by 
B.  Halm,  D.  G.  ltavenhail,  and  R.  Hofstadier.  Oct. 
1955  [35]p.  Incl.  diagrs.  tables,  refs.  (Rept.  no. 
HEPL-68)  f  A F ]0~K-TN- 55 - 320)  (Sponsored  Jointly  by 
Office  of  Nava!  Research  under  |N6onr-25116],  [Air 
Force]  Office  of  Scientific  Research  under  AF  18(600)- 


ST A.  07:009  -  STA.  07:012 


646,  and  Atomic  Energy  Commission)  AD  75937 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  101:  1131-1142, 

Feb.  1,  1950. 

Experimental  results  are  presented  of  electron  scat¬ 
tering  by  Ca,  V,  Co,  In,  Sb,  Hf,  Ta,  W,  Au,  Bi,  Th, 
and  U,  at  183  mev  and  (for  some  of  the  elements)  at 
153  mev.  For  those  nude!  for  which  asphericity  and 
inelastic  scattering  are  absent  or  unimportant,  i.  e. , 

Ca,  V,  Co,  In,  Sb,  Au,  and  Bl,  a  partial  wave  analysis 
of  the  Dirac  equation  has  been  performed  in  which  the 
nuclei  are  represented  by  static,  spherically  symmet¬ 
ric  charge  distributions.  Smoothed  uniform  charge 
distributions  have  been  assumed;  these  are  character¬ 
ized  by  a  constant  charge  density  in  the  central  region 
of  the  nucleus,  with  a  smoothed-out  surface.  Essential¬ 
ly  2  parameters  can  be  determined,  related  to  the 
radius  and  to  the  surface  thickness.  An  examination 
of  the  Au  experiments  shows  that  the  functional  forms 
of  the-  surface  are  not  Important,  and  that  the  charge 
density  In  the  central  regions  is  probably  fairly  flat, 
although  it  cannot  be  determined  very  accurately.  An 
analysis  of  the  experiments  on  the  nuclei  Ca,  V,  Co, 

In,  Sb,  Au,  and  Bi,  assuming  for  convenience  the 
Fermi  smoothed  uniform  shape,  then  leads  to  the  fol¬ 
lowing  results:  The  radial  parameter  c  (the  distance 
to  the  midpoint  of  the  surface)  scales  as  A*/3  for  the 
nuclei  examined  and  is  (1.07  t  .02)  A*'3  x  10‘ *3  cm; 
ihe  surface  thickness  t  (0.  9  ^  io  0.  1  ;>0  distance) 
is  constant  for  ail  of  these  nuclei,  io  within  the  esti¬ 
mated  error,  and  Is  (2.  4  *  0.  3)  x  10' 13  cm.  (Con¬ 
tractor's  abstract) 


STA.  07:011 

Stanford  U.  High-  Energy  Physics  Lab. ,  Calif. 

ELECTRON  SCATTERING  FROM  THE  PROTON,  by  R. 
Hofstadter  and  R.  W.  McAllister.  (Jan.  24,  1955] 

! 5 |p.  incl.  dlagr.  (Sponsored  Jointly  by  Office  of  Naval 
Research  under  iN6onr-25116|,  |Air  Force]  Office  of 
Scientific  Research  under  AF  18(COO)646,  and  Atomic 
Energy  Commission)  Unclassified 

Also  published  in  Phys.  Rev.,  v.  98:  217-J.lfc.  ipr. 

1,  1955. 

The  elastic  scattering  of  100,  188,  and  236-mev  elec¬ 
trons  from  protons  initially  at  rest  was  examined.  The 
data  do  not  fit  the  Mott  or  the  Rosenbtuth  (C.  A. ,  v.  44: 
9811b,  1955)  curves.  If  It  is  assumed  that  the  proton 
charge  cloud  and  its  magnetic  moment  are  both  spread 
out  In  the  same  proportions,  It  is  possible  io  reproduce 
experimental  results.  (C.  A.,  1955:  107551) 


STA.  07  .-01 2 

Stanford  U.  (High-Energy  Physics  Lab.  I  Calif. 

ELASTIC  SCATTERING  OF  ELECTRONS  BY  Li6  AND 
LI?  (Abstract),  by  J.  F.  Strleb.  |1955]|l)p. 
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(Sponsored  jointly  by  Office  of  Naval  Research  under 
[Mfionr-25116],  Air  Force  Office  of  Scientific  Research 
under  [AF  18(600)646],  and  Atomic  Energy  Commission) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

Southern  Calif.  U. ,  Los  Angeles,  Dec.  28-30,  1655. 

Published  in  Phys.  Rev. ,  v.  100:  1797,  Dec.  15,  1955. 

Using  techniques  developed  in  this  laboratory,  the 
elastic  scattering  of  electrons  by  LI®  and  Li?  has  been 
studied ,  with  emphasis  on  the  comparison  of  their 
cross  sections.  With  high  resolution,  the  inelastic 
scattering  by  the  0. 477 -mev  state  of  Li?  appears  as  a 
broadening  of  the  main  scattering  peak,  and  its  small 
corirlbutlon  ( — 10%)  is  determined  by  comparison  with 
the  Li®  peak.  At  187  mev,  o  7/05=  p  varies  smoothly 
from  1.00  (35°)  to  1. 17  (80°).  The  magnetic  contribu¬ 
tion  to  p  is  estimated  from  the  values  p  (187  mev, 

65°)  -  1.07  and  p  (117  mev,  118°)  *  1. 12;  the  two  con¬ 
ditions  involve  equal  momentum  transfers;  a  crude  in¬ 
terpretation  of  Rosenbluth's  formula  indicates  that  the 
effect  adds  2%  at  80°  and  less  at  smaller  angles.  For 
both  Isotopes  the  rngular  distribution  at  187  mev  indi¬ 
cates  a  charge  distribution  between  the  uniform  and  the 
Gaussian,  with  a  rms  radius  (2.  38  *  0. 05)  x  10**3  cm, 
the  ratio  of  rms  radii  being  r 7/rg  -  0.  96  t  0. 01. 
(Contractor’s  abstract) 


STA.  07:013 

Stanford  U.  High-Energy  Physics  Lab. ,  Calif. 

INELASTIC  AND  ELASTIC  SCATTERING  OF  187- MEV 
ELECTRONS  FROM  SELECTED  EVEN-EVEN  NUCLEI, 
by  R.  H.  Helm.  Feb.  1956,  73p.  incl.  diagrs.  tables, 
refs.  (Rept.  no.  HEPL-40)  (APOSR-TN-56-11)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research  under  N6cnr- 
25116  and  Air  Fbrce  Office  of  Scientific  Research  under 
AF  18(600)646)  AD  85909  Unclassified 

Also  published  in  Phys.  Rev.,  v.  104:  1466-1475, 

Dec.  I,  1956. 

A  survey  has  been  made  of  the  differential  scattering 
cross  sections  for  197- mev  electrons  on  the  even-even 

nuclei  ^Mg24.  14SI28.  16S32.  ISA40,  and  jgSr88.  U 
has  been  possible  to  separate  the  elastic  scattering 
from  the  inelastic  in  all  cases,  and  to  resolve  the  in¬ 
elastic  groups  from  specific  nuclear  levels  for  at  least 
one  level  m  all  case*.  A  simple  Born-appraclmation 
analysis  of  the  elastic  data  yields  values  of  the  effective 
radii  and  surface  thicknesses  of  the  nuclear  charge 
densities  which  (If  suitably  corrected  for  failure  of  the 
Uonv-approxlmatlon)  are  In  substantial  agreement  with 
the  results  of  Hahn,  Ravenhall  and  Hofstadier,  1.  e. ,  a 
radius  parameter  (for  the  heavier  elements)  of  c 
1.08A*/8  x  10**3  cm  (radius  of  half-maximum  of  the 
charge  distribution)  and  a  surface  thickness  of  t  » 

2.  5  x  10-‘3  cm  (thickness  from  10  to  90%  of  the  maxi¬ 
mum  of  the  charge  distribution).  Phenomenological 
analysis  of  the  Inelastic  scattering  along  the  lines  laid 
down  by  Schlff  yields  some  tentative  multljiolarity  as¬ 
signments,  and  application  of  some  results  of  Ravenhall 


yields  estimates  of  (radiative)  partial  level  widths;  for 
the  E2  transitions  these  correspond  to  lifetimes  of 
—  19  x  lO'l®  sec  [Mg  (1. 37  mev))  to  1. 4  x  10"H 
sec  [Sr  (1.  85  mev)].  The  observed  strengths  of  the 
transitions  are  compared  to  those  predicted  by  Weiss- 
kopf  theory.  (Contractor’s  abstract) 


STA.  07:014 

Stanford  U.  High-Energy  Physics  Lab.,  Calif. 

ELASTIC  SCATTERING  FROM  THE  PROTON  AND 
THE  ALPHA  PARTICLE  by  r.  W.  McAllister 

and  R.  Hofstadter.  Feb.  1956  [23]p.  incl.  diagrs. 
(Rept.  no.  HEPL-73)  ([AF]OSR-TN-56-73)  (AF  18- 
(600)646)  AD  81525  Unclassified 

Also  published  in  Phys.  Rev.,  v.  102:  851-856,  May 
1,  1956. 

The  elastic  scattering  of  188-mev  electrons  from  gas¬ 
eous  targets  of  H  and  He  has  been  studied.  Elastic 
profiles  have  been  obtained  at  laboratory  angles  be¬ 
tween  35°  and  138*.  The  areas  under  such  curves, 
within  energy  limits  of  *  1. 5  mev  of  the  peak,  have 
been  measured  and  the  results  plotted  against  angle. 

In  the  case  of  H,  a  comparison  has  been  made  with  the 
theoretical  predictions  of  the  Mott  formula  for  elastic 
scattering,  and  also  with  a  modified  Mott  formula  (due 
to  Rosenbhith)  taking  into  account  both  the  anomalous 
magnetic  moment  of  the  proton  and  a  finite-size  effect. 
The  comparison  shows  that  a  finite  size  of  the  proton 
will  account  for  the  results,  and  the  present  experiment 
fixes  this  size.  The  rms  radii  of  charge  and  magnetic 
moment  are  each  0.74  x  10*13  cm  *  0.24  x  10" 13  cm. 
In  obtaining  these  results,  it  is  assumed  that  the  usual 
laws  of  electromagnetic  interaction  and  the  Coulomb 
law  are  valid  at  distances  less  than  10* 13  cm  and  that 
the  charge  and  moment  radii  are  equal.  In  He  large 
effects  of  the  finite  size  of  the  a  particle  are  observed 
and  the  rms  radius  of  the  a  nartlcle  is  found  to  be 
1.  6  x  10*13  cm  t  0. 1  x  10*1*  cm_  (Contractor's 
abstract) 


STA.  07.015 

Stanford  U.  High-Energy  Physics  Lab. ,  Calif. 

THE  STRUCTURE  OF  THE  PROTON,  by  E.  E. 
Chambers  and  R.  Hofstadter.  Apr.  1956  [45  b.  Incl. 
diagrs.  tables,  refs.  (Rept.  no.  HEPL-78)  QAPOSR]- 
TN-56-151)  (Sponsored  Jointly  by  Office  of  Naval  Re¬ 
search  under  [N6onr-25116],  Air  Fbrce  Office  of  Sci¬ 
entific  Research  under  AF  18(600)646,  and  Atomic 
Energy  Commission)  AD  86310  Unclassified 

The  structure  and  size  of  the  proton  have  been  studied 
by  means  of  the  methods  of  high-energy  electron  scat¬ 
tering.  The  elastic  scattering  of  electrons  from  pro¬ 
tons  in  polyethylene  has  been  investigated  at  the  fol¬ 
lowing  energies  in  the  laboratory  system:  200,  300, 

400,  500,  and  550  mev.  The  range  of  laboratory  angles 
examined  has  been  30*  to  135*.  At  the  largest  angles 
and  the  highest  energy,  the  cross  section  for  scattering 


>  856  ■ 


•  ••••••••••••• 


AIR  FORCE  SCIENTIFIC  RESEARCH 


shows  a  deviation  below  that  expected  from  a  point  pro¬ 
ton  by  a  factor  of  about  nine.  The  magnitude  and  varia¬ 
tion  with  angle  of  the  deviations  determine  a  structure 
factor  for  the  proton,  and  thereby  determine  the  size 
and  shape  of  the  charge  and  magnetic -moment  distribu¬ 
tions  within  the  proton.  An  interpretation,  which  is  con¬ 
sistent  at  all  energies  and  angles  and  agrees  with  pre¬ 
vious  results  obtained,  fixes  the  rms  radius  at  0. 77  * 

0. 10  x  10*13  cm  for  each  of  the  charge  and  moment 
distributions.  The  shape  of  the  density  function  is  not 
far  from  that  of  a  Gaussian  with  rms  radius  0. 70  x  10  *13 
cm  or  an  exponential  with  rms  radius  0. 80  x  10*13  cm. 
An  equivalent  interpretation  of  the  experiments  would 
ascribe  the  apparent  size  to  a  breakdown  of  the  Coulomb 
law  and  the  conventional  theory  of  electromagnetism. 
(Contractor's  abstract,  modified) 


STA.  07:016 

Stanford  U.  [High-Energy  Physics  Lab.  ]  Calif. 

ELASTIC  AND  INELASTIC  SCATTERING  OF  187-MEV 
ELECTRONS  FROM  CARBON-12,  by  J.  H.  Fregeau. 
[1956]  [I2]p.  incl.  dlagrs.  tables,  refs.  (Rept.  no. 

HE  PL- 87)  (AFOSR-TN-56-206)  (Sponsored  jointly  by 
Office  of  Naval  Research  under  N6onr-25116,  Air  Fbrce 
Office  of  Scientific  Research  under  AF  18(600)646,  and 
Atomic  Energy  Commission)  AD  88986 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  104:  225-236,  Oct.  1, 

11567 

The  scattering  of  187-mev  electrons  from  C*2,  reported 
previously,  has  been  extended  to  138*.  It  has  been  pos¬ 
sible  to  separate  the  elastic  scattering  from  the  inelas¬ 
tic  scattering  and  to  resolve  the  inelastic  groups  from 
the  4.43-,  7.65-,  and  9.  61-mev  nuclear  levels.  "Ab¬ 
solute"  values  were  obtained  by  comparing  the  scatter¬ 
ing  f.-om  carbon  with  the  scattering  from  hydrogen  and 
computing  the  proton  cross  section.  The  angular  distri¬ 
bution  of  the  elastically-scattered  electrons  falls  off 
more  steeply  than  the  angular  distribution  of  the  inelas- 
ticuiiy  scattered  electrons.  Analysis  of  the  data,  using 
the  Born  approximation,  shows  that  the  root- mean  - 
square  radius  of  C1^  (corrected  for  breakdown  of  the 
Born  approximation)  is  (2.37  t  0.05)  x  1 0  “  '3  Cm  with 
a  surface  thickness  of  (2.  0  i  0.  4)  x  10*13  Cm.  The 
corresponding  value  of  r„  the  "'lass leal”  radius  param¬ 
eter,  is  (1.33  t  0.02)  x  10*13  cm  which  is  larger  than 
that  found  front  electron- scattering  measurements  for 
the  heavy  nuclei  and  is  in  agreement  with  ihe  trend  for 
light  nuclei.  The  scattering  from  the  4.43-mev  and 
7.  65-ntev  levels  is  larger  than  that  predicted  by  some 
shell-model  calculations.  The  transition  from  thy 
ground  state  to  the  9. 61-mev  level  appears  to  be  either 
quadrupole  or  electric  monopole,  which  gives  a  spin 
and  parity  asslfnment  of  either  2*  or  0*.  (Contractor's 
abstract) 
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STA.  07:017 

Stanford  U.  [High-Energy  Physics  Lab.  ]  Calif. 

AN  ABSOLUTE  CROSS  SECTION  FOR  ELECTRON 
SCATTERING  FROM  PROTONS,  by  R.  W.  McAllister. 
Oct.  1956  [l]p.  (Rept.  no.  HEPL-109)  (AFOSR-TN- 
56-518)  (Sponsored  jointly  by  Office  of  Naval  Research 
under  N6onr-25116,  Air  Force  Office  of  Scientific  Re¬ 
search  under  AF  18(600)646,  and  Atomic  Energy  Com¬ 
mission)  AD  110333  Unclassified 

Also  published  in  Phys.  Rev. ,  v.  104:  1494,  Dec.  1, 
1956. 

Scattering  is  reported  of  189. 6-mev  electrons  through 
60“  in  the  laboratory  frame  from  polyethylene  and  car¬ 
bon  targets,  using  apparatus  previously  described  in 
part  (Phys.  Rev.,  v.  92  :  978,  1953;  v.  95:  512,  1954; 
v.  99:  1503,  1955).  A  preliminary  analysis  of  the  ex¬ 
perimental  data  yields  a  differential  cross  section  of 
(1. 20  i  0. 07)  x  10*30  cm2i  Application  of  the  radia¬ 
tive  correction  which  is  calculated  as  0. 836  to  the 
Rosenbluth  formula  for  a  diffuse  proton,  assuming  a 
magnetic  moment  rms  radius  of  0.77  x  10*13  cm  yields 
an  rms  radius  of  0.  75  x  10*13  cm  for  th6  charge. 

This  radius  is  consistent  wiih  existing  values. 


STA.  07:018 

Stanford  U.  High-Energy  Physics  Lab. ,  Calif. 

ELECTRON  SCATTERING  FROM  NEIGHBORING 
NUCLEI,  by  B.  Hahn,  R.  Hofstadter,  and  D.  G. 
Ravenhall.  Nov.  1956  [9}p.  incL  diagrs.  (Rept.  no. 
HEPL-113)  (AFOSR-TN-56-536)  (Sponsored  jointly 
by  Office  oi  Naval  Research  under  N6onr-25116, 

Air  Force  Office  of  Scientific  Research  under  AF  18  - 
(600)646,  and  Atonic  Energy  Commission)  AD  110355 

Unclassified 

Alfttl  published  in  Phys.  Rev.,  v.  105:  1353-1355, 

Feb.  15,  1957. 

A  new  method  of  measuring  small  variations  of  the 
charge  distributions  of  neighboring  nuclei,  such  as  iso¬ 
topes  and  Isotones,  ha*  been  developed.  The  method  is 
based  on  a  determination  of  the  ratio  of  electron  scat¬ 
tering  cross  sections  near  the  diffraction  dips.  Experi¬ 
mental  results  are  given  for  the  combinations  Ni58, 
Ni®°  and  Fe®®,  Nl®®.  Sample  theoretical  interpreta¬ 
tions  are  presented.  (Contractor’s  abstract) 


STA.  07:019 

Stanford  U.  High- Energy  Physics  Lab.,  Calif. 

ELECTRON  SCATTERING  FROM  THE  DEUTERON,  by 
J.  A.  McIntyre.  Apr.  1956  [32fc.  incl.  diagrs.  refs. 
[Rept.  no.  HEPL-6l|  (Sponsored  jointly  by  Office  of 
Naval  Research  under  [N6onr-25116|,  Air  Force  Office 
of  Scientific  Research  under  AF  18(600)646,  and  Atom¬ 
ic  Energy  Commission)  Unclassified 
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Published  in  Phys.  Rev. ,  v.  103:  H 64-1471.  Sept.  1. 

1956: 

The  charge  distribution  of  the  deuteron  has  been  studied 
by  electron-scattering  experiments  using  188- mev  and 
400- me/  electrons.  Both  deuterated-polyethylene  foils 
and  deuterium  gas  targets  were  used.  Two  different 
scattering  apparatuses  were  also  used.  The  charge  of 
the  deuteron  was  found  to  be  extended  over  a  larger 
volume  than  that  Inferred  from  low-energy  neutron- 
proton  scattering.  Specifically,  the  effective  range  of 
the  neutron-proton  potential  was  found  to  be  at  least 
(2. 18  i  0. 15)  x  10**3  cm  as  compared  with  the  n-p 
scattering  result  of  (1.70  ±  0.03)  x  10*13  cm.  It  is  pos¬ 
sible  also  to  fit  the  data  using  a  1.70  x  10*13  cm  effec¬ 
tive  range,  and  a  deuteron  consisting  of  a  point  neutron 
and  a  proton  with  a  rms  radius  of  (0.  82  *  0. 17)  x  10*13 
cm.  This  procedure,  however,  violates  the  assumption 
of  the  charge  independence  of  the  internal  structure  of 
nucleons.  Finally,  the  1.70  x  10*13  cm  effective  range 
could  be  preserved  by  suitably  modifying  the  Coulomb 
law  at  small  distances.  (Contractor's  abstract) 


STA.  07:020 

Stanford  U.  High-Energy  Physics  Lab. ,  Calif. 

HIGH-ENERGY  ELECTRON  SCATTERING  AND  THE 
ELECTRODISINTEGRATION  OF  THE  ALPHA- PARTICLE 
(Abstract),  by  R.  Blankenbecler  and  R.  Hofstadter. 

[1956]  [lip.  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search  under  N6onr-25116,  Air  Force  Office  of  Scientif¬ 
ic  Research  under  AF  18(600)646,  Atomic  Energy 
Commission,  and  Research  Corp. ,  New  YorL) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  30- Feb.  3,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc. ,  Series  II,  v.  1 : 

10,  Jan.  30,  1956. 


STA.  07:021 

Stanford  U.  [High-Energy  Physics  Lab.  ]  Calif. 

NEW  DATA  ON  THE  STRUCTURE  OF  THE  PROTON 
Abstract),  by  R.  Hofstadter  and  E.  E.  Chambers. 

1956]  lp.  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search  under  IN6onr-25116],  [Air  Force]  Office  of 
Scientific  Research  under  [AF  18(600)646],  and  Atomic 
Energy  Commission)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
York,  Jan.  30- Feb.  3,  1956. 

Published  in  Bull.  Amer.  Phys.  Soc. ,  Series  H,  v.  1 : 

10,  Jan.  30,  1956. 

A  new  semi-circular  double-  focusing  magnetic  spec¬ 
trometer  with  36"  radius  of  curvature  has  recently  been 
placed  in  operation  at  electron  energies  up  to  400  mev. 
Detection  of  the  scattered  electrons  alter  magnetic  de¬ 
flection  is  accomplished  with  a  Cerenkov  counter  en¬ 
closed  within  a  ten-ton  shield  located  on  the  magnet  and 
moving  with  it.  Sharp  elastic  peaks  corresponding  to 
electrons  scattered  from  protons  in  polyethylene  are 
observed  at  energies  and  angles  consistent  with  relatl  - 
vlstlc  kinematics.  The  areas  under  such  peaks  are 
measured  as  a  function  of  scattering  angle.  As  observed 
previously  at  lower  energies  the  cross  section  falls  be¬ 
low  the  scattering  expected  from  a  point  proton  and 
(subject  to  the  validity  of  the  Coulomb  law)  Indicates 
that  the  proton  has  a  diffuse  structure.  By  fitting  the 
observed  cross  section  with  a  phenomenological  form 
factor  corresponding  to  exponential  charge  and  magnet¬ 
ic  moment  distributions  a  proton  size  can  be  determined. 
Preliminary  values  are  re=  rm^  8  x  10*1*  cm  where 
re  and  rm  are  respectively  rms  radii  of  charge  and 
magnetic  moment  distributions.  These  results  are  in 
excellent  agreement  with  the  earlier  determinations. 
(Contractor's  abstract) 


STA.  07  .-022 


Electron  scattering  has  been  observed  from  helium  gas 
a  high  pressure  with  the  new  semi-circular  double- 
focusing  magnetic  spectrometer.  At  an  energy  of  400 
mev  in  the  incident  beam  the  elastic  scattering  has  been 
studied  at  angles  between  45“  and  70‘  in  the  laboratory 
frame.  Besides  the  sharp  elastic  peaks,  prominent  in¬ 
elastic  contlnua  have  been  observed  at  several  angles. 

At  a  given  scattering  angle  the  inelastic  continuum  shows 
a  strong  peak  at  an  energy  approximately  20  mev  below 
the  position  corresponding  iu  scattering  from  the  free 
proton.  The  Inelastic  continua  also  exhibit  thresholds 
about  20  mev  below  the  elastic  scattering  peaks  of  the 
alpha  particle,  corresponding  to  the  ejection  of  a  single 
particle  from  the  alpha  particle.  Theoretical  treatment 
of  the  elastic  data  furnishes  new  information  on  the  size 
and  slcpe  of  the  alpha  particle.  Preliminary  analysis 
using  the  Born  approximation  gives  a  rms  charge  radius 
of  1.  55  x  10**3  cm  the  shape  is  Gaussian  and 
1.  4  x  13*13  ;f  a  uniform  shape  is  assumed.  'Hie  best 
fit  lies  between  these  models.  The  new  data  are  thus 
in  excellent  agreement  with  an  earlier  determination. 
(Contractor's  abstract) 


Stanford  U.  [High-Energy  Physics  Lab.  ]  Calif. 

SCATTERING  OF  187-MF.V  ELECTRONS  FROM  CAR¬ 
BON  (Abet  ract),  by  J.  H.  Fregeau.  ( 1956]  ]  1  ]p. 
(Sponsored  jointly  by  Office  of  Naval  Research  under 
N6onr-25116,  Air  F"orce  Office  of  Scientific  Research 
under  AF  18(600)646,  and  Atomic  Energy  Commission) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.,  New 
York,  Jan.  30-  Feb.  3,  1956. 

Published  in  Bull.  Amer.  Phys.  Soc.  ,  Series  n,  v.  1: 
9,  Jan.  30,’  1956. 

The  scattering  of  187-mev  electrons  from  carbon,  re¬ 
ported  previously,  has  been  extended  to  larger  angles. 
Measurements  of  the  elastic  scattering  cross  section 
and  the  cross  section  for  inelastic  scattering  rorrr- 
sponutng  to  the  4.  43-mev  excited  state  have  been  ex¬ 
tended  to  138  (the  present  limit  of  the  equipment). 
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The  absolute  values  have  been  obtained  by  comparison 
with  previous  results.  The  angular  distribution  of  die 
4.  43-mev  scattering  falls  off  less  rapidly  with  in¬ 
creasing  angle  than  the  elastic  scattering.  At  angles 
greater  than  '—90°,  the  inelastic  'attering  of  the  4. 43- 
mev  level  is  larger  than  the  elastic;  for  example,  at 
130°  the  elastic  scattering  is  4.3  x  10*34  cmVsterad 
while  the  4. 43-mev  scattering  is  6.7  x  10*33  cm2/ 
sterad.  Some  measurements  have  also  been  made  of 
the  inelastic  scattering  corresponding  to  the  7.65-mev 
and  9. 61-mev  excited  states.  (Contractor's  abstract) 


STA.  07:023 

Stanford  U.  [High-Energy  Physics  Lab  ]  Calif. 

RESUME  OF  TALK  GIVEN  AT  AMSTERDAM  CONFER¬ 
ENCE  ON  NUCLEAR  REACTIONS  (Abstract),  by  R. 
Hofstadter.  [1956]  5p.  incl.  tables.  [Rept.  no.  HEPL- 
IP- 12]  [AF  18(600)6461  Unclassified 

Presented  at  Conference  on  Nuclear  Reactions, 
Amsterdam  (Holland),  June  1956. 

A  report  is  presented  of  studies  on  the  charge  distri¬ 
bution  of  nuclei  of  various  elements  between  calcium 
and  bismuth,  investigated  at  Stanford  U. ,  by  electron 
scattering  methods  employing  energies  near  180  mev. 
The  experiments  showed  mainly  that  spherical  nuclei 
could  be  represented  by  a  model  in  which  the  skin  thick¬ 
ness  t  of  all  such  nuclei  approximately  equaled 

2.  4  x  lO*13  cm,  and  in  which  the  distance  to  the  half¬ 
central-density  point  varied  as  A1/3,  i.e.  c  = 

1.  08  x  A*/3  x  io*/3  cm<  q-jjg  distance  t  is  measured 
between  points  such  that  their  values  are  90  and  10  of 
the  central  density.  Data  are  tabulated  for  r0,  rj, 
cA*l/3,  and  t  determinations  cf  the  lighter  nuclei  of 
C*2,  Mg34,  Si3®,  S32.  and  Sr88;  skin  thickness  and 
half-density  distance  relations  were  found  to  apply  to 
a  good  approximation.  Redefinition  of  rQ  is  given  and 
values  of  an  equivalent  r  -  RA‘  *^3r  t,  c,  and  r.  for 

<n  «  .  nn  on  °  jA  Rl  Rfl  11R  1*)* 


C12,  Mg24.  Si28,  S32,  Ca'0,  V51.  Co59,  In115,  Sb122, 


Ta*8*,  Au*97,  Pb288,  Bi289.  Thus  r„  is  not  a  constant 
but  equals  1.19  for  heavy  elements  ana  1.  34  for  lighter 
elements,  with  a  gradual  variation  probably  occurring 
in  between.  Other  studies  of  the  momentum  distribu¬ 
tion  of  nucieons  within  nuclei  are  briefly  noted. 

STA.  07:024 

Stanford  U.  High-Energy  Physics  Lab. ,  Calif. 

Cerenkov  COUNTERS  (Abstract),  by  R.  Hofstadter. 
[1956]  [lip.  [RepL  oo.  UEPL-1P-10]  (AF  18(600)646; 
continued  by  N6onr-25116]  Unclassified 

Presented  at  CERN  Symposium  on  High  Energy  Accel¬ 
erators  and  Pion  Physics,  Geneva  (Switzerland),  June 
11-23,  1956. 

Published  in  Proc.  CEltN  Symposium  on  High  Energy 
Accelerators  and  Pion  Physics,  v.  2:  75,  1956. 


STA.  07:023  -  STA.  08:001 


In  attempting  to  study  the  inelastic  scattering  of  elec¬ 
trons  from  deuterium  at  high  energy  (500  mev)  and 
large  angles  (90°- 135°),  it  was  found  that  scattered 
electrons  must  be  carefully  distinguished  from  mesons 
having  the  same  momentum  and  coming  from  the  target 
in  the  same  direction  as  the  electrons.  Usually,  the 
counting  was  carried  on  with  a  lucite  Cerenkov  counter 
after  the  scattered  particles  were  momentum -analyzed 
magnetically.  At  electron  energies  (or  momenta)  well 
below  the  value  corresponding  to  scattering  from  a  free 
proton,  a  very  large  peak  was  observed.  This  peak 
has  a  sharp  threshold  on  the  low-energy  side  and  fell 
off  gradually  at  higher  energies.  As  the  scattering 
angle  was  varied,  the  threshold  remained  constant  but 
the  intensity  changed.  This  fact  suggested  that  the 
particles  were  not  electrons.  The  threshold  coincided 
with  the  energy  n  mesons  should  have  if  they  were  just 
to  give  pulses  in  a  lucite  (n  =  1.50)  Cerenkov  counter. 
The  counting  material  was,  therefore,  changed  to  the 
liquid  CgFigO,  which  has  an  index  of  refraction  of 
1. 276  and  a  density  of  1. 76  g/cc.  the  large  peak 
disappeared  and  with  it  the  threshold  too.  Twenty 
channel-discriminator  runs  taken  with  both  lucite  and 
the  fluoroliquid  indicate  that  this  interpretation  is  cor¬ 
rect.  The  present  counting  technique  is  carried  on 
with  the  liquid  which  appears  to  be  quite  suitable  for 
electron  counting  in  a  very  high  neutron  and  gamma- 
ray  background.  (This  work  was  carried  out  by  R. 
Biankenbecler,  R.  Hofstadter,  and  M.  h.  Yearian. ) 

A  total  absorption  T1C1  crystal  with  a  5$  -in.  length 
and  a  5j  -  in.  diameter  was  used  in  conjunction  with 
a  Schaettl-10| -in.  -diameter  photomultiplier  to  study 
the  properties  of  this  counter  for  energetic  electrons 
and  gamma  rays.  Experiments  were  carried  out  with 
electrons  of  energies  200,  250  and  300  mev  and  defi¬ 
nite  total-absorption  peaks  were  observed.  The  total 
widths  of  the  pulse -height  distributions  at  half-maxi¬ 
mum  were  approximately  26%  at  all  the  energies.  The 
positions  of  the  maxima  of  the  pulse-height  distributions 
varied  linearly  with  the  energy.  It  appears,  thereiore, 
that  T1C1  will  make  a  very  successful  total  absorption 
spectrometer.  (This  work  wts  carried  out  by  A. 
Knudsen  and  a  Hofstadter.)  (Contractor's  abstract) 


STA.  08:001 

Stanford  U.  [High-Energy  Physics  Lab.  ]  Calif. 

PION  PRODUCTION  IN  ELECTRON-PROTON  COLLI¬ 
SIONS,  bv  a  IL  Dal  it  z  and  D.  a  Yennie.  [Nov.  5, 
1956][17jp.  inci.  diagrs.  tables,  refs.  (I„‘pt.  no. 
HEPL-118)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Air  Force  Office  of  Scientific  Research,  and 
Atomic  Energy  Commission  under  N6onr-25116;  con¬ 
tinuation  of  AF  18(600)646)  Unclassified 

Published  in  Phys.  Rev.,  v.  105:  1598-1615,  Mar.  1, 

T95T 

The  close  relationship  between  photopion  and  electro- 
p to n  production  from  protons  allows  an  unambiguous 
first  estimate  (the  standard  value)  for  the  ratio  of  these 
cross  sections,  based  on  assumptions  very  close  to 
those  of  the  Welzacker- Williams  method.  Deviations 
of  the  ratio  from  this  estimate  arise  from  pion 
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ST  A.  09:001  -  ST  A.  10:002 


production  by  the  longitudinal  components  of  the  field  of 
the  scattered  electron  and  from  the  variation  of  the  off- 
diagonal  transverse  excitations  from  their  diagonal 
photoproduction  values.  The  dependence  of  these  devia¬ 
tions  on  the  physical  processes  contributing  to  the  elec¬ 
tromagnetic  excitation  of  pions  is  discussed  in  terms 
of  matrix  elements  specified  in  the  pion-nucleon  center- 
of-mass  system,  both  for  various  phenomenological 
contributions  and  for  specific  meson  theories.  The  ex¬ 
perimental  values  reported  are  interpreted  aa  an  Indi¬ 
cation  of  the  smallness  of  longitudinal  production,  in 
qualitative  accord  with  the  fixed  source  theory.  These 
features  may  also  be  investigated  by  study  of  the  energy 
spectrum  of  inelastically  scattered  electrons  and  of  the 
azimuthal  variation  oi  pion  production  relative  to  the 
scattering  plane,  which  are  also  discussed  hero. 
(Contractor's  abstract) 


STA.  09:001 

Stanford  U.  Microwave  Lab. ,  Calif. 

PARAMAGNETIC  RESONANCE  METHODS  IN  BIOLOGI¬ 
CAL  RESEARCH,  byS.  Blois.  Feb.  1956  [3  ]p.  incl. 
diagra.  (ML  rept.  no.  290)  (APOSR-TN-58-14) 

(AF  18(600)1511)  AD  94138  Unclassified 

Also  published  in  L  R.  E.  Trans,  of  Professional  Group 
on  Medical  Electronics,  v.  ME-4:  35-37,  Feb.  1956. 

After  a  brief  review  involving  the  orocedures  and  prob¬ 
lems  associated  with  performing  magnetic  measure¬ 
ments  on  living  biological  systems,  the  application  of  a 
paramagnetic  resonance  spectrometer  to  the  study  of 
the  kinetics  of  biological  qulnones  undergoing  reversible 
oxidation-reduction  is  discussed.  Further  applications 
to  biological  research  are  listed. 


STA.  10:001 

Stanford  U.  Microwave  Lab. ,  Calif. 

ANALYSIS  OF  A  RESONANT-CAVITY  MEASUREMENT 
OF  THE  VELOCITY  OF  LIGHT,  by  D.  H.  Jaiuiey. 
Technical  rept.  Oct.  1956,  123p.  inci.  illus.  dlagrs. 
tables,  refs.  (Rept.  no.  343)  (APOSR-TN-56-325) 
(Sponsored  jointly  by  Air  Force  Office  of  Scientific  Re¬ 
search  under  AF  18(600)1593  and  Office  of  Naval  Re¬ 
search  under  N6onr-25123)  AD  95201 

Unclassified 

Methods  of  overcoming  the  major  sources  of  uncertainty 
in  the  Hansen- Dot  and  Essen  measurements  of  the  ve¬ 
locity  of  light  by  microwave  resonant  cavities  were 
analyzed  by  theory  or  experiment  and  the  potential  ac¬ 
curacy  of  this  type  of  measurement  was  evaluated.  The 
procedure  given  by  Heimer  to  eliminate  the  effects  of 
dimensional  imperfections  in  the  cavity  was  extended. 
This  experiment  uses  a  cavity  consisting  of  a  circular 
cylinder  of  variable  length.  The  velocity  of  propagation 
can  be  deduced  from  measurements  of  a  single  change 
in  cavity  length  and  the  resonant  frequencies  of  several 
modes.  The  effect  of  a  nonvantshing  cavity  surface 


impedance  was  analyzed  theoretically.  The  Q- correc¬ 
tion  which  is  usually  used  to  relate  the  measured  fre¬ 
quencies  to  the  frequencies  of  a  lossless  resonator  of 
the  same  dimensions  is  not  valid  for  the  general  case 
In  which  the  real  and  imaginary  parts  of  the  surface 
impedance  are  unequal.  Specifically,  the  surface  re¬ 
actance  must  be  known.  No  Independent  experiment  is 
presently  available  for  measuring  the  surface  reactance 
with  the  desired  accuracy.  A  combination  o(  theory  and 
experiment  shewed  that  If  the  remnant  frequrnrir^  are 
in  the  rnnge  of  2000  me  to  4000  me,  the  cavity  length 
changes  can  be  measured  interferometrically  with  an 
uncertainty  of  about  3  parts  in  10?.  At  the  specified 
frequencies  the  low-order  TEonu,  modes  wiU  have  Q's 
in  the  range  of  50, 000  to  100, 000,  hence  the  resonant 
frequencies  probably  can  be  detected  with  an  uncertainty 
of  about  1  to  2  parts  in  to’7.  Thus,  length  and  frequency 
measurements  do  not  preclude  an  uncertainty  in  the  ve¬ 
locity  of  propagation  of  1  part  in  10°.  The  measure¬ 
ment  of  the  surface  reactance  limits  the  accuracy  of 
the  experiment.  Unless  this  difficulty  can  be  overcome, 
either  by  direct  measurement  or  by  use  of  several 
modes,  no  resonant  cavity  measurement  of  the  velocity 
of  light  can  have  an  uncertainty  of  less  than  2  or  3  parts 
in  10^.  Several  experiments  which  eliminate  the  effects 
of  a  nonvanishing  surface  Impedance  were  analyzed  the¬ 
oretically  and  were  found  to  have  an  excessively  large 
final  uncertainty.  Two  subsidiary  problems  were  con¬ 
sidered.  Ore  problem  was  a  theoretical  analysis  of 
the  effects  of  modes  close  to  the  one  on  which  measure¬ 
ments  are  made,  and  the  other  was  a  brief  experimental 
Investigation  cl  methods  of  elAdtofutnitag  high  C,  eul 
ties.  (Contractor's  abstract) 


STA.  10:002 

Stanford  U.  Microwave  Lab.,  Calif. 

ACCURACY  OF  A  MICROWAVE  RESONANT- CAVITY 
MEASUREMENT  OF  THE  VELOCITY  OF  LIGHT,  by 
D.  H.  Janney.  Nov.  13,  1956,  3p.  Incl.  tllus. 
[AFOSH-TN- 56-550]  [AF  18(600)1593]  AD  110369 

Unclassified 

Also  published  in  Phye.  Rev.,  v.  105:  i  i 38 - 1 140, 

Feb.  15,  1957. 

Most  of  the  problems  Involved  in  a  measurement  of 
the  velocity  of  light  by  a  microwave  resonant  cavity  are 
discussed  briefly  on  the  basis  of  work  reported  else¬ 
where.  A  more  nearly  complete  theoretical  analysis 
of  the  effects  of  the  cavity-surtace  impedance  is  given, 
in  general,  the  surface  reactance  and  resistance  n.  art 
both  be  known  to  relate  the  measured  resonant  frequency 
to  tiie  normal-mode  frequency.  This  problem  limits 
Uie  accuracy  of  the  experimen!  to  un  uncertainly  of  no 
less  than  about  l  parts  in  i0^.  The  formal  require¬ 
ments  for  reducing  this  uncertainty  are  states,  but  no 
experiment  is  suggested.  (Contractor's  abstract) 
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STA.  11:001 

Stanford  U.  Microwave  Lab. ,  Calif. 

DESIGN  AND  PERFORMANCE  OF  A  HIGH- POWER 
PULSED  KLYSTRON,  by  M.  Chodorow,  E.  L.  Glnzton 
and  others.  Sept.  1953  [I8]p.  incl.  illus.  refs.  (ML 
rept.  no.  212)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search,  Signal  Corps,  [Air  Force  Office  of  Scientific 
Research],  and  Atomic  Energy  Commission  under 
N6onr-25123)  AD  27752  Unclassified 

Published  in  Proc.  Inst.  Radio  Engineers,  v.  41:  1584- 
1602,  Nov.  1953. 

The  design,  theory,  construction,  and  operation  of 
multi-megawatt  pulsed  klystrons  are  described.  The 
characteristics  of  such  a  klystron  operating  at  the  20- 
megawatt  output  level  is  summarized  as  follows:  oper¬ 
ating  frequency  2,857  me,  tuning  range  100  me,  healer 
power  800  w,  beam  voltage  325  kv,  beam  current  185 
amp,  power  gain  35  db,  efficiency  33%.  These  results 
are  taken  to  infer  that  the  design  and  operation  of  high 
power  klystron  amplifiers  In  the  megawait  power  range 
is  practical  and  straightforward.  (Contractor's  abstract) 


STA.  11:002 

Stanford  U.  Microwave  Lab. ,  Calif. 

MEASUREMENT  OF  CIRCUIT  IMPEDANCE  OF  PERI¬ 
ODICALLY  LOADED  STRUCTURES  DY  FREQUENCY 
PERTURBATION,  by  E.  J.  Nalos.  Mar.  30,  1954 
(rev.  June  1,  1954)  |4]p.  incl.  illus.  table.  (ML  rept. 
no.  229)  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  (Air  Force  Office  of  Scientific  Re¬ 
search]  under  N6onr-25123)  AD  60424 

Unclassified 

Also  published  in  Proc.  Inst.  Radio  Engineers,  v.  42: 
1508-1511,  Oct.  1954. 

A  method  is  described  for  determining  the  circuit  im¬ 
pedance  of  a  slow-wave  structure  from  experimental 
measurements  of  the  perturbation  in  the  resonant  fre¬ 
quencies  caused  by  passing  beads  through  the  Interaction 
region.  From  these  measurements  the  gain  parameter 
C  of  such  a  structure,  when  used  as  a  traveUng-aare 
tube,  can  be  determined.  The  results  agree  with  meas¬ 
ured  experimental  gains  as  weU  as  with  theoretical  cal¬ 
culations.  The  method  is  limited  io  periodic  structures 
which  can  be  short-circuited  and  hence  made  resonant. 
The  principles  Involved  are  not  new,  but  their  adaptation 
to  traveling-wave  tubes  is  not  generally  known. 


STA.  11:003 

Stanford  l).  Microwave  Lab. ,  Calif. 

A  METHOD  OF  IMPROVING  THE  EFFICIENCY  OF 
KLYSTRONS,  by  R.  11.  Winkler.  May  1,  1954,  46p. 
utcl.  illus.  (ML  rept.  no.  7.35)  (Sponsored  jointly  by 
Office  of  Naval  Research,  Signal  Corps,  aid  |Alr  Force 
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STA.  11:001  -  STA.  11:005 


Office  of  Scientific  Research]  under  N6onr-25123) 

AD  35052  Unclassified 

A  collector  device  was  designed  which  was  capable  of 
recapturing  energy  from  the  electron  beam  following 
the  output  gap  of  a  klystron  and  feeding  this  energy  into 
the  pulse  transformer  such  that  the  over-all  efficiency 
of  the  klystron  was  increased.  For  a  2-electrode  col¬ 
lector,  the  highest  efficiency  was  24%,  a  gain  of  1% 
over  a  single-electrode  type.  Theory  indicated  a  col¬ 
lector  efficiency  of  49%for  a  3 -electrode  collector,  but 
measurement  failed  to  detect  any  change.  Beam  spread¬ 
ing  of  low-velocity  electrons  and  collector  length  were 
cited  as  possible  causes  of  low  efficiency.  Testing  in¬ 
dicated  that  a  beam-power  recovery  of  30%  could  be  re¬ 
alized  by  a  single- electrode  collector.  The  optimum 
collector  voltage  (about  75%  of  beam  voltage)  Is  tapped 
from  the  pulse  transformer  with  pulse  tubes. 


STA.  11:004 

Stanford  U.  Microwave  Lab. ,  Ct.\f. 

CROSS-WOUND  TWIN  HELICES  FOR  TRAVELING- 
WAVE  TUBES,  by  M.  Chodorow  and  E.  L.  Chu.  Oct. 
1954,  64p.  incl.  illus.  table.  (ML  rept.  no.  249) 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research] 
under  N6onr-25123)  AD  51403  Unclassified 

Also  published  In  Jour.  Appl.  Phys. ,  v.  26:  33-43, 

aiT  1 9551 

This  report  describes  a  structure,  namely  a  cross¬ 
wound  twin  helix  which  overcomes  the  disadvantages  of 
a  conventional  helix  for  high-voltage  traveling-wave 
tubes.  The  disadvantages  of  a  single  helix  suitable  for 
high  voltages  are:  (1)  the  impedance  for  electron  inter¬ 
action  is  reduced  because  of  the  energy  content  of  the 
noninieracting  space  harmonics;  and  (2)  the  high  imped¬ 
ance  of  some  of  the  space  harmonics  can  result  in  back¬ 
ward-wave  oscillation.  In  a  structure  consisting  of 
helices  wound  in  opposite  directions,  the  symmetry  of 
the  fields  results  in  most  of  the  electric  energy  being 
stored  in  the  fundamental  component  and  most  of  the 
magnetic  energy  in  the  space  harmonics.  This  results 
in  a  higher  impedance  for  the  fundamental  component 
and  a  reduced  Impedance  for  the  space  harmonics.  Typ¬ 
ical  numbers  for  dimensions  suitable  for  10  kv  operation 
are  an  Increase  of  a  factor  of  2  in  the  fundamental  im¬ 
pedance  and  a  reduction  of  a  factor  of  about  20  in  ihe  -1 
space  harmonic  for  the  twin  helix  as  compared  io  the 
single  helix.  (Contractor's  summary) 


STA.  1 1 :005 

Stanford  U.  Microwave  Lab. ,  Calif. 

ELECTROFORMING  OF  COPPER  FOR  HIGH-VACUUM 
APPLICATIONS,  by  L.  1L  la  Forge,  Jr.  Feb.  1955, 
19p.  incl.  illus.  (Ml  rept.  no.  255)  (Sponsored  jointly 
by  Office  of  Naval  Research,  Signal  Corps,  and  (Air 
Force  Office  of  Scientific  Research!  under  Nonr-22506 
and  NGonr-25123)  AD  GK423  Unclassified 
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STA.  11:006  -  STA.  11:008 


Electroforming,  an  old  process  in  typemaking  and  phono¬ 
graph  record  reproduction,  Is  being  successfully  used 
in  a  new  and  different  field,  namely,  fabrication  of 
vacuum-tube  envelopes.  Special  requirements  of  this 
latter  application  are  vacuum  tightness  and  high  elec¬ 
trical  conductivity.  Standard  Industrial  processes  are 
not  suitable  for  this  work,  though  weil-known  electro¬ 
chemical  procedures  are  used.  Work  yet  to  be  done  is 
concerned  natrly  with  central  cf  the  operations.  Wave¬ 
guides  and  similar  microwave  components  are  formed 
to  a  thickness  of  0. 150  In.  on  stainless  steel  mandrels 
in  an  acid  copper  bath  at  room  temperature  with  current 
density  of  10  amp  /fl2,  slier  suitable  cleaning  of  thr 
mandrel.  Linear-accelerator  sections  are  formed  on  a 
base  of  alternated  copper  disks  and  aluminum  spacers 
by  cleaning  the  stack  of  disks  and  spacers,  silver  strik¬ 
ing  and  thin-silver-plating  the  stack,  electroforming 
approximately  3/8  in.  of  copper  from  an  acid  bath  at 
room  temperature  at  10  amp/ft2  {about  5  wk  plating 
time)  and  etching  out  the  aluminum  spacers  with  hot 
NaOH.  Massive  properties  of  the  electroformed  mate¬ 
rial  are  very  similar  to  those  of  commercial  OFHC 
copper,  but  there  are  microscopic  differences,  princi¬ 
pally  in  grain  structure.  Voids  and  Inclusions  in  the 
electroformed  material  are  of  the  same  order  of  magni¬ 
tude  as  in  the  OFHC  material.  The  compositions  and 
operation  of  the  various  solutions  are  given  In  detail, 
and  many  of  the  significant  variables  are  mentioned. 
Further  work  is  required  along  these  lines,  but  fairly 
consistent  results  can  now  be  expected.  (Contractor's 
summary) 


STA  U-00* 

Stanford  U.  Microwave  lab. ,  Calif. 

APPLICATION  OF  CERAMIC  SECTIONS  IN  HIGH- 
KWmi  PULSED  KLYSTRONS  try  L.  tt.  LaForge  {dr.). 
[Apr.  1955 ]  [7 [p.  incl.  Ulus.  [ML  rept.  no.  263] 
(Sponsored  jointly  by  Office  of  Naval  Research,  Signal 
Corps,  and  [Air  Force  Office  of  Scientific  Research 
wider  {N6ot*-*4U4],  DA  JMOS-s  Norr- 

22512,  and  Nonr-22505)  AD  115468  Unclassified 

Published  in  Dull.  Amer.  Ceramic  Soc. ,  v.  35:  117-122, 
127,  Mar.  15,  1950. 

Early  work  with  klystron  tubes  for  the  Stanford  ilnear 
accelerators  showed  the  need  for  rf  windows  of  material 
having  better  electrical  and  mechanical  properties  than 
those  of  glasses.  Several  ceramic  bodies  In  a  variety 
of  shapes  and  sizes  were  tried  on  these  klystrons  which 
handle  peak  powers  up  to  30  megawatts  at  microwave 
(rrquetvrtea  HigVaUiirui*  coiupoaitM*  praxeJ  sup* r lot¬ 
to  other  formulations  for  these  applications.  Currently 
several  metallizing  techniques  are  in  use,  with  one  basic 
modification  of  the  molytvienum-mar^anese  method  being! 
of  broad  usability.  This  modified  molybdenum- manga 
nese  system  is  especially  efficacious  on  materials  of 
high  refractoriness,  working  well  even  on  sapphire. 
Suitable  brazing  materials  pernm  direct  soldering  of 
the  metallized  surfaces  without  the  intervening  step  of 
nickel  plating  or  its  equivalent.  (Contractor's  abstract) 


STA.  11:007 

Stanford  U.  Microwave  Lab. ,  Calif. 

DESIGN  AND  OPERATION  OF  MAGNETIC  UNDULA- 
TORS,  by  W.  H.  Thon.  May  1955,  114p.  inci.  Ulus, 
tables,  refs.  (ML  rept.  no.  262)  (Sponsored  jointly 
by  Office  of  Naval  Research,  Signal  Corps,  and  [Air 
FVrne  Office  of  Scientific  Research [  unh.r  Ntunr- 
25123  and  N6onr-25107)  AD  66505  Unclassified 

Two  magnetic  undulators  were  constructed  and  con¬ 
nected  DO  suitable  source*  cl  bunched  eiertnii  imtnt. 
The  first  undulator  received  100-mev  electrons  and 
confirmed  the  theoretical  prediction  of  radiation  In  the 
visible  spectrum.  A  photomultiplier  tube  served  as  a 
radiation  detector.  The  second  undulator  was  designed 
for  electrons  in  the  range  of  a  few  mev.  Radiation  was 
detected  by  crystal  detectors  and  thermistors;  frequency 
measurements  indicated  about  1-mm  wavelengths.  A 
theoretical  study  Is  presented  of  cascade  prebunching 
at  low  energy  levels  by  2  microwave  resonators,  fol¬ 
lowed  by  RF  acceleration  of  the  bunches  in  high-power 
microwave  devices  like  resonators  and  linear  acceler¬ 
ators.  The  system  indicates  the  posslbUity  of  much 
tighter  bunching  than  that  employed  in  the  millimeter- 
wave  experiment. 


STA.  11:008 

Stanford  U.  Microwave  Lab. ,  Calif. 

THV  Dfc&IGU  CF  HIGH  PCWLR  TRAVELING  WAV F 
TUBES,  by  M.  Chodorow  and  E.  J.  Nalos.  Aug.  1955 
[ll]p.  Inci.  Uius.  tables.  (ML  rept.  no.  278)  (Spon¬ 
sored  jointly  by  Office  of  Naval  Research,  Signal  Corps, 
and  [Air  Force  Office  of  Scientific  Research]  under 
NOoni  -2M23  and  KWr-Wm)  AD  104 

Unclassified 

Also  f <4)11  shed  In  Proc.  Inst.  Radio  Engineers,  v.  44: 
649-659,  May  i9W. 

This  paper  discusses  the  problems  involved  In  design¬ 
ing  traveling-wave  lubes  In  the  range  of  pulsed  powers 
of  the  order  of  a  megawatt.  Suitable  circuits  are  de¬ 
scribed,  together  with  their  advantages  and  limitations. 
In  general,  the  ali-metai  structures  described  are 
capable  of  dissipating  high  average  powers,  have  good 
impedances  at  the  required  voltages  (100-kv  range),  but 
at  a  sacrifice  in  bandwidth.  Nevertheless,  this  class 
of  traveling-wave  tube  is  useful  where  bandwidths  of 
10  to  20  per  cent,  not  obtainable  from  klystrons  of 
« quWaierA  power  outputs,  are  o!  ti .truest.  The  prut 
lems  of  tube  construction  and  tube  design  are  discussed. 
Results  of  tests  on  an  experimental  model  tube  are  de- 
scrtixvJ  staling  gnu)  agrrctnrttt  with  available  Uveorj 
A  gain  uniformity  of  3  db  over  a  9  per  cent  bandwidth, 
with  power  outputs  of  300  kw  pulsed  have  been  obtained 
using  attenuators  of  nonoptimum  design.  Better  per¬ 
formance  should  be  obtainable  with  further  Improve¬ 
ments  in  beam  focusing  and  coupler  design.  Higher 
power  levels  with  same  efficiency  should  be  possible 
by  designing  the  tube  to  operate  at  higher  potentials. 
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STA.  11:009 

Stanford  U.  Microwave  Lab. ,  Calif. 

MASER  OSCILLATORS,  by  J.  C.  Heimer.  Aug.  20, 

1956  [4]p.  incl.  illus.  [ML  rept.  no.  322]  (Sponsored 
ointly  by  Office  of  Naval  Research,  Signal  Corps,  and 
Air  Fbrce  Office  of  Scientific  Research]  under  N6onr- 
25123  and  DA  36-039-SC-7178)  AD  133561 

Unclassified 

Also  published  in  Jour.  Appi.  Phys. ,  v.  28:  212-215, 
Feb.  1957. 

Two  maser  oscUlators  have  been  constructed  and  oper¬ 
ated.  The  behavior  of  one  maser  has  been  observed 
under  various  operating  conditions  by  comparing  it  with 
the  second  maser  which  is  used  as  a  reference  standard. 
The  experimental  setup  Is  shown  and  experimental  re¬ 
sults  are  given.  The  frequency-pulling  effects  of  the 
beam  and  the  oscillation  amplitude  as  a  function  of 
cavity-tuning  are  compared  with  the  theoretlcaUy  ex¬ 
pected  behavior.  It  Is  shown  that  the  simple  behavior 
predicted  by  the  theory  exists  only  for  oscillation  fre¬ 
quencies  which  are  weU  removed  from  line  center.  The 
theoretical  curves  are  obtained  from  a  new  analysis 
which  included  the  velocity  distribution  in  the  beam.  A 
comparlslon  Is  made  between  the  velocity-distributed 
and  uni-veiocity  theories.  It  is  shown  that  the  introduc¬ 
tion  of  the  velocity  distribution  drops  the  maximum 
beam  efficiency  from  1  to  0.  76  and  cause  a  region  of 
stability  to  appear  in  the  beam  frequency-pulling  function. 
(Contractor’s  abstract) 


STA.  11:010 

Stanford  U.  Microwave  Lab. ,  Calif. 

CERENKOV  AND  UNDULATOR  RADIATION,  by  H.  Motz. 
[1956]  [11  ]p.  incl.  Ulus,  tables,  refs.  [MI.  rept.  no. 

362]  (Sponsored  jointly  by  Office  of  Naval  Research, 
Signal  Corps,  and  [Air  Force  Office  of  Scientific  Re¬ 
search]  under  [N6onr-25123])  AD  139623 

Unclassified 

Published  in  Electromagnetic  Wave  Theory  Symposium, 
[1956]  p.  374-384. 

During  the  past  few  years  several  authors  have  suggested 
applications  of  the  radiation  properties  of  electron  beams 
to  the  problems  of  mm  wave  generation  and  some  experi¬ 
ments  have  been  carried  out.  Some  investigators  have 
succeeded  In  generating  coherent  waves  in  a  range  be¬ 
low  one  mm  wave  length.  It  is  suggested  to  call  these 
waves  "Interwaves"  or  "Zwischenwelien"  as  they  lie  be¬ 
tween  the  infra-red  and  microwaves.  A  separate  name 
might  be  appropriate  as  to  the  techniques  for  generation 
and  detection  are  likely  to  be  very  different  from  micro- 
wave  techniques.  The  use  of  Cerenkov  radiation  has 
been  suggested  by  Abeie,  Danos,  and  Linhart,  and  tried, 
and  the  radiation  from  fast  electron  beams  has  been  in¬ 
vestigated  theoretically  (Ginsburg,  Coleman,  Motz, 
Combe  and  Kelx,  anil  Landecker)  and  experimentally. 

In  this  paper  the  theory  underlying  these  devices  wiii 
be  examined  from  a  unified  point  of  view  and  the  rela¬ 


tionship  between  different  approaches  will  emerge.  It 
is  hoped  that  the  understanding  of  this  rapidly  increas¬ 
ing  field  will  thereby  be  advanced.  A  related  field,  co¬ 
herent  iight  generation,  will  also  be  touched  upon. 


SYR.  01:001 

Syracuse  U.  [Dept,  of  Mathematics]  N.  Y. 

CONTRIBUTIONS  TO  THE  THEORY  OF  MARKOV 
CHAINS  [PART  I],  by  K.  L.  Chung.  [1953]  [6]p. 
[Research  paper  no.  2411]  |AF  1 8(600)760] 

Unclassified 

Published  in  Jour.  Res.  Nat'i.  Bur.  Standards,  v.  50: 
203-208,  Apr.  1953. 

The  random  variables  Xn,  n  •  0,  1,  . . . ,  form  a  dis¬ 
crete  Markov  chain  with  states,  j  j  ...  and  station¬ 
ary  transition  probabilities  p|jm^=  P  (Xm+n  =  j  |  Xm= 
i),  Let 

FW  =  P(Xn  =  j,  Xj>  J,  1  5  r  <  n  IXjj^i). 

The  subscript  k  prefixed  to  a  symbol  means  that  the 
state  k  is  not  visited  during  the  passage,  exclusive  of 
both  terminals.  Q*  means  _  =  jQ^.  The  author 
proves  a  large  number  of  relations  of  which  only  some 

can  be  given  here.  (1)  LimN_  .Zn-0  P^/Zn-o  p(jj* 
equals  any  of  the  three  expressions 

(i+jP*ii>/a+  ip*jj>’  FVipij*.  <FV<jFV/ 

<F*ji>(iF*ij),  the  ,lr8t  *lway»,  the  second  if  i  /  j,  the 
third  if  F*jj  F*j|  >  0.  Doebiin  proved  that  the  ex¬ 
istence  of  the  limit  (Bull.  Soc.  Math.  France,  v.  66: 
210-220,  1938);  the  expressions  for  It  are  new.  (2) 
Suppose  the  states  form  a  single  positive  recurrent 
ciass.  If  j  ^  k,  then 

m(i,  JUk)„  my  -jF*lkmkj,  m(t,  j  A  k)  =  my 

kF*jjmjk,  where  my,  m(l,  j  \J  k),  and  m(i,  j  A  k) 
are  the  mean  first-passage  times  from  i  to  j,  i  to  j  or 
k,  and  1  to  both  J  and  k.;  then  m^j-f  mkj  -  my  - 

kF*y(mjk  -f  mkj).  As  an  application  certain  quantities 

involved  in  the  central  limit  theorem  for  Markov  chains 
are  evaluated.  (3)  Formulas  analogous  to  Poincare’s 
formula  (Feiler,  Introduction  to  probability  theory  . . . , 
Wiiey,  New  York,  1950,  p.  61;  Math.  Rev.,  v.  12: 

424)  are  given  for  mean  first-passage  times  to  unions 
or  intersections  of  an  arbitrary  number  of  states.  (4) 

If  i,  j,  and  k  (not  necessarily  distinct)  belong  to  the 
V  “  (n)  (n) 

same  positive  class,  j  (P  ^  -  P  1  ) 

(mjk  —  mjj)  / mjjj.  There  are  some  connections  with 
work  of  the  reviewer  (Trans.  Amer.  Math.  Soc.,  v.  73 
471-486  1952;  Math.  Rev.,  v.  14:  567).  (Math.  Rev. 
abstract) 
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SYR.  01:002 

Syracuse  U.  [Dept,  of  Mathematics]  N.  Y. 

CONTINUOUS  PARAMETER  MARKOV  CHAINS,  by  K. 

L.  Chung.  Sept.  1954,  tip.  incl.  refs.  ([AF]OSR-TN- 
54-250)  (AF  18(600)760)  AD  45116  Unclassified 

A  systematic  discussion  is  presented  of  continuous 
parameter  Markov  chains  for  the  case  where  all  of  the 
states  are  stable.  Proofs  are  presented  of  the  following 
theorems  which  completely  describe  the  sample  func¬ 
tions  in  such  a  chain:  (1)  there  is  a  set  i\,cB  with 
PCH,,)  -  1  such  that  if  wcflp,  then  the  sample  function 
x(- ,  w)  defined  in  the  half-line  (0,“  )  has  the  following 
properties;  the  set  of  its  discontinuities  D(w)  is  closed 
and  of  Lebesgue  measure  zero;  in  each  of  the  open  in¬ 
tervals  whose  union  is  the  open  complement  D'  of  D 
with  respect  to  (0, «  ),  x(- ,  w)  is  a  constant;  in  2  adja¬ 
cent  Intervals  separated  by  a  point  of  D  the  2  constant 
values  of  x(* ,  w)  are  different;  and  (2)  there  is  a  set 
ftjeB  with  Ptfly)  =  1  such  that  if  weAl,  then  for  every 
finite  T  >  0,  and  every  i,  the  sample  function  x(- ,  w) 
contains  only  a  iinite  number  of  i-intervais  in  (0,  T). 
The  notation  is  as  follows:  /l  is  a  probability  space  with 
the  generic  point  w,  B  is  a  Borel  field  of  w-sets  which 
includes  A  itself,  and  P  is  a  complete  probability 
measure  defined  on  B.  Recurrence  and  ergodiclty 
properties  are  discussed  which  extend  known  results  in 
the  discrete  parameter  case. 


SYR.  01:003 

Syracuse  U.  [Dept,  of  Mathematics]  N.  Y. 

ON  A  THEOREM  OF  DOOB  AND  DIFFERENTIABILITY 
PROPERTIES  OF  MARKOV  TRANSITION  PROBABILITY 
FUNCTIONS,  by  D.  G.  Austin.  Sept.  1954,  17p.  incl. 
ref.  ([AF]OSR-TN-54-251)  (AF  18(600)760)  AD  45117 

Unclassified 

The  following  generalization  to  spaces  of  Infinite  meas¬ 
ure  of  a  fundamental  lemma  of  J.  L.  Doob  (Stochastic 
Processed,  p.  56,  New  York,  1953)  is  proved:  let  E 
be  a  collection  of  sets  in  F  containing  at  least  one  set 
of  finite  measure,  then  there  is  a  countable  collection 
of  sets  Ej  cF  such  that  for  any  E c  F,  p  {E'  n(n^Ej]}  * 

0.  The  notation  is  that  of  an  abstract  space  A  which 
contains  a  Borel  field  of  sets  F  with  a  measure  function 
0  defined  on  the  sets  F.  Various  theorems  on  the  dif¬ 
ferentiability  and  related  properties  of  the  transition 
probability  functions  pjj(- )  in  a  Markov  chain  are  pre¬ 
sented  including  a  generalization  of  a  theorem  of 
Auerbach  (Fundaments  Mathematics,  v.  il:  196-197, 
1928).  (ASTIA  abstract) 


A  report  is  made  of  3  outlines  published  recently  in 
Russian  which  presented  a  new  approach  to  problems 
of  finding  the  distributions  associated  with  several  dis¬ 


tances  between  2  empiric  distribution  functions.  The 
papers  are:  (1)  "On  the  Maximal  Difference  Between 
Two  Empirical  Distributions. "  by  Gnedenko  and 
Korolook  (Doklady  Akad.  Nauk  SSSR,  v.  80,  no.  4: 
1951);  (2)  "On  a  Problem  of  Comparison  of  Two  Em¬ 
pirical  Dlstributioiua.  "  by  Gnedenko  and  Rvageva  (ibid. , 
v.  82,  no.  4:  1952);  and  (3)  "Some  Results  on  the 
Maximum  Discrepancy  between  Tro  Empirical  Distri¬ 
butions.  "  by  Gnedenko  (ibid.,  v.  82,  no.  5:  1952).  The 
method  is  presented  in  detail,  computations  omitted 
from  the  original  papers  are  included,  and  some  errors 
in  the  original  are  corrected.  Asymptotic  relations 
with  precise  estimates  of  the  errors  are  obtained  in 
addition  to  precise  formulas  for  finite  cases.  (ASTIA 
abstract) 


SYR.  01:005 

Syracuse  U.  [Dept,  of  Mathematics]  N.  Y. 

CONTRIBUTIONS  TO  THE  THEORY  OF  MARKOV 
CHAINS,  H,  by  K.  L.  Chung.  [1954]  [23]p.  incl.  refs. 
[AF  18(600)760]  Unclassified 

Published  in  Trans.  Amer.  Math.  Soc. ,  v.  76:  397- 
419,  May  1954. 

Theorems  on  Markov  chains  are  discussed  and  proved. 
Theorem  1  demonstrates  a  type  of  solidarity  among  the 
states  of  a  recurrent  class,  generalizes  a  classical 
result  due  to  Kolmogorov  and  permits  a  classification 
of  recurrent  states  and  classes.  Theorem  2  is  a  gen¬ 
eralized  ergodic  theorem  which  applies  to  any  recur¬ 
rent  class,  positive  or  null.  In  a  null  class  a  set  of 
numbers  occurs  which  plays  the  roll  of  stationary  ab¬ 
solute  probabilities.  These  numbers  are  all  equal  to 
ono  in  the  case  of  a  recurrent  random  with  Independent 
stationary  steps  and  the  result  is  simple.  Theorem  3 
shows  the  type  of  solidarity  exhibited  in  theorem  1  to 
persist  in  such  a  sequence.  The  weak  and  strong  laws 
of  large  numbers,  the  central  limit  theorem,  the  law 
of  the  iterated  logarithm,  and  the  limit  theorems  for 
the  maxima  of  the  associated  sequence  are  proved  very 
simply.  It  is  shown  that  Kolmogorov's  conditions  are 
not  sufficient  foi  the  validity  of  the  central  limit 
theorem.  Conditions  of  validity  for  the  strong  limit 
theorems  and  the  limit  theorems  for  the  maxima  are 
obtained  by  strengthening  of  corresponding  conditions 
for  the  weak  limit  theorems.  The  connection  between 
these  conditions  and  martingale  theory  is  considered. 


SYR.  01:006 
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Syracuse  U.  (Dept,  of  Mathematics]  N.  Y. 

SOME  LIMIT  THEOREMS  CONCERNING  NONPARA- 
METRJC  STATISTICS,  by  J.  Blackman.  Sept.  1954, 
Up.  flAF)QSR-TN- 54-252)  (A F  18(600)760)  AD  45118 

Unclassified 


Syracuse  U.  [Dept,  of  Mathematics]  N.  Y. 

SOME  NEW  DEVELOPMENTS  IN  MARKOV  CHAINS, 
by  K.  L.  Chung.  Sept.  1955,  24p.  (|AF|06R-TN-[55- 
351 D  (A F  18(600)760)  AD  75294  Unclassif.ed 

Also  published  in  Trans.  Amer.  Math.  Soc.,  v.  81: 
195-210,  Jan.  1556. 
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Some  new  connections  are  pointed  out  between  sample- 
function  behavior  and  analytical  properties  of  the  tran¬ 
sition  probability  functions  of  a  continuous  parameter 
Markov  chain  with  stationary  probabilities.  The  new 
concept  of  a  post-exist  process  Imbedded  in  a  continu¬ 
ous  parameter  Markov  chain  is  Introduced.  This  proc¬ 
ess  has  the  same  transition  probabilities  as  the  original 
chain,  but  Its  initial  distribution  Is  of  a  novel  kind.  An 
imbedded  renewal  process  is  also  studied.  Together 
they  yield  various  relations  which  imply  the  differen- 
tiality  of  the  transition  probability  functions  and  certain 
generalized  Kolmogorov  differential  equations.  (AS TIA 
abstract) 


SYR  01:007 

Syracuse  U.  [Dept,  of  Mathematics]  N.  Y. 

lrONRECURRENT  RANDOM  WALKS,  by  K.  L.  Chung 
and  C.  Derman.  Sept.  1955,  lip.  refs.  [AFOSR-TN- 
55-352]  (A F  18(600)760)  AD  75210  Unclassified 


0  i  Urn  h(x)  is  sufficient  to  show  that  P(S„  e  A  i.  o. )  - 

x  - 

0,  if  m(A),  the  Lebesgue  measure  of  A,  <  •  .  (ASTIA 
abstract) 

SYR  01:009 

Syracuse  U.  [Dept,  of  Mathematics]  N.  Y. 

AN  APPLICATION  OF  CHUNG'S  LEMMA  TO  THE 
HEFER-WOLFOWITZ  STOCHASTIC  APPROXIMATION 
PROCEDURE,  by  C.  Derman.  Sept.  1955,  lOp. 
dAF]OSR-TN-[55-354])  (AF  18(600)760)  AD  75292 

Unclassified 

Also  published  in  Ann.  Math.  Stat. ,  v.  27:  532-536, 
June  1956. 

A  stochastic  approximation  procedure  for  finding  the 
maximum  of  a  regression  function  Is  investigated. 
Certain  convergence  properties  are  proveo'.  (Contrac¬ 
tor's  abstract) 


Also  published  in  Pacific  Jour.  Math. ,  v.  6:  441-447, 

I956T  SYR  01:010 


Let  {Xj} ,  1  =  1,  2,  . . . ,  be  a  sequence  of  independent 

and  identically  distributed  integral  valued  random  vari¬ 
ables  such  that  1  is  the  absolute  value  of  the  greatest 
common  divisor  of  all  values  of  x  for  which 

P(Xj  -  x)  >  0.  LetSn=?  X,,  0  <  EX,  <- ,  and  A 

1  “  j  -  J  1  1 

denote  a  set  of  integers  containing  an  infinite  number  of 
positive  integers.  It  is  shown  that  any  such  set  A  is 
visited  infinitely  often  with  probability  1  by  the  sequence 
{  Sp}  ,  n  =  1,  2,  . . . .  Conditions  are  given  so  that 
similar  results  hold  for  the  case  where  X,  has  a  contin¬ 
uous  distribution,  and  the  set  A  is  a  Lebesgue  set 
whose  intersection  with  the  positive  real  numbers  has 
infinite  Lebesgue  measure.  (Contractor's  abstract) 
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Syracuse  U.  [Dept,  of  Mathematics]  N.  Y. 

AN  APPLICATION  OF  ERGODIC  THEORY  TO  NON¬ 
RECURRENT  RANDOM  WALKS,  by  C.  Derman.  Sept. 
1955,  8p.  [AFOSR-TN-55-353]  (AF  18(600)760) 

AD  75210(a)  Unclassified 

Let  {Xj }  ,  1  =  1,  2,  . . . ,  be  a  sequence  of  independent 
and  equally  distributed  random  variables  with  density 
function  f(x),  0  <  E(Xi)<  »  ,  and  {Sn}  ,  n  1  1,  2,  .... 
be  the  sequence  of  cumulative  sums  Sn  r  Xj.  If  A  is 
any  Borel  set  bounded  on  the  right,  it  fbllbwl  from  the 
strong  law  of  large  numbers  that  P(Sn  c  A  i.  o.  (Infinite¬ 
ly  often))  0.  Let  the  renewal  density  h(x)  =  -  , 

dx 

H(x)  -  I  x).  fi  is  shown  that  the  Inequality 


Syracuse  U.  [Dept,  of  Mathematics]  N.  Y. 

ON  THE  ANALYTIC  STRUCTURE  OF  A  MARKOFF 
MATRIX,  by  D.  G.  Austin.  Sept.  1955,  34p.  refs. 
([AF]OSR-TN-[55-355])  (A F  18(600)760)  .\D  75932 

Unclassified 

Also  published  in  Ann.  Math.  Stat. .  v.  27:  532-536. 
JunelfiSi  - 


The  analytical  properties  are  studied  of  a  matrix  of 
real  nonnegative  functions  py(t)  on  0  <  t  £  -  (l,  j  1, 

2, _ )  satisfying:  (1)  j:  py(t)  «  1,  and  (2)  ptj(t  +  s)  = 

EPik(t)Pkj(s).  A  general  differentiability  criteria  which 

does  not  require  that  lim  py(t)  =  ft  „  for  all  1,  j,  is  ap- 
t-*0 

piled  to  the  case  where  the  Initial  state  is  stable  q,  < 

- .  A  study  of  the  case  of  a  stable  terminal  state,  qj  < 

-  ,  shows  that  for  this  condition  the  transition  function, 
Plj(t),  has  continuous  derivatives.  The  asymptotic 


tlons  are  found  which  guarantee  that  this  sum  tends  to 
zero  as  t  tends  to  *  .  The  problems  of  second  and 
higher  order  derivatives  and  abstract  spaces  are  also 
studied.  (ASTIA  abstract) 
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[Syracuse  U.  Dept,  of  Mathematics,  N.  Y.  ] 

INTEGRAL  OPERATORS  AND  MARKOV  PROCESSES, 
by  S. -T.  C.  Moy.  Aug.  1956,  I2p.  [Wayne  U.  techni¬ 
cal  rept.  no.  2]  (AFOSR-TN- 66-520)  (In  cooperation 
with  Wayne  U.  under  DA  20-0I8-ORD- 14025) 

(AF  18(600)760)  AD  110'3f>  Unclassified 
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An  Investigation  is  made  of  the  integral  operators  on 
the  space  M'  of  countably  additive  set  functions.  Let 
P(x,  X)  be  the  conditional  probability  that  a  moving  point 
x  is  transferred  into  a  region  X  after  the  elapse  of  a 
unit  time.  The  probability  distribution  Fj  of  the  point 
at  the  end  of  a  unit  time  can  be  obtained  from  the  initial 
distribution  FQ  of  the  point  at  the  beginning  of  the  unit 

time  by  Fj(X)  J  P(y,  X)F0(dy).  This  formula  defines 

an  operator  on  NT  into  itself  if  F0  is  any  bounded  count¬ 
ably  additive  set  function.  If  f(x)  is  any  bounded  function 
of  the  point  x,  the  conditional  expectation  g(xg)  of  f  at 
the  end  of  a  unit  time  (given  that  the  position  of  the  point 
is  Xq  at  the  beginning  of  unit  time)  is  given  by  g(xo)  = 

J  f(y)P(xody).  This  formula  defines  an  operator  on  the 
space  M  of  bounded  functions  into  itself.  The  mystery 
tie  between  spaces  M  and  M1  by  an  integral  operator  is 
then  solved.  If  the  domain  of  the  integral  operator  to 
the  space  M*  of  bounded  additive  set  functions  is  en¬ 
larged,  an  integral  operator  on  M*  is  simply  the  adjoint 
of  any  linear  operator  on  M.  A  study  of  the  weak  star 
topology  on  M*  shows  that  sequential  compactness  and 
compactness  are  not  equivalent  for  subsets  of  M*. 

Proof  is  given  that  any  integral  operator  on  M*  has 
nonzero  fixed  points  if  it  has  a  nonzero  fixed  point  in 
M.  The  consequences  of  this  theorem  to  the  existence 
of  a  stationary  absolute  distribution  of  a  Markov  proc¬ 
ess  is  discussed.  (ASTIA  abstract) 


SYR.  01:01 2 

[Syracuse  U.  Dept,  of  Mathematics,  N.  Y.  ] 


TWO  ERGOD1C  THEOREMS  FOR  MARKOV  CHAINS,  by 
K.  L.  Chung.  Aug.  1956,  8p.  [AFOSR-TN-58-521] 
(AF  18(600)760)  AD  113732  Unclassified 

Let  (Xn,  n  i0  ]be  a  Markov  chain  with  denumerable 


state  space  I;  let  {pt,  i  cl  )  be  the  initial  distribution, 
let  pt]  be  the  stationary  transition  matrix,  and  let  f  be 
any  function  from  1  into  the  reals.  Consider  the  func- 

n 

t tonal  yn  f(Xn),  n  1 0.  Set  S„  «  E^rv,  A„  =  S„/n. 
The  ergodic  mean  of  {  Ux„) }  is  defined  to  be 


A  =  A(i)  t — - " t  f (l)  if  and  only  if  A(  l  f  I )  <  “.  Theorem  1: 
lim  E  |A„-  II  lim  E  |A„  -  E(An)]=  0.  The  ’  n’s 

n  — >  -  n  — >  « 

are  well-defined  random  variables;  w  denotes  the  sample 
point  and  the  value  of  t(n)  at  w  is  t(n,  w); 


r  v-1 


1 


Yv  -  T  -  y  The  following  dissection  formula  is 
n'Tv  t(n)-l 

basic:  S„  »  Y’(n)  +■  r  Yv  ♦  Y"(n),  where  Y'(n)  = 

1  i’1  n 


1V  >  1" 


“  y„,  r(n)  =  d _  y  •  U  -  E. 

<TS  8  T  t(n)  v  n-i 


I  Yn  I  -  Mi 


1  jE(Yv)  if  E(YV)  <-  so  that  Mt  =  A  if  A([f|)  - 


V  Yy-Mj^v  +1-Tv)=sf=  (yn-Mt); 

mii}  =  E  {(  Tvt  1  -  Tv>2  }  ;o  i2  *  E<^)l  Bi  =  "  t^t2. 
Since  the  values  of  Mt  and  Bj  as  well  as  the  validity  of 

/n\ 

conditions  mjj  <-  •  and  E(Uj2)<  ®  do  not  depend  on 
the  choice  of  i,  M  and  B  can  be  written  for  Mj  and  Bj 

(2)  , 

respectively.  Theorem  II:  If  mji  <  «■  and  E(U]*)  < 

-,  then  lim  — E  {(S  -  Mn)2}  =  lim  —  E  {fs  - 
.  n  L  n  J  _  n  <>1  n 

n->®  00 

E(Sjj)]  2  |  B  <  “.  (ASTIA  abstract) 
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SOME  THEOREMS  ON  CONTIhUOUS  PARAMETERS 
MARKOV  CHAINS,  by  R.  Chacon.  Sept.  1956,  21p. 
refs.  [AFOSR-TN-56-522|  (AF  18(600)760)  AD  113734 

Unclassified 

Let  (ft,  B,  P)  be  a  probability  triple  where  P  is  a  com¬ 
plete  measure  defined  on  the  sets  of  the  Borel  field  B 
of  subsets  of  A-  The  defining  properties  of  a  Markov 
chain  y(. , . ),  a  positive- integer  valued  function  of 
T  x  A,  where  T  [0, »  ]  are  that  for  all  n  t  1  if 
t,  <  ...  <  tn  and  for  any  integers  vj,  . . . ,  , 

p{y(tv  *)-  |y(t(T,  _l},  w)  -  v(ti  0  .... 

y(*i.  w)  -  Vj)  -  P{y(tri,  w)=v„|  y(t(Ti  l)w)- 
V(n  __  jj}.  The  probability  must  be  a  function  of 
vn>  V(n_i),  and  t  j).  The  stationary  transi¬ 

tion  probability  functions  are  defined  by  pjj  (tj  - 
P  {  y(t  *  s,  w)  *  J  |  y(s,  w)  «  i}  s  2  0,  t  >  0,  i,  j 
-  1,  2,  ...  and  they  satisfy  the  following  conditions: 

(1)  Pjj(t)  i  0;  (2)X  jPtj(t)  =  1;  and  (3)  p(J(s  +  t) 

for  a,  tc  (0,  +  “  ).  The  initial  proba¬ 
bilities  are  pt  =  p{  y(0,  w)  =  i }  which  satisfy  condi¬ 
tion  (4)  pj  £0  and  )  jPj  =  1.  Given  the  stationary 
Markcv  transition  matrix  function,  {  py(t)  )  ,  and  a 
sequence  of  numbers  {  pj  '•  which  satisfy  condition  (4) 
then  there  exists  a  Markov  chain  so  that  the  pjj(t)  are 
its  stationary  transition  probabilities  and  p>  the  initial 
probabilities.  A  theorem  stated  by  Doob  (Trans.  Amer. 
Math.  Soc. ,  v.  52:  1942)  and  2  new  theorems  are 
proved.  These  theorems  are  used  to  establish  the 
limiting  properties  of  discrete  parameter  Markov  tran¬ 
sition  probability  functions.  Proof  is  given  for  the 
limiting  behavior  of  the  transition  probabilities  in  the 
continuous  parameter  case.  Another  theorem  states 
that  if  equations  1,  2,  and  3  are  satisfied  for  s, 
te (—  ♦  -),  and  if  the  transition  probabilities  are 
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each  either  Identically  zero  or  never  zero,  then  the 
transition  probabilities  are  constant.  (ASTIA  abstract) 


SYR.  01:014 


Syracuse  U.  [Dept,  of  Mathematics]  N.  Y. 


AN  EXTENSION  OF  THE  KOLMOGOROV  DISTRIBU¬ 
TION,  by  J.  Blackman.  [1956]  [8]p.  (AF  18(600)760) 

Unclassified 


Published  in  Ann.  Math.  Stat. ,  v.  27:  513-520,  June 

1956:: 


Let  xi,  X2,  ...,  x„,  x'j,  x'2,  . ..,  x',^  be  independent 
random  variables  with  a  common  continuous  distribution 

F(x).  Let  xj,  x2 . Xjj  have  the  empiric  distribution 

Fn(x)  and  x'j,  x'2,  . . . ,  x'^j  have  the  empiric  distribu¬ 
tion  Gjjjtx).  The  exact  values  of  P(-  y  <  Fn(s)  - 
Gnfc(s)  <  x  for  all  s)  and  P(-  y  <  F(s)  -  Fn(s)  <  x  for 
all  s)  are  obtained,  as  well  as  the  first  two  terms  of 
the  asymptotic  series  for  large  n. 


SYR  01:015 


Syracuse  U.  [Dept,  of  Mathematics  j  N.  Y. 


A  NOTE  ON  NONRECURRENT  RANDOM  WALKS,  by 
C.  Derman.  [1956]  [4]p.  (AF  18(600)760) 

Unclassified 


Published  in  Proc.  Amer.  Math.  Soc. ,  v.  7:  762-765, 
Oct.  1956. 


Let  {  Xj }  ,  i  =  1,  . . . ,  be  a  sequence  of  independent 
and  identically  distributed  random  variables  with  density 
function  f(x)  and  with  EXj  =  p  >  0  assumed.  Let 

{  Sn}  ,  n  1,  . . . ,  be  the  sequence  of  cumulative  sums 

S„  jXi:  and  iet  HW  =  n  =  lP*Sns  und  h  W  - 
H'(x);  h(x)  is  defined  for  almost  all  x  as  H(x)  is  nonde¬ 
creasing.  With  A  any  Borei  set  of  positive  real  numbers 
and  m(A)  its  Lebesgue  measure,  proof  has  been  pre¬ 
sented  that  (1)  P(Sj,  r  A  infinitely  often  (i.  o. ))  =  0  when 


m(Aj  «•  “  ,  and  (2)  P(Sn  e  A  i.  o. )  =  1  when  m(A)  =  “  ,  if 


0  <  lim  inf  h(x)  i  iim  sup  h(x)  <  «  ,  and  if  lim  h(x)  = 
X—*  *  x-»  •  x-»  -  * 

0  is  assumed;  this  assumption  can  easily  be  removed. 
Proof  is  developed  that  if  u  <  «  and  lim  sup  h(x)< 


•  ,  then  lim  inf  h(x)  >  0,  and  (1)  and  (2)  hold;  if 
X-*1" 

liir.  inf  h(x)  >  0,  then  (1)  holds;  ifu  <  ",  and  if  a  con- 
x- *  ■ 

stant  a  >  0  and  an  interval  (a,  b)  exists  so  that  f(x)  £ 
a  for  X  <  (a,  b),  then  lim  inf  h(x)  >0. 

x.-*  - 
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Syracuse  U.  [Dept,  of  Mathematics]  N.  Y. 


SOME  DIFFERENTIATION  PROPERTIES  OF  MARKOFF 
TRANSITION  PROBABILITY  FUNCTIONS,  by  D.  G. 
Austin.  [1956]  [ll]p.  (AF  18(600)760)  Unclassified 


Published  in  Proc.  Amer.  Math.  Soc.,  v.  7:  751-761, 
Oct.  1956. 


Differentiation  properties  are  developed  for  the  station¬ 
ary,  transition,  probability  functions  of  a  denumerable 
Markoff  chain  by  use  of  a  purely  analytic  method.  Two 
problems  are  considered,  the  question  of  the  existence 
of  derivatives  and  the  question  of  analytical  relations. 
Theorem  1  establishes  the  bounds  on  the  difference 
quotient  and  Theorem  II  establishes  that  the  Pij(t)  has 
a  first  derivative  everywhere.  The  existence  question 
is  shown  to  have  a  rather  complete  solution  by  the  re¬ 
sults  obtained. 


SYR.  02:001 


Syracuse  U.  [Dept,  of  Physics]  N.  Y. 


INFRA-RED  LATTICE  ABSORPTION  IN  IONIC  AND 
HOMOPOLAR  CRYSTALS,  by  M.  Lax  and  E.  Burstein. 
Jan.  1954,  lv.  incl.  Ulus,  tables,  refs.  (Technical 
rept.  no.  1)  [AFOSR-TN-54-11]  (In  cooperation  with 
Naval  Research  Lab.,  Washington,  D.  C. )  (AF  18- 
(600)651)  AD  24363  Unclassified 


ubllshed  in  Phys.  Rev.,  v.  97:  39-52,  Jan.  1, 


The  evidence  for  the  existence  of  an  appreciable  defor¬ 
mation  of  the  charge  distribution  about  the  atoms  dur¬ 
ing  lattice  vibration  is  discussed.  This  deformation  is 
shown  to  lead  to  a  second-order  electric  moment  as 
well  as  to  a  modification  of  the  first-order  moment. 

An  analysis  is  made  of  the  IR  absorption  in  diamond , 
Si,  and  Ge.  Part  of  the  absorption  is  intrinsic,  and 
the  remainder  is  explained  as  an  impurity-induced 
first-order  moment.  The  second-order  electric 
moment  can  also  be  used  to  explain  the  side-bands  in 
the  absorption  and  reflection  spectra  of  the  alkali 
halides. 


SYR.  02:002 


Syracuse  U.  [Dept,  of  Physics]  N.  Y. 


ON  LOCALIZED  PERTURBATIONS,  by  M.  lax.  Feb. 
1954,  4p.  (Teclinical  rept.  no.  2)  (|AF|OSn-TN-54- 
46)  (A F  18(600)651)  AD  37507  Unclassified 


Also  published  in  Phys.  Rev.,v.  94:  1391-1392,  June 
i,  1954. 


The  procedure  used  to  soive  problems  in  physics  char¬ 
acterized  by  a  strong  local  perturbation  on  an  other¬ 
wise  solvable  problem  is  presented  in  its  most  general 
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SYR.  02:003  -  SYR.  02:006 


and  abstract  form.  The  problem  is  that  of  finding  the 
eigenvector  x  and  eigenvalues  X  of  the  matrix  A  +  b: 

£  j(A  +  b)yxj  =  X  x.,  where  the  matrix  A  =  Ay  has  ele¬ 
ments  i,  j  =  1,  2,  . . . ,  N,  and  all  elements  of  the 
matrix  by  vanish  except  brs  for  r,  s  =  1,  2,  . . . ,  k. 
The  eigenvectors  S_  and  eigenvalues  E(p)  of  A  are  as¬ 
sumed  to  be  known.  £  jAySjp  =  E(p)Sjp.  A  discussion 

is  presented  of  the  special  case  where  the  matrix  b 
has  only  one  nonvanishing  element,  by  =b0Sj0Aj0. 
(ASTIA  abstract) 

SYR.  02:003 

Syracuse  U.  [Dept,  of  Physics]  N.  Y. 

THE  INFLUENCE  OF  LATTICE  VIBRATIONS  ON 
ELECTRONIC  TRANSITIONS  IN  SOLIDS,  by  M.  Lax. 
Oct.  1954  [55]p.  lncl.  diagrs.  refs.  ([AF]OSR-TN-54- 
274)  (Sponsored  jointly  by  Office  of  Naval  Research  as 
technical  rept.  no.  5  under  Nonr-66904  and  [Air  Force] 
Office  of  Scientific  Research  as  technical  rept.  no.  3 
under  AF  18(600)651)  AD  43570  Unclassified 

A  summary  is  presented  of  the  present  state  of  knowl¬ 
edge  concerning  optical  and  thermal  transitions  of  elec¬ 
trons  or  holes  trapped  In  solids.  Among  the  topics 
covered  are  integrated  intensities  for  absorption,  the 
breadth  of  absorption  lines,  and  the  rates  for  thermal 
ionization  and  capture.  The  configurational  coordinate 
model  is  discussed  in  the  light  of  a  generalized  Frank- 
Condon  principle  quoted  from  M_  Lax  (Jour.  Chem. 
Phys. ,  v.  20:  1752,  1952).  An  attempt  was  made  to 
explain  the  observation  by  C.  C.  Vlam  ("The  Structure 
of  the  Emission  Banda  of  Luminescent  Solids.  "  Thesis, 
University  of  Groningen,  July  1953)  that  total  intensi¬ 
ties  of  absorption  (or  emission)  are  essentially  inde¬ 
pendent  of  temperature. 


SYR.  02:004 

Syracuse  U.  Dept,  of  Physics,  N.  Y. 

THERMAL  IONIZATION  AND  CAPTURE  OF  ELEC¬ 
TRONS  TRAPPED  IN  SEMICONDUCTORS,  by  IL  Gum- 
met  and  M.  Lax.  Oct.  1954,  5p.  incl.  refs.  (Technical 
rept.  no.  4)  ([AF]OSR-TN-54-275)  (Sponsored  jointly 
by  Office  of  Naval  Research  and  [Air  Fbrce]  Office  of 
Scientific  Research  under  AF  18(600)651)  AD  45115 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  97:  1469-1470,  Mar. 
15,  1955. 

The  use  of  Coulombic  wave  functions  rather  than  plane 
waves  for  the  free  electron  states  is  found  to  increase 
the  calculated  rate  of  capture  of  electrons  by  a  factor 
of  about  200  at  liquid  helium  temperatures.  Results  cal¬ 
culated  for  shallow  traps  in  Ge  and  Si  are  now  found  to 
be  consistent  with  the  upper  limit  set  on  the  photocon- 
ductive  lifetime  by  the  experiment  of  Durstein,  Overly 
and  Davisson.  The  Born-Oppenheimer  and  Hartree 
approximations  used  in  the  calculations  were  found  to 
yield  identical  resultB  at  low  temperatures  in  these 
materials.  (Contractor's  abstract) 


SYR.  02:005 

Syracuse  U.  Dept,  of  Physics,  N.  Y. 

MOLECULAR  FIELD  IN  THE  SPHERICAL  MODEL,  by 
M.  Lax.  Aug.  30,  1954  [12]p.  incl.  diagrs.  tables 
refs.  (Technical  rept.  no.  5)  ([AF]OSR-TN-[55]-56) 
(Sponsored  jointly  by  Office  of  Naval  Research  and 
[Air  Force]  Office  of  Scientific  Research  under 
AF  18(600)651)  AD  76985  Unclassified 

Also  published  in  Phys.  Rev.,  v.  97  :  629-640,  Feb. 

1,  1955” 

The  Heisenberg  model  of  ferromagnetism  is  replaced 
by  a  classical  model  in  which  the  interaction  between 
a  pair  of  neighboring  atoms  is  —  2JS(S  +  1)  c(  cj, 
where  S  is  the  spin  of  any  atom,  J  is  the  exchange  in¬ 
tegral,  and  the  e  j  are  classical  unit  vectors.  The 
spherical  model  is  then  used  tc  evaluate  the  molecular 
field  acting  on  any  atom  i.  This  ei'ective  field  is  found 
to  have  the  generalized  Weiss  form,  H  +  W(T)M  + 
W^TjM'yj’,  where  H  is  the  magnetic  field,  M  the 
magnetization,  and  M*  the  antiferromagnetic  order 
(in  units  of  magnetizat  ion).  The  coefficient  y" 
changes  sign  from  one  sublattice  to  ir.other.  The 
"Weiss"  coefficients  W(T)  and  W  (T)  arc  slowly  tem¬ 
perature-dependent  and  obey  dW/dT  >  C ;  dW'/dT  >  0. 

A  phase  transition  is  found  in  3  dimensions,  but  not 
in  1  or  2  dimensions.  For  spin  i  lattices  of  simple- 
cubic  (sc),  body-centered  cubic  (bcc),  and  face 
centered-cubic  (fee)  type,  the  ferromagnetic  transition 
temperature  Tc  in  units  kTc/j  is  found  to  be  1. 98, 

2. 87,  and  4. 45,  respectively.  Corresponding  values 
tor  ihr  simple  euhir  case  due  to  P.  R.  Weiss  and  v. 
Zehler  are  1. 85  and  1.  93,  respectively.  The  suscepti¬ 
bility  and  the  paramagnetic  temperature  8  are  found 
for  the  3  lattices.  The  ratio  9  /rc  is  found  to  be  inde¬ 
pendent  of  spin  wi:*>  the  values  1.  52,  1.  39,  and  1.  34 
for  the  sc,  bcc,  and  fee  lattices,  respectively.  Cor¬ 
responding  results  for  the  transition  temperatures, 
susceptibility,  etc. ,  are  obtained  for  the  antiferro¬ 
magnetic  cubic  lattices.  (Contractor's  abstract) 

SYR.  02:006 

Syracuse  U.  Dept,  of  Physics,  N.  Y. 

RELATION  BETWEEN  CANONICAL  AND  MICRO- 
CANONICAL  ENSEMBLES,  by  M.  Lax.  July  20.  1954 
[2]p.  (Technical  rept.  no.  6)  (]AF]06R-TN- 55-57) 
Sponsored  jointly  by  Office  of  Naval  Research  and 
Air  Force]  Office  of  Scientific  Research  under 
AF  18(600)651)  AD  76986  Unclassified 

Also  published  in  Phys.  Rev.,  v.  97:  1419-1420, 

Mar.  i5,  1955. 

The  equivalence  of  averages  calculated  in  ca-  >nical 
and  microcanonical  ensembles  is  shown  to  depend  01. 
the  validity  of  a  steepest -descent  approximation.  ?  :s 
demonstrated  that  the  microcanonical  and  canonical 
procedures  yield  different  values  for  the  order  parame¬ 
ter  below  the  Curie  temperature  for  spherical  model 
dipole  lattices.  (Contractor's  abstract) 
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SYR.  02:007 

Syracuse  U.  [Dept,  of  Physicc]  N.  Y. 

BROADENING  OF  IMPURITY  LEVELS  IN  SILICON,  by 
M.  Lax  and  E.  Bur  stein.  Mar.  1955,  38p.  diagrs. 
refs.  ([AF]OSR-TN-55-69)  (Sponsored  jointly  by  Of¬ 
fice  of  Naval  Research  as  technical  rept.  no.  8  under 
Nonr-66904  and  [Air  Force]  Office  of  Scientific  Re¬ 
search  as  technical  rept.  no.  7  under  AF  18(600)651) 

AD  56509  Unclassified 

Also  published  in  Phys.  Rev.,  v.  100:  592-602,  Oct. 

15,  1955. 

Sharp  absorption  lines  have  been  observed  in  p  and  n 
type  silicon  whose  absolute  and  related  positions  lead 
to  their  interpretation  as  optical  transitions  between 
bound  states  of  trapped  holes  or  electrons  that  are  ap¬ 
proximately  hydrogenic  in  character.  These  lines  have 
a  finite  breadth  of  the  order  of  0.001  ev  at  liquid  helium 
temperatures.  This  breadth  is  determined  by  the  zero- 
point  vibrations  of  the  lattice.  At  higher  temperatures, 
the  squared  breadth  increases  in  proportion  to  the  mean 
squared  amplitude  of  oscillation  of  those  lattice  modes 
that  contribute  significantly  to  the  broadening.  The 
theory  indicates  that  the  modes  of  importance  have 
wave  lengths  of  the  order  of  the  Bohr  radius  of  the 
trapped  carrier  state.  These  are  rather  long  wave¬ 
length  acoustic  modes  whose  energy  h  ok  corresponds 
to  80°K.  Thus,  the  squared  broadening  is  expected  to 
increase  by  a  factor  of  2  from  helium  to  nitrogen 
temperatures  —  and  this  increase  is  confirmed  ex¬ 
perimentally.  This  confirms  the  hypothesis  that  the 
broadening  results  from  the  interaction  of  the  trapped 
electron  with  the  acoustic  lattice  vibrations.  The  form 
of  the  electron-lattice  interaction  is  taken  to  be  that  of 
the  Bardeen-Shockley  deformation  potential,  and  its 
strength  is  determined  from  the  experimental  mobility. 
Thus,  the  theory  contains  no  adjustable  parameters. 

In  absolute  magnitude,  the  theoretical  line  breadth  turns 
out  to  be  several  times  too  large.  Possible  reasons  for 
the  discrepancy  are  discussed.  (Contractor's  abstract) 


SYR.  02:008 

Syracuse  U.  Dept.  of  Physics,  N.  Y. 

THERMAL  CAPTURE  OF  EIECTRONS  IN  SILICON,  by 
II.  Grummcl  and  M.  Lax.  [June  1955]  [56jp.  incl. 
diagrs.  refs.  (Rept.  no.  8)  ([AFjOSR-TN-55-185) 
(Qouivi  with  its  TR-58-I3;  AD  148100)  (Sponsored  joint¬ 
ly  by  Office  of  Naval  Research  and  [Air  Force]  Office 
of  Scientific  Research  under  AF  18(600)651) 

Uncias  silied 

Also  published  in  Ann.  Phys.,  v.  2:  28-56,  July  1957. 

The  thermal  processes  in  cemtconductors  which  depend 
on  the  excitation  of  trapped  electrons  (or  holes)  into  the 
conduction  band  (or  valence  band)  and  the  reverse  proc¬ 
ess,  capture  are  studied.  The  correlation  to  experi¬ 
mental  observation  of  the  calculation  of  the  capture 
cross  section  for  donors  in  Si  is  attempted  through  Born 
Oppenheimer  (for  low  temperatures  and  K  phonons)  and 


other  approximations,  dealing  with  the  perturbations 
arising  from  phonon  emission  and  absorption  in  the 
electron-lattice  systems  of  the  crystal.  Sections  n 
and  HI  develop  the  formal  theory  and  Section  IV  studies 
the  capture  of  electrons  into  the  ground  state  of  P  im¬ 
purities  in  Si.  Section  V  contains  speculation  on  trap¬ 
ping  into  deep  traps. 

SYR.  03:001 

Syracuse  U.  Dept,  of  Physics,  N.  Y. 

INERTIAL  EFFECTS  AND  DIELECTRIC  RELAXA¬ 
TION,  by  E.  P.  Gross.  Sept.  1954  [50]p.  incl.  tables, 
refs.  (Technical  note  no.  P-1)  [  AF06R-TN-54  -  287  ] 
(Also  bound  with  its  TR-58-15)  (AF  18(600)1124) 

AD  43 1 1 4  Unclassified 

Also  published  in  Jour.  Chem.  Phys.,  v.  23:  1415- 
1423,  Aug.  1955. 

The  response  to  an  alternating  electric  field  of  a  di¬ 
lute  solution  of  dipolar  molecules  in  a  nonpolar  com¬ 
pressed  gas  was  studied.  The  dipoles  are  described 
by  a  classical  distribution  function  which  is  a  func¬ 
tion  of  angular  velocity,  orientation,  and  time.  The 
assumption  is  made  that  the  duration  of  collision  can 
be  neglected,  compared  to  the  time  between  colli¬ 
sions,  the  period  of  the  applied  field,  and  the  mean 
thermal  period.  The  distribution  function  satisfies 
a  kinetic  equation,  and  the  effects  of  collisions  are 
described  by  a  collision  kernel.  The  solutions  of  the 
kinematic  equation  are  studied  for  a  variety  of  kernels. 
One  model  is  a  soft-impact  theory  which  Is  a  general¬ 
ization  of  Debye’s  Brownian-motion  treatment  to  in¬ 
clude  inertial  effects.  Other  models  involve  strong 
collisions  and  partial  specular  reflection.  The  Debye 
relaxation  shape  Is  found  in  all  the  models  at  high 
pressures.  Another  common  feature  is  the  way  in 
which  discrete  rotational  lines  are  linked  with  the 
Debye  spectrum.  At  lower  pressures,  the  main  con¬ 
tribution  to  the  polarization  arises  from  dipoles  ro¬ 
tating  with  the  angular  frequency  close  to  that  of  the 
applied  field.  Equations  constructed  for  the  trans¬ 
port  of  various  physical  quantities  permit  a  detailed 
picture  of  the  transfer  of  energy  and  angular  momen¬ 
tum  from  the  electric  field  to  the  oipole  system,  and 
then  to  the  reservoir. 

SYR.  C3:002 

Syracuse  U.  Dept,  of  l’hysics,  N.  Y. 

A  MODEL  FOR  COLLISION  PROCESSES  IN  GASES. 

IL  SMALL  AMPLITUDE  OSCILLATIONS  OF  CHARGED 
TWO  COMPONENT  SYSTEMS,  by  E.  P.  Gross  and 
M.  Krook.  June  1955,  37p.  (Technical  note  no.  P-2) 
(lAF]OSR-TN-55-I65)  (Also  bound  with  its  TH  58  15) 
(AF  18(600)1124)  AD  65384.  Unclassified 

Also  published  tn  PhyB.  itev. ,  v.  t02:  593  604.  May 
1,  t956. 

The  general  features  of  the  small  amplitude  oscilla¬ 
tions  of  a  2-component  ionized  gas  are  discussed;  the 
effects  of  the  random  thermal  motions  of  ions  and 
electrons  are  described  by  distribution  functions. 
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When  collisions  are  neglected  there  are  2  types  of 
waves  for  a  given  wavelength.  One  is  a  high  frequency 
electron  plasma  oscillation,  slightly  modified  by  ionic 
motions.  The  other  is  the  Touks- Langmuir  positive - 
ion  oscillation  which  is  shown  to  be  undamped  when 
the  electron  temperature  is  considerably  greater  than 
ihe  ion  temperature.  Ihe  etlects  of  collisions  are 
treated  by  a  kinetic  model  which  satisfies  the  conser¬ 
vation  laws  and  provides  for  energy  and  momentum  ex- 
ehaiigv  between  CoOiponents.  The  low  pressure  wav -a 
are  damped  with  increasing  collision  frequency  and  de¬ 
creasing  electron  temperature.  The  validity  of  trans¬ 
port  treatments  is  investigated.  At  high  density  and 
high  frequency  one  finds  the  correct  sound  wave  for  a 
mixture  of  gases.  Study  of  the  frequency  as  a  series 
of  inverse  powers  of  the  collision  frequency  shows 
that  the  first  power  term  yields  absorption  independ¬ 
ent  of  the  electric  charge.  Higher  powers  give  con¬ 
tributions  to  the  absorption  and  dispersion  which  de¬ 
pend  on  electrical  polarization  as  well  as  on  diffusion, 
viscosity,  and  heat  conductivity.  The  behavior  at  low 
fre  o  .icy  and  high  pressure  depends  on  the  electric 
charge  more  directly.  (For  part  1  g£fi  item  no. 

MIT.  08:021)  (Contractor's  abstract) 


SYR.  03:003 

Syracuse  U.  Dept,  of  Physics,  N.  Y. 

THEORY  OF  TRANSFER  PROCESSES,  by  E.  P.  Gross 
and  S.  Zlerlng.  [  1955  ]  16p.  lncl.  tables.  [Technical 
rept.  no.  P-4]  [  AFOSR  TN- 55  304  ]  (Also  bound 
with  its  TR-58-15)  [AF  18(600)1124]  AD  107156 

Unclassified 

Also  published  in  Astrophys.  Jour.,  v.  123:  343- 
352,  Mar.  1956. 

The  method  of  hall  range  polynomials  for  transfer 
problems  is  studied.  It  is  suitable  in  cases  Involving 
boundaries,  where  incoming  and  outgoing  streams  must 
be  treated  separately  Conv*  rgewr  Is  established  for 
some  simple  problems  of  radiative  transfer.  The 
method  is  compared  numerically  with  other  approxima¬ 
tions  and  with  the  exact  solutions.  Extremely  accurate 
results  are  obtained  in  the  lowest  approximations. 
(Contractor's  abstract) 


SYR.  03:004 

Syracuse  U.  (Dept,  of  Physical  N.  Y. 

SMALL  OSCILLATION  THEORY  OF  THE  INTERAC¬ 
TION  OF  A  PARTICLE  AND  SCALAR  FIELD,  by 
E.  P.  Gross.  [  1955  25p.  refs,  i  Technical  rept 

no.  P  3  ]  [  AFOSH-TN-  55-305  1  (Also  bound  with 
UsTlt-58  15)  [  AF  18(600)1124  ]  AD  107155 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  100:  1571-1578, 

Dec.  15,  1955. 

The  interaction  of  a  nonrelativlstic  particle  with  a 
scalar  field  is  studied  with  particular  application  to 


ihe  iheory  of  polarons.  The  approach  is  based  on  a 
general  classical  method  for  the  integration  of  equa¬ 
tions  of  motion.  The  Hamiltonian  is  transformed  by 
successive  canonical  transformations,  the  first  cor¬ 
responding  to  describing  the  motion  relative  to  spe¬ 
cial  solutions  of  the  equations  of  motion.  This  stage 
ia  applied  to  suitably  ordered  Heisenberg  equations 
o'  motion  is  identical  with  intermediate  coupling 
theory.  The  second  transformation  treats  the  coupled 
small  osctllatk)Ti6  of  particle  and  field  oscillators 
about  the  chosen  special  solution.  This  affords  a 
natural  extension  of  intermediate  coupling  theory  for 
this  problem.  Differences  between  the  classical  and 
quantum  theories  arise  in  the  ordering  of  operators. 
The  differences  play  a  crucial  role  in  determining 
the  effective  cutoff  in  wave  vector  space.  (Contrac¬ 
tor's  abstract) 


SYR.  63:005 

Syracuse  U.  [Dept,  of  Physics]  N.  Y. 

THEORY  OF  MAGNETIC  RESONANCE  SATURATION 
(Abstract),  by  E.  P.  Gross.  [1955]  ]  1  lp.  [AF  18 
(600)1124]  Unclassified 

Published  in  Phys.  Rev.,  v.  99:  622-623,  Julv  15, 

1955; - 

We  use  equations  which  are  generalizations  of  the 
Karplus  and  Schwinger  type  to  study  saturation  in 
magnetic  resonance  absorption.  Spin- spin  inter¬ 
actions  are  in  the  Liouville  term,  while  spin  lattice 
interactions  are  represented  by  the  stochastic  term. 
For  gases,  the  magnetization  satisfies  equations  dif¬ 
fering  from  those  of  Bloch  in  that  the  transverse  com¬ 
ponents  tend  to  relax  io  the  instantaneous  value  of 
applied  field.  When  spin-spin  interactions  are  im¬ 
portant,  a  SbluHoti  is  obtained  for  line  width  small 
compared  to  the  Larmor  frequency.  The  solution 
agrees  with  Redfield’s  postulate  that  the  density  ma¬ 
trix  is  canonical  in  the  rotating  coordinate  system  for 
circularly  polarized  rf  fields.  The  defects  of  Bloch's 
equations  are  traced  to  using  perturbation  theory  in 
analyzing  the  statistical  behavior  of  a  system  in  weak 
interaction  with  a  reservoir.  Ve  develop  a  generali¬ 
zation  of  the  Weisskopf-Wigner  approach  ar.d  find 
generalizations  of  the  equations  used  in  the  foregoing. 
The  restriction  to  processes  near  equilibrium  made 
in  irreversible  thermodynamics  is  artificial.  It  is 
required  that  the  line  width  due  to  reservoir  Inter¬ 
action  be  small  compared  to  the  separation  of  com¬ 
bining  system  levels;  the  spin  system  can  deviate  ar¬ 
bitrarily  from  equilibrium.  (Contractor's  abstract) 


SYR.  03:006 

Syracuse  U.  |Dept.  of  Physics]  N.  Y. 

BOUNDARY  VALUE  PROBLEMS  IN  KINETIC  THEORY 
OF  GASES,  by  E.  P.  Gross,  [  E.  ]  A.  Jackson,  and  S. 
Ziering.  Oi  1956,  38p.  lncl.  tables,  refs.  jAPOSR- 
TN-56-527)  (A  18(600)1 124)  AD  1 10346 

Unclassified 
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Also  published  in  Ann.  Phys. ,  v.  1:  141-167,  May 
1957. 

The  state  of  a  gas,  flowing  between  2  parallel  plates, 
is  analyzed  from  fhe  viewpoint  of  kinetic  theory.  When 
the  mean  free  path  is  greater  than  the  distance  between 
the  plates,  the  exact  solution  shows  that  the  distribu¬ 
tion  function  is  discontinuous  in  velocity.  Distinction 
must  be  made  between  molecules  J.iijjiugmn  on  a  plate 
and  those  leaving.  The  problem  is  investigated  of 
finding  a  theory  valid  for  arbitrary  ratio  of  mean  free 
path  dlstarce,  and  cl  plate  s  peed  tc  sound  speed.  This 
is  most  easily  achieved  by  splitting  the  distribution 
function  into  the  above  mentioned  parts,  and  expanding 
each  part  in  polynomials  in  velt  -ity  space,  which  is  or 
thogonal  over  half  the  velocity  ~a  :ge.  In  every  approx¬ 
imation,  exact  account  is  given  of  (1)  the  microscopic 
boundary  conditions,  (2)  the  conservation  laws,  and 
(3)  the  behavior  in  the  low  pressure  region.  The  meth¬ 
od,  which  can  be  applied  to  the  Boltzmann  equation  is 
here  developed  for  the  kinetic  model  of  Bhatnagar, 
Gross,  and  Krook  (Phys.  Rev.,  v.  94:511-525,  May 
1954).  Variational  principles  are  stated  by  noting  the 
similarity  of  the  linearized  version  of  this  theory  to 
the  Milne  equation  of  radiative  transfer.  For  the  non¬ 
linear,  high  speed  case,  a  new  approach  in  the  low 
pressure  region  is  indicated.  The  relationship  to  al¬ 
ternative  methods  is  discussed.  When  the  distribution 
function  is  expanded  in  full  range  orthogonal  polyno¬ 
mials  it  is  necessary  to  go  to  high  order  to  obtain  an 
adequate  representation  of  the  low  pressure  region, 
and  of  the  boundary  layer.  Very  simple  half  range 
distribution  functions  yield  an  accurate  description  of 
the  state  of  the  gas.  (Contractor's  abstract) 


SYR.  03:007 

Syracuse  U.  [Dept,  of  Physics]  N.  Y. 

QUANTUM  THEORY  OF  DIELECTRIC  RELAXATION, 
by  E.  P.  Gross  and  J.  L.  Lebowitz.  [Oct.  1956]  12p. 
[  Technical  rept.  no.  P-5]  l  AFOSR-TN- 56- 528  I 
(Also  bound  with  itsTR-58-151  [  AF  18(600)1124) 

AD  110347  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington.  D.  C. ,  Apr.  28-30,  1955. 

Abstract  published  in  Phys.  Rev.,  v.  99:  623,  July 
15,  1955. 


collision  operat  or  for  a  given  Hamiltonian  of  system 
and  reservoir  in  not  treated.  Application  Is  made  to 
the  quantum  theory  of  dielectric  relaxation  with  the 
further  assumption  that  the  position  coordinates  of 
the  system  are  unchanged  by  collisions.  An  explicit 
solution  is  found  for  the  behavior  in  an  external  alter¬ 
nating  field  of  2-dlmensional  dipole  of  moment  of 
inertia  1  subji  ct  to  strong  collisions  with  the  reservoir. 
For  low  oulli  liuii  frequency  V/i ,  discrete  rotational 
lines  of  width  1/t  are  found,  while  at  high  collision 
frequencies  here  is  a  continuous  Debye  spectrum  with 
rvlaxattor,  t>  r/f  i  »- 1  /  *  /1/kt.  At  intermediate  col¬ 
lision  times,  the  absorption  and  dispersion  are  gov¬ 
erned  by  rn  interplay  of  quantum  and  inertial  effects. 
(Contractor's  abstract) 


SYR.  03:008 

Syracuse  U.  [Dept,  of  Physics)  N.  Y. 

KINETIC  THEORY  OF  COUETTE  FLOW  (Abstract), 
by  E.  P.  Gross.  E.  A.  Jackson,  and  S.  Ziering. 

1 1 956 1  [1  |p.  [AF  18(600)1124]  Unclassified 


Published  in  Bull.  Amer.  Phys.  Soc.,  Series  II, 
v.  1:  227,  Apr.  26,  1956. 

Investigation  was  made  on  the  kinetic  theory  of  plane 
shear  flow,  i,  u. ,  two  infinite  flat  plates  at  a  distance 
d,  moving  with  a  relative  velocity  U.  For  this  sim¬ 
plest  flow  problem,  exact  solutions  of  the  Navler- 
Stokes  equations  yielding  flow  pattern,  temperature 
distribution,  drag  for  arbitrary  U  arc  known.  The 
theory  of  the  infinite  mean  free  path  comparable  to 
d  and  high  speeds.  An  intuitive  two  stream  constant 
free  path  model  which  links  properly  the  known  limits 
and  which  yields  explicit  and  reasonable  results  in 
general  was  developed.  The  model  is  related  to  a 
discrete  ordinate  method  of  solving  the  Boltzmann 
equation.  The  features  of  several  interaction  methods 
which  give  solutions  satisfying  the  microscope  bound¬ 
ary  conditions  and  which  start  from  either  Knudson 
or  Navier-Stokes  limits  were  studied.  An  analysis 
is  made  of  the  linearized  (lOw  speed)  solutions  of 
Chang  and  Uhlenbeck  and  Mott-Smith.  (Contractor’s 
abstract) 


SYR.  03:009 


Also  published  in  Phys.  Rev.,  v.  104:  1528-1531, 
Dec.  15,  1956. 

The  statistical  behavior  of  a  system  coupled  to  a  res¬ 
ervoir  at  temperature  T  is  discussed.  The  interac¬ 
tions  are  assumed  to  be  impulsive.  (The  meaning  of 
impulsive  is  that  the  system  evolves  under  the  influ¬ 
ence  of  its  own  Hamiltonian,  except  for  infinitesimal 
time  intervals  when  the  state  is  abruptly  changed  by 
interactions  with  the  reservoir. )  Kinetic  equations 
are  written  for  the  classical  distribution  function  and 
quantum  density  operator.  The  class  of  operators 
admitted  leads  to  a  proper  description  of  the  irrever¬ 
sible  behavior  of  the  system.  Construction  of  the 


Syracuse  U.  |Dept.  of  Physics]  N.  Y. 

MAGNETIC  RESONANCE  IN  SPIN  SYSTEMS  (Abstract), 
by  A.  Zahlan  and  E.  P.  Gross.  [  1956 ]  1 1  ]p.  [  A  K  18 
(G00)1124|  Unclassified 

Published  in  Bull  Amer.  lhiys.  Soc.,  Series  11, 
v.  1:  210,  Apr.  20,  1950. 

Two  spins  couplet!  to  external  magnetic  fields  and  to 
each  other  by  exchange  and  dipolar  energies  were 
considered.  The  Liouvil'e  equation,  obeyed  by  the 
density  matrix,  is  multiplied  by  the  dipole  moment 
operator  to  yield  the  tract.  This  provides  an  equation 
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for  the  rate  of  change  of  the  magnetization  which  Is  the 
cross  product  of  magnetization  and  field,  plus  traces 
containing  two  spin  operators  which  arise  from  the  di¬ 
polar  energy.  Equations  for  the  change  of  the  traces 
are  obtained  m  like  manner;  the  process  terminates 
because  of  the  properties  of  the  spin  matrices.  For 
spins  of  1/2 -fi  there  are  nine  coupled  linear  equations. 

If  the  equations  are  completed  by  an  Instantaneous  field 
relaxation  terra,  a  full  discussion  of  line  positions, 
widths,  and  of  coherence,  saturation  and  thermodynam¬ 
ic  aspects  Is  possible.  The  introduction  of  spin  lattice 
relaxation  by  the  method  of  Bloembergen,  Purcell,  and 
Pound  requires  in  ‘he  gencrai  case  solution  of  equa¬ 
tions  with  stochastically  varying  coefficients.  (Con¬ 
tractor's  abstract) 


SYR.  04:001 

Syracuse  U.  [Inst,  of  Industrial  Research |  N.  Y. 

GENERALIZED  STATISTICAL  MECHANICS  AND  THE 
ONSAGER  RELATIONS,  by  P.  G.  Bergmann  and  A.  C. 
Thomson.  [19531  10p.  (Technical  rept.  no.  P-1) 

(AF  18(600)459)  AD  8463  Unclassified 

Also  published  in  Phys.  Rev.,  v.  91:  180-184,  July  1, 
1953. 

Symmetry  relations  similar  to  the  Onsager  relations 
(Phys.  Rev.,  v.  37:  405,  1931  and  Phys.  Rev,,  v.  38: 
2265,  1931)  were  derived  for  corresponding  cross  co¬ 
efficients  tn  ensembles  of  thermally  tsoi«icd  systems 
which  differ  very  little  from  an  equilibrium  canonical 
ensemble.  Expressions  without  symmetry  were  ob¬ 
tained  for  the  same  cross  coefficients  for  the  case  of 
large  deviations  from  equilibrium.  These  expresslors 
are  exactly  the  usuai  correlation  coefficients  of  fluctu¬ 
ation  theory,  but  they  were  obtained  without  the  aid  of 
that  theory. 


SYR.  04:002 

Syracuse  U.  Inst,  of  Industrial  Research,  N.  Y. 

GENERALIZED  CANONICAL  ENSEMBLE  IN  QUANTUM 
MECHANICS  (Abstract),  by  P.  C  Bergmann.  [1953  [ 
[l[p.  [AF  18(600)459|  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Sic. , 
Washington,  D.  C. ,  Apr.  30 -May  2  1953. 

Published  in  Phys.  ltev.,  v.  91:  477,  July  15,  1953. 

It  is  possible  in  quantum  mechanics  to  ccmstruei  parti¬ 
tion  function  and  (ensemble)  entropy  even  if  tl  several 
variables  with  respect  to  which  'he  ensemble  is  canon¬ 
ical  do  not  commute  with  each  other.  The  mean  ex¬ 
pectation  values  of  these  variables  are  given,  as  usuai, 
by  the  negative  partial  derivatives  of  ihe  logai  ithm  of 
the  partition  function  with  respect  to  the  'thermodynam¬ 
ic  forces.  "  (Contractor's  abstract,  mottitied) 


SYR.  04 :003 

Syracuse  U.  Inst,  of  Industrial  Research,  N.  Y. 

VAPOR-LIQUID  TRANSITIONS  IN  A  CLOSED  SYSTEM 
(Abstract),  by  C.  Willis  and  H.  L.  Frisch.  [  1953] 

[l[p.  [AF  18(600)459)  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  30-May  2,  1053. 

Published  in  Phys.  Rev.,  v.  91:  465,  July  15,  1953. 

A  formal  nonlinear  kiiictir  scheme  for  the  formation 
of  bubcritical  nuclei  of  a  liquid  from  a  supersaturated 
vapor  in  a  closed  system  was  formulated  without  the 
assumption  that  the  actual  distribution  does  not  de¬ 
part  appreciably  from  canonical  distribution.  The 
average  number  of  subcritical  nuclei  as  a  function  of 
size  ard  time  Is  presented  as  a  power  series  In  a 
parameter  i  which  is  the  ratio  of  the  average  rate 
constant  for  accretion  to  the  average  decay  constant. 

If  the  condition  that  the  system  be  closed  is  relaxed 
and  If  all  elementary  steps  involve  either  the  accretion 
or  loss  of  a  single  "vapor”  molecule,  then  the  equa¬ 
tions  governing  the  process  reduce  to  the  linear  equa¬ 
tions  derived  by  Becker  and  B6rlng.  Comparisons  be¬ 
tween  the  linear  and  nonlinear  equations  of  the  two 
theories  are  presented.  (Contractor's  abstract) 


SYR.  04:004 

Syracuse  U.  Inst,  or  Industrial  Research,  N.  Y. 

AN  EQUIPAR'l  ITION  PRINCIPLE  OF  GENERALIZED 
CANONICAL  ENSEMBLES,  by  H.  L.  Frisch.  [1953| 
7p.  (Technical  rept.  no.  P-2)  (AF  18(buC)*59) 

AD  19162  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C. ,  Apr.  30- May  2,  1953. 

Also  published  in  Phys.  Rev.,  v.  91:791-793,  Aug. 

15,  1953. 

An  equipartitici.  principle  is  presented  for  generalized 
canonical  ensembles  for  which  the  distribution  depends 
on  a  set  of  additive  parameters.  At  equilibrium,  the 
principle  reduces  to  the  classical  result,  provided 
that  one  or  a  sum  of  the  parameters  is  the  Hamiltonian 
of  the  sys  tem.  The  principle  is  applied  to  2  weakly 
interacting  gases  and  a  ga «  described  by  2  integrals 
of  the  motion. 


SYR  04 :005 

Syracuse  U.  Inst,  of  Industrial  Research.  N.  Y. 

GRAND  CANONICAL  KNSEMHIJIS,  1AP1.ACE  TRANS¬ 
FORM,  AND  THE  DARWIN- FOWLER  CONTOUR  IN¬ 
TEGRALS  (Abstract),  by  P.  G.  Bergmann  and  E. 
Newman.  [I953|[ljp.  |AF  I8(600)459| 

Unclassified 
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Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Rochester,  N.  Y.,  June  18-20,  1953. 

Published  in  Phys.  Rev.,  v.  92:  356,  Nov.  1,  1953. 

Let  the  Hamiltonian  of  a  thermodynamic  system  depend 
upon  some  parameter  (s)  such  as  volume  or  number  of 
particles.  Then  the  mean  of  the  partial  derivative  of 
the  Hamiltonian  with  respect  to  such  a  strain  parameter 
represents  the  associated  stress.  If  we  combine  ordi¬ 
nary  (petit)  canonical,  ensembles  with  different  values 
of  the  strain  parameter,  weighting  each  ensemble  with 
an  appropriate  exponential  (actor,  then  this  Laplace 
transformation  leads  to  the  grand  canonical  ensemble. 
This  transition  interchanges,  in  a  certain  sense,  the 
respective  roles  of  strain  and  stress.  A  return  to  the 
petit  ensemble  is  possible,  by  means  of  an  inverse 
Laplace  transformation,  the  integration  to  be  carried 
out  in  the  complex  plane.  The  well-known  Darwin- 
Fowlcr  method  for  obtaining  partition  functions  for 
fixed  particle  numbers  is  precisely  such  an  inverse 
Laplace  transformation.  (Contractor's  abstract,  modi¬ 
fied) 


SYR.  04:006 

Syracuse  U.  Inst,  of  Industrial  Research,  N.  Y. 

THE  KINETICS  OF  PHASE  TRANSITIONS  INVOLVING 
DIMER  REACTIONS,  by  H.  L.  Frisch  and  C.  Willis. 
June  30,  1953,  7p.  (Technical  rept.  no.  P-3)  (AF  18- 
(600)459)  Unclassified 

Also  published  in  Jour.  Chem.  Phys.,  v.  22:  243-244, 
Feb.  1954. 

A  kinetic  theory  of  vapor-liquid  phase  transitions  is 
presented,  in  which  embryos  of  the  new  phase  may 
grow  or  diminish  by  the  acquisition  or  loas  of  monomer 
and  dimer.  The  error  in  neglecting  the  latter  was 
negligible  except  in  systems  in  which  there  was  a  strong 
tendency  for  the  old  phase  to  dimerize,  so  that  at  equi¬ 
librium  a  large  fraction  of  the  total  molecules  was 
present  in  the  form  of  dimer.  The  equations  involved 
hi  the  reaction  are  developed.  The  theory  may  be  ex¬ 
tended  to  other  phase  changes. 


SYR.  04:007 

Syracuse  U.  (lost,  of  Industrial  Research]  N.  Y. 

SHAPE  OF  COLLISION- BROADENED  SPECTRAL 
LINES,  by  E.  P.  Gross.  Apr.  1954,  30p.  illus. 
(lAplOSH-TN-54-84)  (Sponsored  jointly  by  Office  of 
Naval  Ht  search,  Signal  Corps,  and  [Air  Force]  Office 
of  Scientific  Research  as  technical  note  no.  P-5  under 
AF  18(600)459  and  icrhnical  rept.  no.  79  under  M.  1. T. 
Lab.  for  Insulation  Research  N5ir  i-07801) 

Unclassified 

Also  published  jn  Phye.  Rev.,  v  97  -  395-403,  Jan. 
15.  1955. 

Vleck  and  Weisskopf  and  Krohlich  have  derived  a 
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microwave  line-sh?.pe  by  studying  the  interruption  by 
collisions  of  the  motion  of  a  classical  oscillator. 

They  assume  that  after  the  instantaneous  impact  the 
oscillator  variables  are  distributed  according  to  a 
Boltzmann  distribution  appropriate  to  the  value  of  the 
applied  field  at  collision.  In  contrast  to  the  earlier 
theory  of  Lorentz,  they  obtain  the  correct  static 
polarization.  The  procedure  Involves  an  assumption 
of  very  large  velocity  during  collision.  This  is  crit¬ 
icized  on  the  grounds  that  the  duration  of  collision  Is 
short  compared  to  the  resonant  period,  and  energy 
exchanges  are  of  the  order  of  kT.  We  have  derived 
a  line  shape  formula  assuming  that  the  positions  are 
unchanged  after  Impact.  Two  extreme  models  are 
studied.  In  one  the  oscillators  have  a  Maxwellian  dis¬ 
tribution  of  velocities  after  impact;  the  second  is  a 
Brownian  motion  treatment.  The  resulting  line-shape 
in  both  cases  is  that  of  a  friction  damped  oscillator. 
For  collision  frequency  much  less  than  the  resonant 
frequency,  the  polarization  postulated  by  the  above 
authors  Is  reached  as  a  result  of  kinematic  motion 
between  collisions  and  the  line  shaper  agree.  How¬ 
ever,  to  obtain  equal  line  widths  and  peak  absorptions 
the  collision  frequency  is  twice  as  large  for  the  pres¬ 
ent  theory.  For  collision  frequency  comparable  to 
resonant  frequency  a  less  distorted  line-shape  results. 
For  testing  the  theories,  experiments  on  foreign-gas 
broadening  in  the  microwave  region  at  pressures  of 
the  order  of  an  atmosphere  are  required.  Differences 
between  the  theories  are  small  for  conditions  access¬ 
ible  experimentally  at  present.  (Sec  also  item  no. 

MIT.  08:036)  (Contractor's  abstract) 
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Syracuse  U.  [Inst,  of  Industrial  Research]  N.  Y. 

ON  N-PARTICIJE  DISTRIBUTION  FUNCTIONS,  by 
H.  L.  Frisch.  Apr.  1954,  I7p.  incl.  refs.  (Techni¬ 
cal  note  no.  P-4)  (]AF)OSR-TN-54-85)  (AF  18(600)- 
459)  AD  37506  UncUssified 

Also  published  in  Jour.  Chem.  Phys.,  v.  22:  1713- 
1717,  OctrifET 

An  investigation  was  made  of  a  certain  class  of  ap¬ 
proximate  solutions  of  the  Yvon- Born-Green  recur¬ 
rence  relations  for  the  lower  dimensional  molecular 
distribution  functions.  The  analysis  was  based  on  a 
particular  mechanism  of  exclusion  of  interactions 
among  clusters  composed  of  successively  larger  num¬ 
bers  of  molecules.  This  mechanism  leads  to  a  chain 
of  equations  for  the  approximate  distribution  functions 
which  (1)  converge  to  the  exact  molecular  distribution 
function  after  a  finite  number  of  approximations,  (2) 
are  linear  in  Ihe  dependent  variable  just  like  the  Yvon- 
llorn-Green  recurrence  relations,  and  (3)  are  time- 
reversible.  The  connection  between  these  equations 
inn  certain  natuiM  generalizations  of  Boltzmann's 
equation  to  other  than  binary  collisions  is  obtained. 
(AST1A  abstract) 
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Syracuse  U.  [Inst,  of  Industrial  Research]  N.  Y. 

SIMPLIFIED  MODEL  OF  A  STATIONARY  NONEQUI¬ 
LIBRIUM  PROCESS  (Abstract),  by  H.  L.  Frisch  and 
J.  L.  Lebowitz.  [1954]  [l]p.  [AF  18(600)459] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  29-May  1,  1954. 

Published  in  Phys.  Rev.,  v.  95:  643,  July  15,  1954. 

A  Gibbs  ensemble  will  describe  a  stationary  process 
if  the  Liouville  equation  of  the  system  is  modified  by 
additional  terms  describing  the  stochastic  interaction 
with  surroundings,  provided  the  surroundings  are  at 
different  temperatures.  In  that  case  there  will  be  a 
flux  of  energy  through  the  system  whose  ensemble 
average  does  not  vanish.  Probably  the  simplest  model 
of  such  a  process  is  a  single  one-dimensional  particle 
traveling  back  and  forth  between  two  large  pistons  hav¬ 
ing  different  mean  energies  of  vibration.  Because  even 
this  model  leads  to  a  rather  involved  integral  equation, 
it  has  been  simplified  further  by  assuming  that  some 
of  the  reflections  from  the  pistons  are  as  from  rigid 
walls,  with  the  remainder  (a  fixed  percentage  of  all 
reflections)  leading  to  a  redistribution  of  velocity  in¬ 
dependent  of  the  incident  velocity.  This  redistribution 
may  be  thought  of  as  a  surface  adsorption  with  subse¬ 
quent  release.  This  new  model  is  mathematically  so 
simple  that  the  solutions  of  the  integro-differential 
equation  can  be  obtained  in  full  by  relatively  elemen- 
tar  methods.  The  results  are  presented.  (Con¬ 
tractor's  abstract) 


Syracus. 
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NEW  APPROACH  TO  NONEQUU.IDIUUM  PROCESSES, 
by  P.  G.  Uergmann  and  J.  L.  Lebowitz.  Mar.  1955, 
30p.  (Technical  note  no.  P-7)  [  AFOSIt  TN-55-81 
[  AE  18(600)459  AD  58012  Unclassified 

Alsu  published  in  Phys.  Rev.,  v.  99:  578-587,  July 
15,  1955. 

A  new  model  is  proposed  for  the  description  of  lrre 
verslble  processes,  which  permits  the  construction  of 
a  Gibus  type  ensemble  and  the  employment  of  the  gen¬ 
eral  techniques  of  statistical  mechanics.  The  Internal 
dynamics  of  the  system  that  Is  engaged  In  the  process 
is  assumed  to  be  described  fully  by  Its  Hamiltonian. 

Its  Interaction  with  the  driving  reservoirs  Is  described 
In  terms  of  Impulsive  interactions  (collisions).  Tt.e 
reservoirs  themselves  possess  definite  temperatures, 
are  inexhaustible,  and  free  of  Internal  gradients.  The 
ensemble  obeys  an  integrodlfferentlal  equation  in  T 
space,  containing  both  the  terms  of  the  Liouville  equa¬ 
tion  and  a  stochastic  integral  term  that  describes  the 
collisions  with  the  reservoirs.  It  is  shown  that:  (1) 
the  ensemble  wit’,  approach  canonical  distribution  in 


the  course  of  time  tn  the  presence  of  a  single  driving 
reservoir;  (2)  it  wtll  approach  a  stationary  non- 
equtlibrium  distribution  in  the  presence  of  several 
reservoirs  at  different  temperatures;  and  (3)  in  the 
tatter  case,  and  for  small  temperature  differences, 
Onsager’s  reciprocal  relations  are  satisfied  by  the 
stationary  distribution.  (Contractor’s  abstract) 


SYR.  04:011 

Syracuse  U.  (Inst,  of  Industrial  Research]  N.  Y. 

IRREVERSIBLE  GIBBSIAN  ENSEMBLES,  by  J.  L. 
Lebowitz  and  P.  G.  Bergmanx  Nov.  1956,  43p. 
(Technical  note  no.  P-8)  (AFOSR-TN-56-566)  (AF  18- 
(600)459)  AD  110387  Unclassified 

Also  published  In  Ann.  Phys.,  v.  1:  1-23,  Apr.  1957. 

It  Is  shown  that  it  Is  not  required  to  assume  the  "direct 
symmetry"  of  K  for  an  equilibrium  approach.  The 
argument  of  a  weaker  requirement  Is  derived  from  a 
general  theorem  which  states  that  regardless  of  sym¬ 
metry  assumptions  on  K,  (i)4p  ( x  t)/d t  + 
<p(x,t),Hs(x))  j  x,  [  K(x,  x1)  a(x*,l)  Kfx1,  x) gi(x,  t) J 
dxl  possesses  at  most  one  stationary  solution,  which 
inters  the  ensemble  approaches  this  state  In  the  course 
of  lime.  A  weaker  condition  to  be  obeyed  by  K(x,  x^), 
which  Is  both  necessary  and  sufficient  for  an  asymptotic 
approach  to  canonlcity,  is  Investigated  and  the  Onsager 
relations  are  proved  under  these  conditions  with  more 
than  one  reservoir.  The  physical  model  of  Impulsive 
Interactions  between  the  system  and  Its  surroundings 
Is  used  to  derive  Equation  (1).  The  kernels  are  con¬ 
structed  directly  from  the  physical  model  where  the 
properties  are  assumed,  necessary  for  the  different 
symmetry  conditions  on  K  to  hold.  The  formalism  Is 
extended  to  more  general  types  of  reservoirs.  An 
originally  generalized  canonical  ensemble  reservoir 
and  systems  which  exchange  particles  with  a  reservoir 
are  studied. 


SYR.  04:012 

Syracuse  U.  ,  Inst,  of  Industrial  Research i  N.  Y. 

WEAKENED  SYMMETRY  CONDITION  ON  STOCHASTIC 
KERNEt.S  (Abstract),  by  J.  L.  Lebowitz.  [  1956  ] 

I  p.  AE  18(000)459  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

New  York,  Jan.  30  Feb.  3,  1956. 

Published  In  Bull.  Amer.  I’hys.  Soc.,  Series  II,  v.  1: 
73,  Jan.  30,  1956. 

A  model  for  an  Irreversible  process,  In  which  a  thermo¬ 
dynamic  system  of  arbitrary  structure  Interacts  Im¬ 
pulsively  with  Inexhaustible  reservoirs.  It  obeys  In 
Its  y  space  a  Liouville  equation,  augmented  by  a 
stochastic  integral  term.  The  kernel  of  this  term  was 
postulated  to  possess  a  certain  symmetry.  This 
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symmetry  condition  has  been  found  to  be  unnecessarily 
severe.  It  can  be  weakened  to  a  condition  somewhat 
similar  to  " semldetailed  balance."  This  new  condition 
is  both  necessary  and  sufficient  to  yield  these  prop¬ 
erties:  (1)  If  driven  by  a  single  reservoir,  the  distri¬ 
bution  function  of  the  system  approaches  the  canonical 
distribution  asymptotically.  (2)  With  several  reservoirs, 
the  Onsager  reciprocal  relations  are  sai*sfted  for  near- 
rqutllbrlum  conditions.  (Contractor's  abstract) 


SYR.  04:013 

Syracuse  U.  [Inst,  of  Industrial  Research]  N.  Y. 

GENERALIZATION  OF  OUR  MICROMODEL  OF  IRRE¬ 
VERSIBLE  PROCESSES  (Abstract),  by  J.  L.  Lebowttz 
and  P.  G.  Bergmann.  [  1956]  [  I  Ip.  [  AF  18(600)459] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C.,  Apr.  26-28,  1956. 

Published  in  Bull.  Amer.  Phys.  Soc.,  Series  II,  v.  1: 
221,  Apr.  26,  1956. 

The  model  of  a  system  that  exchanges  energy  with  Its 
surroundings  stochastically  (and  thereby  approaches 
canonical  distribution  If  the  surroundings  are  at  a 
definite  temperature)  has  been  extended  to  the  exchange 
of  other  physical  variables,  including  the  number  of 
(identical)  particles.  For  suitably  constructed  reser¬ 
voirs  the  system  will  then  approach  a  generalized 
canonical  or  grand  canonical  distribution.  If  the  system 
Interacts  with  several  reservoirs  whose  Intensive  para¬ 
meters  have  different  values,  a  stationary  Irreversible 
process  will  result.  Among  the  possible  applications 
of  the  extended  model  Is  the  treatment  of  electric 
currents  and  other  particle  fluxes.  The  validity  of 
Onsager's  reciprocal  relations  for  such  situations  Is 
verified.  (Contractor's  abstract) 
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Syracuse  U.  Inst,  of  Industrial  Research  j  N.  Y. 

STOCHASTIC  BOUNDARY  CONDITIONS  IN  IRREVERS¬ 
IBLE  PROCESSES  (Abstract),  by  II.  Salwen,  W.  (  L. 
Sadowski,  and  P.  G.  Bergmann.  [  1956  J  [lip. 

[  AF  18(600)459]  Unclassified 

Presented  at  meeting  ol  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  26-28,  1956. 

Published  In  Bull.  Ainer.  I'hys.  Soc.,  Series  II,  v.  1: 
221,  Apr.  26,  1956, 

Bergmann  and  Lebowllz  described  the  time  dependent 
interaction  of  open  systems  with  their  surroundings  by 
introducing  stochastic  terms  on  the  rtgi'  -hand  side  of  the 
Llouvllle  equation  In  T  space.  Realistically,  such  Inter 
action  ordinarily  takes  place  only  In  certain  regions  of 
physical  space  and  thence  also  In  limited  domains  of  the 


T  space.  Accordingly,  Investigation  is  made  of  the 
extreme  case  tn  which  the  causal  Ltouville  equation 
is  satisftcd  everywhere  except  on  certain  hypersur¬ 
faces.  The  dynamics  of  the  stochastic  Integral  operator 
ts  then  replaced  hy  "  stochastic  boundary  conditions, " 
Integral  conditions  on  the  density  function  on  the  hyper¬ 
surfaces.  The  form  of  the  boundary  conditions  may  be 
ascertained  either  by  a  transition  to  the  limit  of  the 
region  in  which  the  original  Integral  operator  Is  non¬ 
zero  or  by  the  formal  requirement  that  the  Helmholtz 
potential  of  the  ensemble  decrease  monotonlcally  with 
time.  (Contractor’s  abstract) 


SYR.  05:001 

Syracuse  U.  Research  Inst. ,  N.  Y. 

DIRECTIONAL  INTENSITIES  OF  POSITIVE  AND 
NEGATIVE  MESONS  IN  THE  ATMOSPHERE,  by  F.  B. 
Harris,  Jr.  July  3,  1956  [  10]  p.  tncl.  dtagrs.  tables. 
(AFOSR-TR- 56- 25)  (AF  18(600)1583)  AD  50002 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  104  :  542-544,  Oct. 

15,  1956. 

It  has  been  found  that  n-  meson  Intensities  at  zenith 
angles  of  22'i°  and  67' :°  at  Chacaltaya,  Bolivia  are 
In  good  agreement  with  the  theory  given  by  Harris 
and  Escobar  (Phys.  Rev.,  v.  100:  255,  1955).  Data 
taken  at  zenith  angles  of  45°  at  Echo  lake,  Colorado 
confirm  that  part  of  the  theory  which  describes  the 
effect  of  the  terrestrial  magnetic  field  on  the  n  mesons 
after  their  production  In  the  atmosphere. 


SYR.  06:001 

Syracuse  U.  [Research  Inst,  j  Electrical  Engineering 
Dept.,  N.  Y. 

A  STUDY  OF  THE  PHYSICAL  PROPERTIES  OF 
FERRITES  AND  RELATED  MATERIALS.  PART  I. 
MAGNETIC  D1P01.AR  INTERACTIONS  IN  ORDERED 
FFRRITES,  by  W.  L.  Sadowski,  R.  A.  Johnson,  and 
D.  W.  Healy,  Jr.  Final  rept.  no.  I.  Dec.  1955,  41p. 
tncl.  dlagrs.  tables,  refs.  (Rept.  no.  EE250-55I2F1) 
(AF  18(600)754)  Unclassified 

The  effects  of  classical  magnetic  dipole  -  dipole  Inter¬ 
actions  tn  an  ordered  ferrite  crystal  structure  are 
examined.  It  Is  assumed  that  the  ferrites  are  com¬ 
pletely  Inverted  and  the  term  ordered  refers  to  a  long 
range  ordering  of  the  metallic  cations  on  the  vari<«s 
available  octahedral  sites  of  the  crystal.  A  quantitative 
calculation  of  the  magnitude  of  these  effects  Is  made 
and  the  dipole  interaction  energies  are  found  to  be  of  the 
order  of  IO6  ergs/cc.  At  least  two  ferrites,  magnetite, 
and  lithium  ferrite  are  believed  to  occur  physically  In 
an  ordered  state.  Predictions  are  made  concerning  the 
result  of  microwave  resonance  experiments  on  lithium 
ferrite  and  explanations  are  offered  fo>  the  experimental 
results  obtained  on  magnetite  below  Its  transition  tem¬ 
perature.  (Contractor's  abstract) 
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SYR.  06:002 

SyracuseU.  Research  Inst.  [  Electrical  Engineering 
Dept.  ]  N.  Y. 

MAGNETIC  DIPOLE  EFFECTS  IN  FERRITES,  by  D.  W. 
Healy,  Jr.  and  R.  A.  Johnson.  [  1956 ]  [  1 7  J  p.  Incl. 
tables,  rels.  (AFOSR-TN-56-224)  (AF  18(600)754) 

AD  88032  Unclassllted 

Also  published  In  Jour.  Chem.  Phys.,v.  26:1031-1035, 
May  1957. 

An  analysis  Is  made  o(  the  role  which  classtcal  magnetic 
dlpole-dlpole  Interactions  may  play  In  the  physical  be¬ 
havior  o(  (errttes  especially  Its  magnetic  anlstropy. 

In  magnetite,  the  ordering  takes  the  lorm  ot  1:1 
ordering  In  lhe  D  sites  In  which  successive  (001)  layers 
ol  B  sites  are  occupied  by  Fet+  and  Fe***  Ions, 
respectively.  In  LIq  5  Fe2  5  O^,  the  ordertng  Is  a  3:1 
ordering  In  the  B  sttes  where  every  row  o(  B  sites  In 
the  L  110  i  direction  contains  a  LI  ton  every  fourth  site. 
The  dipolar  contribution  lo  the  Internal  field  Is  calculated 
at  each  latttce  site  for  the  general  case  of  perfect  long 
range  order.  When  evaluated  for  the  specific  ordertng 
postulated  for  magnetites  and  LI  ferrite,  these  results 
predicted  a  large  dipolar  contribution  to  the  anisotropy 
energy.  In  most  ferrites  of  Interest  In  which  long  range 
order  Is  absent,  the  magnetic  cations  are  statistically 
distributed  on  the  available  B  sites.  The  statistical 
properties  of  the  resulting  local  dipole  field  are  dis¬ 
cussed. 


SYR.  06:003 

Syracuse  U.  Research  Inst.  Electrical  Engineering 
Dept.,  N.  Y. 

A  STUDY  OF  THE  PHYSICAL  PROPERTIES  OF 
FERRITES  AND  KEI.ATED  MATERIAL.  PART  2. 
MAGNETIC  DIPOLAR  INTERACTIONS  IN  DISORDERED 
F'ERRITES,  by  R.  A.  Johnson.  Final  rept.  no.  2.  Feb. 
1956,  16p.  Incl.  table,  refs.  (Rept.  no.  EE250-563F2/ 
(AF  18(600)754)  Unclassified 

The  statistical  properl es  of  the  local  dipole  field  re 
suiting  from  a  disordered  arrangement  of  metallic  Ions 
In  the  ferrite  crystal  structure  are  discussed.  Quanti¬ 
tative  results  are  obtained  for  limiting  distributions  uf 
Ions  on  the  available  octahedral  sites.  For  nickel 
ferrite,  the  rms  dipole  field  Is  nearly  2000  oersteds  for 
random  ordering  and  somewhat  larger  If  short  range 
order  exists.  With  this  model  the  expected  Hue  width  In 
magnetic  resonance  Is  of  the  order  ot  20  oersteds.  The 
results  also  predict  a  small  (about  7%)  cubic  anisotropy 
In  the  line  width  with  the  narrower  line  obtained  when 
the  equilibrium  position  of  the  magnetization  Is  along  a 
body  diagonal.  Since  thermal  motion  of  the  spins  Is  not 
considered, the  theory  Is  only  applicable  at  low  tempera¬ 
tures.  An  experimental  test  of  the  theory  on  a  single 
crystal  of  lithium  ferrite  which  can  be  prepared  in  either 
the  ordered  or  disordered  phase  Is  suggested.  (Con 
tractor's  abstract) 


SYR.  06:004 

Syracuse  U.  [  Research  Inst.  ]  Electrtcal  Engineering 
Dept. ,  N.  i  . 

A  STUDY  OF  THE  PHYSICAL  PROPERTIES  OF 
FERRITES  AND  RELATED  MATERIALS.  PART  3. 
ELECTRONIC  RESONANCE  IN  NICKEL  FERRITE  AT 
LOW  TEMPERATURES,  by  D.  W.  Healy,  Jr.  and  R. 

A.  Johnson.  Final  rept.  no.  3.  Mar.  1956,  23p.  Incl. 
dtagr.  tables,  refs.  (Rept.  no.  EE250-563F3) 

(AF  18(600)754)  UnclassUted 

An  experimental  study  of  the  g  value  and  magnetic 
anisotropy  constants  of  a  stngle  crystal  of  nickel 
ferrite  is  reported.  These  constants  were  measured 
over  a  temperature  range  from  room  temperature 
(298°K)  to  liquid  helium  temperature  (4.  2°K)  and  over 
a  frequency  range  from  6,000  to  11,000  megacycles. 
The  prtnctpal  study  was  made  on  a  stngle  crystal  of 
nickel  ferrtle  on  which  measurements  at  the  K  band 
frequencies  had  been  made  at  the  Bell  Telephone 
Laboratories.  The  results  of  measurements  taken  at 
the  X  band  frequency  were  found  to  be  consistent  with 
those  taken  at  the  K  band  frequency  when  the  X  band 
data  was  extrapolated  according  to  the  following  equa¬ 
tion:  w  -  y’  (Hgjf  -  Hj). 


SYR.  06:005 

Syracuse  U.  Research  Inst.  !  Electrical  Engineering 
Dept.  1  N.  Y. 

ANISOTROPY  CONSTANTS  AND  g  VALUE  OF  NICKEL 
FERRITE,  by  D.  W.  Healy,  Jr.  and  R.  A.  Johnson. 

[  19561  [  13  )p.  Incl.  dlagrs.  tables.  (AF  18(600)754) 

Unclassified 

Also  published  In  Phvs.  Rev.,  V.  104:634-636,  Nov. 

1,  1956. 

The  anisotropy  constants  and  spectroscopic  g  value  of 
a  nickel  ferrlle  single  crystal 

!  (NlO)0 .95  (F*»o .05re2°3 

have  been  measured  from  4”K  to  room  temperature 
over  a  frequency  range  from  7,900  to  11,500  mc/sec. 
The  data  Indicate  that  g  varies  with  frequency,  as  well 
as  temperature,  and  that  the  second  order  anisotropy 
constant  Is  relatively  Important  even  at  the  lowest  tem¬ 
perature.  (Contractor's  abstract) 


SYR.  07:001 

Syracuse  U.  Research  Inst.  Electrical  Engineering 
Dept.  )  N.  Y. 

WAVE  PROPAGATION  NON- RECIPROCAL  MEDIA, 
by  K.  F.  Harrington.  Interim  rept.  no.  1.  Oct. 
1956,  19p.  Incl.  dlagrs.  tables.  (Rept.  no. 

EE  309-5610T1)  (AF  18(600)1529)  AD  117993 

Unclassified 
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The  exact  characteristic  equatton  Is  used  to  obtain 
approximate  solutions  to  the  problem  of  a  nonrectprocal 
waveguide  conststing  of  a  thin  axially  magnetized  ferrite 
cylinder  coaxially  placed  in  a  ctrcutar  guide.  The 
characteristic  equation  ts  considered  to  be  a  function 
of  8  (ratio  of  the  free- space  wavelength  to  the  guide 
wavelength),  p,  and  k.  The  other  parameters  are  taken 
to  be  fixed  tn  value.  If  f  (  g,  P ,  k)  -  0  Is  well  behaved, 

It  can  be  expanded  tn  a  Taylor  sertes  about  particular 
values  of  the  tndlcated  parameters;  the  particular  values 
are  taken  to  be  those  for  a  dlelectrtc  cylinder  In  a  wave¬ 
guide  (  p  =  t,  k  =  0).  To  evaluate  the  first- order  solu¬ 
tion  obtained,  the  phase  constant  for  a  dtelectrtc  rod  tn 
a  circular  waveguide  ts  obtained.  The  special  case  of 
the  ferrlte-fllled  ctrcular  waveguide  Is  considered. 

The  equations  for  fields  In  a  ferrite  media  are  given, 
and  the  characteristic  equation  for  a  ferrtte  cylinder 
In  a  circular  wavegutde  ts  derived  in  appendtxes. 

(ASTI A  abstract) 


SYR.  08:00t 

Syracuse  U.  Research  Inst  Mechanical  Engineering 
Dept.,  N.  Y. 


DYNAMIC  EQUATIONS  OF  DONNELL'S  TYPE  FOR 
CYLINDRICAL  SHELLS  WITH  APPLICATION  TO 
VIBRATION  PROBLEMS,  by  Y.  -Y.  Yu.  Oct.  t95fl, 

22p.  (Rept.  no.  ME390-56tOTNt)  (AFOSR-TN-56-528) 
(AF  1 8(803)5)  AD  tt0345  Unclassified 


Presented  at  Ntnth  International  Congress  of  Appl. 
Mech. ,  Brussels  (Belgium),  Sept  5-t3,  1956. 


A  set  of  dynamic  equations  was  previously  derived  which 
corresponds  to  the  original  Donnell  (NACA  Tech,  rept 
no.  479,  1933)  static  equations  used  In  bending  and 
buckling  problems  of  cylindrical  shells.  In  this  note  2 
more  sets  of  Donnell- type  dynamic  equations  for  cylin¬ 
drical  shells  are  presented.  The  ftrst  set  ts  derived 
from  the  well-known  Fliigge  equations,  which,  like  the 
previous  set,  do  not  tnclude  transverse  shear  and  rota¬ 
tional  tnertla  effects.  The  2nd  set  ts  derived  from  equa¬ 
tions  which  do  Include  these  effects.  It  ts  shown  that 
the  2nd  set  may  be  reduced  to  the  first,  which  may  tn 
turn  be  reduced  to  the  one  given  tn  the  previous  paper. 

On  the  basts  of  the  Donnell- type  equations  which  do  not 
tnclude  transverse  shear  and  rotational  tnertla  effects, 
the  free  vibration  problem  of  cylindrical  shells  with 
freely  supported  edges  ts  first  Investigated.  By  further 
making  use  of  Galerkln's  method,  the  cases  of  shells 
with  clamped  and  flexibly  supported  edges  are  also 
dtscussed.  The  last  case  of  flexibly  supported  edge  has 
never  been  Investigated  before  and  comprises  the  other 
2  of  freely  supported  and  clamped  edges  as  special 
limiting  cases.  As  exemplified,  one  advantage  of  using 
Donnell-type  equations  tn  the  vibration  studies  of 
cyllndrtcal  shells  Is  that  the  natural  frequency  and  mode 
may  now  be  calculated  from  separate  equations.  Another 
Important  application  feature,  also  Illustrated,  ts  that 
the  Galerkln  method  may  be  used  effectively  and 
conveniently.  (Contractor's  abstract) 
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TOt.Ol  :001 

Technical  Operations,  Inc. ,  Arlington,  Mass. 

MANUAL  FOR  USE  OF  PHOTOGRAPHIC  THEORY 
BIBLIOGRAPHY,  by  J.  E.  LuValle  and  T.  R.  Kaplan 
Oct.  23.  1953,  lv.  incl.  illus.  (Technical  rept.  no.  1; 
rept.  no.  TOI  53-14)  (AF  18(600)371)  AD  20639 

Unclassified 

This  report  comprises  a  manual  for  the  use  of  ihe 
punched-card  bibliography  on  Phoiographic  Theory 
which  has  been  prepared  for  ihe  Air  Force.  Ii  consisls 
of  an  explanatory  manual  written  by  the  siaff  who  pre¬ 
pared  the  bibliography,  a  commercial  manual  from  the 
McBee  Company  which  explains  soriing  iechniques,  and 
two  copies  of  the  code  used  in  this  bibliography.  One 
copy  is  a  classification  outline,  and  the  other  copy  is  an 
alphabetical  listing  of  subjecis  which  have  been  coded  in 
ihis  bibliography  wiih  ihe  accompanying  code  numbers. 
With  each  bibliography  a  set  of  alphabetized  index  cards 
has  also  been  Included.  (Contractor's  absiract) 


TOI.  01:002 

Technical  Operations,  Inc. ,  Arlington,  Mass. 

THE  CHEMISTRY  OF  PHOTOGRAPHIC  DEVELOPMENT. 
IV.  THE  DIFFUSION  OF  HYDROQUINONE  AND  STRON¬ 
TIUM  tON  tN  GELATIN,  by  J.  E.  LuValle,  F.  M. 
Dunnington,  and  C.  Margnetii.  Mar.  23,  1954,  17p. 
incl.  "'  is.  tables,  refs.  (Technical  noie  no.  5;  repi. 
no.  TOl-54-6)  (1  AF  .OSK-TN-54-5)  (AF  18(600)371) 

AD  27992  Unclassified 

Also  published  in  Photogr.  Eng.,  v.  6:42-49,  1955. 

Some  results  of  an  invesiigation  of  the  diffusion  of  Sr®° 
ion  and  hydroquinone  are  reported.  The  diffusion  of 
Sr90  ion  and  hydroquinone  in  gelatin  involves  more  than 
a  simple  physical  transport  of  sotule  through  caplltarles 
(?)  in  the  gelatin.  The  data  for  Sr"  ion  indicate  the 
necessity  of  investigating  ihe  diffusion  of  hydroquinone 
and  other  developers  in  ihe  pH  range  of  developmeni 
where  ihe  developer  is  ionized.  (Coniractor's  abstracl) 


TOt.  01:003 

Technical  Operations,  Inc. ,  Arlingion,  Mass. 

THE  CHEMISTRY  OF  PHOTOGRAPHIC  DEVELOPMENT, 
t.  THE  CHKMtSTHY  OF  QUtNONE  IN  SOLUTtON,  by 
J.  E.  LuValle,  D.  L.  Davidson  and  others.  Mar.  11, 
1954,  30p.  incl.  illus.  tables,  refs.  (Technical  noie  no. 
2;  rept.  no.  TOt-54-3)  ( [  AF  , OStl-TN-54-39)  (AF  18- 
(600)371)  AD  27813  Unctasslfied 

An  initial  investigation  of  the  chemisiry  of  quinone  in 
solution  has  shown  that  its  reactions  are  quiie  sensitive 
to  pH  In  general,  quinone  undergoes  oxidation  reduc  - 
tion  reactions  with  reducing  agents  !ii  low  pll.  At  mod 
erate  pll  values  an  addition  reaction  predominates,  and 


as  ihe  pH  increases,  a  base- catalyzed  hydration- enoli- 
zation  becomes  very  important.  The  general  conditions 
for  these  reactions  have  been  Investigated  and  especial¬ 
ly  the  base-caialyzed  hydratlon-enolization.  The  hydra¬ 
tion-  enolization  reaction  may  be  very  imporiani  in 
photographic  development.  The  base-catatyzed  hydra- 
tion-enolization  of  quinones  has  not  been  previously  re¬ 
ported.  (Contractor's  abstract) 


TOI.  01:004 

Technicat  Operations,  Inc.,  Arlington,  Mass. 

THE  CHEMISTRY  OF  PHOTOGRAPHIC  DEVELOP¬ 
MENT.  m.  THE  CHEMISTRY  OF  QUINONE  AND  ITS 
RELATION  TO  'INFECTIOUS  DEVELOPMENT,  "  HIGH¬ 
SPEED  DEVELOPMENT,  DIRECT  POSITIVE  DEVEL¬ 
OPMENT,  "SUPERADDITIVE  DEVELOPERS,  "  AND 
ANTIFOGGANTS,  by  J.  E.  LuValle  and  F.  M.  Dunning¬ 
ton.  Mar.  11,  1954,  39p.  incl.  illus.  tables,  refs. 
(Technicat  note  no.  3;  rept.  no.  TOt-54-4)  ([AFJOSR- 
TN-54-40)  (AF  18(600)371)  AD  27814  Unclassified 

The  catalyzed  hydration- enolization  of  quinone  in  hydro¬ 
quinone  developers  produced  hydroxyhydroqulnone 
which  appears  to  be  the  fogging  ana  accelerating  devel¬ 
oper  of  Infectious  development.  Hydrazine  was  con¬ 
sidered  to  act  as  a  catalyst  for  the  hydratlon-enolization 
and  al*o  to  hold  Ihe  lydccrjhydrtiqulr /•»■».  ir  ID-  reduced 
state  until  the  hydrale- enolate  reacts  with  a  Ag  halide 
grain.  The  caialyzed  hydratlon-enolization  of  the  qui- 
nold  states  of  the  developers  composing  a  superadditive 
developer  was  considered  the  primary  cause  ol  super- 
additlvlty.  The  reduced  developers  also  serve  to  hold 
the  hydrate-enolates  in  the  reduced  state  until  they  re¬ 
act  with  Ag  halide.  This  evidence  points  to  the  first 
hjiirate-eftbtate  as  being  tht  atllve  agehl  In  these  pro¬ 
cesses.  This  does  not  eliminate  ihe  possibility  of  the 
hydrate-enolale  semiquinones  also  acting  on  ihe  charge 
barrier.  The  antlfoggants,  such  as  benzotriazole,  6- 
nitrobenzinildazole,  and  phenosafranln,  att  react  wiih 
hydroxyhydroqulnone  or  its  oxidation  products.  The 
nature  of  ihls  reaction  was  noi  deiermined.  The  action 
of  amidol  is  discussed  on  the  basis  of  its  relation  io 
hydroxyhydroqulnone. 


TOI.  01:005 

Technical  Operations,  tnc.,  Arlingion,  Mass. 

THE  CHEMISTRY  OF  PHOTOGRAPHIC  DEVELOP¬ 
MENT,  UI.  THE  HYDRATtON-ENOLIZATtON  OF  THE 
QUINOtD  STATE  AND  PHOTOGRAPHIC  DEVELOP¬ 
MENT,  by  J.  E.  LuValle.  Mar.  15,  1954,  9p.  incl. 
refs.  (Technical  noie  no.  4:  repl.  no.  TOl-54-5) 

(  AF]OSR-TN-54-41)  (AF  18(000)371)  AD  27991 

Unclassified 

AlSVJrtlUliitiesLin  Phoiogr.  Eng.,  v.  5  273  275,  1954. 

The  base -catalyzed  hydration  enolization  of  quinold 
developers  may  be  used  as  the  basis  for  a  unification 
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of  many  heretofore  apparently  unrelaied  photographic 
phenomena,  'Infectious  development, "  "superadditive 
developers,  "  a  new  role  of  gelatin,  some  chemical 
Intensification  procedures,  one  of  the  properties  of 
antifoggants,and  perhaps  some  of  the  chemical  treat¬ 
ments  used  in  the  preparation  of  photographic  emul¬ 
sions  may  all  be  dlfferenl  aspects  of  one  basic  reac¬ 
tion. 


TOI.  01:006 

Technical  Operations,  Inc.  ,  Arlington,  Mass. 

CHROMATOGRAPHIC  SEPARATION  AND  IDENTIFI¬ 
CATION  OF  PHOTOGRAPHIC  DEVELOPERS  (Ab¬ 
stract),  by  J.  H.  Pannell  and  J.  E.  LuValle.  [  1954., 
Ll]p.  (AF  18(600)371)  Unclassified 

Published  in  Anal.  Chem. ,  v.  25:  1566,  Oct.  1953. 

In  lhe  course  of  a  study  of  reactions  of  photographic 
devetupero,  Tlitthoda  luf  Hie  sepal  ailoii  and  identifi¬ 
cation  of  the  developers  and  their  oxidation  product 
were  devised.  Knowledge  of  the  reactions  of  devel¬ 
opers  was  seriously  limited  by  a  dearth  of  information 
on  such  separations.  A  method  based  on  paper  chro¬ 
matography  was  evolved  which  should  be  of  value  as  it 
has  the  advantages  of  simplicity  and  specificity.  How¬ 
ever,  it  is  probably  applicable  only  to  substances 
which  are  moderately  stable  to  air.  The  method  em¬ 
ploys  standard  chromatographic  equipment  and  a  sol¬ 
vent  composed  of  butanol,  acetic  acid,  and  water  mixed 
in  the  volume  proportion  4  to  1  to  5,  from  which  the 
organic  layer  Is  separated  and  used.  As  spray  reagent, 
a  2%  solution  of  ammonlacal  silver  nitrate  gives  the 
highest  sensitivity.  A  5%  solution  of  phosphomolybdtc 
acid,  while  less  sensitive,  produces  chromatograms 
which  do  not  darken  with  time.  Best  results  are  ob¬ 
tained  when  10  Y  amounts  of  developers  are  used,  al¬ 
though  1  Y  can  be  detected.  The  following  table  shows 
Rf  values  obtained  by  descending  development  on 
Whatman  No.  2  paper  using  butanal-acetic  acid-water 
solvent  at  room  temperature  (22" C)  where  the  solvent 
front  moved  40  cm: 


Hydroquinone  dtsulfonate 

0.  00 

p  Melltylatnioupher  vl  rwiosullur  ale 

O.-lfl  r 

:  J. 

01 

Hydroquinone  nionosulfonate 

0.  15  1 

0. 

01 

(Julnone  monosulfonate 

0.34  i 

0. 

02 

p- Amlnophenol  hydrochloride 

0.43  • 

0. 

03 

p-  Phenylenedlamlne  hydrochloride 

0.55  ■ 

0. 

03 

p-  Methylamlnophenol  sulfate 

0.61  t 

0. 

02 

Hyd roqulnone 

0.80  t 

0. 

02 

(Contractor's  UDstract) 


TOI.  02:001 

Technical  Operations,  Inc. ,  Arlington.  Mass. 

PRODUCTION  OF  BLUE  COLOR  IN  IRRADIATED 
PLASTIC  SCINTILLATORS.  byJ.  li.  l'annell  and  R. 


Manning.  [Apr.  1955 J  2p.  lncl.  diagr.  (lAFJOSR- 
TN-55-83)  [AF  18(600)1134]  AD  73220 

Unclassified 

Also  puhllshed  in  Jour.  Chem.  Phys. ,  v.  23:  1368- 
1369,  July  1955. 

An  Intense  blue  color  is  produced  at  room  temperature 
in  polystyrene  and  polyvlnytioluene  containing  certain 
fluors  when  they  are  subjecled  to  6  Irradiation  in  the 
absence  of  light.  A1  dry  ice  temperatures  (-70°C), 
production  of  this  color  is  apparently  accelerated, 

1.  e. ,  decay  is  decelerated,  and  becomes  obvious  in 
many  plastic  scintillators,  being  most  noticeable  in 
those  containing  the  following:  terphenyl;  terphenyl  + 
dlphenylsillbene;  diphenylbuladlene;  tetraphenytbuta- 
dlene;  diphenylstilbene;  and  tetraphenylethylene.  On 
warming  the  plastics  to  room  temperature,  a  consider¬ 
able  amount  of  phosphorescence  is  evident;  this  phos¬ 
phorescence,  associated  with  thermal  bleaching  of 
color,  indicates  that  lhe  color  is  associated  with 
trapped  electrons.  Light  absorption  measurements 

were  made  ublllg  a  Beckma.i  model  DU  speclrophol  J- 
meter.  Absorption  curves  are  plotted  for  terphenyl- 
tetraphenylbutadiene  polystyrene  plastic  after  16  hr 
Irradiation.  It  is  proposed  that  the  phenomenon  des¬ 
cribed  might  be  most  easily  explained  by  an  ”F-center" 
theory,  but  in  a  noncrystalline  structure. 


TOI.  02:002 

Technical  Operations,  Inc.,  Arlington,  Mass. 

THE  INDEX  OF  REFRACTION  EFFECT  ON  ABSO¬ 
LUTE  FLUORESCENCE  MEASUREMENTS,  by  A. 
Shepp.  Apr.  1956,  8p.  lncl.  diagr.  (Technical  rept. 
no.  1;  rept.  no.  TOI  56-12)  (AFOSR-TN-56-184) 

(AF  18(600)1134)  AD  87057  Unclassified 

Also  published  in  Jour.  Chem.  Phys.,  v.  25:  579, 
Sept.  1956. 

A  detailed  analysis  is  given  of  the  effect  of  the  index 
of  refraction  (n)  of  the  crystal  on  the  luminescent  light 
escaping  from  within  a  pure  crystal.  The  spatial  dis¬ 
tribution  and  the  total  quantity  of  light  escaping  from 
a  pliusphor  depend  oti  getnmililt  -shape  and  index  ol 
refraction.  The  recommendations  for  crystal  or  cell 
shape  when  making  absolute  fluorescence  measure¬ 
ments  are  as  follows:  (1)  those  based  on  a  reading  of 
total  light  output  should  utilize  a  rectangular  crystal: 
(2)  those  based  on  a  reading  taken  far  out  along  the 
normal  to  a  plane  face  should  utilize  a  cylindrical  or 
rectangular  crystal;  (3)  for  readings  taken  far  out 
off  the  normal  to  a  plane  face,  a  rectangular  crystal 
should  be  used;  (4)  measurements  should  never  be 
taken  close  to  the  crystal,  and  (5)  measurements  on 
powders  must  In  some  way  (comparing  with  a  pure 
crystal)  take  account  of  the  possibility  of  light  loss. 

An  analysis  of  previous  efficiency  measurements  Is 
presented.  Most  of  them  were  subject  to  complex, 
though  probably  small  corrections. 
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TRG.  01.001 

Technical  Research  Group,  New  York. 

TOWARDS  A  THEORY  OF  WOOD’S  ANOMALIES,  by 
B.  A.  Llppmann  and  A.  K.  Oppenhetm.  Ftnal  rept. 
June  30,  1954  [33 Ip.  lncl.  diagrs.  refs.  (Rept.  no. 
TRG-951-1)  ([  AF  ]  OSR-TR-54-25)  (AF  18(800)954) 
AD  42673  Unclassified 

The  Raylelgh-Artmann  theory  of  Wood's  anomalies  ts 
shown  to  be  limited,  by  an  implicit  approximation,  lo 
the  region  b/x«  1,  where  b  »  groove  depth  and  \  - 
wavelength.  Since  the  observation  of  P  anomalies 
seems  to  be  associated  with  b/  \  ~1,  a  more  general 
theory  of  grating  anomalies  ts  required.  It  ts  sug¬ 
gested  that  such  a  theory  can  be  constructed  by  ana¬ 
lyzing  the  influence  of  klnematlcal,  groove,  and  edge 
effects  individually.  In  this  study,  a  calculation  Is 
made  of  the  klnematlcal  effects  associated  with  a 
grating.  The  results  lend  support  to  the  view  that 
klnematlcal  effects  are,  In  part,  responsible  for 
grating  anomaltes.  (Contractor’s  abstract) 


[  17]  p.  lncl.  illus.  diagrs.  refs.  (Part  t  of  tts 
AFOSR-TN-56-114;  AD  825t0)  [AF  61(514)871] 

AD  82510(a)  Unclassified 

The  Wetssenberg  effect  is  described,  tts  possible 
mechanisms  are  analyzed  tn  terms  of  stmple  shear 
and  reduced  to  cross  stresses  which  may  be  caused  by 
(t)  a  quasi- linear  or  a  general  elasticity  that  involves 
a  second  order  term  or  (2)  cross  viscosity.  (Con¬ 
tractor's  abstract) 


TIH.  01:002 

Technion  -  Israel  Inst,  of  Tech. ,  Haifa. 

ON  ISOTROPtC  TENSOR  FUNCTIONS  AND  THE  MEAS 
URE  OF  DEFORMATION,  by  M.  Hanln  and  M.  Reiner. 
[  1955]  18p.  refs.  (Part  2  of  tts  AFOSR-TN-56-114; 
AD  82510)  [AF  61(514)871]  AD  82510(b) 

Unclassified 

Also  published  In  Zeltschr.  Angew.  Math.  Phys. , 
v.  7:  377-393,  1956. 


TRG.  02.00t 

Technical  Researc  'roup.  New  York. 

"SHIMMING"  AN  INHOMOGENEOUS  MAGNETIC 
FtELD  IN  NUCLEAR  RESONANCE  EXPERIMENTS  BY 
PULSES,  by  B.  Nelson  and  L.  Goldmuntz.  July  t, 

1 956,  lv.  lncl.  diagrs.  tables.  (AFOSR-TN-56-368) 
(AF  t8(600)t313)  AD  95804  Unclassified 

A  mathematical  Investigation  Is  presented  tn  connection 
with  the  possible  use  In  radar  design  of  nuclear  mag¬ 
netic  resonance  In  the  development  of  a  narrow-band, 
low-noise  figure  filter  capable  of  operating  at  t-f 
frequencies.  The  chief  result  obtained  Is  that  there  ts 
a  combination  of  "shimming”  pulses  that  can  be  applied 
lo  a  liquid  sample  that  can  make  the  line  width  of  the 
sample  Independent  of  the  degree  of  homogeneity  of  the 
external  static  magnetic  field.  Initially,  a  simplified 
discussion  Is  given  of  certain  nuclear  resonance  ex¬ 
periments  and  the  modifications  necessary  lo  make 
them  useful  In  ftller  circuits.  This  Is  followed  by  a 
general  discussion  of  the  matrix  solution  of  Bloch's 
equations  descrtulng  the  beha-.ior  of  the  nel  nuclear 
magnetization.  The  methods  covered  tn  the  discussion 
are  then  used  In  the  analysts  of  the  series  of  "reclus- 
lertng”  pulses  applied  to  the  nuclear  sample  to  obtain 
the  desired  narrow  line  width.  Finally,  there  ts  con¬ 
sidered  the  Integral  of  the  transients  caused  by  this 
shimming  technique.  The  report  Is  restricted  In  dis¬ 
cussion  lo  shimming  systems  which  operate  only 
transiently  over  the  longitudinal  relaxation  lime  of  the 
nuclear  sample. 


A  theoretical  understanding  Is  provided  for  a  centrt- 
petal-pump  effect  which  was  recently  observed  tn  air. 
An  Isotropic  relation  between  2  symmetric  tensors  of 
second  rank  can  be  expressed  In  the  form 
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fjfiuf,  and  the  A„,  B,,,  and  Cn  are  similar  power 
series  in  the  principal  Invariants  of  xjj.  The  constants 
k  must  be  determined  by  means  of  suitable  experiment 
between  the  physical  quantities  represented  by  xj  and 
yjj.  The  Fn  wtll  be  a  constant  when  xjj  and  yj  are  dif¬ 
ferent  measures  of  deformation,  and  the  logartthmlc 
Hencky  measure  can  then  be  expressed  through  the 
Almansl  measure.  When  this  Is  done,  a  quasi -linear 
stress- flow  relation  reveals  certain  second  order 
effects  tn  vIbcous  liquids,  even  when  elasticity  Is  ab  - 
sent  and  the  viscosity  Is  low.  (Contractor’s  abstract) 


TIH.  0t:003 

Technion  -  Israel  Inst,  of  Tech.  ,  Haifa. 

AN  ELASTICO-  VISCOMETER,  by  M.  lielner.  [  t955j 
[  4  ]  p.  lncl.  Illus.  diagrs.  (Part  3  of  Its  AFOSlt  TN 
58  tt4;  AD  82510)  [  AF  6t(5t4)87l  1  AD  825 1 0(c) 

Unclassified 
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Technion  -  Israel  Inst,  of  Tech. ,  Haifa. 


An  Instrument  Is  described  which  permits  the  deter 
ml  nation  of  the  Wetssenberg  effect  and  the  viscosity 
of  a  small  sample  In  one  operation.  (Contractor's 
abstract) 


THE  WEISSENBERG  EFFECT,  by  M.  Reiner.  I  1955J 
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TIH.  01:004 

Technlon  -  Israel  lnsl.  ol  Tech. ,  Haifa, 

A  CENTRIPETAL-PUMP  EFFECT  IN  AIR,  by  M. 
Reiner.  [1955]  [49]p.  lncl.  lllus.  dlagrs.  tables. 
(Pari  4  of  Its  AFOSR-TN-56-114;  AD  82510)  [  AF  61- 
(514)871]  AD  82510(d)  Unclassified 

Also  published  In  Proc.  RoyatSoc.,  v.  A240:  173-188, 
1957. 

Also  published  In  Proc.  Ninth  International  Congress 
of  Appl.  Mech. ,  Brussels,  (Belgium)  (Sepl.  5-13, 
1956),  v.  2:  429-438,  1957. 

An  Instrumental  setup  Is  described  which  constitules 
a  centripetal  airpump.  Records  of  218  experiments 
performed  with  this  apparatus  are  given  which  confirm 
that  the  effect  found  In  very  viscous  liquids  Is  present 
In  air.  (Contractor's  abstract) 


TIH.  01:005 

Technlon  -  Israel  Inst,  of  Tech. ,  Haifa. 

RESEARCH  ON  THE  PHYSICS  OF  AIR  VISCOSITY,  by 
M.  Reiner.  Research  progress  summary  rept.  July 
t5,  1955-Jan.  15,  1956,  lv.  lncl.  lllus.  tables,  refs. 
(AFOSR-TN-56-114)  (AF  61(514)871)  AD  82510 

Unclassified 

The  Welssenberg  effect  Is  described,  and  Us  possible 
mechanisms  are  analyzed  In  terms  of  simple  shear. 
They  are  reduced  to  cross- stresses  which  may  be  due 
either  to  a  quasi  LI  near  or  a  general  elasticity  Involving 
a  second  order  term,  or  to  cross-vlscoslty.  A  mathe¬ 
matical  expression  Is  given  which  shows  an  Isotropic 
relation  between  2  symmetric  tensors  of  second  rank. 
The  expression  led  lo  a  quaslUnear  stress- flow  rela- 
Uon  which  reveals  certain  second  order  effects  In 
viscous  Uqulds,  even  when  elasticity  Is  absent  and  the 
viscosity  Is  low.  This  may  provide  a  UteoreUcal  under¬ 
standing  for  the  recently  observed  centripetal  pump 
effect  in  air.  An  Instrument  Is  described  which  per¬ 
mits  U»e  determination  of  the  Welssenberg  effect  and 
the  viscosity  of  a  small  sample  In  one  operaUon.  Data 
obtained  from  2t8  experiments  performed  with  a  cen¬ 
tripetal  airpump  Instrumental  setup  are  given,  con¬ 
firming  that  the  effect  found  In  very  viscous  Uqulds  Is 
also  present  In  air.  (Contractor's  abstract) 


T7H.  01:006 

Technlon  -  Israel  lnsl.  of  Tech.  ,  Haifa. 

UESEARCH  ON  THE  PHYSICS  OF  AU1  VISCOSITY,  by 
M.  Reiner,  J.  F.  T.  Blott,  and  B.  Poppen.  llesearch 
progress  summary  rept,  Jan.  15,  1956  -  July  14,  1956, 
lv.  lnct.  lllus.  dlagrs.  refs.  (AFOSIl-Tll-56-42) 

(AF  61(514)871)  AD  97075  Unclassified 

This  report  Is  divided  Into  three  parts.  Part  1,  A  Ceil 


tripetal  Pump  Effect  In  Air.  Is  a  revision  of  and  has 
been  abstracted  as  Pari  4  of  AFOSR-TN-56-114,  Hern 
no.  TI K.  01:004.  Part  II  Is  an  addenda  lo  Part  I  and 
contains  a  number  of  graphs  which  Illustrate  results 
which  were  nol  Included  In  Pari  I.  The  graphs  refer 
mainly  lo  cyUnder  III  which  behaved  differently  from 
the  other  four  cyUnders.  This  probably  some  re¬ 
sonance-effect  which  awaits  an  explanation.  Part  m, 
A  Centripetal  Airpump.  describes  an  Instrument  con¬ 
sisting  of  two  circular  metal  plates;  one  stationary, 
the  other  rotating  opposite  It  with  a  very  narrow  gap 
between  both.  Al  certain  high  speeds  the  air  Is  drawn 
In  a  centripetal  dlrecUon  Into  the  gap. 


TIH.  02:001 

Technlon  -  Israel  lnsl.  of  Tech.  Depl.  of  Aeronautics, 
Haifa. 

ON  SUPERSONIC  ROTATIONAL  FLOW  BEHIND 
STRONG  SHOCK  WAVES.  I.  FLOW  PAST  AIRFOILS, 
by  A.  Kogan.  Technical  research  progress  note  July 
15,  1955-Jan.  15,  1956  [58]p.  lncl.  dlagrs.  table, 
refs.  (AFOSR-TN- 56-165)  (AF  61(514)870) 

AD  86586  Unclassified 

A  method  of  successive  approximations  lo  the  Ideal 
flow  past  airfoils  al  high  superson'c  Mach  numbers 
Is  developed,  based  on  the  concept  of  Crocco's  stream 
function.  When  the  undisturbed  stream  Is  taken  as 
zero-order  approximation  to  the  actual  flow,  the 
second  approximation  to  the  pressure  coefficient  Cp(x) 
at  the  airfoil  surface  coincides  with  the  well  known  re¬ 
sults  obtained  by  Busemann.  Bui  contrary  to  potential 
flow  theory,  the  present  method  yields  good  results 
also  at  a  distance  from  the  airfoil  and  approximates 
correctly  the  shock  wave  profile.  Then  taking  the  uni¬ 
form  flow  behind  a  plane  shock  wave  as  zero-order 
approximation,  both  the  shock  wave  curvature  and  Its 
derivative,  and  the  first  and  second  derivatives  of 
Cn(x)  on  the  airfoil  surface  are  evaluated  at  the  leading 
edge  In  terms  of  the  alrfolt  curvature  and  Its  derivative 
at  the  leading  edge.  (Contractor’s  abstract) 


TIH  02:002 

Technlon  -  Israel  lnsl.  of  Tech.  Dept,  of  Aeronautics, 
Haifa. 

ON  THE  SUPERSONIC  ROTATIONAL  FLOW  BEHIND 
STRONG  SHOCK  WAVES.  H.  FLOW  PAST  OGIVES 
OF  REVOLUTION,  by  A.  Kogan.  Technical  research 
progress  rept.  Jan.  15,  1956-July  15,  1956  t  35  i  p. 
lncl.  dlagrs.  (AFOSR-TN-56-316)  (AF  61(514)870) 

AD  94852  Unclassified 

A  method  of  surcesstve  approximations  to  the  Ideal 
flow  around  airfoils  and  ogives  of  revolution  at  high 
supersonic  Mach  numbers  Is  developed,  based  on  the 
concept  of  Crocco's  stream  function.  In  a  previous 
report  the  flow  around  airfoils  has  been  treated.  In 
the  present  report  the  axially  symmetrical  flow  around 
ogives  of  revolution  Is  treated.  A  procedure  for 
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obtaining  correct  successtve  approximations  to  the 
Row  tn  the  tip  regton  ts  tndtcated.  The  ttrst  order 
approximation  ts  worked  out  tn  detail  and  tt  ts  shown 
that  the  mathematical  stngulartty  ot  the  (t.  st  approxi¬ 
mation  near  the  surface  of  the  ogtve,  whtch  caused 
considerable  compltcattons  tn  a  prevtous  treatment 
ot  the  problem,  ts  avotded  by  the  Introduction  of 
Crocco's  stream  function.  (Contractor’s  abstract) 


THB.  01:001 

Techr.sche  Hochschule.  Instltut  fur  Stromungsmechanlk, 
Braunschwetg  (Germany). 

THEORETICAL  AND  EXPERIMENTAL  INVESTIGA¬ 
TIONS  ON  SWEPT-  AND  DELTA  WINGS  IN  SYMME¬ 
TRICAL  FLOW,  by  E.  Truckenbrcdt,  tr.  by  H. 
Schltchttng.  Ftnal  rept.  Apr.  30,  1 954,  91p.  tncl. 
tllus.  dtagrs.  tables.  (Rept.  no.  54/7a)  ([AFjOSR- 
TR-54-23)  (AF  6t(5t4)426;  continued  by  AF  6t(514)- 
649- C)  AD  7089t  Unclasstlted 

Also  published  in  Zettschr.  F'.ugwlr.sensch. ,  v.  2: 
t85-20t,  Aug.  t954. 

Also  published  in  Jour.  Aeronaut.  Sctences,  v.  2t: 
637-638,  Sept.  t954. 


THB.  02:00t 

Techrdsche  Hochschule.  Instltut  fur  Stromungsmechanlk, 
Braunschwetg  (Germany). 

THEORETICAL  AND  EXPERIMENTAL  INVESTIGA¬ 
TIONS  ON  DELTA -WINGS  WITH  FLAPS,  by  E. 
Truckenbrodt  and  K.  H.  Gronati.  Ftnal  rept.  June 
22,  t0t>5,  45p.  tncl.  dlagrs.  tables.  (Rept.  no. 

55/1 2a)  [  AFOSR-TR-55-35J  (AF  61(514)649-C;  con- 
ttnuatton  of  AF  6t(5t4)426)  AD  78583  Unclasstfted 

Also  published  in  Zeitschr.  Flugwissensch. ,  v.  4: 
236-246,  July  t956. 

In  thts  aerodynamical  study,  theorettcal  calculations 
were  made  for  a  sertes  of  5  delta  (trtangular)  wtngs 
with  aspect  rattos  between  0.  8  and  3.  9,  ustng  vartous 
flap  arrangements  and  deflections  tn  tncompresstble 
flow.  For  2  of  these  wtngs,  wtth  aspect  rattos  of  t.  6 
and  3.  9,  extensive  wtnd-tunnel  tests  were  also  made. 
The  measurements  showed  satisfactory  agreement  wtth 
theory.  For  constant  spanwlse  length  of  the  flaps,  the 
Influence  of  aspect  ratto  on  all  aerodynamtr  coeffi¬ 
cients  (angle  of  tnctdence  at  zero  ltft,  pttchtng  moment, 
and  rolling  moment)  ts  large.  The  ratio  of  these  co¬ 
efficients  of  parttal  span  flaps  to  full  span  flaps  ts 
nearly  Independent  of  the  aspect  ratio.  (ASTIA  ab¬ 
stract,  modtfted) 
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Systematic  3-component  measurements  were  conducted 
on  swept-  and  delta  wtngs  tn  tncompresstble  flow. 

There  were  5  swept  wtngs  of  constant  chord  and  5  delta 
wtngs,  both  with  aspect  rattos  between  1  and  5,  wtth 
the  swept  wtngs  havtng  a  constant  angle  sweep,  A  =  45*', 
and  the  delta  wtngs  a  constant  taper  ratto,  h  =  t/8. 

For  the  swept  wtngs,  the  aerodynamtc  center  was  about 
10%  of  the  wtng  chord  tn  front  of  the  geometric  center. 
For  the  delta  wtngs,  tt  was  about  6  to  tt%  of  the  wtng 
chord  behtnd  the  geometric  center.  The  curves  of  the 
proftle  drag  coefftctent  vs  the  ltft  coefficient  cotnctded 
well  for  all  aspect  ratios  at  moderate  ltft  coefftctents, 
Cl,  up  to  approximately  0.  5.  Except  for  small  aspect 
rattos  beyond  maximum  ltft,  the  pttchtng  moment  at 
htgh  Cl  was  tatl-down  for  the  swept  wtngs  and  nose- 
down  for  the  delta  wtngs.  Theorettcal  calculations  of 
the  spanwtse  and  chordwtse  ltft  distribution  according 
to  a  new  lifting- surface  theory  proposed  by  Truckenbrodt 
( Dettrilge  zur  Tragflachentheorte  bei  tnkompresstbler 
Slrdmung  Contrtbutton  *o  the  Ltfttng- surface  Theory 
tn  Incompressible  Flow,,  Jahrbuchder  wtssenschaft 
lichen  Gesellsctuft  fur  Luftfahrt,  1 953 )  were  carried 
out  for  atl  wtng  planforms.  For  swept  wtngs,  wtth 
large  aspect  rattos  there  was  a  considerable  breakdown 
tn  the  spanwtse  ltft  dtstrtbutton  resulttng  from  the  ktnk 
near  the  mtddle  sectton.  For  all  delta  wtngs,  the  span 
wtse  ltft  dtstrtbutton  was  nearly  elliptical.  For  all 
planforms,  the  local  aerodynamtc  center  was  tn  front 
of  the  quarter -chord  Itne  at  the  outer  parts  o!  the  wtng 
and  behtnd  the  quarter  chord  Itne  at  the  Inner  parts  of 
the  wtngs. 


[  Techntsche  Hochschule.  Instttut  fur  Stromungsmechanlk, 
Braunschwetg  (Germany),  j 

SOME  PROBLEMS  OF  CASCADE  FLOW,  by  H. 
Schltchttng.  (  1 9 55  j  (t3ip.  tncl.  dtagrs.  refs. 

(AF  6t(5t4)649-C)  Unclasstfted 


Published  In  Proc.  Conference  on  High-Speed  Aero- 
nauttcs,  Polytechnic  Inst,  of  Brooklyn,  N.  Y.  (Jan. 
20-22,  1955),  p.  1 75 - 187. 

In  the  course  of  systematic  research  work  on  cascade 
flow  whtch  has  been  conducted  tn  recent  years  new 
soluttons  have  been  established  for  the  "Dtrect  Pro  - 
blem"  and  the  ’Inverse  Problem"  of  the  two-dtmen- 
stonal  tncompresstble  frtcttonless  flow  through  cas 
cades.  These  soluttons  together  wtth  the  boundary 
layer  theory  have  been  used  for  systematic  theorettcal 
calculations  of  the  loss  coefftctents  of  two-dimenstonal 
cascades.  Both  soluttons  are  based  on  the  method  of 
stngulartttes,  and  each  blade  sectton  of  the  cascade  ts 
replaced  by  certatn  continuous  chordwtse  dtstrtbuttons 
of  vorttces  and  sources  stnh-‘..  While  the  solutton  of 
the  "Inverse  Problem”  has  veeu  publtshed,  tn  thts 
paper  an  outltne  of  the  solution  of  the  "Dtrect  Prob¬ 
lem”  ts  gtven.  This  solution  allows  each  of  the  geo- 
metrtc  parameters  of  the  cascade  (e.  g.  soltdtty  ratto, 
angle  of  stagger,  blade  secttop)  to  be  altered  separate¬ 
ly.  In  order  to  calculate  the  pressure  dtstrtbutton  of 
a  gtven  cascade,  a  system  of  six  ltnear  equattons  has 
to  be  solved.  The  amount  of  numertcal  work  Involved 
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has  been  reduced  considerably  by  tabulating  certain 
"Influence  Functions,  "  which  are  Independent  of  the 
blade  section  and  depend  on  the  solidity  ratio  and  lhe 
angle  ot  stagger  only.  Pressure  distributions,  as  well 
as  loss  coefficients,  as  obtained  trom  theory  are  In 
good  agreement  with  experiments.  (Contractor's  sum¬ 
mary) 


THB.  03:001 

Technlsche  Hochschule.  lnstltut  tiir  Slromungsmechanlk, 
Braunschweig  (Germany). 

A  SIMPLE  APPROXIMATE  METHOD  FOR  CALCU¬ 
LATING  THE  LAMINAR  BOUNDARY  LAYER  WITH 
SUCTION,  by  E.  Truclcenbrodt.  Final  repl.  May  2i, 
195S,  62p.  lncl.  dlagrs.  lables,  rets.  (Repl.  no. 

55/6a)  [AFOSR-TR  55-21  j  (AF  6 1  ( 51 4 )639 - C) 

AD  74986  Unclassified 

A  simplified  approximate  method  was  developed  which 
compares  satlstaclorlly  wtlh  lhe  exacl  solution  and 
which  presents  no  dlftlcullles  such  as  those  associated 
with  lhe  approximate  methods  of  H.  Schllchltng  and 
T.  P.  Torda.  The  new  method  can  be  used  to  calculate 
lhe  boundary  layer  In  plane  and  axial  symmetrical  flow 
and  lhe  arbitrarily  distributed  suction  velocity  along 
the  body.  The  polnl  ot  separation  at  various  sucllon 
velocities  can  also  be  obtained.  Examples  are  given 
tor  plane  and  axially  symmetrical  tlow  with  a  stag¬ 
nation  polnl,  a  flal  plale  at  zero  Incidence  with  homo¬ 
geneous  suction,  and  a  semi-body  of  revolution  wllh 
the  suction  beginning  In  one  case  at  lhe  stagnation  polnl 
and  in  lhe  olher  case  at  lhe  polnl  ot  maximum  velocity. 
(AST1A  abstract) 


THB.  04:001 

Technlsche  Hochschule.  !"“'.!!«(  tiir  Stromungsinechanik, 
Braunschweig  (Germany). 

RESULTS  OF  SYSTEMATIC  INVESTIGATIONS  ON 
SECONDARY  FLOW  LOSSES  IN  CASCADES.  PART  I. 
SECONDARY  FLOW  LOSSES  IN  COMPRESSOR  CAS 
CADES  OF  PROFILE  NACA  8410,  by  K.  Gersten. 

Juno  28,  1956,  33p.  lncl.  dlagrs.  lables.  (Repl.  nu. 

54,  29a)  AFOSlt-TN  55  451  (AF  61(514)050-0) 

AD  92866  Unclassified 

Experimental  Investigations  ot  secondary  tlow  losses 
have  been  carried  out  on  a  compressor  cascade  with 
blade  prottle  NACA  8410.  The  solidity  was  t/i  =  1, 
the  blade  angle  r  135- ,  and  the  ratio  of  blade  chord 
h/1  -  3.  The  Reynolds  number,  based  on  the  outtluw 
velocity,  ts  Ite2  wjl  v  4  x  10^.  On  comparison 
with  previous  Investigations  concerning  turbine  cas 
cades,  these  measurements  Indicate  a  completely  dtf 
lerent  behavior  ot  secondary  tlow  elfects  tor  turbine 
anti  compressor  cascades.  In  the  case  ot  the  turbine 
cascade  having  a  blade  length  ratio  hi  3,  there 
exists  a  zone  t.n  the  middle  ot  the  blade  which  ts  almost 
uninfluenced  by  secondary  flow  effects,  however,  tn  the 
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case  of  the  compressor  cascade,  the  middle  zone  ts 
strongly  disturbed.  Also,  tn  the  latter  Instance  there 
exists  an  additional  acceleration  of  the  flow  In  the 
middle  zone,  owing  to  secondary  flow  effects,  which 
results  from  the  blocking  of  the  cross  section  at  the 
s:Je  walls.  This  additional  pressure  drop  gives:  (1) 
an  unfavorable  decrease  of  the  total  pressure  rise 
across  the  compressor  cascade,  and  (2)  a  favorable 
Influence  on  the  total  losses  of  the  cascade. 

THB.  04:002 

Technlsche  Hochschule.  lnslltul  fur  Slromungsmechanlk, 
Braunschweig  (Germany). 

RESULTS  OF  SYSTEMATIC  INVESTIGATIONS  ON 
SECONDARY  FLOW  LOSSES  IN  CASCADES.  PART 
It.  SECONDARY  FLOW  LOSSES  OF  A  TURBINE  CAS¬ 
CADE  FOR  DIFFERENT  VELOCITY  PROFILES  OF 
INFLOW,  by  K.  Gersten.  Dec.  20,  1955,  29p.  lncl. 
dlagrs.  (Repl.  no.  54/12a)  (AFOSR-TN-56-137) 

(AF  61(514)650-  0  AD  86013  Unclassified 

Measurements  on  a  turbtne  cascade  between  parallel 
plane  walls  have  been  carried  out  with  different  Inflow 
velocity  protiles  to  investigate  the  Influence  ot  Uie 
boundary  layer  thickness  on  the  flow  characteristics. 
The  solidity  ratio  was  1/1  =  1,  0,  where  t  ts  the  dis¬ 
tance  lhe  ratio  ot  blade  length  to  blade  chord  h/1  =  5, 
and  the  angle  ot  inflow  S  j  =  135°.  Two  values  ot 
blade  loading  were  Investigated  with  blade  angle 
c  c  35‘  and  45“ .  The  values  ot  lhe  displacement 
thickness  ot  lhe  boundary  layer  ot  the  Inflow  velocity 
profile  were  » j/1  :  0.03;  0.09  and  0.23,  and  the 
Reynolds  number  based  on  the  oultlow  velocity 
Re  =  W2l/  v  =  9  x  104.  These  are  the  main  results: 
For  moderate  acceleration  In  the  cascade  (,^g  =  45“) 
and  small  values  of  lhe  boundary  layer  lhlckness,  the 
coefficient  of  total  loss  increases  slowly  with  Increas¬ 
ing  boundary  layer  lhtckness,  but  becomes  Independent 
ot  11  tor  larger  lhtckness  ot  lhe  boundary  layer.  For 
larger  values  ot  acceleration  In  the  cascade 
(  35“ ),  lhe  rallo  of  secondary  tlow  loss  to  total 

decreases  and  ts  Independent  ot  the  boundary  layer 
lhlckness  ot  the  Inflow  velocity  profile.  (Contractor's 
ahslraci) 


THB.  04:003 

Technlsche  Hochschule.  Instttut  tiir  Slromungsmechanlk, 
Braunschweig  (Germany). 

RESULTS  OF  SYSTEMATIC  INVESTIGATIONS  ON- 
SECONDARY  FLOW  LOSSES  IN  CASCADES.  PART 
III.  SECONDARY  FLOW  LOSSES  OF  A  TURBINE  CAS 
CADE  FOlt  DIFFERENT  SHAPES  OF  BLADE  TIP  AND 
B1.ADE  FOOT,  by  E.  G.  Felndt.  May  15.  1956,  32p. 
lncl.  dlagrs.  (Repl.  no.  54,32a)  (AFOSIt-  TN  -  56-301 ) 
(AF  61(514)650  C)  AD  90014  Lnclassltled 

Measurements  on  a  turbine  cascade  have  been  carried 
out  to  Investigate  the  Influence  of  the  shape  ol  the 
blade  loot  and  the  blade  tip  on  the  secondary  llov 
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losses  In  Incompressible  flow.  The  solidity  ratio,  the 
ratio  of  blade  length  to  blade  chord,  and  the  gap  were 
kept  constant.  The  blade  profile  was  NACA  8410. 

Three  different  shapes  of  the  blade  Up  and  of  the  blade 
fool  have  been  investigated;  the  blade  tip  was  bluntly 
cut  off,  and  obliquely  cut  off  to  the  pressure  and  to  the 
suction  side  of  the  blade;  the  blade  foot  was  without  a 
fillet,  with  a  fillet  of  small  radius,  and  with  a  fillet  of 
large  radius.  The  blade  loading  was  altered  by  altering 
the  blade  angle.  The  main  results  of  these  investiga¬ 
tions  Indicate  that:  (1)  for  the  gap  used  here,  the  second¬ 
ary  flow  losses  at  the  blade  Up  and  al  the  blade  foot  are 
nearly  of  the  same  magnitude;  (2)  the  secondary  flow 
losses  at  the  Up  and  al  the  fool  depend  very  UlUe  on  the 
blade  loading;  and  (3)  the  secondary  flow  losses  depend 
very  111  tie  on  the  shape  of  the  blade  tip  and  the  blade 
fool.  (Contractor’s  abstract) 


THB.  04:004 

Technlscbe  Hochschule.  lnsUtul  fur  Stromungsmechanlk, 
Braunschweig  (Germany). 

[  SECONDARY  FLOW  LOSSES  IN  COMPRESSOR  CAS¬ 
CADES]  Randverlusle  In  Pumpenglllern,  by  H. 
SchUchUng.  [  1908]  [sip.  lncl.  Ulus,  dlagra.  refs. 
[AF  01(514)05O-C  ]  Unclassified 

Published  In  Zeltschr.  Flugwlssensch. ,  v.  4:35-40, 
Feb.  1950. 

Several  results  from  tests  regarding  the  losses  of  flow 
In  compressor  cascades  for  Incompressible  flow  are 
discussed.  For  the  raUo  of  blade  length  to  blade  chord 
h/1  =  3  the  effect  of  the  secondary  flow  along  the  walls 
Is  considerable,  not  only  on  the  deflecUon  of  the  flow 
but  also  on  the  pressure  rise  In  the  cascade.  In  order 
to  separate  these  effects  of  the  secondary  flow  the  same 
cascade  was  also  tested  In  two-dimensional  flow.  The 
two-dimensional  flow  was  obtained  by  applying  sucUon 
lo  the  walls  resulUng  In  a  good  agreement  of  deflecUon 
of  flow  and  pressure  rise  In  two  dimensional  flow  with 
potential  theory.  The  available  measurements  Indicate 
that  the  secondary  flow  effect  In  compressor  cascades 
Is  much  greater  than  In  turbine  cascades.  A  splitting  - 
up  of  the  total  losses  Into  two  dimensional  losses  and 
addtUonal  secondary  flow  losses  Is  possible  In  many 
cases  of  turbine  cascades  but  not  so  In  most  cases  of 
compressor  cascades.  (Contractor's  summary) 


THB.  05:001 

Technlscbe  Hochschule.  InsUtut  fur  Stromungsmechanlk, 
Braunschweig  (Germany). 

THEORETICAL  AND  EXPERIMENTAL  INVESTIGA¬ 
TIONS  ON  WING-BODY  COMBINATIONS  WITH  DELTA 
WINGS  IN  SYMMETRICAL  FLOW,  by  K.  Gersten  and 
E.  Truckenbrodt.  June  4,  1950,  45p.  tncl.  dlagrs. 
Ubles,  refs.  (Rept.  no.  S0/2Oa)  (AFOSH-TR-50- 30) 
(AF  01(514)875)  AD  96505  Unclassified 

Three-component  measurements  have  been  made  of 


fourteen  wing-body  combinations  of  a  Delta  wing. 

The  Influence  of  body  length  and  shape  (nose  rounded 
or  pointed)  has  been  Investigated,  keeping  constant 
the  ratios  of  wing  aspect  and  of  body  wldth/wlng  span. 
A  method  and  Us  appUcations  In  the  present  study  are 
given  for  the  theoretical  calculation  of  the  shift  of  the 
aerodynamic  center  due  to  the  Influence  of  the  body. 
This  shift  Is  considerably  dependent  on  the  wing 
aspect  and  the  body  wldth/wlng  span  ratios.  Agree¬ 
ment  between  theoretical  and  experimental  results  Is 
satisfactory.  (Contractor’s  abstract,  modified) 


TEM.  01:001 

Temple  U.  Research  Inst. ,  PhUadelphla,  Pa. 

THE  COMBUSTION  OF  CARBON  SUBNITRIDE, 

CiNj,  AND  A  CHEMICAL  METHOD  FOR  THE  PRO¬ 
DUCTION  OF  CONTINUOUS  TEMPERATURES  IN  THE 
RANGE  OF  5000-6000°  KELVIN  OR  9000-11000° 
RANKIN E,  by  A.  V.  Crosse  and  A.  D.  Klrshenbaum. 
Dec.  15,  1955,  37p.  lncl.  Ulus,  dlagrs.  tables,  refs.  1 
(Technical  note  no.  1)  (AFOSR-TN-50-13)  (AF  18- 
(600)1475)  AD  84310  Unclassified 

Also  published  In  Jour.  Amer.  Chcm.  Sac.  ,  v.  79: 
2020,  May  26,  1950. 

A  chemical  method  for  producing  continuous  flame 
temperatures  In  the  range  of  5000°  to  6000°K  Is 
described.  In  this  method,  C^Nj  Is  combusted  with 
Oj,  Oj,  or  Oj-Oj  mixtures  to  CO  and  Nj.  The 
vapor  pressure  curve  of  the  compound  was  determined, 
and  preliminary  values  were  obtained  for  the  heats  of 
vaporization  (6875  cal/ mol),  fusion  (3700  cal/ mol), 
and  sublimtnalion  (10,  575  cal/  mol).  The  thermo- 
chemical  equations  cl  combustion  of  C^N^  with  Oj 
and  O j  are:  (C^Nj)  gas  .  202  -*  4CO  ♦  Nj  ♦ 

254.6  kcal  at  25°C,  and  ('^Nj)  gas  ♦  1-1/3  Oj  -*4CO 
♦  Nj  ♦  299.  9  kcal  at  25°C.  From  these  equations  and 

the  heat  content  of  the  products  of  combustion,  the 
actual  temperatures  attainable  at  various  pressures 
can  be  calculated  with  a  high  degree  of  accuracy.  A 
flame  temperature  of  5260°K  was  obtained  by  pre¬ 
mising  gaseous  C^N,  with  O  at  the  stoichiometric 
point.  This  la  the  highest  continuous  temperature 
attained  so  far  by  chemical  means.  At  superat- 
mospheric  pressure  which  markedly  suppresses  the 
dissociation  of  CO  and  N-,  temperatures  above 
5500°K  should  be  obtainable.  A  temperature  slightly 
above  5500°K  can  be  obtained  at  1  atm  by  using  pure 
Oj  Instead  of  Oj.  The  effect  of  Ionization  on  flame 
temperatures  was  calculated  by  using  Saba's  formula 
for  thermal  Ionization  (Phil.  Mag.,  v.  1:  1025,  1920). 
Results  Indicated  that  Ionization  does  not  lower  the 
calculated  flame  temperatures. 
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TEM.  01:002 

Temple  U.  Research  Inst. ,  Philadelphia,  Pa. 

CHEMICAL  BEHAVIOR  OF  VARIOUS  SUBSTANCES 
AT  TEMPERATURES  IN  THE  RANGE  4000  to  5000°K, 
byC.  S.  Stokes.  [Feb.  1956]  2p.  (Technical  note 
no.  3)  (AFOSR-TN- 56-90)  (AF  18(600)1475) 

AD  82017  Unclassified 

A  report  ts  made  of  the  behavior  of  9  mil  tungsten  wire 
and  of  carbon  filaments  In  a  helium  or  argon  atmosphere 
at  temperatures  of  4000°  to  5000°K  produced  by  use  of 
an  oxy- cyanogen  flame  whicb  develops  4800°K  at  the 
CO  stotchlometrtc  point  (CjN2  ♦  C>2  -»  2CO  ♦  N2)  and  at 
1.0  atm  pressure.  The  temperature  range  ts  produced 
by  addttlon  of  belium  to  the  entry  gases  or  by  use  of 
pressure  In  multicone  or  other  torches  developed,  with 
flame  adjustment  effected  by  use  of  a  photoelectric 
ceU.  'The  tungsten  wire  rapidly  oxidized  to  a  blue  oxide 
of  some  intermediate  composition  below  WOj  at  a 
temperature  of  4800°K  produced  by  a  55  mol  %  oxygen- 
45  mol  %  cyanogen  flame.  Oxidation  was  slow  and  the 
wire  melted  and  evaporated  If  the  flame  was  slightly 
oxygen  rich.  With  the  flame  at  the  stotchlometrlc  point 
the  tungsten  remained  Intact  and  carbon  deposited  on 
the  wire  growing  down  the  outside  of  the  flame  cone  to 
form  the  semblance  of  a  cap.  Tungsten  carbide  forma¬ 
tion,  which  could  only  occur  Initially,  prior  to  carbon 
deposition,  will  be  Investigated  later.  Similar  tests 
with  carbon  filaments  produced  like  results,  except 
that  the  carbon  oxidized  when  the  flame  was  even 
slightly  oxygen- rich;  carbon  growth  was  noted  In  Hie 
flame  at  the  stotchlometrtc  point.  Other  materials  sucb 
as  Iron  and  nickel  simply  boiled  away  at  4800°K.  (Con¬ 
tractor's  abstract,  modified) 


TEM.  01:003 

Temple  U.  Research  Inst. ,  Philadelphia,  Pa. 

THE  PURE  OZONE  TO  OXYGEN  FLAME,  by  A.  [G.  ] 
Streng  and  A.  V.  Grosse.  [1956]  [30]p.  lncl.  dlagrs. 
tables,  refs.  [  Technical  note  no.  2]  (AFOSR-TN- 56- 
104)  (AF  18(600)1475)  AD  82018  Unclassified 

Published  In  Hath  Symposium  (International)  on 
Combustion,  Yale  U. ,  New  Haven,  Conn.,  (Aug.  19-24, 
1956)  N.  Y.,  Relnhold,  1957,  p.  264-273. 

A  report  ts  made  of  high  temperature  studies  Involving 
dtrect  conversion  of  O,  to  02  to  produce  a  steady  flame. 
At  ftrst,  the  burning  of  pure  Oj-Oj  was  observed  In 
horizontal  glass  tubes,  open  at  one  end  and  varying  In 
Inner  diameter  from  4  to  12  mm,  and  of  a  length  of 
about  100  cm.  A  mixture  was  Ignited  at  the  open  end 
by  means  of  a  hot  platinum  wire  and  tts  burning  velocity 
measured.  It  was  found  that  below  16  mol  %  Oj  and  at 
1  atm  total  pressure  and  25°C  the  O3-O2  mixtures  did 
not  ignite  la  a  12mm  tube.  After  these  preliminary 
experiments  an  apparatus  was  set  up  for  continuous 
hurnlng  of  Oj  to  Oj.  It  consisted  essentially  of  a 
cylinder  of  the  desired  Oj-  Oj  mixtures,  from  which 


tt  could  be  passed  on  at  a  constant  and  preset  rate  to 
a  straight  vertical  pyrex  glass  tube.  The  mixture 
was  tgnlted  by  a  bot  platinum  wire.  Below  about  20 
mol  %  O,  the  flame  can  be  observed  only  with  difficulty 
by  the  naked  sye,  but  the  burning  cone  can  be  readily 
observed  by  the  Schlleren  method.  For  example,  a 
27. 5  mol  %  O.-Oo  mixture  bas  a  normal  burning 
velocity  of  50  cm/  sec  (at  1  atm  and  20°C).  The  pure 
Og-C^  mixtures  burn  with  a  faint  blue  flame  with  a 
characteristic  pink  cast.  A  flashback  may  cause  ex¬ 
plosion  or  even  detonation  of  the  Oj- supply  and  the 
system  must  therefore  be  bandied  with  care.  After  the 
technique  of  burning  Oj-Oj  was  developed  tt  was  used 
to  combust  hydrogen,  carbon  monoxide,  cyanogen  and 
others  In  a  diffusion  type  flame.  In  general  appearance 
and  color  the  three  Oj  flames  do  not  differ  from  the 
corresponding  (>3  flames.  (Contractor's  abstract, 
modlfted) 


TEM.  01:004 

Temple  U.  Research  Inst. ,  Philadelphia,  Pa. 

THE  PREMIXED  HYDROGEN  CYANIDE- FLUORINE- 
OXYGEN  FLAME  (Abstract),  by  C.  S.  Stokes. 

[1956  ]  2p.  lncl.  table.  (AFOSR-TN-56-131)  (AF  18- 
(Cd0)14?5  AD  86003  Unclassified 

Temperatures  In  excess  of  4500°K  have  been  produced 
In  Oils  labor?  tory  by  various  flamer  including  cyanogen 
and  oxygen.  The  materials  used,  however,  are  not 
commerically  available.  Hydrogen  cyanide,  fluorine 
and  oxygen  are  available  In  quantity  and  a  flame  of 
these  constituents  produces  a  temperature  of  approxi¬ 
mately  4000°K.  Hydrogen  cyanide  and  a  fluorine- 
oxygen  mixture  of  1:1  molar  ratio  has  beon  succes¬ 
sively  premixed  In  all  concentrations.  B.i-rtng  veloci¬ 
ties  bave  been  measured  and  compared  to  the  hydrogen 
cyanide  oxygen  flame.  Studtes  have  been  made  to  de¬ 
termine  Hie  exact  chemical  composition  of  the  HCN 
fluorine-oxygen  flame  at  the  stolchlometrtc  point. 

The  proposed  equation 

2HCN  ♦  F2  ♦  Oj  — >  2HF  ♦  2CO  ♦ 

bas  been  proved  correct.  Theoretical  flame  tempera¬ 
tures  have  been  calculated  and  are  as  follows: 

Flame  Temp.  °K  for  the 

Above  Stoichiometric  Point  Pressure  Atm 

3930  1 

4275  10 

4860  100 

Some  correlation  of  the  hydrogen  atom  concentration 
with  burning  velocity  has  been  noted.  (Contractor’s 
abstract) 
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TEM.01:005 

Temple  U.  Research  Inst. ,  Philadelphia.  Pa. 

THE  HYDROGEN  CYANIDE- FLUORINE-OXYGEN 
FLAME,  ITS  COMBUSTION  PRODUCTS,  FLAME  TEM¬ 
PERATURES  AND  BURNING  VELOCITIES,  by  C.  S. 
Stokes.  Nov.  15,  1956,  26p.  Incl.  illus.  tables. 
(Technical  note  no.  2)  (AFOSR-TN-56-508)  (AF  18- 
(600)1475)  AD  110323  Unclassified 

Also  published  In  Indus.  Engineering  Chem. ,  v.  49: 
1311-1314,  Aug.  1957. 

Temperatures  in  excess  of  4500°  K.  have  been  produced 
in  this  laboratory  by  various  names  including  cyanogen 
and  oxygen.  The  materials  used,  however,  are  not 
commercially  available.  Hydrogen  cyanide,  fluorine 
and  oxygen  are  available  in  quantity  and  a  flame  o t  these 
constituents  produces  a  tempeia.ure  of  approximately 
4000°K.  Hydrogen  cyanide  ami  a  fluorine-oxygen  mix¬ 
ture  of  1:1  molar  ratio  has  been  successfully  prc  mixed 
in  all  concentrations.  Burning  velocities  have  been 
measured  and  compared  to  the  hydrogen  cyanide  oxygen 
flame.  Studies  have  been  made  to  deiermlne  the  exact 
chemical  composition  of  the  HCN  fluorine-oxygen  flame 
at  the  stoichiometric  point.  The  proposed  equation 
2HCN  ♦  F2  ♦  C>2  — »  2HF  ♦  2CO  *  N2  has  been  proved 
correct.  Theoretical  flame  temperatures  h-.ve  been 
calculated  and  burning  velocities  measured.  (Con¬ 
tractor’s  abstract) 


TEM. 01:006 

Temple  U.  Research  Inst. ,  Philadelphia,  Pa. 

THE  PURE  OZONE  FLAME  ON  THE  COMBUSTION  OF 
VARIOUS  FUEL  GASES  IN  PURE  OZONE,  by  A.  G. 
Streng  and  A.  V.  Grosse.  [Dec.  25,  1956]  lip.  incl. 
Ulus,  diagr.  table.  (AFOGR-TN-56-599)  (AF  18(600)- 
1475)  AD  115026  Unclassified 

Presented  at  International  Ozone  Conference,  Chicago, 
m. ,  Nov.  28,  1956. 

High  temperature  research  involving  combustion  of 
various  gases  including  ozone  are  briefly  reviewed  and 
findings  presented  of  the  burning  characteristics  of  pure 
ozone  as  weU  as  mixtures  of  ozone  and  hydrogen,  car¬ 
bon  monoxide,  cyanogen,  methane,  or  in  ethylene.  The 
burning  velocity  of  ozone,  found  to  be  270  cm/sec  at 
-78*C,  appears  to  be  a  straight-line  function  of  tem¬ 
perature.  As  mixtures  of  100%  Oj  and  Hj,  C-^Hj ,  or 
CH4  did  not  spontaneously  ignite  during  the  diffusion 
flame  testa,  further  tests  were  made  of  the  atabUity  of 
such  mixtures.  All  were  found  stable  at  dry-ice  tem¬ 
peratures;  CH4  reacted  noticeably  at  room  temperature, 
while  Hj  and  C2H]  caused  no  change  in  pressure.  Ozone 
C2N2  mixtures  in  long  1.6  mm  id  tubes,  at  room  tem¬ 
perature  and  atmospheric  pressure,  burned  without 
detonation;  the  mixture  In  wider  tubes  exploded.  The 
stoichiometric  1.  5  C2N2  *  Oj  mixture  burns  very 
rapidly  with  a  bright  flame  without  explosion  or  detona¬ 
tion.  A  corresponding  C2N2  ♦  Oj  mixture  burns  some¬ 
what  slower  with  a  less  bright  flame  under  similar  con¬ 


ditions,  while  pure  O3  burns  with  a  fallow  flame  without 
explosion  or  detonation.  The  possibility  of  burning 
C2N2  -  O3  mi.vt>jres  from  burner  tips  is  noted,  and 
production  of  instantaneous  high  temperatures  through 
detonation  of  solid  C2N2  or  CO  mixtures  witn  solid  Oo 
or  O3  is  discussed. 


TAL  01:001 


Tennessee  Agricultural  and  Industrial  State  [  U.  j .  Depi. 
of  Chemistry,  Nashville. 

[GRIGNARD  REAGENTS  AND  UNSATURATED  ETHERS] 
L  THE  REACTION  OF  GRIGNARD  REAGENTS  WITH 
a-,  jl  -UNSATURATED  ETHERS,  by  C.  M.  Hlli,  R.  A. 
Waler,  and  M.  E.  Hill.  [1951]  2p.  incl.  tables. 

[AF  18(600)466]  Unclassified 


Published  in  Jour.  Amer.  Chem.  Soc. ,  v.  73:  1663- 


Theoreticil  considerations  of  the  electron  displacement 
tendencies  in  a-,  jl-unsaturaied  ethers  indicaie  a  possi¬ 
bility  of  reaction  with  Grignard  reagents  as  Indicated  in 
L  The  formation  of  a  Grignard  complex  with  the  ether 
oxygen  would  render  the  electron  deficiency  or.  the 
u -carbon  more  acute,  thus  favoring  an  a-y  migration 
of  the  aryl  group  of  the  Grignard  with  its  eleciron 
pair  as  shown  in  the  scheme: 


R:C:C:Et  ♦  R’-MgX  -»  R-C-OEt 
'  ►  —  i 

(D  R'-Mg: 

(Contractor's  abstract) 


CH2 

R-C-R’  *  EtO-MgX 
(H) 


TAI. 01:002 

Tennessee  Agricultural  and  Industrial  State  U.  Dept, 
of  Chemistry,  Nashville. 

GRIGNARD  REAGENTS  AND  UNSATURATED  ETHERS. 
H.  REACTION  OF  GRIGNARD  REAGFNTS  WITH  BETA-, 
GAMMA-UNSATURATED  ETHERS,  by  C.  M.  Hill, 

L.  Haynes  and  others.  [1953]  lOp.  incl.  table,  refs. 
(Technical  rept.  no.  1)  (A  F  18(600)466)  AD  19864 

Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  75: 
5408-5409,  Nov.  5,  195?. 

The  reactivity  was  investigated  of  severali  ,  y  -un- 
saturated  ethers  of  the  type  R-CH-CH-CH2-0-R’ 

(where  R  is  H  or  phenyi  and  R'  is  an  alkyi  or  phenyl 
group)  with  alkyl  and  aryl  Grignard  reagents.  The  re¬ 
action  products  were  unsaturated  hydrocarbons  and 
alcohols,  and  phenol.  The  composition  and  structure 
of  these  reaction  products  indicated  that  the  Grignard 
reagents  cleave  the  ethers  by  1,2-  and  1,4-addition 
mechanisms.  (Contractor's  abstract) 
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TAL  01:003 

Tennessee  Agricultural  and  Industrial  State  U.  Dept, 
of  Chemistry,  Nashville. 

GRIGNARD  REAGENTS  AND  UNSATURATED  ETHERS 
m.  REACTION  OF  GRIGNARD  REAGENTS  WITH 
CYCLIC  UNSATURATED  ETHERS,  by  C.  M.  Hill, 

C.  W.  Senter  and  others.  Feb.  10,  1954,  lOp.  incl. 
tables.  (Technical  note  no.  2)  [AFOSR-TN-54-25] 

(AF  18(600)466)  AD  25937  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.76: 
4538-4539,  Sept.  20,  1954. 

The  reaction  of  Grignard  reagents  with  cyllc  unsatu¬ 
rated  ethers  has  been  lnvestigaied.  This  study  has  demon- 
straied  that  me  aryl  and  alkyl  Grignard  reagents  re 
act  with  2, 3-dihydropyran,  4-methyl-3,4-dlhydro-2H- 
pyran,  2-methyl-  and  2,  S-dlmethylfuran  by  opening  of 
the  ring  to  yield  unsaturated  alcohols  and  aldehydes,  and 
saturated  ketones.  The  reaction  products  isolated  sug¬ 
gest  that  the  cyclic  ethers  are  cleaved  by  a  1, 2-addltion 
mechanism.  (Contractor's  abstract) 


TAL  01:004 

Tennessee  Agricultural  and  Industrial  State  U.  Dept 
of  Chemistry,  Nashville. 

INVESTIGATION  OF  THE  USE  OF  GRIGNARD  RE¬ 
AGENTS  WITH  UNSATURATED  ETHERS,  by  C.  M.  Hill, 
M.  E.  Hill  and  others.  Final  rept.  Oct.  1,  1954,  16p. 
incl.  tables.  (Technical  rept.  no.  1)  ([af(osr-TR-54- 
32)  (AF  18(600)466)  AD  50350  Unclassified 

A  summary  is  given  of  investigations  concerning  the  re¬ 
action  of  alkyl  and  aryl  Grignard  reagents  with  unsatu¬ 
rated  ethers,  including  both  open-chain  and  cyclic  un- 
salurated  ethers.  Unsubstituted  and  alky-  and  aryi- 
substltuled  ,  -,  y-unsaturaled  ethers  and  unsubstituted 
and  alkyl -substituted  dihydropyrans  and  furans  were  in¬ 
cluded.  The  results  demonstrated  that  Grignard  rea¬ 
gents  react  with  both  open-chain  unsaturaled  and  cyclic 
unsaturated  ethers  to  form  saturated  and  unsaturated 
alcohols,  phenols,  aldehydes,  melhyl  ketones,  and 
olefins  in  acceptable  yields.  The  mode  of  cleavage  ap¬ 
parently  depends  upon  certain  electrical  and  sterlc  ef¬ 
fects  imparted  to  the  unsaturated  ether  molecule  by 
substituents  attached  to  it. 


TAL  01:005 

Tennessee  Agricultural  and  Industrial  State  U.  Dept, 
of  Chemistry,  Nashville. 

GRIGNARD  REAGENTS  AND  UNSATURATED  ETHERS. 
V.  REACTION  OF  GRIGNARD  REAGENTS  WITH  ALPHA 
AND  GAMMA-SUBSTITUED  ALLYL  ETHERS,  by  C.  M. 
Hi)’.  M.  E.  Hill  and  others.  [1954]  [l2jp.  incl.  tabies. 
(Pt.  3  of  its  Technical  rept.  no.  1;  AD  50350)  [AF  18- 
(600)466'  AD  50350(a)  Unclassified 


Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  77: 
3889-3892,  July  20,  1955. 

Substituents  suspected  of  imparting  electrical  or  steri- 
cally  hindered  effects  were  attached  to  the  a  and  y 
positions  of  allyl  ethers,  and  their  reaction  wlih  aryl 
and  alkyl  Grignard  reagents  was  investigated.  The 
substituted  ethers  included  were  of  the  type 
R-CH^H-CHoO-R',  where  R  is  H  and  phenyl  and  R' 
is  n-  butyl,  and  phenethyl;  and  R-CH  =  CH-gH-0-R", 

where  R  is  methyl,  R’  is  n-  and  tert-butyl  and  benzyl, 
and  R’  is  n-  and  tert-butyl.  The  nature  of  the  group 
attached  to  the  y  position  of  the  allyl  ether  apparently 
influenced  the  mode  of  cleavage  by  certain  Grignard  rea¬ 
gents.  In  experiments  in  which  n-heptyl- and  n-octyl- 
magnesmm  bromides  were  added  to  tert-butyl-l-benzyl- 
3-metnylallyl  ether,  no  reaction  occurred  at  the  re¬ 
fluxing  temperature  of  diethyl  ether  or  benzene.  All 
the  aryl  Grignard  reagents  reacted  with  3-methyl-  and 
3-phenylallyl  ethers  to  yield  olefinlc  hydrocarbons  and 
alcohols,  which  indicated  1,2-cleavage  only  of  the 
ethers;  similar  results  were  obtained  when  ethyl-  and 
n-hexylmagnesium  bromides  were  used.  The  electrical 
effect  upon  the  ether  molecule  caused  by  electron¬ 
releasing  groups  in  the  y  position  appeared  to  facilitate 
1, 4-addition  when  the  Grignard  reagent  was  an  n-heptyl 
or  n-octylmagnesium  bromide. 


TAL  01:006 

Tennessee  Agricultural  and  Industrial  State  U. ,  Nashville. 

GRIGNARD  REAGENTS  AND  UNSATURATED  ETHERS. 
IV.  THE  SYNTHESIS  AND  REACTION  OF  SEVERAL 
VINYL  ETHERS  WITH  GRIGNARD  REAGENTS,  by 
C.  M.  Hill,  R.  M.  Prigmore,  and  G.  J.  Moore. 

[1955]  [3]p.  incl.  tables.  [AF  18(600)466 1 

Unclassified 

Published  in  Jour.  Amer.  Chem.  Soc.,  v.  77:352- 
354,  Jan.  it,  1955. 

Study  has  been  made  of  the  reaction  of  u  , ,  -unsutu- 
rated  ethers  of  ihe  type  R-CH-C(R’)OR”,  where  R  is 
H,  n^Hf,  n-CsHji  and  n-CgHij,  R'  is  H,  n-C,|Hg, 
n-CsHji  and  n-C6Hi3,  and  R”  la  CjHs  and  n-C4Hg, 
with  alkyl  and  aryl  Grignard  reagents.  The  reaction 
products  isolated  indicate  that  the  Grignard  reagents 
cleave  the  unsaturated  ethers  at  the  carbon-oxygen 
bond  to  yieid  ketones.  Seven  substituted  vinyl  ethers 
have  been  synthesized  and  characterized.  (Con¬ 
tractor’s  abstract) 


TEN.  01:001 

Tennessee  U. ,  Knoxville. 

APPLICATIONS  OF  FUNCTIONAL  ANALYSIS,  by 
F.  A.  Flcken.  Technical  rept.  June  1,  1952-Aug.  31, 
1954.  Sept.  7,  1954,  3p.  ([AF)OSR-TR-54-26) 

(AF  18(600)313)  AD  42297  Unclassified 
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Progress  la  reported  on  the  following  projects:  (1) 
bifurcation;  (2)  bounded  linear  adjolnta  for  certain  non¬ 
linear  transformations  between  Banach  spaces;  (3) 
periodic  wave  solutions  of  a  nonlinear  ware  equation; 
and  (4)  extensions  of  unbounded  linear  transformations. 
Work  on  project  2  has  been  temporarily  suspended. 

TEN.  01:002 

Tennessee  U. ,  Knoxville. 

INITIAL  VALUE  PROBLEMS  AND  TIME -PERIODIC 
SOLUTIONS  FOR  A  NONLINEAR  WAVE  EQUATION, 
by  F.  A.  Flcken  and  B.  A.  Fleishman.  [Dec.  1956] 
[26fe.  IncL  refs.  (Sponsored  jointly  by  Office  of  Naval 
Research,  Office  of  Bureau  of  Ordnimce,  and  Air  Force 
Office  of  Scientific  Research  under  AF  18(600)313) 

Unclassified 

Published  in  Communications  on  Pure  and  Appl.  Math. , 
vT  lG:  331-356,  Aug.  1957. 

The  nonlinear  one -dimensional  wave  equation:  uu  -  Uyy  - 
2xut  -  au  -  c  u*  +  b  is  considered  in  the  cases  of  the  in¬ 
finite  string,  the  semi-infinite  string  with  a  fixed  end, 
and  the  finite  string  with  fixed  ends.  With  specified 
Initial  data  (displacement  and  velocity)  solutions  are 
worked  out  for  each  of  these  cases. 


TAM.  01:001 

Texas  A.  and  M.  Coll.  Dept,  of  Physics,  College  Station. 

VIBRATIONAL  STRUCTURE  OF  THE  ELECTRONIC 
SPECTRA  OF  SIMPLE  MOLECULES.  I.  EVALUATION 
OF  CONDON  OVERLAP  INTEGRALS  FOR  THE  BENT 
XY]  MOLECULE,  by  J.  K.  Ward  and  J.  B.  Coon. 

July  1954  [life.  IncL  diagrs.  flAFjOSR -TN-54-181) 

(AF  18(600)439)  AD  38856  Unclassified 

A  method  Is  outlined  for  evaluating  the  Condon  overlap 
integral  associated  with  any  vibronic  hand  of  a  UV  ab¬ 
sorption  system  of  an  XVj  molecule.  All  necessary 
formulas  are  Included.  Fbr  the  small  vibration  problem, 
the  geometry  of  the  molecule  as  well  as  its  vibrational 
frequencies  must  be  given  for  both  of  the  electronic 
states  Involved.  A  relation  between  coordinates  of  the 
normal  slate  and  those  of  the  excited  state  must  be 
found  in  order  io  evaluate  ihe  Condon  overlap  Integrals. 


TAM.  01:002 

Texas  A.  and  ML  Coll.  [Dept,  of  Physics]  College  Station. 

APPLICATION  OF  THE  FRANCK-CONDON  PRINCIPLE 
TO  THE  BENT  XY2  MOLECULE  (Abstract),  by  J.  B. 
Coon  and  J.  K.  Ward.  |1954]  |ljp.  [A F  18(600)439] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Austin, 
Tex.,  Feb.  28-27,  1954. 

Published  In  Phys.  Rev.,  v.  94:  805,  May  1,  1954. 


A  method  is  described  for  comparing  ihe  experimental 
intensities  of  vibronic  bands  of  an  XY2  molecule  with 
Condon  overlap  integrals  calculated  io  ihe  harmonic 
approximation.  Using  the  vibrational  frequencies  and 
the  apex  angle  for  a  given  electronic  slate,  normal 
coordinates  may  be  calculated  by  known  methods. 
Three  independent  Cartesian  coordinates  Xy  of  the  nuclei 
for  the  ground  electronic  state  are  related  io  similar 
coordinates  Xy'  for  the  excited  slate  by  x’  =  it  C,  where 
C  Is  a  three-element  column  matrix  determined  by  the 
equilibrium  bond  distances  and  angles  of  both  states. 

This  leads  io  the  relation  Q'  -  CQ  +  K,  where  C  is  a 
3x3  matrix  in  which  the  elements  Cl3  Cg3  =♦=  0  unless 
=  6 .  The  Condon  overlap  integral  takes  the  form 

1=  N'fvy'v^Tj'WvyvjVjjJJJ  TT,HV  (Uj-Qt-) 

xexp  (-  Viay'^'^TTyHTjUyQl) 
exp  (-  >A  u^QjtyQjdQjdQj, 

where  =  (4»Vh)cu>y,  and  Hey(ayQy)  are  Hermlte 
polynomials.  This  Is  easily  evaluated  for  any  special 
case.  The  ratio  of  the  overlap  Integrals  for  two  vibronic 
band  8  Is  known  io  be  related  io  the  integrated  molecular 
extinction  coefficients  ty  for  these  two  bands  by 
<Iy/I2)*  =exp  [he  (G,  -  GaJ/kTKva/vy) 

x(Jjty5v/  ]  2  e  2  6  v  ),  where  Gy  Is  the  ground  stale  vibra¬ 
tional  level  associated  with  band  1.  Sufficient  data  are 
available  for  C102  to  evaluate  these  Integrals. 


TAM.  01:003 

Texan  A.  and  M.  Coll.  [Dept,  of  Physics]  College  Station. 

VIBRATIONAL  ANALYSIS  OF  THE  3400-4000A  ABSORP¬ 
TION  SPECTRUM  OF  SO*  (Abstract),  by  R.  K.  Russell. 
[1954]  [lfe.  [AF  18(800)439]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Austin, 
Tea.,  Feb.  26-27,  1954. 

Published  In  Phys.  Rev. ,  ▼.  94:  805,  May  1,  1954. 

A  preliminary  analysis  Is  reported  of  the  3400-4000A 
absorption  spectrum  of  SO],  based  on  wave  numbers 
measured  on  spectrograms  obtained  with  absorbing 
paths  up  to  18  meter -atmospheres.  Within  an  average 
deviation  of  about  2  cm-1,  23  bands  fit  the  formula 
v  --  v0  v  (G,]  -  G  *  ),  where  v0  ,  25,776.0  cm-1 
andGo  (vi'v2'vj'U  938.3  vj  ♦  362.  Cv2  ♦  1119. 65vj 
-  34.  60 vy' *  -1.95t2*  -25.77v3'*  ♦  1.82vj'S 
-5.9vy'  v2‘  -21.55vy'vj'  -9.1v2'v3'.  Ground-stale 
levels  Go"  given  by  Nielsen  (Phys.  Rev. , 
v.  91:  235,  1953)  were  used.  Previously,  In  a  brief 
report,  Metropolis  and  Beutler  (Phys.  Rev.,  v.  57: 

1078,  1940)  assigned  the  (0,0,0,  )V  (0,0,0,)"  band 
and  gave  approximate  values  of  v  y  and  *  j'  that  are 
essentially  In  agreement  with  the  above  formula.  The 
Go'  (2, 1,0)  and  the  Go'  (0,0,2)  excited  state  vibrational 
levels  appear  to  perturb  each  other,  the  shift  being 
about  33  cm'l.  ft  is  expected  that  spectrograms  to  be 
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made  with  still  longer  absorbing  paths  will  reveal  more 
bands,  thus  providing  additional  data  needed  to  confirm 
or  Improve  the  analysis.  (Contractor's  abstract) 


TAM.  01:004 

Texas  A.  and  M.  Coll.  [Dept,  of  Physics]  College  Station. 

GROUND-STATE  POTENTIAL  CONSTANTS  OF  ClOj 
(Abstract),  by  J.  K.  Ward.  [1954]  [lfc.  [AF  18(600)439] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Seattle, 
Wash. ,  July  7-10,  1954. 

Published  in  Phys.  Rev.,  v.  96:  845,  Nov.  1,  1954. 

Sufficient  information  Is  available  to  compute  the  four 
harmonic  potential  constaiis  of  the  ground  state  of 
ClOj.  Coon's  ultraviolet  rotational  structure  analysis 
furnishes  2B"  =  0.612  *  0.003,  (2B’  -B")  ,  -0.0615  * 
0.001,  and  2(A'  -  A”)  =  -  (1.250  ±0.006  cm*1;  at  least- 
square  treatment  of  Nielsen  and  Woltz 's  infrared  rota¬ 
tional  structure  data  yields  2(A”  -  B")  =  2.831  t  0.01 
cm"*.  From  this  data  one  obtains  29"  -  117.4  ±0.2°, 
r"  =1.472  *  0.005A,  20'  =  107.4  ±  0.4°,  r0'  -  1.620* 
0.015A.  By  using  28"  in  conjunction  with  -  964. 8, 
«ij"=  451.8,  and  *3"  =  1127. 3  cm-1  given  by  Coon  and 
Ortiz,  and  one  Isotope  shift  i»i"=  -6. 41  cm~l> 4  the 
grouml -state  valence  potential  constants  are  determined: 
k  -  6.990,  k-, -0.649,  k,  .-0.191,  k2  —0.035  x  (10)5 
dyne -cm-1.  Poor  agreement  exists  with  potential  con¬ 
stants  determined  using  three  ground-state  frequencies 
and  the  criterion  cf  Glockler  and  Tung:  k-7.411, 
k  e  -  0. 803,  kj  -  0. 230,  ks  .  0. 930  x  (10)5  dyne-cm- 1 . 
Disagreement  also  exists  with  the  prediction  of 
Duchesne  and  Nielsen  that  kj  and  kj  should  be  positive. 
(Contractor's  abstract) 


TAM.  01 .005 

Texas  A.  and  M.  ColL  Dept,  of  Physics,  College  Station. 

A  VIBRATIONAL  ANALYSIS  OF  THE  3000-5000A  ABSORP¬ 
TION  OF  C10j,  by  J.  B.  Coon  and  E.  Ortiz.  May  1955, 
19p.  lncl.  diagrs.  Ubles.  ([AF)OSn-TN-55-119) 

(AF  16(600)439)  AD  63469  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Mexico 
City  (Mextco),  Aug.  29-31,  1955. 

Abstract  published  In  Phys.  Rev. .  v.  100:  963.  Nov.  1 

1955T 

Also  published  in  Jour.  Molecular  Spectroscopy,  v.  1: 
5T-94.'Spt.  1957. 


A  critical  list  of  143  vlbronic  bands  in  the  visible  and 
ultraviolet  absorption  spectrum  of  ClOj  vapor  has  been 
compiled.  Vibrational  quantum  number  assignments 
have  been  mwie  for  117  of  these  bands.  This  vibrational 
analysis  ytelda  the  following  values  of  the  zero  order 


TAM.  01.004  -  TAM.  01:006 


frequencies  ±']  and  the  anharmoniclty  constants  XI , 
for  the  excited  electronic  state.  In  wave  numbers. 


.  711.4 

X„=  -2.44 

*13  =  -7.40 

=  298.0 

Xj2.  -4.36 

*23  =  '®*9 

756.1 

*22  " 

*33”  *10*2 

Combining  the  Information  obtained  for  the  ground 
state  with  existing  infrared  data,  the  best  resulting 
constants  for  this  state  are: 

u"=  962.8 

1 

x  n  -  «•« 

*  13  -  “•« 

u.  ”  -  455.4 

X^-3.0 

X  23  ”  -13 

1138.2 

3 

°-° 

X  "  -  -2.0 

33 

(Contractor's  abstract) 


TAM.  01:006 

Texas  A.  and  M.  Coll.  Dept,  of  Physics,  College  Station. 

VIBRATIONAL  STRUCTURE  OF  THE  ELECTRONIC 
SPECTRA  OF  SIMPLE  MOLECULES.  HL  VIBRA¬ 
TIONAL  ANALYSIS  OF  THE  3800  A  ABSORPTION 
SYSTEM  OF  SULPHUR  DIOXIDE,  by  R.  K.  Russell, 

B.  L.  Landrum,  and  E.  E.  Vezey.  Jan.  1956,  22p. 
incL  diagrs.  tables.  (AFOSR-TN-56-68) 

(AF  16(600)439)  AD  81060  Unclassified 

Photographs  of  the  3400-3900  A  absorption  spectrum  of 
SOj  vapor  have  been  made  with  absorbing  layers  vary¬ 
ing  from  2  to  720  meter-atmospheres.  FOrty-two  bants 
ware  observed,  23  of  which  have  not  been  reported 
previously.  The  wave  numbers  of  30  bands  nt  the 
expression 

0  *  °e  ♦  °o  *  W-  Y*  Y>  *  Go”(Y’>  *2".  V), 
•here  „e  ♦  o0  -  25776. 0  K, 

the  G0'  =  931. 65  vj’  »  362.  Bv2'  ♦  904. 0v3’ 

-27.65v,'J  -6.  3Vj'  Vj'  -  1.95vj'J 

-56.7v,'vj'  -  34.  5vj' Vj'  ♦  9.3v3'J, 

and  the  G0"(v,",  vj",  v,")  are  ground  state  vibrational 
energy  levels  determined  from  LR  data.  The 
Go'(J>  !.  0)'  and  the  GQ'(0,  1,  2)'  excited  state  vibra¬ 
tional  energy  levels  perturb  each  other,  the  shift  beti« 
32.4  K.  The  zero- order  frequencies  for  the  excited 
electronic  state  are 

«  -  WO.  80  K,  ■  j'  *  385.  15  K,  *3'  -  940.  30  K. 

(Contractor's  abstract) 
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TAM.  01:007 

Texas  A.  and  M.  Coll.  Dept  of  Physics,  College  Station. 

VIBRATIONAL  STRUCTURE  OF  THE  ELECTRONIC 
SPECTRA  CF  SIMPLE  MOLECULES  T  .  THE  GEOM¬ 
ETRY  OF  AN  EXCITED  STATE  OF  SO,  AND  THE 
FRANK-CONDON  PRINCIPLE,  by  M.  L.  Coffman,  J.  M. 
Corgan  and  others.  Aug.  1956,  29p.  inci.  diagrs. 
tables,  refs.  (AFOSR-TN-56-370)  (AF  18(600)439) 

AD  95806  Unclassified 

Presented  at  meeting  of  the  Amer.  Phye.  Soc. ,  Houston, 
Tex.,  Feb.  24-25,  1956. 

Also  published  In  Bull.  Amer.  Phys.  Soc. ,  Series  H  , 
v.  1:90,  Feb.  24,  1956. 

The  geometry  of  the  excited  electronic  state  associated 
with  the  3800  A  absorption  system  of  S02  is  determined 
using  the  Frank-Condon  principle.  The  normal  coor¬ 
dinated  Qj  of  the  ground  electronic  state  and  Q'i  of  the 
excited  electronic  state  are  calculated  from  the  known 
vibrational  frequencies  of  these  states.  The  excited 
state  angle  Is  assumed  to  be  the  same  as  that  known  for 
the  ground  state  from  microwave  studies.  The  trans¬ 
formation  relating  Qj  to  Q'i  Involves  2  parameters  Cj 
and  C2  which  specify  the  difference  In  geometry  of  the 
2  states.  This  transformation  permits  evaluation  of  the 
Condon  overlap  Integrals  Rj  in  terms  of  c i  and  c,.  The 
harmonic  approximation  Is  made.  Comparison  of  band 
intensities  measured  photographically  with  the  squares 
of  the  overlap  Integrals  allows  evaluation  of  ci  and  c2 
and  hence  the  excited  state  geometry.  Four  excited 
state  models  are  consistent  with  the  observed  Intensities, 
but  only  one  of  these  Is  consistent  with  the  partially  re¬ 
solved  rotational  structure  of  the  bands.  The  S-0 
distance  and  the  O-S-O  angle  for  the  resulting  model  of 
the  excited  electronic  state  are  r'  »  1. 492  A  and  a'  - 
124  36'.  A  correction  based  on  normal  modes  calculated 
using  this  angle  gives  r'  .  1.  487  and  a'»  125°  6’.  These 
results  are  to  be  compared  with  r"  1.  432  A  and 
a  "  «  1 19*32’  for  the  ground  electronic  state  from  micro- 
wave  studies.  (Contractor's  abstract) 


TAM.  01:008 

Texas  A.  and  M.  Coll.  Dept,  of  Physics,  College  Station. 

ROTATIONAL  STRUCTURE  OF  THE  3800A  ABSORP¬ 
TION  SYSTEM  OF  S02  (Abstract),  by  J.  B.  Coon,  R.  K. 
Russell,  and  B.  L.  Landrum.  [l956]|ljp.  (AF  18(600) - 
439)  Unclassified 

Presented  at  Symposium  on  Molecular  Structure  and 
Spectroscopy,  Ohio  State  U. ,  Columbus,  June  11-15, 
1956. 

Published  In  Symposium  on  Molerular  Structure  and 
Spectroscopy.  Abstracts,  1956,  p.  18. 

The  geometrytof  the  excited  electronic  state  associated 
with  the  3800A  absorption  system  of  902  vapor  has  been 
recently  determined  by  a  quantitative  application  of  the 


Frank-Condon  principle.  The  results  reported  are 
r'  =  r"  4  0.060  =  1.492A,  and  20'  =  26”  4  5°4’  - 
124°36:  These  data  yield  the  constants  of  the  rotational 
structure,  namely  2  A  (A  -  B)  =  0. 396  cm-1  and 
2  A  B  =  -0. 071  cm*1.  In  order  to  check  these  results, 
anti  In  -jiAct  Vu  Ttt.it/vt-  Wit  unttrtalrAy  as  Vo  Wit  polar  V- 
zatio’i  of  the  bands  of  this  system,  the  resolvable  fea¬ 
tures  of  the  rotational  structure  of  the  bands  are  being 
examined.  Preliminary  measurements  yL.t.1  2  A  (A  -  B) 
=0. 438  ±  0. 03  cm*1  and  2A  B  =  -0. 080  ±  0. 0J8  cm*1 
confirming  the  results  based  on  the  Frank-Condon 
principle.  Although  the  polarization  of  these  bands  has 
not  yet  been  determined  with  certainty,  It  Ik  expected 
that  this  can  be  reported  soon.  (Contractor's  abstract) 


TAM.  01:009 

Texas  A.  and  M.  Coll.  [Dept,  of  Physics)  College  Station. 

3700  A  BAND  OF  FORMALDEHYDE  (Abstract),  by  C.  M. 
Loyd  and  S.  E.  Hodges.  [1956)  )l)p.  )AF  18(600)439] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Monterey,  Calif. ,  Dec.  27-29,  1956. 

Published  in  Amer.  Phys.  Soc.,  Series  n,  v.  1:393, 
Dec'  '27,  1956. 

The  ground-state  vibrational  level  from  which  the 
(3700  A)a  band  of  formaldehyde  arises  has  received 
much  discussion  In  the  literature:  Recent  temperature 
sensitivity  measurements  by  Cohen  and  Reid  give 
1240  t  50  cm*1  for  the  ground-state  level  of  this  band. 
This  leads  them  to  the  conclusion  that  the  band  arises 
from  one  quantum  of  the  In- plane  bending  mode, 

1247.4  cm*1.  Robinson,  on  the  other  hand.  Interprets 
the  band  as  arising  f’  >m  one  quantum  of  the  out-of¬ 
plane  bending  mode,  163.  5  cm-1.  The  present  tem¬ 
perature  sensitivity  data  support  Robinson's  Interpre¬ 
tation,  yielding  1160  t  23  cm'1  for  the  ground-state 
level  from  a  plot  of  In  c  vs  l/T  that  has  a  slope  of 
1.  67.  Measurements  were  made  at  eight  pcints  in  the 
band  on  spectrograms  taken  at  temperatures  of  403, 

439,  472  and  493’K  and  a  path  length  of  6  meters. 
Formaldehyde  pressures  of  5  to  10  cm  were  used  with 
1 20  psl  of  nitrogen  added  to  Insure  pressure  broadening. 
(Contractor's  abstract) 


TAM.  02:001 

Texas  A.  and  M.  Coll.  Dept,  of  rtiyslcs,  College  Station. 

A  HIGH  RESOLUTION,  LOW  FIELD  NUCLEAR  MAG¬ 
NETIC  RESONANCE  SPECTROMETER,  by  R.  W. 
Mitchell  and  M.  Eisner.  Nov.  1956  (l4)p.  Inci.  diagrs. 
(A FOSR-TN -56- 584)  (AF  18(600)1300)  AD  115008 

Unclassified 

.Also  published  in  Rev.  Sclent.  Instruments,  v.  28: 
624-628,  Aug.  1957. 

A  high  resolution  low  field  spectrometer  Is  constructed 
to  study  relaxation  time  measurements  of  nuclear 
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magnetic  resonance  signals  In  pure  liquids  and  liquid 
mixtures.  For  the  resolution  limited  by  the  stability  of 
the  magnetic  field,  the  best  resolution  was  found  for 
43  gauss  at  about  80  microgauss  and  at  12  gauss  at 
about  10  microgauss.  At  about  40  gauss,  the  output  of 
the  oscillator  goes  to  a  twin  T  bridge  which  feeds  In 
turn  to  a  two  stage  amplifier  with  175  K.  C.  -I.  F. 
transformers  from  which  the  synchronous  detector  re¬ 
ceives  Its  reference  signal.  This  can  be  examined  by 
the  proper  phase  of  the  reference  voltage.  Some  meas¬ 
urements  and  relaxation  time  measurements  for 
C2H5OH-H2O  are  given. 


TAM.  02:002 

Texas  A.  and  M.  Coll.  [Dept,  of  Physics]  College  Station. 

CONCENTRATION  DEPENDENCE  OF  NUCLEAR  SPIN- 
SPIN  RELAXATION  TIMES  IN  ETHANOL- WATER  MIX¬ 
TURES  (Abstract),  by  R.  W.  Mitchell,  W.  L.  Zlngery, 
and  M.  Eisner.  [1956]  [l  Ip.  [AF  18(600)1300) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Houston, 
Tex.,  Feb.  24-25,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  0,  v.  1: 

92,  Feb.  24,  1956. 

The  nuciear  spin-spin  relaxation  time  T2  was  observed 
for  hydrogen  nuclei  contained  In  mixtures  of  ethanol  and 
water.  Measurements  were  made  at  fields  of  10  gauss 
wltha  resolution  of  50  microgauss  for  30  ml  samples.  This 
resolution  was  sufficient  for  the  study  of  concentrations 
ranging  from  0.01  to  1.0  mole  fractions  of  ethanol.  The 
relaxation  time  was  obtained  by  analysis  of  the  decay  of 
the  wiggle  transients.  The  results  Indicate  a  broad 
minimum  In  T2  occurring  at  about  0.  25  mole  fraction  of 
ethanol.  This  minimum  occurs  at  the  same  concentra¬ 
tion  at  which  other  anomalies  display  peaks.  Similar 
peaks  are  observed  for  viscosity,  heat  of  mixing,  and 
ultrasonic  absorption  at  this  concentration.  (Contractor's 
abstract) 


TAM.  02:003 

Texas  A.  and  M.  Coll.  [Dept,  of  Physics]  College  Station. 

MEASUREMENT  OF  THE  nnir  RELAXATION  TIME  Tt 
IN  BINARY  MIXTURES  (Abstract)  by  A.  F.  HUdebrandt, 
W.  L.  Zlngery,  and  M.  Eisner.  [1956]  [ljp. 

[AF  18(600)1300]  Unclassified 

Presented  at  meeting  of  the  Amer  Phys.  Soc.  ,  Houston. 
Tex.  .  Eeb  24-25.  1956 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  n,  v.  1; 

92,  Feb.  24,  1956. 

The  longitudinal  time  Tl,  of  the  different  chemical  groups 
of  alcohol-water  mixtures  has  been  observed  using  a  flow 
technique.  It  Is  observed  that  different  groups  In  a  fine 
structure  pattern  have  different  Tj,  reflecting  their  dif¬ 
ferent  lattice  environments.  An  estimate  of  the  effects 


of  the  importance  of  interactions  with  neighboring 
groups  In  the  same  and  different  molecules  can  be 
made.  The  effects  of  chemical  exchange  are  dis¬ 
cussed.  (Contractor's  abstract) 


TEX.  01:001 

Texas  U.  Defense  Research  Lab.,  Austin. 

A  SECOND-ORDER  THEORY  FOR  THREE-DIMENSION¬ 
AL  WINGS  IN  SUPERSONIC  FLOW,  by  M.  H.  Clarkson. 
May  1,  1953,  64p.  lncl.  lllus.  refs.  (Rept.  no.  DRL- 
332)  (A F  18(600)483)  AD  18237  Unclassified 

Also  published  In  Ckiart.  Jour.  Mech.  and  Appl.  Math. , 
v.  7:  203-221,  June  1954. 

The  problem  Is  expressed  mathematically  as  a  non-lin¬ 
ear  partial  differential  equation  in  3  Independent  vari¬ 
ables  with  given  boundary  conditions.  The  equation  Is 
reduced  to  a  sequence  of  linear  equations  by  a  series 
expansion  (In  powers  of  a  w-ing- thickness  parameter)  of 
the  dependent  and  one  of  the  Independent  variables. 
These  equations  are  solved  by  the  use  of  the  Riesz  op¬ 
erator.  The  pressure  distributions  of  several  wing 
problems  are  obtained  to  the  second  order,  and  the 
shock  surface  is  determined  to  the  first  order  for  the 
case  of  compressive  flow.  The  first-order  shock  sur¬ 
face  is  also  obtained  for  the  expans  Ion -region  bound¬ 
aries  for  the  case  of  expansive  flow.  A  discussion  of 
the  r  'taugular  wing  Illustrates  some  of  the  complexi¬ 
ties  of  vlng  problems. 


TEX.  01 :002 

Texas  U.  Defense  Research  Lab. ,  Austin. 

TRANSFORM  SOLUTIONS  OF  SINGULAR  INTEGRAL 
EQUATIONS  OCCURING  IN  AERODYNAMIC  PROB¬ 
LEMS.  (1).  APPLICATIONS,  by  H.  J.  Ettllnger, 

M.  H.  Clarkson,  and  C.  E.  Abraham.  July  29,  1953, 

42p.  refs.  (Rept.  no.  DRL-340)  (AF  18(600)483) 

AD  19173  Unclassified 

A  1 -dimensional  transform  Is  defined  which  Is  related 
closely  to  certain  singular  Integral  equations  of  the 
Abel  type  that  occur  In  wing  problems  In  transonic  and 
supersonic  flow.  The  important  properties  of  the  trans¬ 
form  which  is  based  on  the  work  of  Holmgren,  Riemann, 
and  Riesz  are  developed,  and  the  results  are  stated  as 
theorems.  The  transforms  of  some  important  elemen¬ 
tary  functions  are  tabulated.  An  Integral  equation  which 
formerly  was  solved  by  using  the  Hadamard  concept  of 
the  "finite  part"  of  a  nonconvergent  Integral  Is  interpreted 
In  terms  of  the  transform,  and  Its  solution  Is  found  with 
the  aid  of  the  tabulated  tran»'  -ms.  This  example  Illus¬ 
trates  a  direct  operational  1  jeedure  for  solving  Inte¬ 
gral  equations  of  this  type. 
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TEX.  01:003 

Terns  U.  Defense  Research  Lab, ,  Austin. 

NUMERICAL  COMPUTATION  OF  THE  SECOND-ORDER 
TERMS  OF  THE  PERTURBATION  VELOCITY  POTEN¬ 
TIAL  FOR  A  SEMI-INFINITE  RECTANGULAR  WING, 
by  R.  A.  Beeler,  P.  D.  M.  Carnahan,  and  J.  N. 
Younglove.  Oct.  19,  1953  [44  ]p.  incl.  Ulus, 
tables.  (RepL  no.  DRL-348)  (AF  18(600)483) 

AD  22224  Unclassified 

Values  are  determined  and  tabulated  for  the  second-or¬ 
der  term  of  the  supersonic  perturbation  velocity  poten¬ 
tial  for  a  particular  wing.  The  computational  precedure 
is  discussed. 


TEX  01:004 

Texas  U.  Defense  Research  Lab. ,  Austin. 

THE  HOLMGREN- RIESZ  TRANSFORM  AND  ITS  RELA¬ 
TION  TO  THE  SOLUTION  OF  SUPERSONIC  AERODY¬ 
NAMIC  BOUNDARY  VALUE  PROBLEMS,  by  H.  J. 
Ettlinger  and  C  .  E.  Abraham.  Oct.  21,  1953,  39p. 

I'lua.  refs.  (Rept.  no.  DRL-347)  (AF  18(600)483) 

AO  22225  Unclassified 

The  1 -dimensional  transform  is  extended  to  3  dimen¬ 
sional  and  various  types  of  conical  regions.  The  trans¬ 
form  is  discussed  with  respect  to  Identity  and  semi¬ 
group  properties  for  the  volume  bounded  by  a  3-  dimen¬ 
sional  half-cone  and  a  plane  perpendicular  to  the  cooe 
axis.  An  expanded  form  of  the  transform  Is  deduced  for 
the  same  volume  with  the  aid  of  Green's  theorem.  The 
transform  Is  also  defined  for  the  volume  bounded  by  a 
forecone,  a  horizontal  plane,  and  a  plane  with  a  char¬ 
acteristic  direction.  Identity  and  limit  properties  are 
developed  for  functions  defined  by  surface  Integrals  which 
appear  In  the  Green's  theorem  expansion  of  this  trans¬ 
form.  The  results  are  applied  to  the  Cauchy  Initial 
value  problem  and  other  boundary  value  problems  In  the 
theory  of  supersonic  flow  about  3-dimenslonal  wings. 


TEX  01-005 

Texas  U.  Defense  Research  Lab. ,  Austin. 

THE  HOLMGREN-  RIESZ  TRANSFORM  AND  ITS  RE¬ 
LATION  TO  THE  SOLUTION  OF  SUPERSONIC  AERO¬ 
DYNAMIC  BOUNDARY  VALUE  PROBLEMS  (CON¬ 
TINUED),  by  H.  J.  Ettlinger  and  C.  E.  Abraham. 

Jan.  27,  1954,  60p.  Incl.  lllus.  refs.  (Rept.  no.  DRL- 
353)  (|AF)OSR-TN-S4-47)  (AF  18(600)483)  AD  27314 

UNCLASSIFIED 

The  Holmgren- lUesz  transform  la  further  developed  In 
3  dimensions  and  la  extended  to  apply  in  4  or  more 
dimensions.  Solutions  for  the  nonhomogeneoua  wave 
equation  are  obtained  which  satisfy  linear  boundary  con¬ 
ditions  of  mixed  type.  R  Is  pointed  out  that  the  tran¬ 
sient  supersonic  flow  equation  for  the  3 -dimensional 
wing  can  be  transformed  to  the  wave  equation  In  4 
dlm*nafon*. 


TEX  01:006 

Texas  U.  Defense  Research  Lab. ,  Austin. 

TECHNICAL  REPORT  ON  ANALYTICAL  STUDIES  IN 
SUPERSONIC  AERODYNAMICS  AND  MATHEMATICAL 
PHYSICS,  by  H.  J.  Ettlinger  and  C.  E.  Abraham. 

Final  rept.  Jan.  29,  1954,  8p.  (Rept.  no.  DRL-354) 
(]AF]OSR-TR-54-10)  (AF  18(600)483) 

Unclassified 

This  report  summarizes  the  work  done  at  Defense 
Research  Lab. ,  Tens  U. ,  on  Second  and  Higher  Order 
Effects  In  the  Supersonic  Airflow  Around  Wings  and 
Bodies,  and  The  Study  of  the  Hyperbolic  Potential  In 
Three  and  Four  Dimensions.  (Contractor's  abstract) 


TEX  02:001 

Texas  U.  Defense  Research  Lab. ,  Austin. 

SUPERSONIC  SKIN  FRICTION  AND  HEAT  TRANSFER 
RESEARCH  AT  THE  UNIVERSITY  OF  TEXAS,  by  R.  C. 
McWherter.  Mar.  15,  1954  [21  fc.  Incl.  illus.  dlagrs. 
tables,  refs.  [AFOSR-TN-54-64]  (Sponsored  Jointly 
by  [Air  Force  j  Office  of  Scientific  Research  under 
AF  18(600)589  and  Bureau  of  Ordnance  under 
NOrd-9195))  Unclassified 

Work  done  at  the  Defense  Research  Laboratory  (DRL), 
Austin  since  1947  is  reviewed  in  a  paper  prepared  for 
presentation  at  the  1954  Heat  Transfer  and  Fluid 
Mechanics  Institute,  University  of  California,  Berkeley. 
The  early  program  was  directed  toward  procuring  ex¬ 
perimental  reliable  data  for  turbulent  skin  friction  on  an 
Insulated  flat  plate  and  culminated  with  a  theoretical 
expression.  A  direct  measuring  skin  friction  balance 
was  developed  and  Is  Illustrated.  Data  obtained  from 
the  use  of  this  device  are  compared  with  published 
direct  measurements  at  Mach  2.  Comparisons  also  are 
made  of  akin  friction  by  direct  measurement  and  bound¬ 
ary  layer  probe,  and  a  figured  compilation  is  given  up 
to  Mach  5  of  experimental  and  theoretical  work  of  several 
recent  investigators  In  relation  to  the  University  of 
Texas  results  on  Insulated  turbulent  friction.  An  accel¬ 
eration-insensitive  model  of  the  DRL  local  skin  friction 
elemeni  was  under  test  for  use  on  a  free  flight  missile. 
Research  was  being  extended  to  consider  broader  aspects 
of  supersonic  skin  friction  with  heat  transfer.  Existing 
wind  tunnel  circuits  were  being  modified  to  allow  ambi¬ 
ent  test  section  temperatures  to  approach  stratosphere 
values  (-67 ’F).  A  6-  x  6-tn.  blow-down  type  super¬ 
sonic  high  temperature  tunnel  facility  which  was  being 
calibrated  Is  shown  schematically  as  also  is  a  heat 
transfer  plate  designed  to  eliminate  the  temperature 
gradient  difficulty  usually  encountered. 


TEX  02:002 

Texas  U.  Defense  Research  Lab.  ,  Austin. 

THEORETICAL  AND  EXPERIMENTAL  STUDIES  OF 
BOUNDARY  LAYER  CHARACTERISTICS  AT  SUPER¬ 
SONIC  SPEEDS  IN  AIR  INCLUDING  INVESTIGATIONS 
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OF  SKIN  FRICTION,  VELOCITY  DISTRIBUTION  AND 
HEAT  TRANSFER,  by  J.  L.  Harkness,  J.  E.  Weller 
and  others.  Annual  rept.  Jan.  S,  1954,  27p.  lilus.  diagrs. 
tables,  refs.  (Rept.  No.  DRL-352)  (AF  18(600)589) 

AD  25306  Unclassified 

A  brief  statement  of  the  over-all  study  Is  first  presented, 
and  this  is  followed  by  a  detailed  discussion  of  the  work 
completed.  The  bulk  of  the  work  has  been  concerned 
with  the  design  and  initial  steps  of  construction  of  an 
additional  high  temperature  circuit  for  the  exist  in?  high 
Mach  number  test  facility.  A  detailed  description  of 
this  circuit  is  given,  including  a  considerable  d'scussion 
of  the  design  problems  and  procedures.  This  )  j  followed 
by  a  survey  of  present  theories  and  experimental  inves¬ 
tigations  carried  out  by  other  research  organisations 
covering  the  problems  concerned.  This  survey  was  made 
in  order  to  avoid  duplication  of  effort  and  also  to  aid  in 
the  initial  design  of  test  equipment.  A  discussion  of  an 
experimental  study  already  under  way  in  the  existing 
tunnel  is  presented,  and  the  value  of  this  as  a  pilot  tunnel 
to  aid  in  the  development  of  some  of  the  test  equipment  is 
pointed  out.  The  last  section  of  this  report  indicates 
briefly  the  plans  to  be  followed  in  the  second  year  of  the 
program.  (Contractor's  abstract) 


TEX.  02:003 

Texas  U.  Defense  Research  Lab. ,  Austin. 

THEORETICAL  AND  EXPERIMENTAL  STUDIES  OF 
BOUNDARY  LAYER  CHARACTERISTICS  AT  SUPER¬ 
SONIC  SPEEDS  IN  AIR,  INCLUDING  INVESTIGATIONS 
OF  SON  FRICTION,  VELOCITY  DISTRIBUTION  AND 
HEAT  TRANSFER,  by  J.  L.  Harkness.  Annual  rept. 

Jan.  5,  1955,  36p.  lilus.  diagrs.  tables.  (AF  18(600)589) 

Unclassified 

The  progress  and  present  status  is  reported  of  the 
6-  x  6-in.  high  stafpiation  temperature,  wind-tunnel  cir¬ 
cuit.  A  description  of  each  major  part  of  this  circuit  is 
presented  with  a  special  section  covering  the  air  heaters. 
Detailed  information  on  both  the  storage-type  heater  and 
the  electrical  control  heater  is  contained  in  this  section. 
An  outline  of  the  theoretical  study  listing  recent  papers 
reviewed  and  presenting  a  theoretical  analysis  of  the 
proposed  heat  transfer  models  is  also  included.  A  sec¬ 
tion  is  devoted  to  pUot  testing  in  the  existing  M  -  4.  89 
nozzle  as  it  concerns  the  subject  investigation,  and  the 
last  section  indicates  briefly  the  plans  to  be  foUowed  dur¬ 
ing  the  third  year  of  the  program.  (Contractor's  abstract) 


TEX  02:004 

Texas  U.  Defense  Research  Lab. ,  Austin. 

THEORY,  DESIGN,  AND  PERFORMANCE  OF  A  420- 
KW  ELECTRICAL  HEATER  FOR  AUTOMATIC  CON¬ 
TROL  OF  STAGNATION  TEMPERATURE  IN  A  BLOW¬ 
DOWN  WIND  TUNNEL,  by  W.  H.  Hart  wig.  June  1956, 
iv.  inci.  Ulus,  diagrs.  refs.  (Rept.  no.  DRL  383) 
(AFOSR-TN-56-163)  (AF  18(600)589)  AD  86584 

Unclassified 


The  design,  theory,  and  performance  are  presented  for 
a  420-kw  electric  heater  with  feedback  control.  The 
heater  maintains  a  constant  stagnation  temperature  in 
a  6-  x  6-in.  supersonic  wind  tunnel.  The  system, 
which  is  characterized  by  a  high  speed  of  response  and 
low  absolute  error,  uses  ignition  tubes  to  control  cur¬ 
rent  in  a  3-phase,  440-v  circuit.  A  3°F  maximum 
error,  and  a  1400° F  design  limit  were  achieved. 


TEX  02:005 

Texas  U.  Defense  Research  Lab. ,  Austin. 

A  DESIGN  OF  ELECTRICAL  CONTROL  HEATERS  FOR 
OPERATION  WITH  A  SUPERSONIC,  BLOW-DOWN 
WIND  TUNNEL,  by  R.  A.  Fetter,  Jr.  June  1956,  76p. 
incl.  Ulus,  diagrs.  tables,  refs.  (DRL  rept.  no.  382) 
(AFOSR-TN-56-188)  (A F  18(600)589)  AD  87061 

Unclassified 

Two  electric  control  heaters  were  designed  which  are 
used  to  maintain  a  constant  stagnation  air  temperature 
in  a  6-  x  6-in. ,  blow-down,  supersonic  wind  tunnel. 

The  heater  maintains  a  supply  of  constant -temperature 
air  to  the  nozzle  stilling  chamber.  A  large-capacity, 
gas-fired  storage  heater  is  installed  upstream  from  the 
control  heater.  Air  flowing  through  the  circuit  picks 
up  heat  in  the  storage  heater,  and  additional  heat  is 
then  added  by  the  electric  heater.  Since  the  heated  air 
is  for  heat -transfer  studies,  the  electric  heater  must 
not  only  add  an  Increment  of  temperature  but  must  also 
control  the  air  temperature  at  a  constant  value,  even 
though  the  entering  temperature  is  changing.  Testing 
was  conducted  with  M  ^  5.0  nozzles.  Results  Indicated 
that  the  heaters  are  satisfactory  for  a  blow-down  wind 
tunnel  where  high  constant-stagnation  temperatures 
are  required.  The  cost  of  the  heaters  is  from  one- 
half  to  one-third  that  of  comparable  wind-tunnel  heaters. 
The  simple  design  offers  a  minimum  heat  sink.  High 
efficiency  is  sacrificed  for  a  small  amount  of  thermal 
insulation  and  few  heat  sinks. 


TEX  02:006 

Texas  U.  Defense  Research  Lab. ,  Austin. 

A  STORAGE  -  TYPE  AIR  HEATER  FOR  AN  INTER¬ 
MITTENT-FLOW  SUPERSONIC  WIND  TUNNEL,  by 
J.  E.  Weller.  Nov.  7,  1956,  lv.  incl.  Ulus,  diagrs. 
tables.  (Rept.  no.  DRL  393)  (AFOSR-TN-56-572) 

(AF  18(600)589)  AD  110394  Unclassified 

A  description  is  given  of  the  development,  design  of 
components,  and  operation  of  a  storage-type  air  heater 
adaptable  to  alternative  use  with  a  Mach  number  2. 0 
nozzle  or  a  Mach  number  5. 0  nozzle,  each  discharging 
into  6-  x  6-in.  test  sections.  These  are  four  sections 
of  10-lnch,  heavy  pipe  filled  ferrosiilcon  alloy  spheres 
within  an  insulating  lining.  A  hot  mixture  of  natural 
gas  combustion  products  and  air  beat  the  spheres  to  a 
desired  level;  then  the  wind  tunnel  supply  air  is  heated 
to  the  same  level  as  the  spheres  in  the  blowdown  phase. 
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TEX.  02:007  -  TEX.  03:003 


Several  units  necessary  to  the  operation  are  explained. 
Over  a  period  of  a  year  the  performance  of  the  unit  has 
been  satisfactory. 


TEX.  02:007 

Texas  U.  Defense  Research  Lab.,  Austin. 

THEORETICAL  AND  EXPERIMENTAL  STUDIES  OF 
BOUNDARY  LAYER  CHARACTERISTICS  AT  SUPER¬ 
SONIC  SPEEDS  IN  AIR,  INCLUDING  INVESTIGATIONS 
OF  SKIN  FRICTION,  VELOCITY  DISTRIBUTION  AND 
HEAT  TRANSFER,  by  J.  L.  Harkness,  J.  E.  Weller, 
and  W.  H.  Hart  wig.  Annual  rept.  Jan.  5,  1956,  28p. 
illus.  dlagrs.  tables.  (AF  18(600)589) 

Unclassified 

The  major  portion  of  this  report  concerns  the  develop¬ 
ment,  testing,  and  necessary  revisions  to  the  various 
components  of  the  wind-tunnel  circuit.  These  revisions 
and  the  results  of  the  performance  testing  are  presented 
in  detail  for  the  storage-type  heater  and  the  electrical- 
control  heater.  Instrumentation  for  the  calibration  test¬ 
ing  of  the  flow  produced  in  the  nozzles  is  described, 
along  with  the  performance  of  the  pressure  control  sys¬ 
tem  of  the  tunnel.  Work  has  been  resumed  on  the  design 
and  fabrication  of  the  flat  plate  heat  transfer  model,  and 
a  brief  description  of  this  investigation  is  presented.  It 
is  noted  that  neither  time  nor  manpower  has  been  avail¬ 
able  for  further  theoretical  work  of  significance.  How¬ 
ever,  a  seminar-type  group  has  been  established  by  the 
Defense  Research  Laboratory  (DRL)  in  cooperation  with 
the  Department  of  Aeronautical  Engineering  which  should 
benefit  this  phase  of  the  investigation.  An  outline  of 
this  activity  is  included.  Conferences  held  at  DRL  and  at 
other  laboratories  are  discussed,  and  a  brief  outline  cor  - 
cerning  plans  for  future  work  is  also  presented. 
(Contractor's  abstract) 

TEX.  02:008 

Texas  U.  Defense  Research  Lab. ,  Austin. 

DEVELOPMENT  OF  CONSTANT  TEMPERATURE 
SOURCES  FOR  SUPERSONIC  AERODYNAMICS  RE¬ 
SEARCH,  by  W.  H.  Hartwig.  Dec.  1956,  lOp.  illus. 
tables,  refs.  (AF  18(600)589)  Unclassified 

This  is  a  review  of  the  development  of  the  temperature 
control  system  for  the  blow-down  wind-tunnel  facility  of 
the  Aeromechanics  Dlv. ,  Defense  Research  Lab. ,  Texas 
U. ,  Austin. 


TEX.  03:001 

Texas  U.  |Dept.  of  Chemistry]  Austin. 

SURVEY  OF  THE  LITERATURE  ON  ELEMENTAL 
PROCESSES  IN  COMBUSTION  OF  ACETYLENE  AND 
RELATED  COMPOUNDS.  I.  SPECTRA  OF  ACETY¬ 
LENE  FLAMES,  by  J.  S.  Fain  and  R.  C.  Anderson. 
May  1952,  18p.  incl.  refs.  (Technical  rept.  no.  1) 
(AF  33(038)21745)  ATM61753  Unclassified 


A  survey  of  the  literature  has  been  made  as  part  of  a 
study  of  fundamental  factors  controlling  excitation  and 
reaction  occurring  in  combustion  or  explosion  in  and  of 
acetylene  and  acetylenic  compounds.  This  report  is 
the  first  of  a  series  of  bibliographies  listing  available 
references  pertinent  to  various  aspects  of  this  study. 

It  is  a  summary  of  information  now  compiled  in  a  punch 
card  file.  It  also  lists  specifically  literature  on  the 
spectra  of  acetylene  and  related  compounds,  which  is 
useful  as  background  for  consideration  of  possible  ex¬ 
cited  states  and  excitation  of  such  compounds,  and  on 
flame  spectra.  (Contractor's  abstract) 


TEX.  03:002 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

SURVEY  OF  THE  LITERATURE  ON  ELEMENTAL 
PROCESSES  IN  COMBUSTION  OF  ACETYLENE  AND 
RELATED  COMPOUNDS.  H.  PREPARATION  AND 
PROPERTIES  OF  ACETYLENIC  COMPOUNDS,  by 
L.  F.  Hatch.  July  1952,  15p.  incl.  illus.  dlagrs.  refs. 
(Technical  rept.  no.  1,  Supplement  I)  (AF  33(038)21745) 
ATI-161753  Unclassified 

A  general  literature  survey  has  been  made  on  prepara¬ 
tion  and  properties  of  a  number  of  substituted  acety¬ 
lenes.  These  have  been  incorporated  in  the  punch- 
card  file  described  in  Technical  rept.  no.  1.  Two 
methods  for  the  preparation  of  acetylenic  hydrocarbons 
have  been  used  widely:  (1)  dehydrohalogenation  or 
dehalogenatlon  of  appropriate  organic  halides,  and 
(2)  reaction  between  an  acetylide  and  an  alkyl  halide  or 
another  alkylating  agent.  Included  in  the  report  is  a 
detailed  table  which  gives  an  extensive  review  of  various 
individual  acetylenes  of  interest  in  the  current  study, 
methods  of  preparation,  and  references  to  the  litera¬ 
ture.  (Contractor’s  abstract) 


TEX.  03:003 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

SURVEY  OF  THE  LITERATURE  ON  ELEMENTAL 
PROCESSES  IN  COMBUSTION  OF  ACETYLENE  AND 
RELATED  COMPOUNDS.  ID.  HALOACETYLENES,  by 
L.  F.  Hatch.  July  1952,  16p.  incl.  illus.  dlagrs. 
tables,  refs.  (Technical  rept.  no.  1,  Supplement  II) 
(AF  33(038)21475)  ATI-161753  Unclassified 

There  are  two  general  types  of  halogen  substituted 
acetylenes:  (1)  the  very  reactive  compounds  which 
contain  a  halogen  atom  attached  directly  to  a  carbon 
atom  associated  with  the  carbon-carbon  triple  bond 
(RC'  CX)  and  (2)  the  much  less  reactive  compounds 
having  the  halogen  atom  attached  to  a  carbon  atom  not 
associated  with  the  carbon -carbon  triple  bond 
(RCHXC*  CR).  This  report  gives  methods  of  prepara¬ 
tions  and  properties  for  each  of  the  two  types.  (Con¬ 
tractor's  abstract) 
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TEX.  03:004 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

SURVEY  OF  THE  LITERATURE  ON  ELEMENTAL 
PROCESSES  IN  COMBUSTION  OF  ACETYLENE  AND 
RELATED  COMPOUNDS.  IV.  EXPERIMENTAL  DATA 
ON  ACETYLENE  FLAMES.  V.  THERMODYNAMIC 
PROPERTIES  AND  ENERGY  RELATIONS;  MASS 
SPECTROGRAPHIC  DATA;  MOLECULAR  STRUCTURE. 
VI.  REACTION  MECHANISMS  AND  FLAME  THEORIES. 
VH.  DETONATION;  SOME  SPECIAL  EFFECTS,  by  R.  C. 
Anderson.  Aug.  1952,  46p.  incl.  illus.  diagrs.  refs. 
(Technical  rept.  no.  1,  Supplement  HI)  (AF  33(038)- 
21745)  ATI- 161753  Unclassified 

This  report  is  another  in  a  series  summarizing  the 
literature  on  flames  and  combustion  of  acetylenic  com¬ 
pounds  as  a  basis  for  study  of  the  fundamental  reactions 
in  those  processes.  It  includes  sections  covering  ex¬ 
perimental  studies  of  properties  of  flames,  such  as 
flame  temperatures,  burning  velocities,  ignition  con¬ 
ditions,  etc. ,  for  flames  in  air  or  oxygen  and  also  in 
hydrocarbons  alone;  thermodynamic  properties  and 
molecular  structure;  reaction  mechanisms  and  flame 
theories;  and  detonation  and  other  special  effects. 
(Contractor's  abstract) 


TEX.  03:005 

Texas  U.  [Dept,  of  Chemistry)  Austin. 

SURVEY  OF  THE  LITERATURE  ON  ELEMENTAL 
PROCESSES  IN  COMBUSTION  OF  ACETYLENE  AND 
RELATED  COMPOUNDS.  [Vm.  ]  ACETYLENIC 
ALCOHOLS,  by  L.  F.  Hatch.  Sept.  1952,  12p.  incl. 
illus.  tables,  refs.  (Technical  rept.  no.  1,  Supplement 
IV)  (AF  33(038)21745)  ATI-161753  Unclassified 

This  report  is  a  continuation  of  the  series  of  technical 
reports  on  acetylenic  compounds.  It  deals  with  the 
literature  pertaining  to  the  preparation  and  properties 
of  acetylenic  alcohols.  Compounds  of  this  type  are  of 
interest  in  their  own  right  and  as  precursors  of 
haloacetylenes  of  the  type  RCHXC  s  CR  (see  item  no. 
TEX.  03:003)  (Contractor's  abstract) 


TEX.  03:006 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

SURVEY  OF  THE  LITERATURE  ON  ELEMENTAL 
PROCESSES  IN  COMBUSTION  OF  ACETYLENE  AND 
RELATED  COMPOUNDS.  IX.  SUMMARY,  by  it.  C. 
Anderson.  Oct.  1952,  15p.  incl.  illus.  tables.  (Tech¬ 
nical  rept.  no.  1,  Supplement  V)  (AF  33(038)21745) 
ATI-16i753  Unclassified 

In  preceding  sections  of  this  report,  a  bibliography  has 
been  compiled  of  the  available  literature  on  flames  and 
reactions  in  acetylene.  In  acetylene-oxygen  or  acetylene- 
air  mixtures,  and  in  corresponding  systems  involving 
other  alkynes.  In  the  following  section,  a  brief  sum- 
nary  is  given  of  the  major  results  of  a  survey  of  the 


TEX.  03:004  -  TEX.  03:009 

literature  as  represented  in  that  bibliography  with  re¬ 
gard  to  information  on  the  nature  of  the  elemental 
processes  or  reactions  in  flames  and  combustion  of 
acetylenic  compounds.  To  facilitate  the  use  of  the 
bibliography,  a  list  has  been  prepared  in  which  vari¬ 
ous  references  are  grouped  according  to  the  chemical 
compounds  involved.  This  is  given  in  the  appendix. 
(Contractor's  abstract) 


TEX.  03:007 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

INFRARED  SPECTRUM  OF  1-BROMO-I-PROPYNE, 
by  J.  S.  Fain.  May  1952,  4p.  incl.  diagrs.  table. 
(Technical  rept.  no.  2)  (AF  33(038)21745) 

ATI- 161754  Unclassified 

This  report  summarizes  data  obtained  on  the  infra¬ 
red  spectrum  of  1-bromo-I-propyne  which  were  ob¬ 
tained  in  analyzing  a  sample  of  this  material  prepared 
for  a  study  of  its  stability  and  combustion  properties. 
Data  are  available  in  the  literature  on  the  Raman 
spectra  of  this  compound,  but  no  previous  reports  on 
its  infrared  spectrum  are  available.  (Contractor's 
abstract) 


TEX.  03:008 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

EXPLORATORY  EXPERIMENTS  IN  PRE-IGNITION 
AND  FLAME  SPECTRA  IN  ACETYLENE,  by  N.  B. 
Humphreys,  W.  W.  Robertson,  and  R  C.  Anderson. 
June  1952,  9p.  incl.  Ulus,  diagrs.  (Technical  rept. 
no.  3)  (AF  33(038)21745)  ATI-161755 

Unclassified 

This  is  a  report  of  initial  experiments  and  observa¬ 
tions  on  emission  and  absorption  spectra  of  flames  in 
acetylene  alor.e  and  of  acetylene  pre-heated  just  to  the 
point  of  ignition.  Flame  spectra  are  continuous,  but 
this  might  result  entirely  from  the  effect  of  the  hot 
carbon  particles  present.  The  exploratory  experi¬ 
ments  indicate  that  spectra  of  acetylene  excited  past 
the  ignition  level  can  be  observed  by  heating  in  the 
presence  of  helium  or  at  low  pressures  without  inter¬ 
ference  from  carbon.  Preliminary  data  showoniy 
continuous  spectra  for  the  excited  acetylene,  with  no 
evidence  of  typical  bands  of  radicals  such  as  C2 
(Contractor's  abstract) 


TEX.  03:009 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

EFFECTS  OF  CERTAIN  ADDITIVES  ON  FLAME 
PROPAGATION  IN  ACETYLENE,  by  F.  II.  Coats, 

J.  D.  Frazee,  and  R.  C.  Anderson.  June  1952,  i5p. 
incl.  diagrs.  tables,  refs.  (Technical  rept.  no  4) 
(AF  33(038)21745,  continued  by  AF  18(600)430) 
ATl-i6i756  Unclassified 
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TEX. 04.001  -  TEX. 04:003 


Exploratory  experiments  are  reported  which  were 
carried  out  on  the  influence  of  various  additives  on 
slow  flame  propagation  in  acetylene,  particularly  under 
conditions  in  which  only  small  quantities  (1%  or  so)  of 
additive  were  used  and  effects  of  dilution  minimized. 
Acetone,  hydrogen,  and  water  vapor  were  tested  be¬ 
cause  they  are  commonly  present  in  acetylene  systems; 
nitrogen,  because  It  is  an  example  of  a  relatively  inert 
diluent;  methyl  chloride  and  diethyl  ether  because  they 
are  sources  of  free  radicals,  and  nitric  oxide  and  sulfur 
dioxide  because  they  are  potential  inhibitors  of  free 
radical  chains  and  of  carbon  formation.  Nitrogen  was 
found  to  behave  essentially  as  an  inert  diluent.  Added 
hydrogen  Increased  somewhat  the  ease  of  ignition  and 
the  speed  of  flame  propagation,  as  did  acetone  and 
diethyl  ether.  Flame  propagation  was  made  more  dif¬ 
ficult  by  nitric  oxide.  Water,  methyl  chloride,  and 
sulfur  dioxide  showed  no  appreciable  effects.  (Con¬ 
tractor'  s  abstract) 


TEX  04:001 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

CARBON  FORMATION  AND  REACTION  IN  FLAMES  IN 
ACETYLENE,  by  J.  D.  Fra  zee  and  R.  C.  Anderson. 
[1952]  12p.  incl.  diagrs.  table,  refs.  (AF  18(600)430; 
continuation  of  AF  33(038)21745)  Unclassified 

In  this  study  on  flame  propagation  in  the  self-combustion 
of  acetylene,  an  attempt  has  been  made  to  obtain  addi¬ 
tional  data  on  the  mechanism  involving  the  formation  or 
reaction  of  C  particles  in  these  flames.  Theories  of 
other  researchers  are  briefly  treated,  explaining  C 
formation  in  flames,  e.g. ,  from  C2  radicals;  from  the 
pyrolysis  of  large  molecules;  from  the  pyrolysis  of  tiny 
droplets  of  liquid  polymers.  Tty  mechanism  suggested 
here  differs  from  the  earlier  theories  in  that  the  essen¬ 
tial  steps  Involve  reaction  of  large,  unsaturated  mole¬ 
cules,  or  free  radicals,  with  H  atoms  or  groups  like 
CjH,  rather  than  the  decomposition  or  simple  dehydro - 
gerat ion  of  such  molecules.  It  is  concluded  that  the  re¬ 
sults  of  this  flame  study  are  in  agreement  with  earlier 
results  in  that  they  indicate  a  polymerization-dehydro¬ 
genation  mechanism  of  C  formation;  however,  they 
further  indicate  that  a  chain  mechanism  involving  highly 
unsaturated  hydrocarbon  free  radicals  and  H  atoms  is 
Involved.  It  is  pointed  out  that  the  nature,  structure, 
and  size  of  particles  are  controlled  by  the  balance  be¬ 
tween  simple  combustion  reactions  leading  to  liquid 
polymers  at  lower  temperatures,  and  dehydrogenation 
reactions  leading  to  C  formation  at  higher  temperatures. 


TEX  04:002 

Texas  U.  Dept,  of  Chemistry,  Austin. 

ELECTRON-IMPACT  STUDIES  ON  PROPYNE,  by  F.  H. 
Coats  and  R.  C.  Anderson.  [1953]  (8fc>.  ind.  diagr. 
tables.  (AF  18(600)430)  Unclassified 


A  discussion  of  appearance  and  ionization  potentials  of 
organic  Ions  and  mass  spectrometric  methods  of  detect¬ 
ing  reaction  intermediates,  introduces  a  report  on  the 
determination  of  the  energy  of  bombarding  electron 
beams  required  to  form  various  ionic  fragments  of 
propyne  and  other  acetylenic  compounds.  Ionization 
probability  curves  for  the  various  Ions  and  for  refer¬ 
ence  ions  were  simultaneously  determined  spectro¬ 
scopically.  Use  was  made  of  an  intermediate  electrode 
in  the  electron  gun  to  maintain  a  constant  negative  po¬ 
tential  with  respect  to  the  filament  to  reduce  curve  un¬ 
certainty  at  very  low  ion  currents.  Typical  curves  of 
the  propyne  system  are  included.  As  preliminary  mass 
scans  of  propyne  showed  appreciable  but  regularly  de¬ 
creasing  peak  heights  for  masses  40  through  36,  deter¬ 
minations  were  made  of  the  appearance  potentials  for 
ions  of  corresponding  mass.  A  value  of  10. 3  v  was 
obtained  for  the  ionization  potential  of  propyne.  The 
appearance  potential  of  Its  C3H3,  C3H2,  C3H,  and 
C3  ions  are  respectively  11. 8,  14.0,  18.4,  and  26  v; 
uncertainly  for  the  C3  value  is  il.Ov,  and  for  the 
remainder  ±  0. 1  v.  Determinations  of  the  order  of 
dissociation  of  the  C-H  bonds  of  propyne  under  elec¬ 
tron  bombardment  was  made  by  comparison  of  the 
propyne  dissociation  appearance  potentials  with  the 
corresponding  values  for  dissociation  of  methane;  the 
acetylenic  H  dissociates  after  the  methyl  group  has 
been  stripped  of  H  atoms  which  is  consistent  with  the 
high  dissociation  energy  observed  for  the  C-H  bonds  in 
acetylene.  Appearance  potentials  are  tabulated  for 
various  ions  from  acetylene,  propyne,  methane,  and 
ethane. 


TEX  04:003 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

PRE-  IGNITION  AND  FLAME  SPECTRA  IN  THE  SELF¬ 
COMBUSTION  OF  ACETYLENE,  by  W.  W.  Robertson, 
N.  B.  Humphreys,  and  R.  C.  Anderson.  [1953]  [5]p. 
IncL  diagr.  (AF  18(600)430)  Unclassified 

Published  in  Jour.  Chem.  Phys. ,  v.  21:2093-2094, 


No  C2  or  CH  bonds  were  observed  in  emission  and  ab¬ 
sorption  spectra  In  the  visible  and  near -ultraviolet 
range  of  acetylene  flames  in  the  absence  of  oxygen, 
recorded  photographically  on  a  3-meter  grating  spec¬ 
trograph.  The  emission  spectrum  was  obtained  by 
flowing  preheated  acetylene  down  a  heated  vertical 
quartz  tube  3.  5  cm  in  diameter,  discharging  into  a 
large  flask.  A  turbulent  flame  was  maintained  for 
about  10  min,  by  adjustment  of  the  flow  rate,  before 
carbon  deposition  affected  high  resolution.  The  ob¬ 
served  emission  spectrum  was  continuous,  from  about 
3500  to  6000  A,  with  a  maximum  at  5800  A;  no  dis¬ 
crete  bands  or  lines  were  observed.  Absorption  spec¬ 
tra  were  recorded  using  a  heat  absorption  cell  and  a 
high  intensity  Hanovla  xenon  arc  light -source.  Pure 
acetylene  showed  continuous  spectra  from  the  ultra¬ 
violet  into  the  visible  range  as  cell  temperature  was 
raised  from  375‘C  to  the  ignition  temperature  of 
500*C,  where  combustion  produced  large  quantities  of 


Presented  at  the  Southwestern-Southeastern  iiegtonal 
inveUnr  of  the  Amer.  Chem.  Soc.,  New  Orleans,  l.a., 
Dec  10,  1953. 
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carbon  and  acetylenic  polymers  that  completely  scat¬ 
tered  and  absorbed  light  entering  the  cell.  Samples  of 
condensed  combustion  products  also  showed  continuous 
absorption  in  the  ultraviolet.  Determination  of  absorp¬ 
tion  spectra  at  temperatures  up  to  1000°C  by  use  of 
acetylene-helium  mixtures  also  showed  continuous 
spectra,  with  the  limit  extending  to  longer  wave  lengths 
as  temperature  ions  increased.  The  continuous  absorp¬ 
tion  at  lower  temperatures  can  be  attributed  to  con¬ 
jugated  unsaturated  condensation  products  whose  con¬ 
centrations  increase  with  temperature;  major  participa¬ 
tion  of  C2  or  CH  radicals  in  the  reaction  mechanisms  is 
not  indicated. 


TEX.  04:004 

Texas  U.  Dept,  of  Chemistry,  Austin. 

CARBON  FORMATION  IN  ACETYLENE  FLAMES. 
CALCULATION  OF  FREE  ENERGIES  OF  REACTION, 
by  K.  Hell  wig  and  R.  C.  Anderson.  May  1953,  20p. 
incl.  tables,  refs.  (Technical  rept.  no.  5) 

(AF  18(600)430)  AD  16157  Unclassified 

Techniques  for  calculating  the  free  energies  of  certain 
reactions  were  employed  in  determining  the  feasibility 
of  mechanisms  proposed  to  explain  the  spontaneous 
combustion  of  acetylene  to  C  and  H.  Theoretical  con¬ 
siderations  indicated  that  combination  reactions  and 
dissociation  of  acetylene  to  form  H  and  free  radicals 
can  be  combined  in  a  mechanism  which  will  explain  ex¬ 
perimental  results. 


TEX.  04:005 

Texas  U.  (Dept,  of  Chemistry]  Austin. 

A  MODIFIED  TRANSITION  STATE  THEORY  OF  RE¬ 
ACTION  RATES,  by  F.  A.  Matsen.  June  1953,  12p. 
diagrs.  (Technical  rept  no.  6)  (AF  18(600)430) 

AD  30056  Unclassified 

The  specific  reaction  rate  for  chemical  reactions  1s 
formulated  in  terms  of  the  total  transmission  coefficient 
in  the  reaction  coordinate  and  a  modified  transition 
state,  which  differs  from  the  original  transition  state 
only  in  the  treatment  of  the  reaction  coordinate.  If  the 
total  transmission  coefficient  is  factored  into  two  partial 
transmission  coefficients,  the  modified  theory  gives  the 
transition  state  theory  in  both  the  classical  and  the 
quantum-mechanicai-partlcie-in-a-box  treatments.  It 
is  then  shown  that  the  momentum  density  in  the  virtu’ * 
state  over  a  symmetrical  square  barrier  is  that  of  a 
quantum-mechanical-particie-in-a-box  at  iow  momentum, 
and  that  of  a  classical  system  at  high  momentum.  Fin¬ 
ally  the  reaction  rate  transmission  coefficient  is  calcu¬ 
lated  from  the  modified  theory  for  an  unaymmetric 
square  barrier,  and  is  shown  to  depend  on  the  tempera¬ 
ture,  the  activation  energy,  and  the  therm icity  of  the 
reaction.  (Contractor's  abstract) 


TEX. 04:004  -  TEX. 04:008 


Tex.  04:006 

Texas  U.  Dept,  of  Chemistry,  Austin. 

PRE-IGNITION  ABSORPTION  SPECTRA  IN  SELF- 
COMBUSTION  OF  ACETYLENE,  by  W.  W.  Robertson 
and  R.  C.  Anderson.  Aug.  1953,  lOp.  diagrs. 
(Technical  rept.  no.  7)  (AF  18(600)430)  AD  19347 

Unclassified 

Spectra  were  observed  for  various  mixtures  and  con¬ 
ditions,  Including  mixtures  of  2  to  50%  acetylene  and 
temperature  ranges  from  500*  to  1000*C.  The  spectra 
observed  for  the  various  mixtures  were  continua.  Band 
spectra  for  C2  and  CH  were  not  detectable  even  when 
He  was  the  diluent  and  the  acetylene  was  heated  above 
the  normal  ignition  temperature.  The  region  of  con¬ 
tinuous  absorption  moved  to  longer  wave  lengths  as  the 
temperature  increased.  Plots  are  presented  which 
show  the  results  for  acetylene  at  various  temperatures, 
and  the  effects  of  substituting  N  for  He  as  the  diluent 
and  of  small  additions  of  NO.  The  observed  densities  of 
the  photographic  plates  were  plotted  so  that  the  maxi¬ 
mum  density  corresponded  to  the  minimum  adsorption. 
The  adsorption  decreased  as  the  lower  partial  pressure 
of  acetylene  was  reached.  Data  on  the  pressure  vari  - 
at  ions  accompanying  these  changes  and  the  extent  of 
adsorption  are  summarized  graphically. 


TEX.  04:007 

Texas  U.  Dept,  of  Chemistry,  Austin. 

STUDIES  OF  CARBON  FORMATION  AND  REACTION 
IN  ACETYLENE,  by  J.  D.  Frazee  and  R  C.  Anderson. 
Aug.  1953,  17p.  incl.  diagrs.  tables.  (Technical  rept. 
no.  8)  (AF  18(600)430)  AD  19348  Unclassified 

The  electron  microscope  and  extraction  techniques 
were  employed  to  obtain  additional  information  on  the 
C  formed  in  the  self-combustion  of  acetylene.  The 
reactivity  of  the  C  with  various  hot  gases  was  also 
tested.  The  greasy  appearance  of  the  C  which  formed 
in  the  later  alow  stage  of  flame  propagation  as  con¬ 
trasted  to  ihe  dry,  gray  samples  in  the  initial  stage 
appeared  to  be  the  result  of  polymerization  of  untreated 
acetylene  on  hot  particles  produced  in  the  n»n»  propa¬ 
gation.  The  differences  la  particle  sizes  in  the  two 
regions  and  the  reaction  of  C  samples  in  a  stream  of 
hot  acetylene  suggested  the  formation  of  C  in  reactions 
of  hot  particles  with  acetylene.  Tests  indicated  that 
vitreous  C  was  formed  in  surface  reactions  on  glass  or 
porcelain,  and  that  acetylene  reacted  with  C  more 
readily  than  on  glass  or  porcelain.  The  general  be¬ 
havior  of  the  flames  was  consistent  with  a  mechanism 
involving  the  formation  of  large,  highly  saturated  mole¬ 
cules  which  are  pyroiyzed  and  dehydrogenated  to  form 
C  nuclei. 

TEX.  04:008 

Tens  U.  Dept,  of  Chemistry.  Austin. 

EFFECTS  OF  ADDITIVES  ON  FLAME  PROPAGATION 
IN  ACETYLENE.  0,  by  K.  A.  Westbrook  and 


AIR  FORCE  SCIENTIFIC  RESEARCH 


TEX.  04:009  -  TEX.  04:012 


R.  C.  Anderson.  Mar.  1954,  9p.  incl.  diagrs.  tables. 
(Technical  rept.  no.  9)  ((AFJOSR-TN-54-111) 

(AF  18(600)430)  AD  36514  Unclassified 

Experiments  were  conducted  to  determine  qualitatively 
the  effects  of  a  variety  of  chemical  reagents  on  ignition, 
pressure  changes,  and  flame  velocities.  Additional  data 
are  given  for  the  effects  of  N,  acetone,  benzene,  and 
halogenated  compounds.  The  1  -bromopropyne  compound 
Increased  the  flame  velocity  significantly  as  contrasted 
:o  HBr,  HC1,  and  Br2,  which  interfered  with  flame  prop¬ 
agation.  The  results  of  the  first  tests  with  acetylenic 
ethers  are  presented.  Motion  pictures  were  made  of 
some  flame  tests. 


TEX.  04:009 

Texas  U.  Dept,  of  Chemistry,  Austin. 

SELF-COMBUSTION  OF  ACETYLENE.  D.  REACTIONS 
IN  FLAME  PROPAGATION,  by  E.  A.  Westbrook,  K. 

Hell  wig,  and  R.  C.  Anderson.  May  1954  (24  ]p.  incl. 
diagrs.  tables,  refs.  (Technical  rept.  no.  11) 
((AF)OSR-TN-54-112)  (AF  18(600)430)  AD  37356 

Unclassified 

Also  published  in  Fifth  Symposium  (International)  on 
Comtxistion,  Pittsburgh  U. ,  Pa.  (Aug.  30-Sept. 

3,  1954),  N.  Y. ,  Reinhold,  1955,  p.  631-637. 

Experimental  results  for  the  effects  of  certain  additives 
on  the  flame  velocity  in  the  self-combustion  of  acetylene, 
and  on  UV  absorption  spectra,  and  data  from  mass- 
spectrographic  analysis  and  from  thermochemical  cal¬ 
culations  are  reported.  The  significance  of  these  and 
earlier  results  in  connection  with  the  mechanisms  of 
reactions  occurring  in  the  flames  is  discussed.  Thermal 
reactions  can  occur,  but  cannot  account  for  many  of  the 
observations  on  flame  propagation.  Probable  reactions 
involving  free  radicals  and  a  chain  mechanism  are  sug¬ 
gested.  (Contractor's  abstract) 


TEX.  04:010 

Texas  U.  (Dept,  of  Chemistry]  Austin. 

SELF- COMBUSTION  OF  ACETYLENE.  1.  PRE- 
IGNITION  KINETICS,  by  W.  W.  Robertson,  E.  M. 
Magee  and  others.  May  1954  ,  5p.  diagrs.  table. 
(Technical  rept.  no.  10)  ((AF|0SR-TN-54-115) 

(AF  18(600)430)  AD  40201  Unclassified 

Also  published  in  Fifth  Symposium  (International)  on 
Combustion,  Pittsburgh  U. ,  Pa.  (Aug.  30-Sept  3, 
1954),  N.  Y. ,  Reinhold,  1955,  p.  628-631,  1954. 

The  thermal  reactions  of  acetylene  were  studied  at  tern 
l>eratures  tip  to  the  ignition  temperature  on  a  straight  - 
through  flow  system.  Determinations  were  made  by  IR 
and  mass  spectrometric  analysis  of  the  gas  product. 
Volume  changes  were  determined  from  the  intensity  of 
lit  absorption  of  added  freon.  The  principal  gaseous 
products  were  benzene,  ethyiene,  OK*.  and  H.  Ben¬ 
zene  increased  exponentially  with  the  temperature. 


Dilution  with  He  raised  the  ignition  temperature.  NO 
had  an  inhibitory  effect  on  the  benzene  and  ethylene 
formation  and  raised  the  ignition  temperature. 


TEX.  04:011 

Texas  U.  Dept,  of  Chemistry,  Austin. 

PREPARATION  AND  PROPERTIES  OF  3-CHLORO-l- 
IODOPROPYNE  AND  3-BROMO-l -IODOPROPYNE,  by 
L.  F.  Hatch  and  D.  J.  Mangold.  [1955J  (2]p. 
[AFOSR-TN-54-171]  (AF  18(600)430)  Unclassified 

Published  in  Jour.  Amer.  Chem.  Soc. ,  v.  77:  176- 
177,  Jan.  5,  1955. 

HC:CCH,C1  (I),  b75i  57-59°)  n£°  1.4320,  was  prepared 
from  HC(:CCH20H  and  PCI3  pyridine.  I  (35 g)  and  127  g 
iodine  in  250  cc  saturated  aqueous  KI  added  simul¬ 
taneously  with  rapid  stirring  at  5°  to  224  g  KOH  in 
H2O  during  1.  5  hours,  the  mixture  stirred  4  hours,  ex¬ 
tracted  with  Et20,  and  the  extract  dried  and  distilled 
under  N  yielded  49  g  IC:CCH?C1,  b4  46.  5-47.  5° 

20  25  30 

nD  1.5890,  nD  1.  5863,  nD  1.5836,  d2Q  2. 1426, 

d25  2. 1333,  d3Q  2. 1249,  MRp  31.  55.  HC:CCH2Br 

(119  g)  was  converted  similarly  with  254  g  iodine  in 
250  cc  saturated  aqueous  KI  and  224  g  KOH  to  77  g 

IC:CCH2Br,  t>2  59.5-60.0°,  n£°  1.6435,  n£5  1.6405, 

30 

«D  1.  6377,  d20  2.  5663,  d25  2.  5562,  d30  2.  5473, 

MRj)  34.  53,  unstable  and  turning  dark  brown  after  a 
few  minutes  in  air.  The  spectrum  of  HC.CCH2I 
showed  a  sharp  band  at  5. 10  and  a  weak  band  at 
5.  85p,  confirming  the  observation  of  Jacobs  and  Brill 
that  the  todo  compound  is  actually  a  mixture  of 
HC:CCH2I  and  CH2:C:CHI. 


TEX.  04:012 

Texas  U.  Dept,  of  Chemistry,  Austin. 

ELECTRON  IMPACT  DATA  ON  SUBSTITUTED 
ACETYLENES:  PROPYNE  AND  2-BUTYNE,  by  F.  H. 
Coats  and  R.  C.  Anderson.  Aug.  1954,  5p.  incl. 
tables,  refs.  (Technical  note  no.  14)  (|AF]OSR-TN- 
54-237)  (AF  18(600)430)  AD  42142  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc..  v.  77: 
895-89®,  Feb.  2®,  1955. 

The  ionization  and  appearance  potentials  of  various  ions 
from  substitvted  acetylenes  are  being  determined  to 
obtain  further  information  on  energy  relations  for 
acetylenic  compounds.  The  appearance  potentials  for 
the  propyne  and  2-butyne  dissociation  series  are  tabu¬ 
lated.  The  ionization  potentials  for  acetylene,  propyne, 
and  2-butyne  show  a  general  trend  similar  to  those  ob¬ 
served  by  Ilonig  (Jour.  Chem.  Phys. ,  v.  16:105,  1948) 
for  the  alkane  and  alkene  series.  The  heat  of  reaction 
for  the  process  C'2n2  ♦  e  -»  C2H'  ♦  2e  as  given  by  the 
appearance  potential  for  C2H*  ion  was  17.8  ev. 
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TEX.  04:013  -  TEX.  04:017 


TEX.  04:013 

Texas  U.  Dept,  of  Chemistry,  Austin. 

PREPARATION  AND  PROPERTIES  OF  A  NUMBER  OF 
HALOPROPYNES,  by  L.  F.  Hatch,  L.  E.  Kidwell  [Jr.  ], 
and  D.  J.  Mangold.  Aug.  1954,  Iv.  incl.  diagrs.  refs. 
(Technical  note  no.  13)  ([AFjOSR-TN-54-248) 

(AF  18^600)430)  AD  42141  Unclassified 

A  number  of  haloacetylenes  of  the  type  X-C  =  C-CH2Y 
were  prepared,  where  X  was  Cl,  Br,  or  I  and  Y  was 
H,  Cl,  Br,  or  1.  Various  physical  properties  were  de¬ 
termined,  and  the  possibility  of  acetylenic-allenlc  re¬ 
arrangement  was  investigated  through  the  use  of  IR 
spectra.  The  propargyl  halides  (Cl,  Br,  I)  were  also 
studied  in  respect  to  acetylenlc-allenic  rearrangement. 


TEX.  04:014 

Texas  U.  Dept,  of  Chemistry,  Austin. 

METHYLPHENOXYACETYLENE  AND  PHENOXYPRO- 
PADIENE  by  L.  F.  Hatch  and  H.  D.  Weiss.  Oct. 

1954,  [loll.  incl.  diagr.  table.  (Technical  note  no.  15) 

( l  AF  1 OSF  -TN-54-289)  (AF  18(600)430) 

AD  50905  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  77: 
1798-1800,  Apr.  5,  1955. 

Methylphenoxyacetylene  and  phenoxypropadiene  have 
been  prepared  and  characterized.  The  methylphenoxy¬ 
acetylene  was  synthesized  by  the  reaction  between 
sodium  phenoxyacetyllde  and  methyl  iodide.  The  phen¬ 
oxypropadiene  was  prepared  by  the  dehydrobrominatton 
of  2-bromo-l-phenoxy-l-propene.  Both  compounds 
appear  to  be  stable  toward  acetyienlc-alieiuc  rearrange¬ 
ment  under  normal  preparative  and  storage  conditions. 
(Contractor's  abstract) 


TEX.  04:015 

Texas  U.  Dept,  of  Chemistry,  Austin. 

PREPARATION  AND  PROPERTIES  OF  1-BROMO-l- 
PROPYNE,  1,  3-DIBROMOPROPYNE,  AND  1-BROMO- 
3-CHLORO-l-PROPYNE,  by  L.  F.  Hatch  and  L.  E. 
Kidwell,  Jr.  [1954 1  [2 [p.  (AF  18(600)430) 

Unclassified 

Published  in  Jour.  Amer.  Chem.  Soc.  ,  v.  76:  289-290, 
Jan.  5,  1954. 

1-Bromo-l-ailcynes  were  prepared  in  good  yields  under 
mild  conditions  which  minimized  rearrangement  to  the 
isomeric  allene.  KOH  (2.  68  moles)  in  1  liter  of  water 
at  about  5"  treated  with  C.  67  mole  Br,  and  the  cold 
solu> ion  treated  with  MeCiCH  until  the  KOBr  had  re¬ 
acted,  then  extracted  with  Et20  yielded  75%  1-bromo- 

propyne  (I),  bjso  64-65",  1)20  1.5325,  d25  1.  5222, 
d3Q  1.  5122.  1  is  spontaneously  flammable  in  air. 
H2CRrC-CH  (U)  (0.67  mole)  yielded  45%  1, 3-dibromopro- 


pyne  (not  spontaneously. flammable  in  air),  bjQ  53-54°, 

n^0 1.  5690,  n^5  1.  5664,  n^0  1.  5633,  d20  2.1894, 

d25  2.1785,  d3Q  2. 1676.  H2C-C1C:CH  (m)  (0. 34  mole) 

yielded  53%l-bromo-3-chloropropyne  (not  spontane- 

„  20 

ously  flammable  in  air),  bjQ  47-48  ,  np  1.5207, 

Dp®  1.5184,  np°  i.  5158,  d2Q  1.7598,  d25  1.7519, 

d3Q  1.7433.  H2C(OH)C:CH  (IV)  and  PBr3  in  pyridine 

yielded  H,  b13Q  36-37°,  np°l.  4917.  IV  and  PC13  in 

pyridine  yielded  HI,  b3Q  57-58°,  np°  1.4338.  Infrared 
absorption  spectra  data  are  given.  (C.  A. ,  1955:  12267a) 


TEX.  04:016 

Texas  U.  Dept,  of  Chemistry,  Austin. 

ALLYL1C  CHLORIDES.  XXI.  3-CHLORO-2-PHENYL- 
1-PROPENE,  by  L.  F.  Hatch  and  T.  L.  Patton. 

[1954]  [3 ]p.  incl.  table.  [AF  18(600)430j 

Unclassified 

Published  in  Jour.  Amer.  Chem.  Soc. ,  v.  76:  2705- 
2707,  May  20,  1954. 

3-Chloro-2-phenyl-l-propene  has  been  prepared  by  the 
reaction  between  2-phenyl-2-propen-l-ol  and  thienyl 
chloride.  The  allyllc  alcohol  was  prepared  by  the 
hydrolysis  of  the  corresponding  acetate  made  by 
selenium  dioxide  oxidation  of  2 -phenyl -1-propene  and 
by  the  hydrolysis  of  the  corresponding  bromide  (3- 
bromo-2-phenyl-l-propene)  made  by  the  reaction  be¬ 
tween  2-phenyl-l-propene  and  N-bromosuccinimide. 
The  relative  reactivities  of  3-chloro-2-phenyl-l- 
propene  with  potassium  iodide  in  acetone  and  sodium 
ethoxide  in  ethanol  have  been  determined.  (Con¬ 
tractor's  abstract) 


TEX.  04:017 

Texas  U.  Dept,  of  Chemistry,  Austin. 

EFFECTS  OF  ADDITIVES  ON  FLAME  PROPAGATION 
IN  ACETYLENE.  IH,  by  M.  S.  B.  Munson  and  R.  C. 
Anderson.  Jan.  1955  [l4]p.  incl.  diagrs.  tables. 
(Technical  note  no.  17)  (|AFlOSR-TN-55-18) 

(AF  18(600)430)  AD  55114  Unclassified 

Further  results  are  reported  on  the  series  of  explora¬ 
tory  studies  of  effects  of  additives  on  flame  propagation 
ir.  acetylene.  These  include  phenoxyacetylene  andphe- 
noxypropyne,  a  series  of  1-iodo-l-propynes,  chlorine, 
1-chloro-l-propyne,  ethylene  oxide,  and  new  data  on 
sulfur  dioxide  and  hydrogen  bromide.  Certain  compara¬ 
tive  studies  were  also  made  on  the  pressure  changes 
caused  by  the  flame  propagation  and  on  the  carbons 
produced.  (Contractor's  abstract) 
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TEX.  04:018  -  TEX.  04:023 


TEX.  04:018 

Terns  U.  Dept,  of  Chemistry,  Austin. 

A  FLOW  REACTOR  FOR  KINETIC  STUDIES,  by  J.  R. 
Street  man  and  F.  A.  Matsen.  May  1955  [lOjp.  incl. 
diagrs.  table.  (Technical  note  no.  18)  ([AFjOSR-TN- 
55-125)  (AF  18(600)430)  AD  63363  Unclassified 

A  new  flow  reactor  is  described.  S  is  designed  to  ob¬ 
tain  kinetic  data,  1.  e. ,  specific  reaction  rate  constants, 
reaction  orders,  and  apparent  activation  energies,  from 
a  flow  system.  The  reactor  consists  of  a  Vycor  tube 
214  cm  long,  having  a  bore  of  1. 3  cm.  The  tube  is 
heated  electrically,  the  temperature  being  recorded  and 
controlled  automatically.  The  flow  of  gases  is  meas¬ 
ured  by  rotameters  utilized  individually  and  in  combi¬ 
nation.  The  reaction  gases  are  analyzed  continuously 
by  an  infrared  spectrometer.  Provision  is  made  to  per¬ 
mit  dilution  by  helium,  inhibition  by  nitric  acid,  and 
activation  by  ethylene  oxide  or  oxygen.  Using  the  re¬ 
actor,  it  is  proposed  to  study  the  self-combustion  of 
acetylene  and  the  kinetics  of  acetylene-oxygen  re¬ 
actions,  particularly  those  having  low  concentrations  of 
oxygen. 


TEX.  04:019 

Texas  U.  Dept,  of  Chemistry,  Austin. 

THERMODYNAMIC  DATA  FROM  ELECTRON-IMPACT 
STUDIES  OF  SUBSTITUTED  ACETYLENES,  by  F.  H. 
Coats  and  R.  C.  Anderson.  June  1955,  15p.  tables, 
refs.  (Technical  note  no.  20)  ([AF)OKR-TN-55-180) 
(AF  18(600)430)  AD  67678  Unclassified 

Additional  data  on  ionization  and  appearance  potentials 
for  various  substituted  acetylenes  are  reported.  These 
and  the  earlier  measurements  have  been  used  lor  cal¬ 
culations  of  heats  of  formation  of  certain  ions  'nd  radi¬ 
cals,  bond  strengths,  and  group  contributions.  The 
heat  of  formation  of  C2H  Is  found  to  be  112  *  3 
kcal/mole  and  DOfCj-H)  110  kcal.  There  are  still 
serious  discrepancies  in  current  values  for  the  heat  of 
formation  of  C2  and  CII  and  for  D(Cj-H).  (Contractor’s 
abstract) 


TEX.  04:020 

Texas  U.  Dept,  of  Chemistry,  Austin. 

X-RAY  INVESTIGATION  OF  SOME  CARBON  BLACKS, 
by  S.  H.  Sim onscn  and  R.  C.  Anderson.  July  1955 
[17  ]p.  incl.  Ulus,  diagrs.  tables.  (Technical  note  no. 
22)  (|AF)08R-TN-55-222)  (AF  18(600)430) 

AD  67676  Unclassified 

X-ray  studies  have  been  made  on  a  number  of  samples 
of  carbon  black  from  flames  in  acetylene  using  a  tech¬ 
nique  developed  by  Dr.  Slmonsen.  These  show  the 
typical  diffuse  rings  indicating  very  small  crystallites. 
The  results  indicate  that  these  crystallites  are  larger 
in  the  region  just  around  the  igniter  than  in  the  later 


region  of  slower,  smooth  flame  propagation.  Addition 
of  ethylene  oxide  increased  the  size  of  the  crystallites. 
(Contractor’s  abstract) 


TEX.  04:021 

Texas  U.  Dept,  of  Chemistry,  Austin. 

SELF  COMBUSTION  OF  ACETYLENE.  HL  EFFECT 
OF  OXYGEN  «ND  ETHYLENE  OXIDE,  by  W.  W. 
Robertson  and  F.  A.  Mat  sen.  Aug.  1955  [9  Jp.  incl. 
diagrs.  (Technical  note  no.  21)  ([AFjOSR-TN-55-257) 
(AF  18(600)430)  AD  69366  Unclassified 

Also  published  in  Combustion  and  Flame,  v.  1 :  94-98, 

Mar.  Tost. — 

The  self-combustion  of  acetylene  is  promoted  by  the 
addition  of  small  amounts  of  ethylene  oxide  and  O. 
These  additions  produce  free  radicals  which,  at  high 
temperatures  (over  350*C),  initiate  self-combustion 
chains  in  the  acetylene.  Benzene  formation  was 
shown  to  go  through  a  different  initiation  mechanism 
than  the  bulk  of  the  reaction,  and  to  be  wall -inhibited 
perhaps  by  peroxide. 


TEX.  04:022 

Texas  U.  Dept,  of  Chemistry,  Austin. 

ULTRAVIOLET  ABSORPTION  SPECTRUM  OF  BEN¬ 
ZENE  IN  n-HEXANE  AT  PRESSURES  TO  6000  BARS, 
by  W.  W.  Robertson  and  F.  A.  Matsen.  Sept.  1955 
[6fc.  incl.  diagrs.  (Technical  note  no.  23) 
([AF)08R-TN- 55-309)  (AF  1 8(600)430)  AD  73216 

Unclassified 

Also  published  in  Jour.  Chem.  Phys. .  v.  23:  2468. 

BecTmE - 

The  solution  spectrum  of  benzene  in  n-hexane  was  ob¬ 
tained  at  pressures  from  1  to  6000  bars.  The  effect  of 
increasing  the  pressure  caused  the  absorption  hands  to 
broaden  and  to  shift  them  to  longer  wavelengths.  A 
microphotometer  tracing  of  the  benzene  spectrum  in 
n-hexane  at  1-bar  and  at  5500-bar  pressures  is  shown. 
In  addition,  a  plot  is  made  of  the  wavelength  of  the 
0  ♦  520  band  vs  pressure. 


TEX.  04:023 

Texas  U.  [Dept,  of  Chemistry)  Austin. 

CHEMICAL  KINETICS  IN  FLOW  SYSTEMS,  by  J.  R. 
Street  man  and  F.  A.  Matsen.  Mar.  1958,  Jp. 
(Technical  note  no.  24)  (AFOSR-TN-56-97) 

(AF  18(600)430)  AD  82010  Unclassified 

In  this  study,  equations  are  developed  interpreting  data 
obtained  in  a  flow  reactor  used  in  investigating  gas- 
phase  reactions  up  to  600*C.  An  extension  of  the  treat¬ 
ment  of  liulburt  (Indus.  ft  Eng.  Chem. ,  v.  36:  1012, 
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1944)  Is  utilized.  Rate  equations  of  arbitrary  order  aro 
Integrated  by  means  of  a  series  expansion  on  the  ex¬ 
tent  of  reaction  variable. 


TEX.  04:024 

Texas  U.  [  Dept,  of  Chemtstry  ]  Austin. 

APPARATUS  FOR  OBTAINING  OPTICAL  ABSORP¬ 
TION  SPECTRA  AT  PRESSURES  TO  6000  BARS,  by 
D.  S.  Hughes  and  W.  W.  Robertson.  Feb.  1956  [6]p. 
tncl.  Ulus,  diagrs.  (Technical  note  no.  26)  (AFOSR- 
TN-56-99)  (AF  18(600)430)  AD  820t2 

Unclassified 

In  this  study,  a  description  ts  given  of  a  compact  and 
simple  high-pressure  apparatus  that  obtains  optical 
absorpUon  spectra  at  pressures  to  6000  b.  The  ab¬ 
sorption  cell  has  sapphire  windows  which  transmit 
from  1800  A  to  ~S.  5  u,  and  the  cell  provides  a  path 
length  adjustable  from  0  to  3  cm.  Pressures  are 
measured  by  a  manganln  (Cu,  Mn,  and  Nt  alloy)  wire 
resistance  gauge. 


TEX.  04:025 

Texas  U.  [  Dept,  of  Chemtstry  J  Austin. 

THE  EFFECT  OF  PRESSURE  ON  THE  UV  SPECTRA 
OF  BENZENE  AND  ITS  DERIVATIVES,  by  W  W. 
Robertson,  S.  E.  Babb,  Jr. ,  and  l .  A.  Matsen.  Mar. 
t9S6  [  1 5  J  p.  tncl.  diagrs.  tables,  20  refs.  (Technical 
note  no.  25)  (AFOSR-TN-56-t20)  (AF  t8(600)430) 

AD  825t6  Unclassified 

Also  pubUshed  In  Jour.  Chem.  Phys. ,  v.  26:  365- 
370,  Feb.  1957. 

The  near  UV  absorption  spectra  of  benzene  and  several 
monosubstltuled  benzenes  have  been  obtained  In  the 
vapor  phase  with  partial  pressures  of  N  to  550  atm 
and  tn  hydrocarbon  solution  with  pressures  up  to 
5500  atm.  The  spectra  broaden  asymmetrtcally  and 
shift  to  longer  wavelengths  under  pressure.  The  wave¬ 
length  varies  linearly  with  dlelectlc  constant,  both  In 
the  vapor  phase  and  In  solution,  Al/lK  lying  be¬ 
tween  20  and  29  A.  A  rough  correlaUon  Is  found  be¬ 
tween  ft  1  /  A  K  and  the  oscUlator  strength  of  the 
translUon.  (Contractor's  abstract) 


TEX.  04:026 

Texas  U.  I  Dept,  of  Chemistry  j  AusUn. 

EXCESS  KINETIC  ENEKGtES  FOR  IONS  FORMED  BY 
ELECTRON  IMPACT  FROM  ACETYLENES,  by  F.  H. 
Coats  and  R.  C.  Anderson.  Apr.  t956  [  6  ]  p.  tncl. 
dlagr.  (Technical  note  no.  27)  (AFOSR  -TN-56  169) 
(AF  18(600)430)  AD  86591  Unclassified 


Attempts  have  been  made  by  2  methods  to  determine 
whether  tons  such  as  CjH*from  acetylene,  CHj*  from 
propyne,  and  CjHg  from  1-butyne  are  formed  with 
excess  kinetic  energy.  Instrumental  limitations  proved 
to  be  such  that  the  range  of  experimental  error  Is 
rather  large.  The  results  Indicate  that  the  CjH  * 
from  acetylene  ts  formed  with  excess  kinetic  energy 
and  the  CjHs*  from  1-butyne  ts  not.  The  results  for 
CHj*  are  Inconclusive.  Tbe  value  for  the  heat  of  for¬ 
mation  of  C2H*  obtained  from  the  data  on  1-butyne 
(112  kcat/mole)  is  indicated  to  be  the  better  value. 
(Contractor’s  abstract) 


TEX.  04:027 

Texas  U.  Dept,  of  Chemistry,  Austin 

CARBON  FORMATION  FROM  ACETYLENE,  by  F.  C. 
Stshling,  J.  D.  F razee,  and  R.  C.  Anderson.  [  May 
1956]  [  33  ]  p.  tncl.  diagrs.  tables,  refs.  (AFOSR- 
TN-56-201)  [AF  18(600)430]  AD  87514 

Unclassified 

Also  puhllshed  In  Sixth  Symposium  (International)  on 
Combustion,  Yale  U. ,  New  Haven,  Conn.  (Aug.  19- 
24,  1956),  N.  Y.,  Retnhold,  1957,  p.  247-254. 

The  problem  of  C  formation  In  combustion  systems  is 
studied  through  the  processes  by  which  large  aggre¬ 
gate  of  atoms  and  molecules  are  built  up  under  con¬ 
ditions  such  that  the  normal  expectation  Is  for  de¬ 
gradation  or  fragmentation  of  molecules  to  occur. 
Particular  attention  ts  given  to  acetylene  reactions 
and  their  Importance  tn  connection  with  general  mech¬ 
anisms  of  carbon  formation.  The  three  types  of  C 
found  as  products  of  flame  propagation  tn  acetylene  In 
straight  tubes  are  described  and  Investigated.  The 
studies  on  the  actual  conditions  of  particle  formation 
In  the  thermal  reaction  of  acetylene  are  compared 
with  the  results  obtained  from  flame  propagation. 
X-ray  measurements  are  used  to  get  additional  Infor¬ 
mation  about  the  particle  sizes. 


TEX.  04:028 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

A  COOL  FLAME  PHENOMENON  IN  THE  COMBUS¬ 
TION  OF  ACETYLENE,  by  W.  W.  Robertson  and 
F.  A.  Matsen.  June  1956  [  4  j  p.  tncl.  diagrs.  (Tech¬ 
nical  note  no.  28)  (AFOSR-TN-56-299)  (AF  t8(600)- 
430)  AD  90011  Unc  las  silted 

Also  published  In  Combustion  and  FJame,  v.  1:  99- 
101,  Mar.  1957. 

Tbe  factors  Influencing  the  Ignition  temperature  when 
adding  small  concentrations  of  oxygen  to  heated 
acetylene  tn  a  flow  system  were  determined.  Peri¬ 
odic  pressure  bursts  were  observed  which  seemed 
to  tndlcate  the  presence  of  a  "cool"  flame.  The 
"cool  flame"  was  more  pronounced  at  around  325*, 


>  90t  < 


.  •  • 


*  *  * 


•  •  • 


•  •  • 


•  •  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 


TEX.  04:029  -  TEX.  04:033 

mergtng  Into  the  ordinary  flame  at  around  300*  and 
500  C.  A  temperature  rise  In  the  reactor  and  an  In¬ 
crease  In  the  glyoxal  concentration  In  the  reaction 
products  accompanied  the  "cool  flame. "  Apparently, 
a  reactive  Intermediate  was  formed  at  both  low  tem¬ 
perature  and  oxygen  concentration. 

TEX.  04:029 

Texas  U.  Dept,  of  Chemistry,  Austin. 

THERMODYNAMIC  DATA  FROM  ELECTRON-IMPACT 
MEASUREMENTS  ON  ACETYLENE  AND  SUBSTITUTED 
ACETYLENES,  by  F.  H.  Coats  and  R.  C.  Anderson. 
Aug.  20,  1956  [  5  j  p.  lncl.  dlagr.  tables,  refs.  [Tech¬ 
nical  note  no.  29  J  [  AFOSR-TN-56-364]  (AF  18(600)  - 
430)  AD  95450  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  79: 
1340-1344,  Mar.  20,  1957. 

Earlier  measurements  of  electron-impact  data  for 
propyne  arvi  2-butyne  were  extended  to  other  substi¬ 
tuted  acetylenes:  1-butyne,  diacetylene,  1-Br-l- 
propyne,  1-Cl-l-propyne  and  phenoxyacetylene.  From 
these  the  heat  of  formation  of  C2H  was  determined  to 
be  1 1 2  kcal/mole.  Bond  energies  for  the  C-H  and 
C-C  bonds  tn  C2H2  and  for  certain  bonds  In  the  substi¬ 
tuted  acetylenes  can  then  be  evaluated.  (Contractor's 
abstraci) 


TEX.  04:030 

Texas  U.  [  Dept,  of  Chemtstry  ]  Austin. 

THE  PREPARATION  AND  CHARACTERIZATION  OF 
3-  HALO-2-PROPYN- 1  -OL,  1  -HALO-  3-ETHOXY  - 1  - 
PROPYNE  AND  1  - BROMO  -  3- P HENOXY  - 1  -  PROPY NE , 
by  L.  F.  Hatch,  S.  H.  Chu,  and  W.  E.  Blankensteln. 
Sept.  1956  :  22  j  p.  tncl.  dtagrs.  table.  (Technical  note 
no.  30)  (AFOSR-TN-56-452)  (AF  18(600)430) 

AD  96797  Unclassified 

The  following  compounds  have  beer  prepared  durtng  a 
continuation  of  a  study  on  the  preparation  of  halo- 
acetylenes:  3-bromo-2-propyn-l-ol,  3-chloro- 2- propyn- 
l-ol,  t -bromo- 3-phenoxy-l-propync,  1 -bromo- 3-ethoxy- 
1-propyne,  l-chloro-3  ethoxy-l-propyne.  These  com¬ 
pounds  have  beer,  characterized  and  structures  assigned 
on  the  bastB  of  thetr  phystcal  and  chemical  properties. 
(Contractor's  abstract) 


TEX.  04:03t 

Texas  U.  .  Dept,  of  Chemistry  Austin. 

L  ’'TOPE  EXCHANGE  STUDIES  OF  ACETYLENE  RE¬ 
AL  TONS,  by  F.  H.  Coats  and  R.  C.  Anderson.  Oct. 
1956,  29p.  tncl.  dlagrs.  tables.  (Technical  note  no.  31) 
(AFOSK-TN-56  491)  (AF  18(600)430)  AD  U0305 

Unc  lasstfted 


The  decomposition  reactions  of  C2H2  with  deuterium 
and  deuteroacetylene  with  H2  are  studied  In  the  early 
stages  of  the  thermal  polymerization  and  decomposi¬ 
tion  of  C2H2.  At  low  temperatures,  CH3D  and 
CD3H  are  sltghtly  predominant  tn  the  respective 
C2H2  -  deuterium  and  dldeuteroacetylene  -H  systems, 
while  at  higher  temperatures  both  systems  exhibit  a 
complex  mixture  of  all  possible  Isotopes.  Both  mole¬ 
cular  and  free-radtcal  processes  occurred  during  these 
reactions.  The  study  of  methane  proves  of  Interest  tn 
the  question  of  how  it  is  formed. 


TEX  04:032 

Texas  U.  [Dept,  of  Chemistry  J  Austin. 

EFFECTS  OF  ADDITIVES  ON  PRESSURE  CHANGES 
IN  THERMAL  REACTION  OF  ACETYLENE,  by  G. 
Morrow  and  R.  C.  Anderson.  Oct.  1956  [  1 8  3  p.  lncl. 
dlagrs.  table.  (Technical  note  no.  32)  (AFOSR-TN- 
56-493)  (AF  18(600)430)  AD  110307 

Unclassified 

Comparative  studies  have  been  made  of  the  pressure 
changes  occurring  during  thermal  reaction  of  acetylene 
alone  and  In  the  presence  of  certain  additives.  These 
results  show  that  the  pressure  effect  Is  not  a  factor  in 
the  Influence  of  benzene  and  propane  on  flame  propaga¬ 
tion  tn  the  decomposition  of  acetylene.  It  is  an  appreci¬ 
able  but  not  a  controlling  factor  in  the  effect  of  ethylene 
oxide  on  flames  In  acetylene.  Nitric  oxide  gave  variable 
results  and  chloropropyne  and  octatriyne  decomposed 
too  readtly  themselves  for  retlable  measurements  to 
be  made.  The  effects  of  other  hydrocarbon  types,  such 
aB  cyclooctatetraene,  anthracene,  pyrene,  etc.,  were 
also  tested  for  later  comparison  with  flame  propagation 
data.  (Contractor's  abstract) 


TEX.  04:033 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

EXPLORATORY  STUDIES  OF  THE  ACETYLENE- 
ETHYLENE  OXIDE  COMBUSTION  SYSTEMS,  by  R. 
Pratt,  M.  S.  B.  Munson,  and  R.  C.  Anderson.  Oct. 
195C  [  7 ]  p.  lncl.  dtagrs.  (Technical  note  no.  33) 
(AFOSR-TN-56-502)  AD  110317  Unclassified 

Since  earlier  experiments  showed  ethylene  oxide  to 
have  a  marked  effect  on  flames  tn  acetylene  and  Btnce 
both  these  substances  can  give  decomposition  flames, 
the  acetylene-ethylene  oxide  system  offers  Interesting 
potenttalttles  for  study  of  a  system  In  which  flames 
may  be  possible  tn  mixtures  of  any  composition.  Ex¬ 
ploratory  experiments  have  been  made  on  flame  propa¬ 
gation  in  tubes  at  300°  Initial  temperature  and  varytng 
pressures.  Attempts  have  been  made  to  operate  a 
burner  at  atmospheric  pressure  and  in  a  lower  tem¬ 
perature  range,  but  so  far  these  have  not  been  success 
ful.  T.te  results  Indicate  Interesting  questions  with 
regard  to  carbon  formation,  changes  In  lumtnoslty, 
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rather  pronounced  pressure  changes,  and  the  nature  of 
the  reaction  products  in  these  flames.  They  also  indi¬ 
cate  that  quantitative  studies  of  flame  properties  are 
feasible.  (Contractor's  abstract) 


TEX.  04:034 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

EFFECTS  OF  ADDITIVES  ON  FLAME  PROPAGATION 
IN  ACETYLENE  IV,  by  G.  Morrow,  M.  S.  B.  Munson 
and  others.  Nov.  1956,  6p.  incl.  tables.  (Technical 
note  no.  34)  (APOSR-TN-56-598)  (AF  18(600)430) 

AD  115025  Unclassified 

The  methods  used  earlier  for  testing  the  effects  of 
additives  on  the  velocities  of  decomposition  flames  in 
acetylene  have  been  applied  to  a  number  of  other  com¬ 
pounds.  These  include  certain  ether-substitued  and 
halogen-substituted  acetylenes  and  certain  types  of 
hydrocarbons  which  are  of  potential  interest  because  of 
the  roles  they  might  play  as  intermediates  in  carbon 
formation.  Most  of  these  had  little  effect.  Phenoxy- 
acetylene  and  ferrocene  were  found  to  increase  the 
flame  velocity.  Toluene  and  3-ethoxyl-l,  1-bromo-l- 
propyne  were  rather  striking  in  their  inhibitory  effects 
on  flame  propagation.  (Contractor's  abstract) 


TEX.  04:035 

Texas  U.  [Dept,  of  Chemistry]  Austin. 

[KINETICS  OF  ELEMENTAL  PROCESSES  IN  ACETY¬ 
LENE  FLAMES|  by  R.  C.  Anderson,  L.  F.  Hatch, 
and  F.  A.  Matsen.  Final  technical  rept.  Sept.  3,  1952- 
Sept.  30,  1956.  Dec.  1956,  18p.  refs.  (AFOSR-TR- 
56-63)  (AF  18(600)430)  AD  115028  Unclassified 

A  summary  and  discussion  are  presented  of  investiga¬ 
tions  of  the  kinetics  of  elemental  processes  In  flames, 
combustion,  and  detonation  in  systems  with  acetylene 
and  related  compounds.  A  bibliography  of  the  technical 
notes,  theses  and  dissertations,  and  outside  publications 
which  give  the  details  of  the  work  are  given.  The 
nature  of  the  reaction  mechanisms  involved  in  flame 
propagation  are  discussed. 


TEX.  04:036 

Texas  U.  Dept,  of  Chemistry,  Austin. 

ACETYLENE  AS  AN  INTERMEDIATE  IN  THE  COM¬ 
BUSTION  OF  PETROLEUM  HYDROCARBONS,  by 
R.  C.  Anderson.  Jan.  1956,  2 1  p.  refs.  (AF  18(600)- 
430)  Unclassified 

A  review  is  presented  of  available  information  in  the 
literature  on  formation  and  reaction  of  acetylene  in 
combustion  of  hydrocarbons.  Present  data  indicate 
that  acetylene  is  not  a  direct  intermediate  in  the  chain 
reactions  of  hydrocarbon  oxidation  but  can  readily  be 
formed  in  closely  associated  reactions  of  oxidation 
and  thermal  decomposition,  particularly  under  any  "on- 


TEX.  04:034  -  TEX.  05:001 


ditions  where  excess  hydrocarbon  may  be  present. 

The  most  likely  reaction  of  the  acetylene  once  formed 
seems  to  be  dehydrogenation  followed  by  combination 
or  addition  of  Oy,  though  peroxide  formation  may 
also  occur.  These  reactions  may  be  a  general  source 
of  the  hydrocarbon  flame  bonds.  It  is  clearly  evident 
that  they  cause  acetylene  to  be  an  important  precursor  - 
though  not  necessarily  the  sole  one  -  of  carbon  forma¬ 
tion  in  combustion  processes.  (Contractor's  abstract, 
modified) 


TEX.  04:037 

Texas  U.  Dept,  of  Chemistry,  Austin. 

EFFECTS  OF  HIGH  PRESSURE  UPON  THE  NEAR 
ULTRAVIOLET  ABSORPTION  SPECTRA  OF  THE 
POLYACENES  (Abstract),  by  W.  W.  Robertson. 
[1956]  [l]p.  (AF  18(600)430)  Unclassified 

Presented  at  Symposium  on  Molecular  Structure  and 
Spectroscopy,  Ohio  State  U. ,  Columbus,  June  11-15, 
1956. 

Published  in  Symposium  on  Molecular  Structure  and 
Spectroscopy.  Abstracts,  1956,  p.  36. 


The  absorption  spectra  of  naphthalene,  anthracene,  and 
napthacene  in  n -pentane  have  been  recorded  in  the  near 
ultraviolet  at  pressures  up  to  5500  bars.  The  wave¬ 
length  cf  absorption  increases  linearly  with  the  dielec¬ 
tric  constant  of  the  pressurized  solvent, 

\  =  —  (K-l)  *  —  varies  from  26  A  for  the 

AK  0  &K 

naphthalene  1  A  ~lg  —  1  Bj,,  transition  to  235  A 

for  the  naphthacene  'a  jg  -  1  B*u  transition.  Since 

A  V  /  AK  can  be  accurately  measured,  a  practical 
method  exists  for  distinguishing  between  transitions. 
Values  of  \0  obtained  by  extrapolating  to  K  =  1  are 
within  a  few  angstroms  of  the  measured  values  that 

are  obtainable  for  the  vapor  state.  2_ 

'o  iX 

increases  generally  with  the  oscillator  strength  of  the 
transition  as  is  predicted  by  theory.  However,  no 
simple  relation  exists  between  slope  and  oscillator 
strength.  (Contractor's  abstract) 


TEX.  05:001 

Texas  U.  |Dept.  of  Physics]  Austin. 

POLARIZATION  OF  D-D  NEUTRONS,  by  H.  J. 
Longley,  R.  N.  Little,  Jr.,  and  J.  M.  Slye.  [  1 952 ] 

[  1  ]p.  incl.  diagr.  (Sponsored  jointly  by  |Air  Force 
Office  of  Scientific  Research)  and  Atomic  Energy 
Commission  under  [AF  33(038)20681  D  Unclassified 

Published  in  Phys.  Rev.,  v.  86:  419-420,  May  1  1952. 
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The  polarization  of  neutrons  from  the  D-D  reaction  at 
45°  to  the  deuteron  beam  is  30-40%  (±  20%).  Schwinger's 
method  was  used.  (C.  A. ,  1952:  6502) 


TEX.  05.002 

Texas  U.  [Dept,  of  Physics]  Austin. 

TOTAL  CROSS  SECTIONS  OF  CHLORINE,  SODIUM, 
TITANIUM,  AND  BROMINE  FOR  FAST  NEUTRONS,  by 
H.  R.  Dvorak  and  R.  N.  Little,  Jr.  [1953]  [5]p.  incl. 
diagrs.  refs.  [AF  33(038)20681]  Unclassified 

Published  in  Phys.  Rev. ,  v.  90  :  618-622,  May  15, 

1953. 

Relatively  new  liquid  scintillation  counter  methods  were 
adapted  to  detect  fast  neutrons  with  a  heretofore  un¬ 
attainable  efficiency  of  about  19  percent.  The  geometry 
obtained  was  the  so  called  "good"  geometry,  which  was 
a  half- angle  at  the  counter  of  2. 7°.  With  the  more 
efficient  counter  reasonable  counting  times  could  be  ob¬ 
tained  with  the  detector  subtending  a  half-angle  of  only 
2. 7°  from  the  target.  The  neutrons  were  obtained  by 
using  a  modified  Cockcroft- Walton  linear  accelerator  of 
100-kev  bombarding  energy.  The  neutron  energy  range 
was  2. 15  to  2. 82  mev.  All  the  scatterers  used  were 
contained  in  almost  identical  glass  "cells, "  and  the 
effects  of  the  glass  cells  were  subtracted  out  by  using 
an  empty  glass  cell  of  the  same  type  as  a  reference. 

The  probable  error,  calculated  statisticaUy  from  the 
counting  rates  of  the  experiment,  was  1. 3  percent  on 
total  cross-section  values.  Actual  reproducibility  of 
each  result  was  about  3  percent  or  better.  A  carbon 
cross-section  curve  was  obtained  as  a  check  on  this 
method,  and  agreement  with  previously  reported  values 
was  excellent.  The  chlorine  and  sodium  cross-sections 
were  found  to  be  about  3  x  10‘2<  cm2,  as  determined 
indirectly  by  using  carbon  tetrachloride  and  sodium 
chloride.  The  titanium  cross  section  was  found  to  be 
about  4. 1  x  10  2<  cm2  by  using  powdered  titanium 
metal.  The  bromine  cross  section  was  found  to  be  about 
3.7  x  10-2«  cm2,  by  using  a  sample  of  liquid  bromine. 
No  large  resonances  were  found  in  the  energy  region 
available.  Data  were  also  taken  on  the  angular  distri¬ 
bution  of  the  number  of  neutrons  with  respect  to  the  for¬ 
ward  direction  of  the  incident  deuteron  beam,  and  they 
were  found  to  agree  well  with  theory  except  in  the  region 
where  experimentally  necessary  geometric  conditions 
dictated  a  deviation.  (Contractor's  abstract) 


TEX.  05:003 

Texas  U.  Dept,  of  Physics,  Austin. 

EXCITATION  CURVE  FOR  C14(d,  p)C15  AND  PROPER¬ 
TIES  OF  CIS,  by  J.  A.  Rickard,  E.  L.  Hudspeth,  and 
W.  W.  Clendenin.  Aug.  4,  1954  [4|p.  incl.  diagrB. 
tables,  refs.  [NPL  rept.  no.  JAR  12-1-54]  | AFOSR- 
TN-54-253]  [AF  33(038)20681  ]  AD  56144 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  96:  1272-1275,  Dec. 

1,  1954. 


The  excitation  function  for  C^(d,  p)C*5  has  been 
studied  with  deuterons  of  energy  0. 6  to  3.0  mev.  A 
previously  suspected  resonance  was  definitely  estab¬ 
lished  at  a  bombarding  energy  of  2. 15  mev,  with  a 
width  of  nearly  400  kev.  Analysis  of  the  excitation 
curve  shows  that  its  shape  may  be  explained  on  the 
basis  of  a  spin  of  5/2(  +)  for  this  Cl5  ground  state  and 
a  Q  value  of  0. 15  +  0. 15  mev.  This  leads  to  a  mass  of 
C*  ®  of  15. 0141  ±  0. 00015  amu.  (Contractor’s  abstract) 


TEX.  05:004 

Texas  U.  Dept,  of  Physics,  Austin. 

[ANGULAR  DISTRIBUTION  OF  FAST  NEUTRONS 
DISPERSED  THROUGH  MAGNESIUM]  Distribucion 
angular  de  neutrones  rapidos  diaper sados  por  magnesio, 
by  P.  Okhuysen,  Jr.  and  W.  E.  MUlett.  [1954]  [12]p. 
inch  diagrs.  refs.  [AF  33(038)20681] 

Unclassified 

Published  in  Rev.  Mexicans  de  Fisica,  v.  4:  1-12, 

Jan.  1955. 

Measurement  is  reported  of  the  differential  cross  sec¬ 
tion  (elastic  plus  inelastic)  of  natural  magnesium  for 
fast  neutrons  (estimated  to  have  a  mean  energy  of 
2. 77  ±  0. 05  mev)  uBing  the  ring  scatterer  method.  The 
neutrons  were  obtained  from  D(d,  n)He3  reaction  using 
the  100,000  volt  modified  Cockcroft- Walton  accelerator 
at  the  Nuclear  Physics  Laboratory  of  the  University  of 
Texas.  (Contractor's  abstract) 


TEX.  05:005 

Texas  U.  [Dept,  of  Physics]  Austin. 

[GAMMA]-RAY  SPECTRUM  OF  Cl5  AND  y-RAYS 
FROM  PROTON  BOMBARDMENT  OF  CH  (Abstract), 
by  K.  R.  Spearman,  E.  L.  Hudspeth,  and  I.  L.  Morgan. 
[1954]  [1 [AF  33(038)20681]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  Austin, 
Tex.,  Feb.  26-27,  1954. 

Published  in  Phys.  Rev.,  v.  94:  806-807,  Mayl,  1954. 

The  delayed  y  radiation  resulting  from  bombardment  of 
Cl4  with  2-mev  deuterons  has  been  studied  with  a 
single  crystal  scintillation  spectrometer.  The  2. 4- 
second  activity  is  identical  with  the  8  decay  of  C15. 
Pulse  height  analysis  reveals  a  strong  y  ray  of  energy 
approximately  5.  3  mev  (Phys.  Rev. ,  v.  85:  742,  1952), 
with  evidence  for  very  weak  components  of  higher  ener¬ 
gies.  A  decay  scheme  for  C15  will  be  proposed.  We 
have  also  bombarded  a  target  of  Ba(X>3  (18. 6  percent 
enrichment  in  C^)  with  protons  and  have  observed 
y-rays  which  apparently  are  formed  by  protons  capture. 
A  relatively  strong  Y-ray  component  of  energy  about 
5  mev  was  observed,  with  energies  up  to  approximately 
10  mev  also  recorded  but  not  well  resolved  in  our  pres¬ 
ent  crystal.  Evidence  for  resonances  fn  a  44-kev  target 
have  been  obtained  in  the  bombarding  region  from  1  to 
2  mev.  (Contractor's  abstract) 
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TEX.  05:006 

Texas  U.  (Dept,  ol  Physics]  Austin. 

LIQUID  SCINTILLATOR  MEASUREMENTS  OF  ANGU¬ 
LAR  ELASTIC  SCATTERING  OF  NEUTRONS  FROM 
CARBON,  ALUMINUM,  AND  SULFUR,  by  R.  N.  Little, 
Jr. ,  B.  P.  Leonard,  Jr.  and  others.  Jan.  3,  1955 
|5jp.  incl.  diagrs.  refs.  (NPL  rept.  no.  RNL  5-1-55) 
(]AF]OSR-TN-55-10)  (AF  33(038)20681)  AD  73587 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  98:  634-638,  May  1, 
1955. 

Angular  elastic  scattering  cross  sections  have  been 
measured  for  carbon,  aluminum,  and  sulfur  using  2. 7- 
mev  neutrons  from  the  D(d,  n)  reaction.  A  liquid  organic 
scintillator,  terphenyl  in  xylene,  was  used  as  the  neu¬ 
tron  detector.  The  differential  pulse-height  spectra  for 
the  neutrons  scattered  from  sulfur  and  for  Co«0  gamma 
rays  are  given.  (Contractor's  abstract) 


TEX.  05:007 

Texas  U.  Dept,  of  Physics,  Austin. 

MODIFIED  RELAXATION  METHOD  FOR  EIGENVALUE 
PROBLEMS,  by  W.  W.  Clendenin.  Dec.  22,  1955  [8]p. 
incl.  table.  [APOSR-TN-55-313]  [AF  33(033)20081] 

AD  151208  Unclassified 

Also  published  in  Jour.  Math,  and  Phys. ,  v.  36:  74- 
81,  Apr.  1957. 

This  mathematical  study  describes  a  numeral  method 
for  solution  of  the  1 -dimensional  SchrOdinger  equation, 
of  the  form  d2  »  /dx2  +  [  A  +  U  +  (x)]t«0.  The  func¬ 
tion  U(x)  is  a  potential  energy  defined  over  a  *  x  4 band 
A  Is  an  eigenvalue  parameter.  The  boundary  conditions 
are  taken  to  be  ♦(!)=>♦  (b) *  0.  For  numerical  solution, 
the  Interval  ab  may  be  divided  Into  N  equal  subintervals 
of  length  h  «  (b-a)/N.  To  verify  the  accuracy  and  appli¬ 
cability  of  the  method,  It  has  been  applied  to  examples 
with  known  answers.  A  table  lists  the  eigenvalues  ob¬ 
tained  for  particular  forms  of  potential  energy. 


TEX.  05:008 

[Texas  U.  Dept,  of  Physics,  Austin.  ] 

A  NUMERICAL  VARIATIONAL  METHOD  USING 
QUADRATIC  INTERPOLATION,  VI,  by  W.  W. 
Clondenin.  [1955|  23p.  incl.  tables.  [AFOSR-TN-55 
313(a)]  | AF  33(038)20681|  Unclassified 

A  numerical  variational  method  using  a  trial  function 
(Quadratic  between  net  points  has  been  applied  to  the 
1 -dimensional  SchrOdinger  equation.  Difference 
equations  obtained  are  comparable  In  accuracy  with 
those  utilized  In  llartree  integration.  Their  use  with 
some  simple  potentials  gives  eigenvalues  correct  to  a 


TEX.  05:006  -  TEX.  05:010 


few  parts  in  10, 000.  The  method  appears  capable  of 
being  extended  to  several  dimensions.  (Contractor’s 
abstract) 


TEX.  05:009 

Texas  U.  [Dept,  of  Physics]  Austin. 

THE  ANGULAR  DISTRIBUTION  OF  THE  PROTONS 
FROM  THE  O^fd,  p)Ol?  REACTION  AS  A  FUNCTION 
OF  THE  BOMBARDING  ENERGY,  by  J.  C. 

Grosskreutz.  [Jan.  15,  1956]  [20]p.  incl.  diagrs. 
tables.  [AFOSR-TN- 55-316]  (AF  33(038)2068lJ 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  28-30,  1955. 

Abstract  published  in  Phys.  Rev. ,  v.  99:  643,  July 
15,  1956. 

Also  published  in  Phys.  Rev.,  v.  101:706-709,  Jan. 

15,  1956. 

The  angular  distribution  of  the  protons  from  the  reaction 
0l6(d,p)017  leaving  O17  In  its  ground  and  first  excited 
states  has  been  measured  as  a  function  of  the  deuteron 
bombarding  energy.  Deuterons  of  energy  2. 51,  2.26, 
2.01,  1.76,  1.60,  1.35,  and  1.05  mev  were  used  to 
bombard  thin  ZnO  targets.  The  resulting  protons  were 
detected  at  angles  ranging  from  5  to  160°  with  respect 
to  the  deuteron  beam.  Detection  was  accomplished 
with  CsI(Tl)  phosphors  on  6291  photomultipliers 
mounted  as  a  unit  In  the  vacuum  housing  of  the  reaction 
chamber.  The  characteristic  forward  stripping  max¬ 
ima  are  obtained  In  both  reactions  plus  considerable 
yield  in  the  backward  direction,  especially  near  reso¬ 
nances  in  the  reaction.  The  effect  of  a  resonance  at 
1. 7  mev  Is  to  flatten  the  distribution  curves  so  that 
their  stripping  character  is  almost  completely  masked. 
Secondary  maxima  observed  In  the  excited  state  dis¬ 
tributions  are  interpreted  as  the  result  of  nuclear  In¬ 
teraction  of  the  stripped  proton  with  the  residual 
nucleus.  Coulomb  effects  are  also  observed  as  the 
deuteron  energy  Is  lowered.  The  stripping  maxima 
are  shifted  to  larger  angles,  and  the  valleys  become 
less  pronounced.  Absolute  differential  cross  sections 
for  the  reactions  are  al<x>  given.  (Contractor's  ab¬ 
stract,  modified) 


TEX.  05:010 

Texas  U.  [Dept,  of  Physics]  Austin. 

GAMMA  RAYS  FROM  PROTON  BOMBARDMENT  OF 
0*8  (Abstract),  by  E.  L.  Hudspeth,  1.  L.  Morgan  and 
others.  [1955]  [l|p.  [AF  33(038)20681  j 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  28-30,  1955. 

Published  in  Phys.  Rev.,  v.  99:  843,  July  15,  1955. 
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TEX.  05:011  -  TEX.  05:014 


A  thin  target  of  gaseous  C02  enriched  14  percent  in  0^8 
has  been  bombarded  with  protons  of  energy  0.  3  to  2.  6 
mev.  The  gas  was  contained  in  a  cell  of  2  cm  depth, 
and  the  proton  beaux  entered  through  a  0.  05-xixll  N1  toil. 
Target  thickness  was  estimated  as  20  kev  for  2. 0  mev 
protons.  A  1-Jin.  x  1-Jin.  Nal  (Tl)  crystal  detector 
was  used  with  a  20-channel  analyzer.  The  excitation 
curve  for  ground-state  transitions  shows  seven  reso¬ 
nances,  indicating  levels  in  F^®  tentatively  evaluated  as 
8.49,  8.76,  9.65,  9.83,  10.04,  10.15,  10.22,  10.28, 
and  10.  36  mev.  The  first  two  levels  are  also  known 
from  0'8(p,  a);  these  are  the  least  intense  of  the  levels 
found  in  the  present  work.  The  excitation  curve  shows 
a  sudden  drop  at  the  Gihjp,  n;  threshold.  A  purse  - 
height  analysis  has  been  made  uf  gamma  radiation 
produced  at  a  bombarding  energy  of  2.  20  mev.  It 
shows  transitions  to  known  excited  states  of  Fl9,  in 
addition  to  ground-state  transitions.  (Contractor's 
abstract) 

TEX.  05:011 

Texas  U.  [Dept,  of  Physics]  Austin. 

GAMMA  RAYS  FROM  THE  PROTON  BOMBARDMENT 
OF  Cu63  AND  Cu65  (Abstract),  by  C.  E.  Weller  and 
J.  C.  Grosskreutz.  [1955]  [2]p.  [AF  33(038)20681] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
Washington,  D.  C. ,  Apr.  28-30,  1955. 

Published  in  Phys.  Rev. ,  v.  99:  655-656,  July  15, 

1955. 

Gamma  radiation  from  the  bombardment  of  the  separated 
isotopes  Cu-63  and  Cu-65  with  1.  9-mev  protons  was  ob¬ 
served  by  means  of  a  Nal  crystal  and  a  20-channel  ana¬ 
lyzer.  From  Cu-63  we  detected  0. 995-mev  gamma  rays, 
and  from  Cu-65  1.04-  and  0.  824-mev  gamma  rays,  all 
presumably  due  to  the  inelastic  scattering  of  the  protons. 
The  0.  995-  and  1.  04  mev  radiations  correspond  to  tran¬ 
sitions  from  known  excited  states  of  Cu-63  and  Cu-65, 
respectively.  The  0.  824-mev  gamma  ray  we  assign  to 
either  a  new  level  in  Cu-65  at  0.  824  mev  or  to  a  tran¬ 
sition  from  the  1.  04  level  to  a  level  at  0.  210  mev. 
Evidence  for  the  latter  level  has  been  previously  re¬ 
ported.  We  have  as  yet  been  unable  to  detect  a  0. 210- 
mev  gamma  ray.  A  continuous  gamma-ray  spectrum  up 
to  at  least  10  mev  was  also  observed,  most  probably 
due  to  proton  capture.  Thick  target  yield  curves  of  the 
two  1-mev  gamma  rays  will  also  be  shown.  The  onset 
of  the  (p,  n)  reaction  in  Cu-65  is  clearly  evident  just 
above  2.  0  mev. 

TEX.  05:012 

Texas  U.  Dept,  of  Physics,  Austin. 

GAMMA  RAYS  FROM  THE  PROTON  BOMBARDMENT 
OF  SEPARATED  COPPER  ISOTOPES,  bv  C.  E.  Weller 
and  J.  C.  Grosskreutz.  Feb.  14,  1956  [8Jp.  incl. 
diagrs.  tables.  [AFOSR-TN-56-77]  |AF  33(038)20681  ] 
AD  81529  Unclassified 

Also  published  in  Phys.  Rev.,  v.  102:  1149-1156, 

May  15,  1956. 


The  energy  spectrum  of  y  rays  obtained  from  the  pro¬ 
ton  bombardment  of  separated  Cu  isotopes  has  been 
measured.  It  was  found  by  coincidence  measurements 
that  Hit  majority  of  thesa  7  i&ys  ax  iso  i .  v. ii.  tlit  cap¬ 
ture  process  when  the  bombarding  energy  is  held  below 
2. 2  mev.  The  thick  target  cross  section  for  proton 
capture  at  1.  9  mev  is  found  to  be  0. 1  millibarn.  Above 
2. 2  mev,  excitation  of  the  0. 67 -mev  level  in  Cu®3,  by 
either  inelastic  scattering  or  Coulomb  excitation,  is 
observed.  Excited  level  schemes  for  both  Zn®4  and 
Zn66  have  been  obtained.  The  first  3  levels  in  Zn®^ 
are  found  to  be  at  0. 97,  2. 27,  and  3.  04  mev.  The 
scheme  for  Zn®®  is  essentially  the  same  as  that  earlier 
proposed  from  the  decay  ol  Ga^.  fCoTitractox  ‘  &  ab¬ 
stract) 


TEX.  05:013 

Texas  U.  {Dept,  of  physic*]  Austin. 

THE  d(016,0l7)p  STRIPPING  REACTION  (Abstract), 
byE.  V.  Ivash.  [1956]  [l]p.  [AF  33(038)20681] 

Unclassified 

Published  in  Bull.  Amer.  Phvs.  Soc. .  Series  II. 
v.  1:  84,  Feb.  24,  1956. 

The  theory  of  (d,  p),  (d,n)  stripping  reaction  taking  in¬ 
to  account  the  Coulomb  field  of  the  nucleus  has  been 
developed  by  a  number  of  workers.  In  addition, 
Tobocman  has  also  considered  the  effect  of  the  inter¬ 
action  of  the  outgoing  particle  with  the  nucleus.  Calcu¬ 
lations  of  the  differential  cross  section  based  on  the 
Tobocman  theory  have  been  carried  out  for  the 
Ol6  (d,  p)  Ol7  reaction  for  the  ground  and  first  excited 
states  for  a  deuteron  energy  of  2  mev,  and  the  re¬ 
sults  compared  with  the  experimental  data  of 
Grosskreutz.  In  accordance  with  Tobocman  and  Kalos 
the  effect  of  the  Coulomb  field  is  to  broaden  the  peaks 
and  fill  In  the  valleys  of  the  differential  crosp  section 
curve.  The  effect  of  nuclear  interactions  are  also 
discussed.  (Contractor's  abstract) 


TEX.  05:014 

Texas  U.  [Dept,  of  Physics]  Austin. 

SOME  REACTIONS  LEADING  TO  Nl6,  (Abstract),  by 

N.  A.  Bostrom,  E.  L.  Hudspeth,  and  I.  L.  Morgan. 

[1956]  [l]p.  [AF  33(038)20681]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc.  , 
Houston,  Tex.,  Feb.  24-24,  1956. 

Published  in  Bull.  Amer.  Phys.  Soc..  Series  II.  v.  1: 
94,  Feb,  24,  1956. 

Excitation  curves  for  0*8(d,  -^N1®  and  N,®(d,p)N1® 
have  been  obtained  with  targets  -  40  kev  thick) 
respectively  of  BaC03  enriche  xo  9^  in  018  and  with 
gaseous  targets  of  normal  nitrogen.  The  preliminary 
excitation  curve  for  0^8  (d.a)  shows  a  steep  rise  from 

O. 7  mev  to  a  resonance  maximum  near  1. 25  mev,  with 
a  second  resonance  at  approximately  1.75  mev.  The 
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N'15(d,p)  curve  rises  steeply  between  1.0  and  1.  2  mev 
and  continues  upward  with  smaller  slope  to  E<j  =  2. 0 
mev;  some  weak  resonance  structure  is  indicated.  Both 
curves  are  being  extended  and  further  work  will  be  done 
with  thinner  targets.  Observation  was  made  of 
C14(d,  y)n16,  since  N1^  activity  is  presumed  possible 
from  this  reaction.  Nl6  activity  was  found  but  all  of  it 
was  ascribed  within  the  limits  of  observation  to  Ol8(d,a); 
this  latter  reaction  was  found  to  be  at  least  400  times 
as  probable  as  Cl4(d,  y)  at  E<j  «  1.3  mev.  The  weak 
activity  previously  reported  from  Cl4(d,  p)C^  below 
this  deuteron  energy  is  believed  to  be  from  bombard¬ 
ment  of  0*8.  proper  allowance  for  this  puts  these 
data  into  agreement  with  other  recently  reported 
results.  (Contractor's  abstract) 


TOL.  01:001 

Toledo  U.  Research  Foundation,  Ohio. 

COMPRESSORS  FOR  HIGH-SPEED  WIND  TUNNELS, 
by  A.  A.  Fejer  and  J.  Clark.  Jan.  1956,  216p.  incl. 
illus.  diagrs.  refs.  (NATO  AGARDograph  rept.  no. 

14)  [AF  18(600)1249]  Unclassified 

The  compressor  drive  systems  are  considered  for  high¬ 
speed  wind  tunnels  of  the  continuous  type.  This  study 
contains  information  regarding  the  aerodynamic  char¬ 
ade*  istics  ol  wind  tunnel  circuits  from  which  the  com¬ 
pressor  requirements  can  be  established,  presents  a 
method  to  guide  in  the  selection  of  the  compressor  type, 
and  discusses  compressor  drives  utilizing  various  types 
of  prime  movers.  Some  of  the  aerodynamic  and  me¬ 
chanical  considerations  underlying  the  design  and  oper¬ 
ation  ol  Wind  tmiriil  drives  art  .rat lined,  inehtdiiig  a 
discussion  of  vibrational  problems  encountered  in  sys¬ 
tems  of  this  type. 


TOR.  01:001 

Toronto  U.  Inst,  of  Aerophysics  (Canada). 

AN  EXPERIMENT Al.  STUDY  OF  ONE -DIMENSIONAL 
REFRACTION  OF  A  RAREFACTION  WAVE  AT  A  CON¬ 
TACT  SURFACE,  by  I.  J.  Billington.  June  1955,  lv. 
incl.  illus.  diagrs.  tables,  refs.  (UTIA  rept.  no.  32) 

([ A  F|OSR-TN- 55-394)  (AF  18(600)1185)  AD  82221 

Unclassified 

A:  exp  rlmrrUU  l;  VestlgatWn  ul  thr  1  -din  ■  nslonal  liter - 

action  of  a  rarefaction  wave  and  a  contact  surface  in  a 
shock  tube  is  described.  The  rarefaction  wave  generated 
from  the  bursting  of  the  shock  tube  diaphragm  isutllized 
as  the  incident  wave  in  the  interaction  with  an  air  and 
helium  or  air  and  argon  contact  surface.  The  investiga¬ 
tion  shows  that,  as  has  been  predicted  in  a  previous 
theoretical  treatment,  a  compression  wave  is  reflected 
from  the  contact  surface  in  the  former  case,  and  an  ex¬ 
pansion  wave  in  the  latter  case.  A  rotating  drum  camera 
is  used  to  measure  the  speed  of  the  moving  contact  sur¬ 
face  after  the  Interaction  and  measurements  of  the  flow 
properties  in  the  regions  formed  by  the  interaction  are 
made.  A  piezoelectric  pressure  gauge  is  used  to  meas¬ 
ure  pressure  in  these  regions  and  a  hot-wire  anemometer 
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is  used  to  measure  mass  flow  and  stagnation  tempera¬ 
ture.  The  investigation  shows  that  the  initial  rare¬ 
faction  wave  in  the  shock  tube  deviates  considerably 
from  the  theoretically  predicted  wave.  When  this  devi¬ 
ation  is  taken  into  account,  however,  the  results  of  the 
rarefaction  wave  refraction  show  good  agreement  with 
the  theory.  Values  are  given  for  both  gas  combinations 
of  contact  surface  speed  measured  from  drum  camera 
records.  Piezoelectric  pressure  gauge  results  are 
given  for  the  pressures  behind  the  initial  and  final 
waves.  Hot-wire  anemometer  results  are  listed  for 
both  stagnation  temperature  and  mass  flow  for  all  the 
flow  regions  in  the  interaction. 


TOR.  01 :002 

Toronto  U.  Inst,  of  Aerophysics  (Canada). 

HEAT  TRANSFER  IN  SLIP  FLOW,  by  R.  L.  Martino. 
Oct.  1955  [l54]p.  incl.  diagrs.  tables,  refs.  (UTIA 
rept.  no.  35)  ([AFjOSR-TN-55-443)  (Sponsored 
jointly  by  Air  Force  Office  of  Scientific  Research , 
under  AF  18(600)1185  and  Canadian  Defence  Research 
Board)  AD  82234  Unclassified 

The  Rayleigh  method  has  been  applied  to  solve  the 
energy  equation  for  the  temperature  distribution  for  the 
case  of  a  flat  plate  in  laminar  flow.  The  slip  and  tem- 
pet  attire  )ui.,V  boundary  conditions  were  used,  ab  well 
as  the  conventional  boundary  conditions  of  gas  dynamics. 
An  analytical  solution  was  derived  for  the  case  of  arbi¬ 
trary  constant  Prandtl  number  and  for  variable  initial 
surface  temperature.  By  a  linear  transformation  be¬ 
tween  time  and  distance  downstream  from  the  leading 
edge,  steady  flow  solwtttms  have  been  derived.  These 
solutions  have  been  linked  with  the  results  of  Chapman 
and  Rubesin  for  the  case  of  a  constant  surface  tempera¬ 
ture.  The  significant  results  of  this  study  for  a  con- 
initial  surfer?  temperature  are  *hr  VU'iwinp-  (1) 
The  results  cannot  be  applied  directly  to  explain  the 
phenomena  of  the  slip  regime.  No  provision  was  made 
for  free -molecule  flow  to  exist  at  the  leading  edge.  In 
order  to  extend  the  analysis,  a  leading  edge  condition 
must  be  included.  (2)  The  recovery  factor,  while  at¬ 
taining  the  correct  limit  a  great  distance  downstream 
from  the  leading  edge,  tends  to  the  limit  zero  as  the 
leading  edge  is  approached.  (3)  As  the  leading  edge  is 
approached,  the  Nusselt  and  Stanton  numbers  become 
functions  of  both  Mach  number  and  initial  wall  tempera¬ 
ture  before  approaching  a  common  limit.  A  common 
UfiM  also  cvims  fur  eavUUor b  a  great  distwet  down¬ 
stream.  The  general  conclusion  of  this  work  is  that 
while  temperature  jump  and  slip  boundary  conditions 
are  sufficient  to  explain  phenomena  approaching  slip 
flow  from  the  continuum  regime,  they  are  insufficient 
to  adequately  describe  the  slip  regime. 


TOR.  01:003 

Toronto  U.  Inst,  of  Aerophysics  (Canada). 

THE  HOT-WIRE  ANEMOMETER  AND  ITS  USE  IN  NON- 
STF.ADY  FLOW,  by  I.  J.  Billington.  Sept.  1955,  lv. 
incl.  illus.  diagrs.  refs.  (UTIA  Technical  note  no.  5) 
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(AFOSR-TN-56-116)  (Sponsored  jointly  by  Air  Force 
Office  of  Scientific  Research  under  AF  18(600)1185  and 
Canadian  Defence  Research  Board)  AD  82512 

Unclassified 

The  thermal  equilibrium  and  heat  loss  relationships  for 
small  diameter  heated  cylinders  placed  normal  to  an 
air  stream  are  discussed.  Some  experimeital  results 
are  presented  for  the  heat  loss  of  a  hot-wire  in  station¬ 
ary  gases.  Procedures  for  the  calibration  of  hot-wires 
and  typical  calibration  curves  are  given.  The  design  of 
an  open-jet  hot-wire  calibration  tunnel  with  a  variable 
velocity  and  a  low  turbulence  level  is  described.  The 
sensitivity  of  a  hot-wire  to  small  fluctuations  is  consi¬ 
dered  and  the  limitations  to  frequency  response  imposed 
by  the  finite  thermal  lag  of  the  wire  are  pointed  out. 
Methods  of  overcoming  the  thermal  lag  effect  by  com¬ 
pensation  and  suppression  are  discussed.  The  use  of 
hot-wire  probes  in  non-steady  shock -tube  flows  is  con¬ 
sidered.  The  typical  response  of  a  hot-wire  to  travelling 
shock  and  expansion  waves  in  a  shock  tube  is  presented 
as  an  illustration  of  the  method.  Procedures  for  the 
reduction  of  shock  tube  results  are  outlined,  and  a  cor¬ 
rection  for  the  effect  of  the  finite  impedance  of  the  wire 
heating  current  source  is  developed.  A  simple  circuit 
utilizing  hot-wires  to  measure  the  speed  of  a  travelling 
shock  wave  is  shown.  A  discussion  is  included  on  the 
general  considerations  influencing  the  design  of  hot¬ 
wire  probes  and  mounts. 


TOR.  01:004 

Toronto  U.  Inst,  of  Aerophysics  (Canada). 

INVESTIGATION  OF  THE  TIME  RESPONSE  AND  OUT- 
GASSING  EFFECTS  OF  PRESSURE  PROBES  IN  FREE 
MOLECULE  FLOW,  by  E.  L.  Harris. .  Oct.  1955  [28  lp. 
ind.  illus.  diagrs.  tables.  (UTIA  Technical  note  no.  6) 
(AFOSR-TN-56-117)  (Sponsored  jointly  by  Air  Force 
Office  of  Scientific  Research  under  AF  18(600)1185 
and  Canadian  Defence  Research  Board)  AD  82513 

Unclassified 

A  study  was  made  of  the  time  response  and  outgasslng 
effects  of  pressure  probes  in  free  molecule  flow.  A 
theoretical  analysis  was  conducted  to  obtain  expressions 
for  the  time  constant  of  a  pressure  probe,  and  for  the 
pressure  difference  resulting  from  outgasslng  between 
the  gas  in  the  gauge  and  the  gas  external  to  the  gauge 
under  steady  conditions.  The  expression  derived  for  the 
time  constant  was  in  terms  of  the  physical  dimensions 
of  the  gauge;  that  for  the  pressure  difference  was  in 
terms  of  the  physical  dimensions  and  a  factor  q  (the  rate 
at  which  adsorbed  gas  was  evolved  from  the  interior  sur¬ 
face  of  the  gauge/unit  area).  For  the  range  of  geome¬ 
tries  stulied,  it  was  shown  that  the  pressure  difference 
resulting  from  outgasslng  was  proportional  to  the  time 
constant,  where  the  proportionality  constant  depended 
on  q.  The  experimental  results  for  the  time  constant 
and  the  outgasslng  pressure  difference  checked  closely 
with  theory.  The  outgasslng  rate  depended  on  the  pres¬ 
sure  and  temperature  history;  for  practical  gauges 
measuring  pressures  in  the  u  range,  q  nay  be  reduced 


to  a  satisfactorily  low  value  by  subjecting  the  surface 
to  a  low  pressure  for  a  sufficient  length  of  time.  (Con¬ 
tractor's  abstract) 


TOR.  01:005 

Toronto  U.  Inst,  of  Aerophysics  (Canada). 

THE  BOLTZMANN  H- FUNCTION  APPLIED  TO  THE 
SHOCK  TRANSITION,  by  E.  L.  Harris  and  G.  N. 
Patterson.  May  1956  [32  ]p.  incl.  diagrs.  tables. 
(UTLArept.  no.  40)  (AFOSR-TN-56-336)  [AF  18(600)- 
1185]  AD  95212  Unclassified 

Boltzmann's  H-function  is  calculated  for  a  Maxwellian 
distribution  function  and  2  nonisentropic  cases.  The 
variation  of  H  through  a  shock  front  is  given  for 
M  =  1.  50  to  4. 00.  The  results  showed  that  the  effect 
of  heat  conduction  and  viscosity  on  the  distribution  of 
H  through  the  shock  wave  is  to  give  a  smoother  transi¬ 
tion  than  that  obtained  from  the  thermodynamic  en¬ 
tropy. 


TRL  01:001 

Trinity  Coll. ,  Hartford,  Conn. 

THE  CONVERGENCE  OF  AIRY  SERIES,  by  W.  J. 
Klimczak.  Sept.  30,  1956,  8p.  (AFOSR-TN-58-467) 
(AF  18(600)1397)  AD  97086  Unclassified 

An  investigation  was  made  of  the  domain  of  absolute 
convergence  in  the  complex  plane  of  series  of  the 

«D 

form  f(z)  -  )  fjjAjjtz)  where  An(z)  are  charac¬ 

teristic  functions  of  the  differential  operator  &z 
•  d2/dz2  +  z.  The  investigation  of  the  convergence  of 
the  series  is  based  upon  estimates  of  the  asymptotic 
behavior  for  large  values  of  n  of  the  functions  A^z) 
and  the  corresponding  characteristic  values  denoted 
by  K  „.  Proof  is  given  in  terms  of  a  theorem  which 
states  that  if  the  aeries  converges  absolutely  for  any 
nonreal  value  of  z,  then  it  converges  absolutely  every¬ 
where  in  the  complex  plane.  The  discussion  is  analo¬ 
gous  to  that  of  Hllle  (Duke  Math.  Jour. ,  v.  5:  875- 
936,  1939)  for  Hermitlan  series. 


TRL  01:002 

Trinity  Coll. ,  Hartford,  Conn. 

THE  CONVERGENCE  OF  SERIES  OF  CHARACTERISTIC 
FUNCTIONS.  L  AIRY  AND  LAGUFRRE  SERIES,  by 
W.  J.  Klimczak.  Oct.  30,  1956.  4p.  (AFOSR-TN- 
56-531)  (AF  18(600)1397)  AD  110350  Unclassified 

An  investigation  was  made  of  the  geometric  character 
of  the  region  of  absolute  convergence  in  the  complex 

plane  of  series  of  the  form  f(z)  )  cnfn(z  tn),  where 

hi  1 
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fn(z,  \  n)  are  characteristic  functions  of  a  linear  second- 
order  differential  operator  Sz.  Hermitlan,  Laguerre, 
and  Legendre  differential  operators  are  considered. 
Variations  of  these  operators  are  studied  and  note  is 
taken  of  the  effect  f  thinse  change*  on  R('  j)  (tr  rector, 
of  absolute  convergence  of  the  series.  The  case  of  the 
Airy  operator  was  studied  in  detail  previously  (item  no. 
TRI. 01:001).  If  an(z),  n=  1,2,3...,  denote  the  charac¬ 
teristic  functions  of  the  operator  A^  corresponding  to 
the  characteristic  values  Xn,  n=  1, 2,3, . . . ,  thenfor  any 
n  and  x  real,  an(x)  has  no  negative  zeros  and  an  infinite 
number  of  positive  zeros.  As  x— >» ,  a^i'x)  -♦  0  and 
aJi(x)  ->  0.  From  these  properties  it  was  shown  that  the 

sequence  of  functions  |an(x)|  is  orthonormal  on  the 

interval  (  -  »,  0).  The  principal  theorem  established 
that  if  the  series  converges  absolutely  for  any  nonreal 
value  of  z,  then  it  converges  absolutely  everywhere  in 
the  convex  plane.  In  the  Laguerre  case,  the  determin- 

nalion  of  R(LZ)  for  the  series  1  (Z)  -  J  cnl,^(z), 

n=  1 

where  Lz  z1/2  (z)  ^-Tn  +■  l/2(a  +  1)  1  z1/2  l,|a\z) 

must  be  based  on  some  estimate  of  the  asymptotic 
behavior  of  the  functions  l^z  for  large  values  of  n. 

From  the  estimates  for  l^(z),  R(LZ)  for  the  series 
was  shown  to  be  lhe  interior  of  a  parabola.  (ASTIA 
abstract) 


TUS.  01:001 

Tuskegee  Inst.  George  Washington  Carver  Foundation,  Ala. 

PREPARATION  AND  PROPERTIES  OF  SOME  ALPHA- 
FLUOROETHERS,  by  C.  T.  Mason  and  C,  C.  Attain. 
Sepl.  1955  [lljp.  lncl.  tables.  (CF  rept.  no.  8) 
([AF]OSR-TN- 55-338)  (AF  18(600)779)  AD  73783 

Unclassified 

Presented  al  meeting  of  the  Amer.  Chem.  Soc., 
Minneapolis,  Minn.,  Sepl.  11-16,  1955. 

Also  published  In  Jour.  Amu,  Chem,  Soc.,  v.  78: 
1682-168-1,  Apr.  20,  1956. 

Various  metal  fluorides  were  examined  as  fluorlne- 
fo;  -chlorine  exchange  agenls  for  CCljCHClOR.  The 
efficiency  of  lhe  exchange  was  found  lo  descend  In 


approximately  the  order:  HgF2,  TIF,  AgF,  KF,Al2Fg, 
CrFj.  A  series  of  compounds  of  the  general  formula 
CC13CHFOR  and  CH2FOR  (where  R  is  Me,  Et,  Pr,  Bu, 
and  allyl)  were  prepared  using  HgF2,  and  their  physical 
and  chrto.leal  prop>-rtUu  were  -  tanUjeJ.  All  itljstrits  to 
prepare  CH3CHFOR  were  unsuccessful,  and  led  only 
to  polymerization  and  decompostion.  (Contractor's 
abstract) 


TUS.  01:002 

Tuskegee  Inst.  George  Washington  Carver  Foundation,  Ala. 

PART  I.  THE  REACTIONS  OF  ALKOXYCHLOROAL- 
KANES  WITH  SOME  METALS.  PART  O.  THE 
PREPARATION  AND  PROPERTIES  OF  SOME  ALPHA- 
FLUOROETHERS,  by  C.  T.  Mason.  Technical  rept. 
Sept.  1,  1953-Aug.  31,  1955.  Oct.  1955,  34p.  lncl. 
tables,  refs.  (CF  rept.  no.  9;  technical  note  no.  2) 
([AF]OSR-TN-55-389)  (AF  18(600)779)  AD  79642 

Unclassified 

Part  1  was  presented  at  Southeastern  meeting  of  the 
Amer.  Chem.  Soc.,  Columbia,  S.  C. ,  Nov.  3-5,  1955. 

Part  I.  The  action  of  various  metals  on  alkoxychloral- 
kanes  is  reported.  Alkoxychloromethanes  with  Naglve 
acceptable  yields  of  lhe  Wurtz  product.  With  the  1  - 
alkoxy-l-chloroethanes,  however,  Na  yields  the  acetal 
and  vinyl  ether.  LI  does  not  react  with  the  dkoxy- 
chloromethanes  In  lhe  cold,  but  on  heating,  gives  the 
formal.  With  1-alkoxy-l -chloroethane,  hv'wever,  Ll 
gives  26%  of  lhe  Wurtz  product.  1-Alkoxy-l-chloro- 
propane  gives  acetal  with  both  Ll  and  Na.  No  evidence 
of  a  Ll  organometalllc  compound  Is  found.  Cu  and 
alcoholized  Fe  powder  gives  no  reaction  when  heated 
with  the  1-alkoxy-l-chloromethanes  or  1  -chloroethanes. 
Reduced  Fe  powder  with  the  former  gives  about  20% 
yield  of  ihe  Wurtz  product.  Neither  the  l-alkoxy-2- 
chloroelhanes  nor  1-alkoxy-l,  2,  2,  2-tetrachloroethar.e 
read  wiih  even  the  more  active  of  the  metals.  In  Part 
H  various  metal  fluorides  were  examined  as  F-for-Cl 
exchange  ager.'s  for  CCl3CHC'-OR.  The  efficiency  of 
lhe  exchange  was  found  to  descend  In  approximately 
the  order:  HgF2,  TIF,  AgF,  KF,  AljFg,  and  CrFy 
A  series  of  compounds  of  the  general  formula 
CCI3CHFOR  and  CH2FOR  (where  R  Is  Me,  Et,  Pr,  Bu, 
and  allyl)  were  prepared  using  HgFa.and  lhelr  physical 
and  chemical  properties  were  examined.  All  attempts 
lo  prepare  CH3CHFOR  were  unsuccessful,  and  led 
only  to  polymerization  and  decomposition.  (Contractor’s 
abstract) 
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Unlverslta  di  Roma  (Italy),  see  Rome  U.  (Italy). 


University  D'Aix-Marsellle.  Instltut  de  M^canique  des 
Fluldes  (France).  ag£  Marseille  U.  Inst,  ol  Fluid 
Mechanics  (France). 


University  Libre  de  Bruxelles  (Belgium),  sea  Free  U.  of 
Brussels  (Belgium). 


UTA.  01:001 

Utah  U.  [Dept,  of  Electrical  Engineering]  Salt  Lake  City. 

MODELING  OF  HIGH  SPEED  IMPACT  THROUGH  THE 
USE  OF  PLASTICS,  by  M.  E.  Van  Valkenburg.  Feb. 
1955  [  24  ] p.  tncl.  Ulus,  dlagrs.  (Technical  rept.  no. 

3)  ([AF]OSR-TN- 55-48)  (AF  18(000)1217) 

AD  58379  Unclassified 

The  Impact  of  high-speed  plastic  pellets  on  plastic 
targets  has  been  studied  for  several  plastic  materials. 
Metal- to- metal  Impacts  have  also  been  studied  using 
pellets  of  various  shapes  and  with  masses  from  20  mg 
to  5  g.  The  experimental  method  for  producing  plastic 
pellets  with  velocities  up  to  6  km/  sec  Is  similar  to  that 
used  by  Pugh,  and  was  first  reported  In  the  literature 
by  Allen,  Rinehart,  and  White  (Phenomena  Associated 
with  the  Flight  of  Ultraspeed  Particles,  Jour,  of  Appl. 
Fhyt  v  23'  123  Rh2)  Thu  method  and  techniques 
for  recording  pellet  velocity  are  described.  Crater 
characteristics  including  (1)  crater  volume,  (?)  penetra¬ 
tion  (or  crater  depth),  and  (3)  crater  area  at  the  target 
surface  have  been  studied  lor  a  range  of  velocities. 

These  results  3re  compared  with  those  from  metal-to¬ 
me  qu  impact  using  aluminum  and  steel  pellets.  Com¬ 
parison  is  also  made  with  experimental  results  of 
Eiclielberger  and  Rostoker  using  jets  [  from  steel 
liners’.  The  validity  of  several  proposed  empirical 
equations  for  penetration  and  crater  volume  is  examined. 
(Contractor's  abstract) 


UT  A.  ul.uui 

Utah  U.  Dept,  of  Electrical  Engineering,  Salt  Lake  City. 

HOME  CHAP  ACT  ERISTICS  OK  CRATERS  FROM 
HIGH-SPEED  PELLETS  IMPACTING  INTO  SEMI¬ 
INFINITE  TARGETS,  by  M.  E.  Van  Valkenburg,  W. 

G.  Clay  and  others.  Sept.  1955,  15p.  incl.  diagrs. 
tables.  (Technical  rept,  no.  2)  ([  AF  [OSR-  TN-  55-  287) 
(AF  18(000)1217)  AD  72221  Unclassified 

In  tins  study,  pellets  of  various  shapes  and  materials 
were  fired  at  speeds  ranging  from  1  to  4  nim/usec 
(about  3000  to  13,000  ft/ Ate)  into  various  target 
materials.  Hie  following  pellet -target  combinations 
were  used.  (1)  aluminum  (24ST)  into  aluminum  (61ST); 
(2)  aluminum  into  lead:  (3)  aluminum  (24ST)  into  wax 
(paraffin-petrolatum);  (4)  brass  into  brass;  (5)  brass 
into  lead,  (o)  brass  into  magnesium;  (7)  epon  828  (ther¬ 
mosetting  plastic)  into  wax  (paraffin- petrolatum);  (8) 


magnesium  Into  lead;  (9)  magnesium  into  magnesium; 
(10)  steel  (SAE  1040)  Into  steel  (SAE  1040);  (11)  steel 
into  zinc;  and  (12)  zinc  into  zinc.  Tabular  data  include 
pellet  mass;  pellet  diameter;  crater  area  (sq  cm); 
crater  volume  (cu  cm);  and  penetration  depth  (mm). 
The  method  for  producing  ultraspeed  pellets  Is  de¬ 
scribed,  and  the  procedures  for  measuring  pellet 
velocity,  crater  area,  crater  volume,  and  penetration 
depth  are  also  considered. 


UTA.  01:003 

Utah  U.  Dept,  of  Electrical  Engineering,  Salt  Lake  City. 

IMPACT  PHENOMENA  AT  HIGH  SPEEDS,  by  M.  E. 

Van  Valkenburg,  W.  G.  Clay,  and  J.  H.  Huth. 

Feb.  15,  1956,  34p.  lncl.  illus.  diagrs.  tables,  refs. 
(AFOSR-TN-  [  56-54  ] )  (AF  18(600)1217)  AD  81046 

Unclassified 

Also  published  in  Jour.  Appl.  Phys. ,  v.  27:  1123-1129, 
Oct  1956. 

A  study  of  high-speed,  metal-to- metal  impact 
characteristics  in  the  velocity  range  1-5  mm/psec  Is 
described.  Several  experiments  relating  to  the  mech¬ 
anisms  of  cratering,  including  the  perforation  of  thin 
targets,  are  presented.  For  1/8-ln.  diameter 
spherical  pellets,  It  Is  found  that  the  volume  of  the 
crater/ unit  energy  of  the  Impacting  pellet  Is  essentially 
ctimU'il,  And  that  '.'m  pwretnJiot  1*  j-tipotC/at  al  to  tie 
velocity  of  the  pellet.  An  attempt  to  model  very  high¬ 
speed  Impart  by  means  of  soft  wax  targets  in  which 
fhe  a C"'r  velocity  is  lce«  than  the  lm{ acting  velocity 
Is  outlined.  A  speculative  insight  into  meteoric  speed 
impact  may  be  gained  by  this  means.  (Contractor’s 
abstract) 


UTA.  01:004 

Utal  U.  Dept,  of  Electrical  Engineering,  Salt  l.ake  City. 

AN  INVESTIGATION  OF  THE  FEASIBILITY  OF  USING 
A  SHORT  SOLENUlL  AS  AN  ELECTROMAGNETIC 
ACCELERATOR,  by  M.  M.  Christensen,  H.  K. 
Okamoto,  and  W.  S.  Partridge.  June  195C,  35p.  incl. 
Ulus,  diagrs.  tables.  (Technical  rept.  no.  4) 
(AK1SB-TN-10-2U)  (AF  lE(A00)iai7)  Al  87531! 

Unc  lassifled 

The  Investigation  of  the  short  solenoid  as  an  electro¬ 
magnetic  gun  utilized  a  system  whereby  the  electrical 
energy  in  a  bank  of  photo- flash  capacitors  was  dis¬ 
charged  into  a  solenoid.  The  pulse  of  electrical  energy 
energized  an  accelerator  coil,  and  the  resultant  mag¬ 
netic  field  of  the  coil  repelled  a  spherical  Al  pellet 
located  initially  within  the  solenoid.  The  problem  was 
to  observe  the  performance  of  the  short  solenoid  when 
used  to  accelerate  the  pellet.  First,  (lie  required  initial 
position  of  the  pellet  within  the  solenoid  was  found  to 
be  forward  of  the  center  line  of  the  solenoid.  A  second 
series  of  tests  showed  the  correlation  between  (lie  sys 
tern  efficiency  and  pellet  velocity  as  the  initial  energy- 
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or  the  initial  voltage  of  the  syetem  wae  varied.  Corre¬ 
lation  of  the  reeulte  indicated  that  the  capacitance  of  the 
energy  source  should  numerically  equal  the  Inductance 
of  the  solenoid  to  obtain  the  best  system  efficiency.  The 
condition  for  obtaining  high  pellet  velocity  depended 
upon  the  consideration  of  additional  parameters  as 
damptng  factor  and  the  frequency  of  osctllatlon  of  the 
network.  High  voltage  and  energy  were  required  to 
perform  the  tests.  The  method  of  handling  the  large 
quantity  of  electrical  energy  as  well  as  the  method  of 
obtaining  the  pellet  velocity  were  Important  secondary 
probleme  encountered  tn  the  Investigation.  The  solution 
to  these  problems  were  unique,  since  the  high  energy 
and  voltage  that  were  present  with  the  associated  elec¬ 
tromagnetic  radtatlon  made  conventional  methods  In¬ 
effective,  and  tn  some  cases  dangerous.  (Contractor's 
abstract) 


UT  A.  01:005 

Utah  U.  Dept,  of  Electrical  Engineering,  Salt  Lake  Ctty. 

WAX  MODELLING  STUDIES  OF  HIGH-SPEED  IMPACT, 
by  W.  G.  Clay  and  W.  S.  Partridge.  June  1956,  31p. 
lncl.  lllue.  dtagrs.  tables,  refs.  (Technical  rept.  no. 

5)  (AFOSR-TN- 56-257)  (AF  18(600)1217)  AD  88977 

Unclaeetfted 

An  Investigation  of  wax- to- wax  tmpact  le  presented  tn 
an  attempt  to  "model''  high-speed  Impact  of  metal  Into 
metal.  Wax  ts  chosen  as  the  modelling  substance  be¬ 
cause  of  Us  comparatively  low  souic  veloctty  and  the 
physical  slmllartty  of  wax  craters  to  craters  formed  at 
the  Impact  of  metal  Into  metal.  The  sonic  velocity  In 
wax  Is  determined  as  a  function  of  temperature;  the 
work  reported  ts  made  wtth  the  wax  targets  at  a  tem¬ 
perature  of  about  75°F,  at  whtch  the  sonic  velocity  tn 
wax  ts  approximately  0. 7  km/ sec.  A  method  of 
accelerating  wax  pellets  by  means  of  laboratory  guns 
Is  given;  also,  use  te  made  of  the  static  charge  on 
wax  pellets  tn  some  of  the  veloctty  measurements.  The 
penetration  of  the  tmpactlng  pellet  Is  found  to  vary 
linearly  wtth  the  cube  root  of  the  pellet  mass  and  the 
pellet  velocity  to  velocities  tn  excess  of  twice  the  sonic 
velocity  In  the  wax  target.  The  crater  area  varies 
directly  as  the  pellet  area  and  the  veloctty,  both  below 
and  avove  the  sonic  velocity,  but  there  Is  a  marked 
tncrease  In  the  constant  of  proportionality  above  the 
sonic  velocity.  The  volume  of  the  crater  per  unit 
energy  of  the  pellet  Is  discussed,  and  It  ts  found  that 
In  wax  this  characteristic  Is  not  Independent  of  velocity. 
Valuee  of  volume  per  unit  energy  range  from 
1.  5  to  4. 0  x  lO-8  cu  m/joule  between  xero  and 
2  km/ sec.  Experiments  are  desertbed  whtch  throw 
eome  light  on  the  mechanisms  of  cratering.  A  large 
part  of  the  crater  volume  ts  created  by  deformation  of 
the  target  material  and  only  a  small  part  Is  due  to 
ejection  of  target  matertal.  There  ts  an  apparent 
cavttatlon  In  the  target  material  surrounding  the  crater, 
probably  caused  by  a  shock  wave  created  by  the  Im¬ 
pact.  A  comparison  of  features  of  wax  craters  with 
metal  craters  Indicates  validity  of  the  wax  model. 
(Contractor’s  abstract) 
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UT  A.  01:006 

Utah  U.  Dept,  of  Electrical  Engineering,  Salt  Lake  City. 

CIRCUIT  ANALYSIS  OF  A  SOLENOID- TYPE 
ELECTROMAGNETIC  ACCELERATOR,  by  R.  W. 
Walker  and  L.  D.  Harris.  Aug.  1956,  46p.  tncl. 

Ulus,  dlagrs.  tables.  (Technical  rept.  no.  7) 
(AF06R-TN-56-385)  (AF  18(600)1217)  AD  96042 

Unclassified 

Parameters  of  an  experimental  circuit  were  determined 
from  current  osdUograms.  The  prtmary  ctrcuit 
was  an  underdamped  resistance-tnductance-capacltance 
loop  In  whtch  the  condenser  was  discharged  through  a 
hollow  cotl  that  contained  a  conducting  projectile.  The 
current  waveform  was  a  damped  smueotd.  The  current 
produced  a  large  magnetic  flux  with  axial  and  radial 
components.  The  axial  component  Induced  a  voltage  tn 
the  projectile.  The  current  whtch  results  from  thte 
voltage  Interacts  with  the  radtal  component  of  the  flux 
to  produce  an  accelerating  force  on  the  projectile.  At 
the  end  of  one-half  cycle  of  prtmary  current,  the  heat 
losses  In  the  primary  and  secondary  circuits,  the 
energy  etored  In  the  magnetic  fteld,  and  the  kinetic 
energy  In  the  projectile  must  balance  the  energy  ex¬ 
tracted  from  the  prtmary  ctrcuit  during  that  period. 

The  energy  equation  ts  determined,  and  the  energy 
terme  are  evaluated  for  one-half  cycle.  A  straight 
line  variation  of  mutual  Inductance  with  time  ts  as¬ 
sumed.  The  current  tn  the  projectile  ts  evaluated  by 
solving  Klrchhoff’s  equation  for  voltage  around  the 
secondary  circuit  when  (1)  secondary  resistance  Is 
neglected,  (2)  secondary  tnductance  ts  neglected,  and 
(3)  both  are  considered.  The  analysis  Indicates  that 
it  te  advantageous  to  Increase  the  energy  extracted 
during  the  first  one-half  cycle  of  prtmary  current. 
Over-all  efficiency  can  be  tmproved  by  decreasing 
both  the  prtmary  and  secondary  resistance.  (ASTIA 
abstract) 


UT  A.  01:007 

Utah  U.  Dept,  of  Electrtcal  Engineering,  Sal'  Lake  Ctty. 

THE  INDUCTANCE  COIL  AS  AN  ENERGY  RESERVOIR 
FOR  AN  ELECTROMAGNETIC  ACCELERATOR  by 
C.  R.  Forbes  and  W.  8.  Partridge.  Aug.  1966,  48p. 
lncl.  dtagrs.  tables.  (Technical  rept.  no.  61  1AFOSR- 
TN-58-386)  (AF  18(600)1217)  AD  96044  Unclassified 

The  power  required  to  accelerate  a  pellet  to  very  high 
velocities  Is  enormous.  It  ts  not  feasible,  nor  neces¬ 
sary,  to  deliver  thts  power  from  a  continuous  tource. 
The  extremely  short  time  duration  and  small  duty  cycle 
allow  the  use  of  a  system  In  whtch  the  energy  is 
accumulated  at  a  very  slow  rate  and  discharge  at  s 
very  htgh  rate.  The  feasibility  of  using  the  tnductance 
cotl  as  an  energy  reserx’otr  for  such  a  system  Is  dis¬ 
cussed.  Three  systems  are  analyzed.  The  first  sys¬ 
tem  has  the  simplest  circuit  possible  to  transfer  the 
energy  from  the  fteld  of  one  coll  to  the  field  of  another 
The  2nd  eystem  is  a  modification  of  the  first  using  the 
addition  of  a  capacitor  for  tmproved  performance.  The 
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3rd  system  employs  a  bank  of  capacitors  as  the  energy 
reservoir,  and  serves  as  a  standard  for  measuring  the 
merit  of  the  other  2  systems.  The  systems  are  evalu¬ 
ated  from  the  standpoint  of  (1)  energy  storage  and  trans¬ 
fer,  (2)  power  gain  and  supply,  (3)  timing,  (4)  switch 
requirements  and  (5)  cost.  It  was  concluded  that  it  is 
not  feasible  to  use  the  inductance  coll  as  an  energy 
reservoir  for  the  systems  considered.  The  problems 
created  over-shadowed  the  mediocre  performance 
obtained.  The  system  using  the  capacitor  bank  as  the 
energy  reservotr  is  far  supertor  in  both  performance 
and  simplicity.  (Contractor's  abstract) 

UTA.  02:001 

Utah  U.  Inst,  for  the  Study  of  Rate  Processes, 

Salt  Lake  City. 

KINETICS  CF  OXIDATION  OF  CARBON,  by  M.  C. 

Chen,  H.  Eyrtng,  and  C.  J.  Christensen.  Mar.  1, 

1952,  14p.  incl.  dlagrs.  tables.  (Technical  rept.  no.  1) 
(AF  33(038)20839)  AD  23509  Unclassified 

The  oxidation  rate  of  carbon  films  on  a  cylindrical 
ceramic  base  was  studied.  The  results  are  summarized 
in  le  following  two  equations: 

(I-1)4 5'”  • 

where  At  is  the  time  required  for  the  hot  resistance  of 
the  cylindrical  resistor  of  length  L,  diameter  D,  and 
initial  resistance  r„  to  increase  10%  as  a  result  of 
oxidation  of  the  carbon.  The  power  dissipation  in  the 
resistor  Is  W,  and  C  is  the  maximum  power  input 
possible  before  appreciable  oxidation  takes  place.  The 
second  equation  refers  to  the  rate  of  resistance  In¬ 
crease.  Theoretical  discussion  is  preeented  of  the  2 
equations,  and  a  comparison  is  made  with  experimental 
results. 


UTA.  02:002 

Utah  U.  i  Inst,  for  the  Study  of  Kate  Processes  ’ 

Salt  Lake  City. 

THE  THERMAL  OXIDATION  OF  GASEOUS  LOWER 
ALDEHYDES,  by  L.  G.  Tensmeyer  and  G.  R.  Hill. 

Apr.  15,  1952,  14p.  table,  rels.  (Technical  rept.  no. 
2)  (AF  33(038)20839)  AD  10308  Unclassified 

4  critical  review  is  presented  concerning  the  mecha¬ 
nism  of  the  oxidation  of  formaldehyde.  The  work  of  the 
following  investigators  is  considered  briefly:  Askey 
(1930);  Fort  and  Hinshelwood  (1930);  Done  and  Gardner 
(1936):  Snowden  and  Style  (1939);  Style  and  Summers 
(1946):  Axford  and  Norrish  (1948);  and  Harding  and 

Nornsh  (194  9).  It  is  pointed  out  that  an  understanding 
of  the  oxidation  of  aldehydes  is  of  great  Importance 
since  aldehydes  are  apparently  found  as  intermediates 


tn  all  hydrocarbon  oxidations. 


UTA.  02:003 

Utah  U.  [Inst,  for  the  Study  of  Rate  Processes] 

Salt  Lake  City. 

THE  SIGNIFICANCE  OF  ISOTOPIC  REACTIONS  IN 
RATE  THEORY,  by  H.  Eyring  and  F.  W.  Cagle,  Jr. 
Mar.  15,  1952,  lip.  tncl.  dlagrs.  refs.  (Technical 
rept.  no.  3)  (AF  33(038)20839)  AD  23243 

Unclasstfled 

Also  published  in  Jour.  Phys.  Chem. ,  v.  56:  889-892, 
Sept.  1952. 

The  general  theory  of  the  tsotoptc  effect  on  reaction 
rates  is  developed  in  terms  of  the  absolute  rate  theory. 
The  high  temperature  limtt  of  the  separation  factor 
(m*heavy/  m  Tight) ls  obtalned  a™1  118  significance 
and  use  discussed.  The  possibility  of  obtaining  an  a 
of  less  than  unity  is  investigated  and  the  rather 
physically  unlikely  condttions  which  would  be  necessary 
are  stated.  The  electrolytic  concentration  of  heavy 
water  is  considered  since  it  provides  a  reaction  with 
at  least  two  mechanisms.  An  approximate  separation 
factor  is  discussed  for  one  mechanism  and  the  unusual 
increase  of  separation  factor  with  temperature,  over 
a  limited  temperature  range,  is  discussed.  A  very 
tentative  activated  complex  is  postulated  for  the  hydrol¬ 
ysis  of  AI4C3  which  explains  the  unusually  high  separa¬ 
tion  factor  (ca  20)  for  the  reaction  with  11,0  compared 
with  D-O.  Four  organic  reactions  involving  isotopes 
for  which  separation  factors  have  been  observed  tn 
light  of  a  simplified  model.  Very  good  agreement 
between  calculated  and  observed  separation  factors  is 
obtained.  (Contractor’s  abstract) 


UTA.  02:004 

Utah  U.  [  Inst,  for  the  Study  of  Rate  Processes] 

Salt  Lake  City. 

THE  MECHANISM  OF  THE  MERCURY-SENSITIZED 
PHOTOCHEMICAL  OXIDATION  OF  PROPANE,  by 
N.  V.  Fok,  B.  B.  Bereslavoky  and  others,  tr.  by  G. 

N.  Larsen.  June  15,  1952,  3p.  dlagrs.  (Trans,  of 
[  Doklady  Akademii  Nauk  SSSR,  v.  67:  499-501,  1949]) 
(AF  33(038)20839)  AD  10170  Unclassified 

In  this  study  conducted  at  the  Institute  of  Chemical 
Physics,  Academy  of  Science  USSR,  condensation 
products  of  an  equimolar  mixture  of  propane  and 
oxygen  were  analyzed  polarographlcally  and  chemical¬ 
ly.  The  analyses  indicated  the  presence  of  aldehydes 
and  organic  peroxides.  Yields  of  these  compounds 
were  noted  in  relation  to  time  of  exposure  in  the  zone 
of  illumination,  over  a  temperature  range  from  room 
temperature  to  300° C  ’ ,  at  a  pressure  of  50  mm  Ug. 
The  data,  presented  graphically,  indicate  that:  (1)  at 
room  temperature  only  one  organic  peroxide  is  the 
product  of  reaction:  (2)  as  temperatures  increase  to 
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100°[C]  aldehydes  begin  to  appear,  though  In  lesser 
amounts  than  the  peroxides;  and  (3)  at  300°[C]  the 
yield  of  peroxides  drops  abruptly  while  that  of  the 
aldehydes  continues  to  Increase.  Results  thus  show 
that  peroxides  are  the  Initial  Intermediate  products, 
while  the  aldehydes  are  the  secondary  Intermediate 
products  In  the  reaction  studied. 


UTA.  02:005 

Utah  U.  [  Inst,  for  the  Study  of  Rate  Processes] 

Salt  Lake  City. 

EXPERIMENTAL  DETERMINATION  OF  EQUILIBRIUM 
FREEZING  TEMPERATURES,  by  D.  Christensen,  N. 

W.  Ryan,  and  G.  R.  Hill.  Oct.  15,  1952  [17]p.  tncl. 
dlagrs.  tables,  refs.  (Technical  rept.  no.  4)  (AF  33- 
(038)20839)  ATI- 171900  Unclassified 

In  this  study  concerning  the  expansion  of  hot  combustion 
gases  through  rocket  nozzles,  a  method  Is  being  de¬ 
veloped  for  determining  the  equilibrium  "freezing" 
temperature  by  measurement.  This  measurement  will 
eliminate  the  necessity  of  obtaining  experimentally  the 
rate  constants,  and  will  exclude  the  uncertainties  as¬ 
sociated  with  the  assumptions  and  approximations  made 
In  the  derivation  of  equations.  Measurement  of  the 
"freezing"  temperature  requires  that  the  composition 
and  pressure  be  obtained  as  a  function  of  temperature. 
These  varlahles  are  determined  at  several  points  In 
the  divergent  section  of  the  rocket  nozzle,  the  "freez¬ 
ing"  temperature  being  evaluated  by  Interpolating 
between  the  points.  It  Is  pointed  out  that  the  equilibrium 
does  not  freeze  at  a  particular  temperature,  but  rather 
over  a  range  of  temperatures.  A  general  description 
of  the  method  to  be  applied  and  the  equipment,  e.  g.  , 
nozzle,  combustion  chamber,  feed  system,  thrust¬ 
measuring  Instrumentation,  etc.  ,  Is  presented.  In  an 
appendix,  an  example  of  equilibrium  "freezing"  using 
2NO  and  Its  dissociation  products  (N2  and  C>2)  is  given. 

UTA.  02:006 

Utah  U.  I  Inst,  for  the  Study  of  Rate  Processes  ] 

Salt  Lake  City 

IHE  KINETICS  OF  COMBUSTION  OF  METHYL 
ALCOHOL,  by  W.  H.  Wiser  and  G.  R.  Hill.  Dec.  15, 
1952,  71p.  lncl.  illus.  dlagrs.  tables,  refs.  (Technical 
rept.  no.  5)  (AF  [  33  ]  (038)20839)  AD  17800 

Unclassified 

The  combustion  kinetics  of  MeOll  were  studied  in  an 
effort  Ij  determine  the  effect  jf  II. e  OH  upon  the 
velocity  of  combustion  and  to  Improve  the  energy  output 
of  fuels  In  Internal  combustion  engines.  With  specially 
designed  combustion  apparatus,  the  combustion  limits 
of  MeOll- air  mixtures  were  established  as  7.  9  i  0.2 
and  25.  0  i  0.  6%  on  the  lean  and  rich  ends,  respectively. 
The  rombustlon  tube  was  57.  0  cm  long  between  2(1.7 
and  8.  0  mm)  orifices:  the  od  was  3  cm.  The  observed 
velocities  (UQ)  of  the  flame  In  the  combustion  tube  were 
from  29.4  to  91.5  cm,  sec.  The  flame  front  areas 


(Aj)  were  calculated  by  the  method  of  Coward  and 
Hartwell  (Jour.  Chem.  Soc.  1932,  2676-2684)  with 
values  taken  from  the  contact  prints.  These  A.  values 
were  from  10.  3  to  19. 2  sq  cm.  The  velocity  of  the 
unburned  gas  ahead  of  the  flame  front  (U„)  was  small; 
at  most,  It  equalled  1. 3%  of  the  U0  value.  The  funda¬ 
mental  flame  velocity  U{  was  calculated  from  the 
equation  U{  =  (UQ  -  Ug)  where  Aj  is  the  cross- 

sectional  area  of  the  flame  tube.  The  Uf  values 
ranged  from  11.7  to  44.7  cm/sec.  The  presence 
of  a  bubble  tube  on  the  combustion  tube  did  not  alter 
the  UQ  values.  Natural  gas  was  employed  to  check  the 
combustion  velocity  upon  the  concentration  of  MeOH 
and  O,  runs  were  with  one  of  the  variables  constant 
and  the  other  varied  over  a  wide  range.  Maximal 
velocities  were  observed  with  10.  0%  MeOH  and  18.0 
and  18.  9%  O;  the  latter  2  maxima  were  the  highest. 

The  results  are  tabulated  and  compared  with  previous 
results.  The  effects  and  causes  are  discussed  as  well 
as  theoretical  considerations.  (ASHA  abstract) 


UTA.  02:007 

Utah  U.  [Inst,  for  the  Study  of  Rate  Processes] 

Salt  Lake  City. 

KINETICS  OF  OXIDATION  OF  CARBON  [  R  ] ,  by  M. 

C.  Chen,  C-  J.  Christensen,  and  H.  Eyrlng.  Dec. 

15,  1952,  22p.  tncl.  dlagrs.  tables.  (Technical  rept. 
no.  6)  (AF  [33] (038)20839)  AD  17873  Unclassified 

The  rate  of  C  oxidation  was  evaluated  in  terms  of  the 
change  in  resistance  of  C  films.  The  films  were  de¬ 
posited  from  purified  CH^  gas  at  about  1000°C  on  a 
ceramic  base.  Flow  rate  of  the  oxidizing  gas  over  the 
C  resistor  was  measured  by  calibrated  flowmeters. 
Values  of  resistance  were  determined  as  frequently 
as  convenient  for  a  period  of  20  min.  Ihe  resistance 
of  the  C  films  was  determined  from  the  equation 
Pu 

r  =  rk  —  .  (Pg  Is  the  voltage  drop  across  the 
Pk 

standard  resistor,  lg,  and  Pu  Is  the  voltage  drop 
across  the  C  film  resistor,  ru.  The  Pg  employed  to 
calculate  ru  at  a  particular  9me  is  the  average  of  fu 
and  1^  since  both  vany  continuously. )  When  the 
reciprocal  of  the  resistance  of  the  C  resistor  was 
plotted  against  time,  a  straight  line  was  obtained. 

The  data  may  be  exp  eased  by  the  following  equation 
l/ru  =  -  mt  ♦  constant.  The  slope  of  the  straight  line, 
m,  was  found  graphic  ally  In  each  case.  The  resistance 
of  the  C  resistor  was  measured  from  350°  to  500°C 
at  3  different  O  rates  of  flow.  The  effect  of  changing 
the  %  of  O  was  determined  when  the  temperature  was 
kept  constant.  A  determination  was  made  with  the  O 
composition  fixed  at  1:1  ratio  of  O  to  N  and  varying 
temperatures.  The  slope  and  other  related  values  are 
tabulated  for  the  different  rates  of  gas  flow  and  tem¬ 
peratures:  results  are  treated  theoretically. 
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UT A.  02:008  -  UT A.  02.011 


UT  A.  02:008 

Utah  U.  [Inst,  (or  the  Study  of  Rate  Processes] 

Salt  Lake  City. 

APPLICATION  OF  CONSISTENCY  OF  TYPE 
REACTIONS  TO  CHAIN  DECOMPOSITIONS,  by  J.  C. 
Glddlngs,  F.  W.  Cagel,  Jr.  and  others.  July  15,  1953, 
19p.  lncl.  dlagrs.  tables,  refs.  (Technical  rept.  no.  8) 
(AF  33(038)20839)  Unclassified 

It  is  pointed  out  that  there  is  no  method  available  for 
studying  and  measuring  directly  the  elementary  pro¬ 
cesses  that  form  the  basis  for  all  of  the  reactions 
found  in  fuels  during  combustion.  Therefore,  in  this 
study,  the  concept  of  consistency  of  type  reactions  is 
introduced  to  reduce  the  over- all  problem  of  solving 
the  kinetic  equations.  An  evaluation  of  the  consistency 
of  type  reactions  was  made  in  terms  of  average  devia¬ 
tion  from  the  mean.  Using  10  examples  of  direct  bond 
rupture.lt  was  found  that  the  average  deviation  of  AS, 
the  activation  entropy,  is  1.7  EU.  In  35  cases  of  H2 
abstraction  reactions  involving  Me  radicals,  and  a 
variety  of  other  molecules,  the  average  deviation  was 
shown  to  be  1.4  EU.  These  small  deviations  justify 
application  of  the  method.  In  applying  the  method,  all 
reactions  were  written  in  terms  of  absolute  reaction- 
rate  theory,  emphasizing  the  behavior  of  the  potential 
energy  surface.  The  results  obtained  show  that:  (1  )ft 
(the  transmission  coefficient)  -  0. 1  for  bond- rupture 
reactions  in  hydrocarbons;  (2)  the  decomposition  of 
acetaldehyde  obeys  Rlce-Herzfeld  kinetics  very  closely, 
showing  that  it  is  a  chain  reaction  and  has  a  true 
order  of  3/2;  (3)  the  activation  entropies  and  transmis¬ 
sion  coefficients,  respectively,  found  for  various 
reactions  are  as  follows: 

R'-HuR'tR  AS*  =  -1.5  EU  ^  =  0.1 

R‘  +  RH  -»  R'H  +  R  -S*  -13.7  EU  if  =  1. 0 

RCHjCHj  -*  R‘»  CHjCHj  AS*  -1.5  EU  ft  -  0.  1 

R'  (R-*R'-R  AS*  -1. 0  EU  ft  =  0.  1 

It  Is  pointed  out  that  a  system  of  equations  has  been 
formulated  in  which  experimental  work  can  be  written 
easily  in  terms  of  the  fundamental  properties  of  the 
activated  complex. 


UTA.  02:009 

Utah  U.  [  Inst,  for  the  Study  of  Rate  Processes 
Salt  Lake  City. 

caJ1  A LIBRIUM  THEORY  OF  UNI  MOLECULAR 
REACTIONS,  by  J.  C.  Glddlngs  and  H.  Eyr  ng.  Mar. 
"j54  ,5.p.  tncl.  dlagr.  refs.  (  Technical  rept.  no.  £) 
(AF  33(038)20839)  Unclassified 

Published  in  Jour.  Chem.  I’hys.  ,  v.  22  :  538  -  542, 

Mar.  1954. 

lids  pa|*r  develops  an  equilibrium  theory  ol  uni- 
molecular  reactions,  and  shows  how  this  theory  is 
related  to  other  theories,  such  as  the  Itice- 
Ramsperger- Kassel  treatment.  I nimolecuiar  decom¬ 


position  reactions  and  Isomerization  reactions  are 
described  in  terms  of  statistical  mechanics  and  quan¬ 
tum  mechanics  (potential  energy  suriaces).  The 
nature  of  the  transmission  coefficient  is  discussed  in 
detail.  (Contractor’s  abstract) 


UTA.  02:010 

Utah  U.  [Inst,  for  the  Study  of  Rate  Processes ] 

Salt  Lake  City. 

A  KINETIC  COMPARISON  OF  THE  COMBUSTION  OF 
METHYL  ALCOHOL  AND  METHANE,  by  W.  H.  Wiser 
and  G.  R.  Hill.  [1954]  [  6  ]  p.  lncl.  dlagrs.  tables, 
refs.  (AF  33(038)20839)  Unclassified 

Published  in  Fifth  Symposium  (International)  on 
Combustion,  Pittsburgh  U. ,  Pa.  (Aug.  30-Sept.  3, 
1954),  N.  Y. ,  Reinhold,  1955,  p.  553-558. 

Combustion  tube  determinations  were  made  of  the 
velocity  of  turning  and  combustion  limits  of  methanol- 
air  mixtures  at  a  pressure  of  65  cm  Hg  and  an  initial 
temperature  of  24-27°C.  Results  show  the  combustion 
limits  to  be  7.  9  *  0.  2%  and  25.  0  i  0.  6%.  Calculations 
showed  the  fundamental  flame  velocity  to  vary  from  a 
minimum  of  11.7  cm/  sec  at  a  methanol  concentration 
of  20. 0  mole  %  to  a  maximum  of  44.  7  cm/  sec  at  14.  3 
mole  %,  on  the  fuel- rich  side  of  stoichiometric  compo¬ 
sition.  Determinates  under  the  same  experimental 
conditions  showed  methane  to  have  a  maximum  flame 
velocity  of  36.  3  cm/  sec.  Calculations  of  the  relative 
heats  of  activation  from  experimental  values  showed 
that  of  methane  to  be  21t53°K,  and  that  of  methanoi 
2023°K. 


UTA.  02:011 

Utah  U.  [Inst,  for  the  Study  of  Rate  Processes] 

Salt  Lake  City. 

SOME  KINETIC  PROPERTIES  OF  THE  STEAM- 
CARBON  REACTION  AND  COMPARISON  OF  THE 
CATALYTIC  EFFECT  ON  COBALT,  IRON,  NICKEL 
AND  VANADIUM  OXIDES,  by  W.  M.  Tuddenham  and 
G.  R.  Hill.  Mar.  31,  1954  [  23  ]  p.  lncl.  dlagrs. 
tables,  refs.  (Technical  rept.  no.  10)  (AF  33(038)- 
20839)  Unclassified 

Presented  at  124th  National  meeting  of  the  Amer. 
Chem.  Soc.,  Div.  of  Gas  and  Fuel  Chemistry,  Chicago, 
11).,  Sept.  1953. 

Also  published  In  Indus.  Engineering  Chem. ,  v.  47: 
2129-2133,  Oct.  1955. 

A  method  employing  the  impingement  of  a  high 
velocity  jet  of  steam  on  heated  carbon  samples  in  a 
low  pressure  chamber  has  been  used  to  study  some 
of  the  kinetic  properties  of  the  steam-carbon  reaction, 
and  to  compare  the  catalytic  effects  of  cobalt,  iron, 
nickel  and  vanadium  oxides.  Excess  steam  was 
frozen  out  and  the  gasification  rate  of  the  carbon  was 
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found  from  the  rats  of  pressure  increase.  (Contractor's 
abstract) 


UT  A.  02:012 

Utah  U.  [Inst,  for  the  Study  of  Raie  Processes] 

Salt  Lake  City. 

KINETICS  OF  THE  OXIDATION  OF  PYROLYTIC 
CARBON,  by  M.  C.  Chen,  C.  J.  Christensen,  and 
H.  Eyring.  [  1955]  [16]p.  incl.  diagrs.  iables,  refs. 

[  AFOSR- TN-55-182]  (AF  33(038)20839)  Unclassified 

Published  in  Jour.  Phys.  Chem. ,  v.  59:  1146-1148, 

Nov.  1955. 

A  method  is  elucidated  for  determining  the  kinetics  of 
C  oxidation  by  measuring  the  raie  of  decrease  in  the 
electrical  conductivity  of  the  C  in  film  form.  This 
method  is  applied  to  film6  of  pure  pyrolytic  C,  and  a 
raie  equation  is  determined.  An  activation  energy  of 
21  kcal  and  an  activation  entropy  of  -28  EU  are  found 
to  apply  to  the  oxidaiion  of  this  particular  C  when 
oxidized  at  iemperatures  up  to  550°  [  C  ] .  The  oxidation 
rate  is  found  to  be  firsi  order  with  respect  to  02  pres¬ 
sure.  (Contractor's  abstract) 


UT  A.  02:013 

Utah  U.  [lnsi.  for  the  Study  of  Raie  Processes] 

Sail  Lake  City. 

A  KINETIC  STUDY  OF  METHYL  CHLORIDE  COMBUS¬ 
TION.  by  H.  T.  Henderson  and  G.  R.  HtU.  Aug.  1955. 
15p.  incl.  lllus.  diagrs.  tables,  refs.  (Technical  noie 
no.  14)  ([  AF]OSR-TN-55-310)  (AF  33(038)20839) 

AD  72227  Unclassified 

A  study  of  the  burning  characteristics  of  methyl 
chloride  l.as  Uei.  made  using  the  tube  method  at 
Gersteln,  Levine,  and  Wong  (Jour.  Amer.  Chem  Soc. , 
v.  73:  418,  1951).  Burning  velocity  data  have  been  taken 
in  air  and  in  oxygen.  The  burning  velocity  and  limit 
data  for  methyl  chloride  are  compared  with  methane 
and  methyl  alcohol  and  with  some  other  chlorinated  hy¬ 
drocarbons.  In  addition,  the  Influence  of  tube  diameter 
for  the  G-L-W  tube  method  has  been  studied,  and  is 
found  to  be  much  the  same  as  for  the  Coward -Hartwell 
method  (Jour.  Amer.  Chem.  Soc. ,  Pt.  2,  2676,  1932). 

A  new  guueralixsd  ;mred"re  f  ar  calculating  llama  front 
areas  has  been  used.  (Contractor's  abslraci) 


UTA.  02:014 

Utah  U.  [  Inst,  for  the  Study  of  Rate  Processes  ] 

Sail  Lake  Ciiy. 

SECTION  1.  KINETICS  OF  THE  STEAM  CARBON 
REACTION.  SECTION  11.  A  KINETIC  THEORY  FOR 
THE  OXIDATION  OF  GRAPHITE,  by  J.  S.  Binford,  Jr., 
G.  D.  Blyholder,  and  H.  Eyring.  Aug.  1955  [62]p. 
incl.  diagrs.  tables,  refs.  (Technical  note  no.  12) 


UTA.  02:012  -  UTA.  02:016 


[  AFOSR-  TN-  55-311]  (AF  33(038)20839)  Unclassified 

Section  I.  A  description  is  given  of  an  apparatus  for 
studying  high- temperature  (1500°C),  low-pressure  (1 
to  100  pHg)  heterogeneous  processes  in  which  one  or 
more  of  the  products  is  a  gas.  The  H,0-gas  reaction 
has  been  studied  in  the  900°C  to  1300°t:  temperature 
range.  This  is  the  first  kinetic  study  of  this  reaciion 
at  high  temperatures  in  which  the  oxidizing  gases  have 
been  carefully  preheated  to  the  reaction  temperature. 

A  zero-order  reaction  with  an  activaiion  energy  of 
60. 3  kcal/  mol  is  found  in  the  900°C  to  1100°C  range, 
changing  to  a  first-order  process  by  1300°C,  with  a 
considerably  lower  value  for  the  activation  energy. 
Several  possible  mechanisms  are  discussed,  including 
a  surface  rearrangement  of  adsorption  sites  and  pre- 
dissociation  of  HjO  vapor.  Section  n.  A  considerable 
amount  of  data  on  the  C-02  reaction  has  been  collected 
from  the  literature,  evaluaisd,  and  expressed  in  such 
a  manner  that  comparison  can  be  made.  A  theory  is 
proposed  which  applies  to  the  complete  temperature 
range  in  which  data  have  been  obtained,  350°  to 
2000°C.  In  particular,  the  unusual  maximum  in  the 
Arrhenius  plot  is  explained  on  a  theoretical  basis, 
although  the  model  proposed  is  not  readily  adapted  to 
the  known  structural  features  of  graphite.  (Con¬ 
tractor's  abstract,  modified) 


UTA.  02:015 

Utah  U.  [  Inst,  for  the  Study  of  Rate  Processes] 

Salt  Lake  City. 

REACTION  KINETICS  OF  GRAPHITE  OXIDATION 
AT  LOW  TEMPERATURES,  by  A.  L.  Ruoff  and  H. 
Eyring.  Aug.  1955  [27]p.  incl,  diagrs.  table,  refs. 
(Technical  noie  no.  13)  (l  AF]OSR-  TN-55-312) 

(AF  33(038)20839)  AD  72229  Unclassified 

Data  were  obtained  on  ths  oxidation  kinetics  of  graphiie 
by  C  to  establish  a  definite  reaction  mechanism. 
Literature  and  experimental  values  are  tabulated  for 
the  heat  of  activation,  the  temperature  range  of  the 
reaction  studied,  the  type  of  C  oxidized,  and  the  type 
of  O  supply  (flow  or  stationary).  Studies  are  being 
made  of  the  effect  of  the  CH^  cracking  temperature  on 
consequent  oxidation  reactions  with  O.  Results  of  a 
literature  survey  are  discussed  with  respect  to  heats 
of  activation,  the  reaction  order  of  graphite  oxidation, 
the  primary  reaction  products,  the  catalytic  effects  on 
the  euslflrallcn  of  P  and  the  rul*  J  surf  ace  o&des 
in  C  gasification.  Die  various  processes  which  might 
be  rate  determining  are  treated  theoreiicaliy,  and 
calculations  are  made  with  the  experimentally  obialned 
value  of  the  heat  of  activation  ai  1  atm  and  500°C. 

(ASTI A  ahsiract) 

UTA.  02:016 

Utah  U. ,  L  lnsi.  for  the  Study  of  Raie  Processes 
Salt  Lake  City. 

FLAME  PROPAGATION.  T1IE  RANDOM  WALK  OF 
CHEMICAL  ENERGY,  by  11.  Eyring,  J.  C.  Giddings, 
and  L.  G.  Tensmeyer.  July  1955,  lOp.  incl.  tables, 
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UT A.  02:017  -  UT A.  02:019 


refs.  (Technical  nots  no.  15)  ([  AF]OSR-TN-55-363) 
(AF  83(038)20839)  AD  74177  Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  24:  857-861, 
Apr.  1956. 

A  nsw  approach  to  the  theory  of  burning  velocity  Is 
presented  In  which  a  flame  front  moves  forward  at  a 
rate  determined  by  the  random  walk  of  chemical 
(potential)  ensrgy.  The  flame  velocity  Is  determined 
by  the  valus  of  a  which  Isa  collision  rate  divided  by  a 
reaction  rats,  both  determined  at  the  point  of  maximum 
reaction  velocity.  The  comparison  between  theoretical 
and  experimental  flame  velocities  Is  given  for  cases 
In  which  ths  chemical  kinetics  ars  quite  well  under¬ 
stood.  Empirical  activation  energies  for  reaction  are 
gtvsn  for  certain  hydrocarbon  flames.  It  Is  hoped  that 
these  may  be  useful  ir_  d  .termlning  the  important 
chsmlcal  processes  In  hydrocarbon  flame-propagation. 
(Contractor's  abstract) 

UT  A.  02:017 

Utah  U.  [  Inst,  for  the  Study  of  Rate  Processes] 

Salt  Lake  City. 

KINETICS  OF  THE  STEAM  CARBON  REACTION,  by 
J.  S.  Blnford,  Jr.  and  H.  Eyring.  Jan.  1956  L  25  ]  p. 
lncl.  dlagrs.  tables,  rets.  (Technical  note  no.  17) 
(AFOSR  TN  56-60)  (AF  33(038)20839)  Unclassified 

Also  published  In  Jour.  Phys.  Chem.,  v.  60:486-491, 
Apr.  1956. 

A  description  Is  given  of  a  more  satisfactory  type 
apparatus  for  the  study  of  high- temperature  (1500°C), 
low-pressure  (1  to  100(a)  heterogeneous  processes  In 
which  one  or  more  products  Is  a  gas.  The  water-gas 
reaction  has  been  studied  In  the  900°C  to  1300°C  tem¬ 
perature  range.  This  Is  the  first  kinetic  study  of  this 
reaction  at  high  temperatures  In  which  the  oxidizing 
gases  have  been  carefully  preheated  to  the  reaction 
temperature.  A  zero-order  reaction  with  an  activation 
energy  of  60.  3  kcal/mol  Is  found  In  the  900°C  to  1100°C 
range,  changing  to  a  first-order  process  In  the  1200°C 
to  1300°C  range  with  a  considerably  lower  value  for  the 
activation  energy.  Several  possible  mechanisms  are 
discussed,  Including  a  surface  rearrangement  of 
adsorption  sites  and  predissociation  of  water  vapor. 
(Contractor  s  abstract) 


UTA.  02.018 

Utah  U.  I  Inst,  for  the  Study  of  Rate  Processes] 

Salt  Lake  City. 

THE  MECHANISM  OF  INHIBITORS  FOR  CHAIN  RE¬ 
ACTIONS,  by  A.  T.  Ree  and  K.  Yang.  Jan.  1,  1956, 
lip.  lncl.  dlagrs.  tables.  (Technical  note  no.  16) 
(AFOSR-TN-56-61)  (AF  33(038)20839)  Unclassified 
AD  81053  Unclassified 

In  this  study,  the  Rlce-Herzfeld  mechanism  for  the 
pyrolysis  of  hydrocarbons  Is  assumed: 


(1)  R-  CH3  ->  CH3  +  R,  (1')  CH3  +  He  ?=?  CH3Hc, 

(2)  CH3  +  RCH3  -»  CH4  +  Rq,  (3)  R’  -»  P  +  CH3, 

(4)  CHI,  +  CHj  -»  C2H6,  (5)  CH3  +  B  +  CH^  -4  CjHg  +  B, 
where  P  Indicates  olefines,  and  R  and  R'  are  alkyl 
radicals.  CH3  Indicates  CH3  +  CH3H£.  Assuming  ths 
following  equilibrium,  (6)  CH3  +  2NO  CH3  (NO)2 
for  the  Inhibition  mechanism,  the  rate  equation  for  the 
Inhibited  pyrolysis  Is  derived  as, 


1  + - -NO* 

1  +  KjHc  , 


where  r  and  rQ  indicate  an  over-all  rate  of  Inhibited 
decomposition  and  that  of  an  uninhibited  one,  and  Kj 
and  K-  are  the  equilibrium  constants  for  the  reaction 
l'ando,  respectively.  Using  this  result,  the  Inhibition 
curves  for  butane,  pentane,  hexane,  heptane,  octane, 
nonane,  and  decane  are  reproduced  with  good  agree¬ 
ment  with  experiments.  (Contractor’s  abstract) 


UTA.  02:01 9 

Utah  U.  Inst,  for  the  Study  of  Rate  Processes, 

Salt  Lake  City. 

THE  KINETICS  OF  COMBUSTION  OF  METHYL 
CHLORIDE  AND  RELATED  COMPOUNDS,  by  H.  T. 
Henderson  and  G.  R.  Hill.  June  30,  1955  L  125  ]p. 
lncl.  lllus.  dlagrs.  tables,  refs.  (Technical  rept. 
no.  11)  (AFOSR-TN-56-62)  (AF  33(038)20839) 

AD  81054  Unclassified 

A  study  of  the  combustion  of  methyl  chloride,  using 
the  tubs  method  of  Gersteln,  Levine,  and  Wong, 

(Jour.  Amer.  Chem.  Soc.,  v.  73:  518,  1951),  Is 
described.  The  results  are  analyzed  and  compared 
with  data  for  related  compounds.  Flams- temperature 
curves  have  been  calculated  for  comparison  with  the 
burning- velocity  curves  obtained.  Soms  of  the  more 
significant  results  are  summarized  as  follows:  (1) 

A  comparison  of  maximum  burning  rates  has  been 
made  for  methyl  chloride,  methyl  alcohol,  and  methane 
In  air  mixtures,  the  ratios  found  being  1:4. 14:3.31. 

(2)  The  maximum  burning  velocity  of  methyl  chloride 
has  been  compared  with  that  for  other  chlorinated  hy¬ 
drocarbons,  and  a  simple  correlation  has  been  found 
between  the  population  of  chlorine  atoms  In  the  fuel 
molecule  and  the  burning  velocity.  From  this  correla¬ 
tion,  a  value  of  Uf  (burning  velocity)  =  18.  7  cm/  sec 
was  predicted  for  a  stoichiometric  mixture  of  ethyl 
chloride/  air.  (3)  Durnlng  velocities  have  been  ob¬ 
tained  for  the  systems  methyl  chloride/  oxygen  and 
methyl  chloride/  air.  The  order  of  burning- rate 
dependence  on  oxygen,  methyl  chloride,  and  total 
combustibles  was  determined  by  the  use  of  argon  and 
nitrogen  Inerts.  Some  of  these  curves  revealed  a 
rather  anomolous  maximum  and  minimum,  Indicating 
a  change  In  the  mechanism  of  combustion.  (4)  Limits 
of  combustion  of  methyl  chloride  In  air  and  In  oxy¬ 
gen/inert-gas  mixtures  were  determined.  These  were 
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UT  A.  02:020  -  UT A.  02:022 


compared  with  values  obtained  from  the  literature  for 
methyl  chloride  and  other  chlorinated  compounds.  The 
population  of  chlorine  In  the  molecule  was  found  to  be 
related  In  a  regular  manner  to  the  calorific  value  of  the 
lower  limit  mixtures.  (5)  Relative  activation  energies 
have  been  calculated  for  methyl  chloride,  methyl 
alcohol,  and  methane  In  air.  The  method  of  obtaining 
these  Is  discussed.  Though  a  complete  mechanism  for 
methyl  chloride  burning,  has  not  been  attempted,  some 
of  the  unique  features  concerning  It  have  been  considered 
and  explained.  Evidence  has  been  cited  showing  the 
Inhibitory  roll  of  chlorine  and  lis  compounds.  Methyl 
chloride  dissociation  has  been  calculated  using  as  a 
basis  the  reaction 

CHjCl - >  CHj  +  Cl. 

An  Improvement  has  been  suggested  In  the  evaluation 
of  areas  of  flames  in  tubes  to  give  larger  values  of 
burning  velocity,  especially  for  slow-burning  systems. 

A  study  of  burning  velocity  has  been  made  as  a  function 
of  lube  diameter,  tubes  below  2.4-cm  Inside  diameter 
having  a  distinct  cooling  and  slowing  effect,  while  in 
those  above  2. 8 -cm  Inside  diameter  the  burning  rate  Is 
Independent  of  dlameler.  The  onsel  of  turbulence  vs 
tube  dlameler  has  also  been  observed,  being  earlier 
for  the  larger  tube  diameters.  (Contractor's  abstract, 
modified) 


UT  A.  02:020 

Utah  U.  Inst,  for  the  Study  of  Rale  Processes, 

Sail  Lake  City. 

MECHANISM  OF  INHIBITOR  ACTION  FOR  CHAIN 
PROCESSES,  by  K.  Yang,  (.  A.  ]  T.  Ree,  and  II.  Eyring. 
Mar.  10,  1956,  40p.  lnel.  dlagrs.  tables,  refs. 
(Technical  note  no.  18)  (AFOSR-TN- 56-124)  (AF  33- 
(038)20839)  AD  82520  Unclassified 

The  Rlce-Herzfeld  mechanism  for  the  pyrolysis  of 
organic  compounds  is  assumed:  (I)  RCH,  -*  CHj  ♦  R; 
(2)  CH3  +  R-  CH3  A  CH4  +  H';  (3)  H'->  CHj  +  Product 
(I);  (4)  R  -*  CH3  ♦  Product  (2);  (5)  CHj  ♦  CH3  -»  CjHq-, 
(6)  CH3  ♦  B  »  CH3  -»  C2Hg  ♦  B.  As  the  inhibition 
mechanism  of  an  Inhibitor  for  the  chain  process,  the  re¬ 
actions,  (1)  CH3  ♦  In  -»  CH3In;  (j)  CH3In  ->  Product  (3); 
(2')  CHjln  ♦  CH3R  -»  9H4  ♦  R'  t  In;  (5')  CH3  ♦  CH3ln 
C2Hg  +  In;  (O')  CH3  +  B  +  CH3ln  ->  C3Hg  *  In  +  B; 

(5")  CHjIn  *■  CH3In  -►  C2H6  ♦  2  In;  (6")  CH3ln  ♦  CHjIn  *■ 
B  ->  C2H6  *  2  In  ♦  B,  are  Introduced  The  symbols 
R'  and  K  are  alkyl  or  acyl  radicals.  The  steady  stale 
treatment  yields  CH3]0  [  CH3  ]  tb[CH3In],  and  the 

overall  rate  of  the  Inhibited  reacllon,  r,  satisfies  the 
following  relationship: 


steady  state  concentrations  of  the  CH3  radicals  for  the 
uninhibited  and  Inhibited  reactions,  rsspectlvely.  The 
Inhibition  curves  for  the  thermal  decompoeltton  of 
hydrocarbons,  Et20,  AcH,  propaldehyde,  and 
Me2CO,  are  explained  quantitatively  and  are  in  good 
agreement  with  experiment.  The  activation  energies 
of  reactions  (j)  and  (2')  are  calculated  from  the  pro¬ 
posed  mechanism,  and  It  Is  shown  that  Inhibitors  such 
as  NO  and  propylene  can  suppress  almost  completely 
the  chain  part  of  ths  thermal  decompositions  of  the 
organic  compounds  studied.  (Contractor's  abstract) 


UT  A.  02:021 

Utah  U.  Inst,  for  the  Study  of  Rate  Processes, 

Salt  Lake  City. 

A  STUDY  OF  THE  THERMAL  DECOMPOSITION  OF 
METHANE,  by  F.  W.  Cagle,  Jr.  Mar.  31,  1956, 
lip.  refs.  (Technical  nots  no.  19)  (AFOSR-TN-56- 
177)  (AF  33(038)20839)  AD  86599  Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  25:  1300- 
1301,  Dec.  1956. 


A  bibliography  of  ths  literature  on  the  homogeneous 
pyrolysis  of  CH<  has  been  made.  The  known  data  are 
consistent  with  tne  following  assumed  mechanism: 

k.  E 

CH4— >CH3+H  101  kcal 

k. 

CH3  +  CH4  -%)  C2H6  +  H  48 

H  +  CH4  4  CH3  +  H2  7 


H  +  CHj  +  M  4  CH4  ♦  M  0. 


Th's  mechanism  assuming  the  usual  steady  state 
approximations  gives:  ... 

d[CH4]  (^2k3\  tCH4]  ' 

~~*i  s,'iT -t  •  7^172  ■ 


This  leads  to  a  calculated  overall  actlvallon  energy  of 
78  kcal  in  excellent  agreement  with  the  measured 
value  of  79  kcal.  Further  the  expression  agrees  with 
the  experimentally  determined  order  of  the  reaction 
over  the  investigated  pressure  range.  A  shorl 
discussion  of  the  nitric  oxide  Inhibition  data  is  in¬ 
cluded.  (Contractor's  abstract) 


r 

r 

o 


I 


1  + 


kj  ♦  k’2Po 


tin  J, 


where  rQ  ts  the  rate  ol  the  uninhibited  reaction,  P0  the 
pressure  of  the  decomposed  organic  compound,  k  the 
specific  reacllon  rates,  and  ;  CH3]Q  and  l  CH3]  the 


UT  A.  02:022 

Utah  U.  Insl.  for  the  Study  of  Pale  Processes, 

Sail  Lake  Cliy. 

KINETICS  OF  GRAPHITE  OXIDATION,  by  G.  D. 
Blyholder  and  H.  Eyring.  Aug.  15,  1956,  73p.  incl. 
dlagrs.  tables,  refs.  (Technical  note  no.  20) 
(AFOSR-TN- 56- 451)  (AF  33(038)20839)  AD  96796 

Unclassified 
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A  description  of  an  apparatus  for  studying  heterogeneous 
gas- solid  reactions  in  the  one  to  100  micron  pressure 
and  600°C  to  1300°C  temperature  range  is  presented. 
The  data  for  the  graphite-02  reaction  in  this  range 
are  presented.  Below  800°C  the  surface  reaction  is 
zero  order  with  an  80  kcal/  mole  activation  energy.  On 
samples  thicker  than  0. 1  mm,  the  diffusion  of  O2  into 
the  pores  in  the  graphite  results  in  an  observed  half 
order  reaction  with  a  42  kcal/ mole  activation  energy. 
Above  1200°C  the  reaction  U  controlled  by  the  frequency 
of  0„  collisions  with  the  surface.  Between  800°C  and 
1200^0  a  continuous  transition  region  exists.  An 
equation  is  derived  which  gives  the  reaction  rate  under 
conditions  in  which  pore  diffusion  affects  the  observed 
reaction  rate  and  the  surface  reaction  varies  with  the 
pressure  in  a  manner  described  by  the  Langmuir  ad¬ 
sorption  Isotherm.  A  great  deal  of  the  literature  on  C 
oxidation  deals  with  materials  which  have  been  carbon¬ 
ized  but  not  graphitized.  These  materials  are  usually 
oxidized  in  first  order  reactions  with  an  activation 
energy  of  20  to  30  kcal/  mole.  A  kinetic  treatment  is 
given  which  explains  the  maximum  in  the  Arrhenian 
plot  observed  by  many  workers  engaged  in  the  oxidation 
of  electrically  heated,  carbonized  filaments.  (Con¬ 
tractor's  abstract) 


UTA.  02:023 

Utah  U.  Inst,  for  the  Study  of  Rate  Processes, 

Salt  Lake  City. 

OXIDATION  STUDIES  IN  TOLUENE  AS  A  CARRIER- 
GAS,  by  L.  G.  Tensmeyer,  H.  Eyring,  and  G.  R.  Hill. 
Sept.  1,  1956,  67p.  incl.  illus.  diagrs.  tables,  refs. 
(Technical  rept.  no.  21)  (AFOSR-TN-56-503) 

(AF  33(038)20839)  AD  110318  Unclassified 

The  attempt  was  made  to  study  the  Initiation  reactions 
of  hydrocarbon  oxidation  by  utilizing  a  toluene  carrier- 
gas  technique  A  vacuut.  eyelet  t  for  toluu v  purification 
was  described.  A  more  complex  vacuum  system  ade¬ 
quate  for  study  of  the  oxidation  processes  was  also  de¬ 
scribed,  with  suggestions  for  refinement  of  equipment 
for  future  work.  An  infrared  technique  utilizing  solid 
KBr  was  adapted  for  the  study  of  combustion  products. 


Chemical  titrations  were  also  used  for  total  acids  and 
total  peroxides.  The  results  showed  that  the  toluene 
carrier- gas  technique  wiU  not  yield  unquestionable  data 
in  oxidation  systems.  This  is  due  parUy  to  further  re¬ 
actions  of  the  benzyl  radical.  Applied  to  the  formalde¬ 
hyde-oxygen  reaction  some  of  the  radicals  produced, 
apparently  CHO  and  CHO3.  do  not  react  quickly  and 
quantitatively  with  toluene.  The  method  yielded  data 
from  which  the  rate  of  the  initiation  reaction  HCBO  +  O2 
could  be  calculated  for  the  first  time.  The  value  of  this 
constant,  5  x  104  T  W39,  000/ RT,  must  be  received 
with  caution,  because  of  further  reactions  of  the  benzyl 
radical.  Benzyl  hydroperoxide,  benzyl  alcohol, 
benzaldehyde,  and  bibenzyl  were  also  found  as  products. 
The  determination  of  the  hydroperoxide  in  particular 
gives  support  to  the  hydroperoxidation  theory  of  hydro¬ 
carbon  autoxidation.  predominance  of  benzaldehyde  over 
benzyl  alcohol  and  benzyl  hydroperoxide  as  temperature 
increased,  was  shown  to  reflect  the  decreasing  stability 
of  the  benzyl  peroxy  radical  in  the  range  400-550  C. 
(Contractor's  abstract) 


UTA.  02:024 

Utah  U.  Inst,  for  the  Study  of  Rate  Processes, 

Salt  Lake  City. 

KINETICS  AND  THERMODYNAMICS  OF  COMBUS¬ 
TION,  by  G.  R.  Hill,  H.  Eyring,  and  C.  J. 
Christensen.  Final  rept.  Sept.  30,  1956,  28p.  lncl. 
diagrs.  table,  refs.  [  AF06R-TR- 56-52] 

(AF  33(038)20839)  AD  110336  Unclassified 

The  following  research  studies  on  homogeneous  com¬ 
bustion  and  thermal  decomposition  mechanisms  and 
on  the  determination  of  the  mechanisms  of  heterogene¬ 
ous  combustion  processes  are  summarized:  (1)  the 
experimental  determination  of  free  radical  mecha¬ 
nisms  In  gas  phase  aldehyde  oxidations;  (2)  the 
thermal  decomposition  of  hydrocarbons  an)  related 
compounds;  (3)  the  kinetics  of  oxidation  of  carbon 
films;  (4)  kinetics  of  combustion  of  methylamlne; 

(5)  infra-red  kinetic  studies  of  dlborane;  and  (6)  the 
pyrolysis  and  polymerization  mechanisms  of  large 
organic  molecules. 
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Virginia  Engineering  Experiment  Station,  Blacksburg. 
see  Virginia  Polytechnic  Inst.  Engineering 
Experiment  Station,  Blacksburg. 


VIS.  01:001 

Virginia  Inst,  (or  Scientific  Research,  Richmond. 

AN  X-RAY  AND  METALLOGRAPHIC  STUDY  OF  LARGE 
GRAIN  TITANIUM  (Abstract),  by  F.  J.  Denise. 

[  1955]  L  1  ]  p-  L  AF  18(600)1319]  Unclassified 

Presented  at  meeting  of  the  Virginia  Acad,  of  Science, 
Charlottesville,  May  11-14,  1955. 

Published  In  Virginia  Jour.  Science,  v.  6:  253-254, 

Sept.  1955. 

Large  single  crystals  of  high  temperature  beta  phase 
titanium  can  be  prepared  by  a  modification  of  the  strain- 
anneal  method,  but  recrystalllzatlon  occurs  on  cooling. 
Etching  revealed  the  titanium  rod  to  consist  of  a  great 
many  crystalline  fragments  which  were  oriented  with 
respect  to  one  another.  This  was  conftrmed  by  x-ray 
back  reflection  methods.  The  results  Indicate  strongly 
the  existence  of  an  orientation  relationship  between  a 
low  temperature  hexagonal  phase  and  a  high  temperature 
cubic  phase.  (Contractor's  abstract) 


VIS.  01:002 

Virginia  Inst,  for  Scientific  Research,  Richmond. 

PSEUDO- MONOCHYSTALS  OF  ALPHA- TITANIUM, 
by  H.  Leldhelser,  Jr.  and  F.  J.  Denise.  [  Dec.  30, 
1955]  [5]p.  incl.  lllus.  [  AFOSR-TN-56-3] 

(AF  18(600)1319)  Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  V.  24  :  625-626, 
Mar.  1956. 

In  this  study,  the  preparation  of  "pseudo- monocrystals” 
of  a-Tl  Is  described  brtefly,  and  the  mechanism  of 
thetr  formation  Is  considered. 


VIS.  01:003 

Virginia  Inst,  for  Scientific  Research,  Richmond. 

THE  PREPARATION  AND  STRANGE  BEHAVIOR  OF 
PSEUDO- MONOCRYSTALS  OF  ALPHA- TITANIUM 
(Abstract),  by  F.  J.  Denise  and  H.  Leldhelser,  Jr. 

[  1956]  l  2 ] p.  [  AF  18(600)1319]  Unclassified 

Presented  at  meeting  of  Virginia  Acad,  of  Science, 
Richmond,  May  9-12,  1956. 

Published  in  Virginia  Jour.  Sctence,  v.  7:  265-26C, 

Sept.  1956. 

Commercially  pure  titanium  rods,  1/  2"  In  diameter 
and  2" long,  were  wrapped  tn  fotl  and  sealed  tn  evacuated 


VIS.  01:001  -  VH.  01:002 


Vycor  tubes.  When  such  rods  were  cycled  between 
850°  and  1200°C  or  between  room  temperature  and 
1200°C,  large  crystals  of  the  beta-phase  were  formed 
at  the  high  temperature.  On  cooling  through  the 
transition  temperature  at  880°C  the  hlgh-temperature 
crystal  recrystallized  to  a  very  highly  oriented  assem¬ 
bly  of  small  crystals  of  the  low- temperature,  alpha 
phase.  Since  the  orientation  was  so  high  and  continued 
to  the  boundaries  of  the  original  hlgh-temperature 
crystal  the  term  "pseudomonocrystal"  ts  warranted. 
Heating  a  pseudocrystal  In  an  evaculated  Vycor  tube  at 
850°C  for  several  days  resulted  In  a  great  change  In 
shape  of  the  cross  section,  which  change  In  shape  was 
discontinuous  at  the  boundary  of  another  pseudocrystal. 
One  type  of  commercial  titanium  became  severely  dis¬ 
torted  when  cycled  between  860°  and  1200°C.  Metal- 
lographlc  and  x-ray  studies  were  made  of  the  pseudo¬ 
crystals.  (Contractor's  abstract) 


VPI.  01:001 

Virginia  Polytechnic  Inst.  Dept,  of  Chemistry, 
Blacksburg. 

PREPARATION  OF  CONJUGATED  ALKADIENES,  by 
R.  C.  Krug,  T.  F.  Yen,  and  G.  R.  Tlchelaar. 

Final  technical  rept.  Sept.  1,  1953-Aug.  31,  1955. 
Sept.  1955,  JSp.  (L  AF]OSR-TR- 55-25)  (AF  18(600)- 
690)  AD  71633  Unclassified 

In  this  chemical  study,  the  preparation  of  conjugated 
alkadienes  by  means  of  the  alkylation  of  unsaturated 
cyclic  sulfones  was  not  successful;  however,  some 
new  and  highly  reactive  halogenated  sulfolenes  have 
been  prepared.  The  pyrolysis  of  a  monosulfolene  gave 
2-bromomethyl-l,  3-butadlene,  which  may  serve  as 
a  starting  point  for  the  synthesis  of  other  compounds. 

A  description  is  given  of  a  new  Diels- Alder  reaction 
Involving  the  conversion  of  a  bromosulfolene  Into  new 
polynuclear  compounds  possessing  the  hydrogenated 
chrysene  system.  It  Is  pointed  out  that  the  reactivity 
of  the  n -hydrogen  atoms  In  the  sulfones  has  been 
proved. 


VPI.  01:002 

Vlrlgnla  Polytechnic  Inst.  [Dept,  of  Chemistry] 
Blacksburg. 

HALOGENATED  ISOPRENE  CYCLIC  SULFONES 
(Abstract),  by  R.  C.  Krug  and  T.  F.  Yen.  [1955] 

[  1  ]  p.  [AF  18(600)641]  Unclassified 

Presented  at  meeting  of  the  Virginia  Acad,  of 
Science,  Charlottesville,  May  11-14,  1955. 

Published  in  Virginia  Jour.  Sctence,  v.  6:  259, 

Sept.  1955. 

The  nucleus  and  the  side  chain  of  lsoprene  cyclic 
sulfone  may  undergo  halogenatton,  and  thus  a  number 
of  halogen  derivatives  of  this  sulfone  could  be  pre¬ 
pared.  The  following  reactions  tnvolved  tn  the 
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synthesis  of  certain  of  these  compounds  are  discussed: 
the  ionic  and  radical  types  of  addition,  the  Wohl-  Ziegler 
halogenatlon  of  the  side  chain,  the  allyllc  shift,  dehydro- 
halogenation,  and  isomerization.  (Contractor's 
abstract) 


VPI.  01:003 

Virginia  Polytechnic  Inst.  [Dept,  of  Chemistry] 
Blacksburg. 

SOME  REACTIONS  OF  BUTADIENE  CYCLIC  SULFONE 
(Abstract),  by  R.  C.  Krug  and  G.  R.  Tichelaar. 

[1955]  [l]p.  [AF  18(600)690]  Unclassified 

Presented  at  meeting  of  the  Virginia  Acad,  of  Science, 
Charlottesville,  May  11-14,  1955. 

Published  in  Virginia  Jour.  Science,  v.  6:  258, 

Sept.  1955. 

Sulfur  dioxide  and  1, 3 -butadiene  undergo  a  1,4  Diels- 
Alder  type  addition  to  give  butadiene  cyclic  sulfone,  a 
eompcund  cf  relatively  Lx  thermal  stability  Due  to 
its  acidic  alpha  hydrogen  atoms,  this  sulfone  will  react 
with  Grignard  reagents,  sodLm  hydride,  and  other 
bases.  The  sulfone  also  undergoes  many  addition  re¬ 
actions  at  the  carbon-carbon  double  bond.  (Contractor’s 
abstract) 


VPI.  02:001 

Virginia  Polytechnic  Inst.  Engineering  Experiment 
Station,  Blacksburg. 

PRESSURE  DISTRIBUTION  ABOUT  TWO-DIMENSIONAL 
DIAMOND  AIRFOILS  AND  A  180°  WEDGE,  by  R.  W. 
Truitt  and  F.  W.  Martin.  June  1954  ,  25p,  dlagrs. 

(Rept.  no  AE641-1)  ([  AF]OSR-TN-54-149) 

(AF  18(600)641)  AD  34600  Unclassified 

The  Schwarz-Chrlstoffel  mapping  theorem  was  used  to 
derive  the  pressure  distribution  about  2-dlmensional 
diamond  airfoils  for  the  zero  angle  of  attack  condition . 
The  theoretical  (incompressible)  pressures  were  com¬ 
pared  with  corresponding  low- speed  wind-tunnel  tests, 
and  the  agreement  was  excellent  except  at  the  shoulder. 
The  zero  pressure  coefficient  was  found  to  move  toward 
the  shoulder  with  increasing  wedge  angle.  The  effect 
of  afterbody  configuration  is  discussed  in  view  of  the 
experimental  and  theoretical  results.  A  180v  wedge 
In  a  bounded  or  unbounded  stream  was  found  to  be  less 
sensitive  to  wall  Influence  than  small-angle  wedges. 
Experimental  low- speed  results  for  the  180°  wedge  in 
an  unbounded  stream  were  found  to  be  such  that  tree- 
streamlines  spring  from  the  r.houlder.  The  Sound- 
Space  Theory  was  applied  to  the  experimental  results 
for  the  180°  wedge,  and  the  local  Mach  number  distri¬ 
bution  was  found  lobe  symmetric  Aunt  fret  stream 
Mach  number  one,  but  not  constant.  (Contractor's 
abstract) 


VPI.  02:002 

Virginia  Polytechnic  Inst.  Engineering  Experiment 
Station,  Blacksburg. 

INVESTIGATION  OF  WEDGES  IN  TRANSONIC  FLOW, 
uy  R.  W.  Truitt.  Feb.  1954,  157p.  incl.  diagrs.  refs. 
([  AF]OSR-TR-54-5)  (AF  18(600)641)  AD  32070 

Unclassified 

The  present  work  is  devoted  to  the  thesis  that  a 
continuous  (approximate)  analytical  solution  can  be 
obtained  by  a  fundamentally  new  approach  to  transonic 
inviscid  flow  over  simple  wedges  at  zero  angle  of 
attack.  The  theoretical  treatment  is  based  on  a  new 
theoretical  approach  to  compressible  flow  by  deriving 
a  local  time-  and  space-unit  transformation  which  is 
defined  on  the  local  speed  of  sound.  It  is  shown  that 
the  incompressible  inviscid  solution  for  simple  wedges 
may  be  employed  in  a  new  expression  for  compressible 
pressure  coefficient  to  obtain  a  continuous  solution 
from  low  subsonic  to  slightly  supersonic  flow.  A 
detailed  discussion  of  the  structure  and  behavior  of  the 
compressible  flow  field  about  simple  wedges  is  pre¬ 
ceded  Thts  defiled  d)t,rnQ«V;’’  leads  to  the  formula¬ 
tion  of  the  transonic  problem.  Specifically,  the  theory 
is  shown  to  be  in  fundamental  agreement  with  experi¬ 
ment  in  the  subcrlticai  compressible  range.  Proof  of 
the  validity  of  the  theory  in  the  transonic  range  is 
given,  an  analysis  being  made  to  show  that  the  theory 
satisfies  the  transonic  similarity  laws.  A  general 
analytical  solution  is  then  constructed  whereby  the 
constant  (PL/P*)  distribution  may  be  calculated.  This 

then  establishes  the  approximate  free- stream  Mach 
number  range  in  which  the  local  Mach  number  distribu¬ 
tion  is  constant.  UBlng  the  general  analytical  method 
so  developed,  the  pressure  distribution  is  calculated 
for  several  specific  wedge  angles  for  a  series  of  free- 
Stream  Mach  numbers  from  low  subsonic  values  to 
Mach  numbers  of  greater  than  unity.  The  correspond¬ 
ing  pressure  drag  coefficients  are  also  presented  in 
plots  using  the  transonic  similarity  parameters.  The 
present  theoretical  results  are  then  compared  with 
existing  experimental  and  theoretical  findings.  In 
appendix  A  the  "Bound-Space  Theory"  for  2-dlmen- 
Slonal  subsonic  compressible  flow  is  presented.  A 
brief  outline  of  the  derivation  of  the  transonic  slmll- 
larliy  parameters  is  given  in  appendix  B.  In  ap¬ 
pendix  C,  a  method  Is  derived  for  locating  detached 
shock  waves  ahead  of  2-dimenslonal  wedges.  Finally, 
a  new  expression  for  the  pressure  coefficient  for  2- 
dlmenslonal  supersonic  flow  is  derived  in  appendix  D. 

VPI.  02:003 

Virginia  Polytechnic  Inst.  Engineering  Experiment 
Station,  Blacksburg. 

EFFECTS  OF  AFTERBODY  CONFIGURATION  ON 
THF  PRESSURE  UEVMLUTtON  oVEF  THE  NOSE  Of 
TWO-DIMENSIONAL  WEDGES,  by  R.  W.  Truitt  and 
F.  W.  Martin.  Mar.  3,  1954  ,  2p.  incl.  lllus. 

[  AF  18(600)641  ]  Unclassified 
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Published  In  Jour.  Aeronaut.  Sciences,  v.  21:  567- 
568,  Aug.  1954. 

Ths  cases  of  (1)  the  symmetric  diamond  wedge,  and 
(2)  the  single  wedge  with  straight  afterbody  are  con¬ 
sidered  at  0°  angle  of  attack.  A  plot  Is  presented  of  the 
theoretical  pressure  distributions  for  these  2  cases  for 
a  wedge  semiangle,  8,  of  5°.  Experimental  results, 
obtained  at  lew  speed  (MQ«0. 1)  for  both  afterbodies, 
were  plotted  and  found  to  be  In  good  agreement  with 
the  theoretical  results.  From  thess  results,  It  is  seen 
that  increasing  the  change  of  flow  direction  at  the 
shoulder  causes  the  front- wedge  pressure  distribution 
to  become  increasingly  more  negative.  For  given 
free- stream  boundary  conditions,  the  incompressible 
flow  over  the  front  wedge  ts  different  for  the  2  afterbody 
configurations.  It  seems  apparent,  therefore,  that  any 
change  in  afterbody  configuration  should  result  in 
changes  in  the  tncompresstble  front-wedge  pressure 
distribution. 


VPI.  02:004 

Virginia  Polytechnic  Inst.  [  Engineering  Experiment 
Statton  ]  Blacksburg. 

INVESTIGATION  OF  PRESSURE  DISTRIBUTION  OF 
A  180°  WEDGE  (Abstract),  by  R.  W.  Truitt  and  J.  C. 
WtUtams,  HI.  [1954]  [l]p.  [  AF  18(600)641  j 

Unclassified 

Presented  at  meeting  of  the  Virginia  Acad,  of  Science, 
Charlottesville,  May  5-8,  1954. 

Published  in  Vtrginla  Jour.  Sctence,  v.  5:  287, 

Sept.  1954. 

A  180°  wedge  ts  analyzed  for  incompressible  flow  in 
both  bounded  and  unbounded  streams  by  the  Schwarz- 
Christoffel  transformation.  It  is  found  that  theoretically 
the  boundaries  (wing  tunnel  walls)  do  not  appreciably 
affect  the  pressure  distribution  on  the  front  face  of  the 
180°  wedge  for  tunnel- wedge  ratios  above  7.  An 
experimentally  determined  pressure  distribution  on 
the  front  face  of  a  180°  wedge  in  an  unbounded  stream 
at  a  free  stream  Mach  number  of  0. 1  was  corrected 
for  compressibility  by  the  Sound- Space  Theory.  The 
local  Mach  number  on  the  front  face  of  the  180°  wedge 
was  not  constant  in  the  transonic  range  as  ts  normally 
assumed  for  small  angle  wedges.  For  every  subsonic 
free-stream  Mach  number  in  the  range  of  0.6  to  I.  0 
there  ts  a  corresponding  supersonic  free  stream  Mach 
number  at  which  the  local  Mach  number  distribution  is 
identical.  Thts  local  Mach  number  distribution  was 
converted  to  p./p*  values  and  checked  against  experi¬ 
mental  work  by  Griffith  at  Princeton.  (Contractor's 
abstract) 
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Virginia  Polytechnic  Inst.  Engineering  Experiment 
Station,  Balcksburg. 

INVESTIGATION  OF  WEDGES  AT  SMALL  ANGLE  OF 
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ATTACK  IN  TRANSONIC  FLOW,  by  R.  W.  Truitt. 

Final  rept.  May  1955  [  74  ] p.  incl.  dlagrs.  refs. 

(Rept.  no.  AE641-2)  ([  AF]OSR-TR-55-14)  (AF  18- 
(600)641)  AD  63145  Unclassified 

The  throat  station  concept  of  Tsien  and  Fejer,  com¬ 
bined  with  the  principle  of  statlonarity  of  local  Mach 
number,  ts  used  to  find  the  pressure  dtstributton  on 
the  front  face  of  a  2-dimensional  wedge  in  the  tran¬ 
sonic  speed  range.  The  pressure  dtstrtbution  is 
determined  by  the  von  Kirmin- Tsien  method  in  the 
entire  subcrttical  range.  The  pressure  distribution 
corresponding  to  the  throat  station  crttlcal  Mach 
number  establishes  the  locatton  of  the  throat  station 
to  be  near  the  wedge  shoulder.  The  local  Mach 
number  distribution,  corresponding  to  the  throat 
station  critical  Mach  number,  remains  constant  with 
any  further  increase  in  the  subsonic  free-stream 
Mach  number.  Then,  by  the  prtnctple  of  stationartty, 
the  local  Mach  number  distribution  remains  stationary 
in  the  supersonic  range  if  the  detached  shock  is 
normal.  The  method  is  applied  to  the  theoretical  in¬ 
compressible  pressure  distribution  of  a  simple  2- 
dtmenstonal  wedge  up  to  the  throat  station  crttlcal 
Mach  number.  The  constant  p./p*  distribution, 
corresponding  to  this  Mach  number,  ts  used  tn  the 
MaccoU-Codd  method  to  determine  the  pressure  drag 
coefftcient  tn  the  transonic  range.  Under  the  assump¬ 
tion  of  small  angle  of  attack,  the  present  method  is 
used  to  find  the  slope  of  the  lift  curve,  the  pressure 
drag  owing  to  angle  of  attack  and  the  front-wedge 
center -of- pressure  in  the  transonic  range.  The  re¬ 
sults  of  the  present  method  are  presented  tn  transonic 
similarity  form,  and  compared  wtth  existing  theoretical 
and  experimental  results.  In  general,  ths  agreemsnt 
of  the  present  method  with  other  ftndings  is  good. 
(Contractor's  abstract) 
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Vtrginla  Polytechnic  Inst.  [  Engineering  Experiment 
Station]  Blacksburg. 

DETERMINATION  OF  THE  TRANSONIC  PRESSURE 
DRAG  ON  WEDGES  BY  THE  THROAT  STATION 
METHOD  (Abstract),  by  R.  W.  Truitt  L  1955  ]  [  2  ]  p. 
[AF  18(600)641)  Unclassified 

Presented  at  meeting  of  the  Dlv.  of  Fluid  Dynamics 
of  ths  Amsr.  Phys.  Soc. ,  Old  Point  Comfort  and 
Langley  Aeronautical  Lab. ,  Va. ,  Nov.  22-24,  1954. 

Published  tn  Phys.  Rev.,  v.  98:  1139-1140,  May  15, 
1955. 

The  throat  station  concept  of  Tsten  and  Fejsr,  com¬ 
bined  wtth  the  prtnctple  of  stationartty  of  the  local 
Mach  number,  ts  used  to  find  the  pressure  drag  on  the 
front  face  of  a  two-dimensional  wedge  in  the  transonic 
speed  range.  The  pressure  dtstribu'ton  ts  determined 
by  the  von  KSrmSn-Tsien  method  In  .it  entire  sub¬ 
crttical  range;  the  pressure  dtstrtbution  at  the  crttical 
Mach  number  establishes  the  location  of  the  throat 
station  at  the  wedge  shoulder.  The  local  Mach  number 
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distribution,  corresponding  to  the  critical  Mach  number, 
remains  constant  with  any  further  Increase  In  the  sub¬ 
sonic  free-stream  Mach  number.  Then,  by  the  princi¬ 
ple  of  stationarity,  the  local  Mach  number  distribution 
remains  stationary  In  the  supersonic  range  If  the  de¬ 
tached  shock  Is  normal.  The  method  is  applied  to  the 
theoretical  incompressible  pressure  distribution  of  a 
simple  two-dimensional  wedge  up  to  the  critical  Mach 
number.  The  constant  pj J  p  distribution,  correspond¬ 
ing  to  the  critical  Mach  number,  is  used  in  the  Maccoll- 
Codd  method  to  determine  the  pressure  drag  coefficient 
in  the  transonic  range  (-0.  69  fj  <_  1. 1).  The  results 
of  the  present  method  are  presents  in  transonic 
similarity  form  and  compared  with  existing  theoretical 
and  experimental  results.  The  agreement  of  the  present 
method  with  other  findings  is  good. 


VPI.  02:007 

Virginia  Polytechnic  Inst.  [  Engineering  Experiment 
Station]  Blacksburg. 

TRANSONIC  LIFT  OVER  THE  FRONT  SURFACE  OF  A 
TWO-DIMENSIONAL  DIAMOND  AIRFOIL,  by  R.  W. 
Truitt.  Dec.  6,  1954  [2]p.  incl.  lllus.  [ AF  18(600)- 
641]  AD  73149  Unclassified 

Also  published  in  Jour.  Aeronaut.  Sciences,  v.  22: 
342-343,  May  1955. 

In  this  study,  the  throat  station  concept  of  Tslen  and 
Fejer  (A  Method  for  Predicting  the  Transonic  Flow 
over  Airfoils  and  Similar  Bodies  from  Data  Obtained 
at  Small  Mach  Numbers.  GALCIT,  Dec.  1944)  com¬ 
bined  with  the  Maccoll-Codd  Method  fTheoretlcal  In¬ 
vestigations  of  the  Flow  Around  Various  Bodies  in  the 
Sonic  Region  of  Velocities,  Ministry  of  Supply,  Arma¬ 
ment  Research  Dept. ,  Sept.  1945)  are  used  to  obtain  the 
transonic  chordwlse  lift  distribution  over  the  front  sur¬ 
face  of  a  symmetric  diamond  wedge  at  a  small  angle  of 
attack.  The  present  method  is  applied  to  the  theoretical 
incompressible  pressure  distribution  for  the  front 
surface  of  a  symmetrical  diamond  (6  =  10°)  at  1°  angle 
of  attack.  Results  obtained  indicate  that:  (1)  The  sub¬ 
sonic  peak  in  the  lift-curve  slope  arises  primarily  from 
the  front  wedge  pressures.  The  subsonic  reduced 
Mach  number  at  the  peak  (5  =  -0.983)  corresponds  to 
the  attainment  of  the  Mach  number  freeze.  (2)  The 
curve  of  the  lift- curve  slope  vs  Mach  number  has  a 
negative  slope  as  long  as  the  Mach  number  freeze 
persists.  Excellent  agreement  with  the  theoretical 
value  is  obtained  by  the  present  calculated  negative 
slope  at  Zq  =  0.  (3)  The  change  with  Mach  number  of 
the  pressure-drag  coefficient  owing  to  lift  for  a  given 
angle  of  attack  has  the  same  type  of  variation  as  the 
curve  of  lift- slope  vs  Mach  number.  (4)  By  using  the 
present  method,  the  second  or  supersonic  peak  in  the 
lift- slope  curve  can  be  anticipated  for  increasing  Mach 
numbers  above  Mo^  ,  ,  the  upper  limit  of  the  freeze 
for  the  wedge  semiahgle  9.  Both  the  subsonic  and 
Rupersonlc  peaks,  therefore,  result  primarily  from  the 
flow  over  the  front  wedge. 


VPI.  02:008 

Virginia  Polytechnic  Inst.  [  Engineering  Experiment 
Station]  Blacksburg. 

INVESTIGATION  OF  WEDGES  AT  ANGLE  OF  ATTACK 
(Abstract),  by  R.  W.  Truitt  and  R.  D.  Jones.  [1955] 

[  1  ]  p.  [AF  18(600)641]  Unclassified 

Presented  at  meeting  of  the  Virginia  Acad,  of  Science, 
Charlottesville,  May  11-14,  1955. 

Published  in  Virginia  Jour.  Science,  v.  6:  278, 

Sept.  1955. 

A  series  of  wind  tunnel  tests  was  run  on  three  sym¬ 
metric  diamond  wedges  (5°,  7Va°,  and  10°)  to  deter¬ 
mine  the  pressure  distributions.  The  pressure  distri¬ 
butions  were  integrated  to  find  the  lift  and  pressure 
drag  coefficients  for  a  series  of  angles  of  attack.  The 
results  are  compared  with  theory  and  other  high  speed 
experimental  results.  (Contractor's  abstract) 
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Virginia  [  Polytechnic  Inst.  ]  Engineering  Experiment 
Station,  Blacksburg. 

TRANSONIC  LIFT  OVER  THE  FRONT  SURFACE  OF 
A  SYMMETRIC  DIAMOND  WEDGE,  by  R.  W.  Truitt. 
[1956]  14p.  incl.  illus.  (AF  18(600)641) 

Unclassified 

Published  in  Proc.  Fourth  Midwestern  Conference  on 
Fluid  Mechanics,  Purdue  U. ,  Lafayette,  Ind. 

(Sept.  8-9,  1955),  Lafayette,  Purdue  U.  Engineering 
Experiment  Station  (Research  Series  no.  128),  [  1956  ] 
p.  245-258. 

The  throat  station  concept,  combined  with  the 
Maccoll-Codd  method,  Is  used  to  obtain  the  transonic 
chordwlse  lift  distribution  over  the  front  surface  of  a 
symmetric  diamond  wedge  at  small  angle  of  attack. 

The  results  given  in  transonic  similarity  form  include 
the  chordwlse  lift  distribution,  the  variation  of  the 
lift-curve  slope  and  the  center-of -pressure  position,  in 
the  reduced  free-stream  Mach  number  range 
(-1.  5  Z  <-  0.  983).  The  present  results  are  com¬ 
pared  with  existing  experimental  and  theoretical  find¬ 
ings.  On  the  basis  of  the  present  results,  it  is  found 
that  the  subsonic  peak  in  the  lift- slope  curve  is  due 
primarily  to  the  flow  over  the  front- wedge.  (Con¬ 
tractor's  abstract) 
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Vitro  Corp.  of  America,  West  Orange,  N.  J. 

ENERGY  TRANSFER  IN  THE  HIGH  INTENSITY  ARC. 
PART  1.  A  STEADY  STATE  TREATMENT  OF 
ENDOTHERMIC  PROCESSES  NEAR  THE  ANODE 
6URFACE,  by  M.  A.  Marquis,  L.  Mead  and  others. 
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PARTI.  A  STEADY  STATE  TREATMENT  OF 
ENDOTHERMIC  PROCESSES  NEAR  THE  ANODE 
SURFACE,  by  M.  A.  Marquis,  L.  Mead  and  others. 

Apr.  16,  1956  L  19  ]  p-  lncl  diagrs.  tables.  (AFOSR- 
TN-  56- 178)  (AF  18(603)3)  AD  87051  Unclassified 

Conditions  are  defined  for  the  steady-  state  or  time- 
independent  behavior  of  the  high-lntenslty  arc.  The 
measured  prooerUes  of  the  high-lntenslty  arc  agreed 
well  with  the  requirements  of  steady- state  behavior. 

The  establishment  and  maintenance  of  an  anode  vapor 
phase  Independent  of  input  power  and  time  requires  that 
a  constant  total  amount  of  energy  be  expended  per  gram 
of  anode  material.  The  quantity  of  radiant  energy 
originating  from  each  gram  of  vaporized  anode  material 
should  be  Independent  of  power  input  and  time.  Values 
of  the  2  steady-state  energy  requirements  are  derived 
from  the  experimental  data.  A  detailed  energy  distri¬ 
bution  In  terms  of  a  single  parameter  Is  obtainable  for 
a  specified  set  of  endothermic  processes  and  a  model 
anode.  A  series  of  values  of  the  parameter  fixes 
corresponding  values  of  the  percentage  Ionization  of  C 
atoms,  the  average  excitation  energy  per  neutral  specie, 
and  the  average  over-all  temperature  of  the  gas  phase. 
Based  on  the  calculated  quantities,  an  energy  distribu¬ 
tion  characterized  by  15%  Ionization  of  C  atoms 
appeared  to  be  favored.  (ASTIA  abstract) 
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Vitro  Corp.  of  America,  West  Orange,  N.  J. 

ENERGY  TRANSFER  IN  THE  HIGH  INTENSITY  ARC. 
PART  H.  QUALITATIVE  THEORY  OF  THE  ANODE 
SHEATH,  by  L.  Mead,  M.  A.  Marquis  -'nd  others. 

[  1956]  [  20]  p.  lncl.  diagrs.  refs.  (AFOSR-TN-56- 
179)  (AF  19(603)3)  AD  87052  Unclassified 

A  theory  Is  described  for  the  energy-transfer 
mechanism  In  a  high-lntenslty  arc.  The  phenomena  of 
Interest  occur  in  a  very  thin  region  adjacent  to  the 
anode  terminus  of  the  discharge  called  the  anode  fall 
space  (sheath).  Modifications  are  proposed  for 
Flnkelnburg’s  theory  (Jour.  Appl.  Phys. ,  v.  20,  no.  5, 
1949)  of  the  anode  mechanism  which  Involves  a  transfer 
of  energy  to  the  anode  Itself  and  to  the  vapor  of  the 
anode  In  the  region  of  the  fall  space.  A  preliminary 
calculation  Is  summarized  of  the  potential  distribution 
based  on  the  modified  theory.  The  modifications 
appeared  adequate  in  explaining  the  superheating  effect, 
the  rise  In  anode  potential,  and  the  positive  resistance 
characteristics  in  the  high-lntenslty  arc.  A  possible 
approach  in  overcoming  the  hlgh-temperature  barrier 
is  the  use  of  high-speed  electronic  measuring  tech¬ 
niques.  (ASTIA  abstract) 
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WAL.  01:001 

Walz,  A.  Emmendingen  (Germany). 

GENERAL  APPROXIMATION  THEORY  FOR  COM¬ 
PRESSIBLE  LAMINAR  AND  TURBULENT  BOUNDARY  - 
LAYERS  WITH  RESPECTATION  OF  FLOW-EFFECTS 
NORMAL  TO  THE  WALL  ACROSS  THE  BOUNDARY - 
LAYER  (INVESTIGATIONS  ON  AN  IMPROVEMENT  OF 
KNOWN  APPROXIMATION -METHODS  OF  BOUNDARY  - 
LAYER  CALCULATION),  by  A.  Walz.  Final  rept.  Aug. 
1,  1654-Nov.  30,  1955  [I22]p.  lncl.  dlagrs.  tables, 
refs,  t  AFOSR-TR-56-13]  (AF  61(514)73C-C) 

AD  86312  Unclassified 

An  approximate  solution  of  the  general  equations  of 
Navler  and  Stokes  is  given  in  which  the  partial  differ¬ 
ential  equations  are  transformed  into  an  Infinite  system 
of  ordinary  differential  equations  by  partial  integrations 
in  the  y  direction.  By  limiting  the  investigation  to  2 
dimensions,  only  4  of  the  infinite  number  of  equations 
are  physically  meaningful:  the  momentum-  and  energy- 
law  equations  in  the  x  and  y  directions,  averaged  over 
the  boundary- layer  thickness.  The  analysis  is  further 
restricted  to  a  study  of  3  boundary-layer  parameters: 
the  boundary- layer  thickness,  the  form  parameter  of 
the  velocity-profile,  and  the  pressure  difference  between 
the  edge  of  the  boundary  layer  and  the  wall.  Practical 
boundary-layer  calculations  are  conducted  by  an 
iterative  procedure,  and  when  the  correction  terms  are 
relatively  small,  the  first  approximation  is  given  by 
the  result  of  usual  approximation  theories  based  on  the 
Prandtl  boundary- layer  theory.  The  example  of  a  super¬ 
sonic  flow  with  following  shock  wave  and  measured 
pressure  difference  between  the  edge  of  the  boundary 
layer  and  the  wall  shows  satisfactory  agreement  between 
tin  tf.eoietttal  lesult  lor  this  pie ssuie  difference  ».*1 
experiment.  The  theory  permits  the  treatment  of  the 
problem  of  reciprocal  effects  between  the  boundary 
layer  and  the  pressure  distribution  cl  a  flow-body 
section  in  a  manner  such  that  the  pressure  distribution 
determined  from  the  first  approximation  of  the  pressure 
difference  is  the  base  of  a  repeated  boundary- layer 
calculation. 


WAR.  01:001 

Warner  and  Swasey  Research  Corp. ,  New  York. 

INFRARED  EMISSION  AND  ABSORPTION  OF  CARBON 
DIOXIDE  AT  HIGH  TEMPERATURES,  by  R.  H.  Tourln, 
May  1954,  lv.  lncl.  Ulus,  dlagrs.  tables,  refs.  (Tech¬ 
nical  rept.  no.  258)  [  AFOSR-TR-54-22 j  (AF  18(600)- 
596)  AD  37571  Unclassified 

The  Infrared  emission  and  absorption  of  heated  carbon 
dioxide,  enclosed  In  a  special  gas  cell,  have  been  meas¬ 
ured  at  temperatures  from  25"  to  1000*C  and  at  pres¬ 
sures  up  to  1000  mm  Hg.  Spectral  absorpUviUes  and 
absorption  coefficients  were  calculated  from  spectrum 
tracings  of  the  4. 3p  fundamental  band  and  the  2.  7 u 
combination  bands,  at  concentrations  up  to  17  cm-atm. 
Saturation  with  respect  to  partial  pressure,  temperature, 


and  total' pressure  was  observed  over  most  of  the 
spectrum.  A  quantitative  picture  was  obtained  of  the 
relation  between  temperature  and  the  molecular 
spectral  energy  distribution.  (Contractor's  abstract) 


WSC.  01:001 

Washington  State  Coll.  [Dept,  of  Physics  j  Pullman. 

WORK  FUNCTION  OF  CADMIUM,  by  P.  A.  Anderson. 
[  1955]  [2]p.  lncl.  diagr.  [ AFOSR-TN-54-266] 

[AF  18(600)699]  Unclassified 

Published  In  Phvs.  Rev.,  v.  98:  1739-1740,  June  15, 
1955. 

The  contact  difference  of  potential  Cd-Ba  is  measured 
by  the  electron  beam  and  Kelvin  methods.  These 
measurements  agree  within  the  limits  of  reproduci¬ 
bility  of  either  method  alone  and  yield  a  work  function 
value  of  4.08  ±  0.02  ev  for  the  work  function  of 
cadmium  films  deposited  on  tantalum.  The  barium 
surfaces,  formed  by  redistillation  following  fractional 
dlsu  ‘.ation,  show  their  characteristic  constancy  and 
reproducibility  to  ±  0. 01  ev.  Cadmium  retains  some 
gas  after  exhaustive  multiple  distillation.  Measure¬ 
ments  taken  immediately  after  deposition  of  a  Cd  film 
and  during  Its  aging  show:  (1)  that  freshly  deposited 
Cd  films  are  generally  contaminated  with  gas  which 
distills  with  the  metal;  (2)  that  the  adsorbed  gas  is 
removed  progressively  by  getter  clean-up  with  an 
attendant  rise  in  work  function  totaling  0. 10  ev  in 
extreme  cases;  and  (3)  that  the  work  function  thus 
established  is  constant  and  reproducible  to  0.  03  ev  or 
better.  Comparison  of  these  measurements  with  our 
earlier  work  on  zinc  Uad»  to  the  conclusion  that  a 
cadmium  surface  in  equilibrium  with  the  residual  gas 
of  a  well-gettered  tube  contains  so  little  adsorbed  gas 
that  11s  Ural  work  functlor,  car  probably  be  accepted 
as  characteristic  of  the  clean  metal.  (Contractor's 
abstract) 
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Washington  State  Coll.  Dept,  of  Physics,  Pullman. 

THE  ELECTRONIC  WORK  FUNCTIONS  OF  PURE 
AND  COMPOSITE  METAL  SURFACES,  by  P.  A. 
Anderson.  Final  rept.  July  1953,  5p.  ([AF]OSR- 
TR- 55-79)  (Sponsored  jointly  by  Office  of  Naval  Re¬ 
search  under  N6orl-167,  Task  i  and  [Air  Force  Office 
of  Scientific  Research  under  AF  18(600)699] ) 

Unclassified 

In  this  Investigation  of  the  electronic  work  functions  of 
pure  and  composite  metal  surfaces,  the  following 
problems  were  studied  and  briefly  discussed;  (1)  the 
work  function  of  lithium;  (2)  the  work  function  of  copper; 
(3)  the  work  function  of  germanium;  (4)  a  direct  com¬ 
parison  of  the  Kelvin  and  electron  beam  methods  of 
contact  potential  measurement;  (5)  the  work  function 
of  cadmium;  (6)  the  work  functions  of  polycrystalline 
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gold  and  ol  Au  (100);  (7)  the  elfecl  ol  Oj  on  lhe  work 
function  of  barium;  (8)  determination  of  potential  distri¬ 
butions  and  electron  irajeclorles  near  patchy  surfaces; 
and  (9)  the  average  work  function  of  polycrystalline 
lungslen. 


WSC.  01:003 

Washington  Stale  Coll.  [Dept,  of  Physics]  Pullman. 

WORK  FUNCTION  OF  LEAD,  by  P.  A.  Anderson  and 
A.  L.  Hunl.  [  1956 J  [  2 Jp.  lnel.  dlagrs.  [AF  18- 
(600)699]  Unclassified 

Published  In  Phvs.  Rev.,  v.  102:  367-368,  Apr.  15, 


The  work  functions  of  twelve  lead  surfaces  have  been 
determined  by  measurement  of  their  conlacl  differences 
of  potential  with  respecl  lo  barium  reference  surfaces 
of  known  work  function.  The  lead  surfaces  were  pre¬ 
pared  by  subjecting  Hllger's  speclroscoplc  lead  to 
intensive  outgasslng  followed  by  fractional  distillation, 
redlstlllation,  and  deposition  on  glass  targets.  The 
barium  surfaces  were  prepared  by  a  similar  standardized 
technique  which  yields  surfaces  conslanl  and  reproducible 
to  0.  01  ev.  Measuremenl  was  by  the  electron  beam 
method,  and  the  time  lapse  between  deposition  and  meas¬ 
urement  of  a  fresh  surface  was  five  seconds.  The 
contact  difference  of  potential  for  Ba-  Pb  Is  found  to  be 
1.48  ±  0.01  v.  The  work  function  of  lead,  referred  lo 
a  Ba  work  function  of  2.  52  ev,  is  then  4.  00  ±  0.  02  ev. 

No  drift  of  work  function  exceeding  0.01  ev  was  found 
on  aging.  Since  the  minimal  time  required  for  deposi¬ 
tion  of  a  monolayer  of  gas  Is  large  wllh  respecl  to  lhe 
metal  deposition- measurement  Interval,  It  is  concluded 
(I)  lhal  the  film  of  gaseous  contaminants  adsorbed  by  a 
lead  surface  during  equilibration  Is  Insufficiently  dense 
lo  affect  lhe  work  function,  and  (2)  that  the  observed 
work  function  Is  probably  characteristic  of  clean  lead. 
(Contraclor's  abstract) 


WAS.  01:001 

W  ashlngton  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

AUTOMORPHISMS  GENERATED  BY  A  CLASS  OF  SUB¬ 
NORMAL  SUBGROUPS,  by  F.  Halmo.  Mar.  1953,  lOp. 
(AF  18(600)4  i?l  Unclassified 


June  1954. 


iLukeMalh.  Jour.,  v.  21:349-354, 


The  author  shows  that  lhe  well-known  result  "that  every 
normal  subgroup  of  a  group  gives  rise  to  an  Abelian 
group  of  automorphisms  of  the  group"  Is  Implied  by  the 
following:  that  lo  each  of  a  large  class  of  subnormal 
subgroups  of  a  group  G  Is  associated  an  ascending  chain 
of  groups  of  automorphisms,  the  first  of  which  Is 
nllpotent,  lhe  rest  solvable,  and  the  number  of  groups 
In  this  chain  depends  upon  how  much  of  the  ascending 
central  series  of  G  lies  In  the  subnormal  subgroup. 


WAS.  01:002 

Washington  U.  [Dept,  of  Mathematics]  SI.  Louis,  Mo. 

INVESTIGATION  OF  ANALYTIC  CONTINUED  FRAC¬ 
TIONS  AND  GROUP  THEORY,  by  F.  Haimo,  W.  J. 
Thron,  and  R.  A.  Moore.  Final  repl.  June  30,  1953, 

6p.  (AF  18(600)419)  Unclassified 

The  Investigators  here  summarize  their  accomplish¬ 
ment  under  the  conlracl.  W.  J.  Thron  prepared  a 
joint  paper  (with  V.  F.  Cowling)  on  Zero  Free  Regions 
of  Polynomials.  Thron’s  investigations  on  the  location 
of  singular  points  of  functions  represented  by  continued 
fractions  yielded  partial  results.  R.  A.  Moore  studied 
the  oscillation  and  boundedness  of  solutions  of  a 
certain  self-adjolnl  differential  equation.  Some  re¬ 
sults  of  Leighton  and  Hllle  were  extended,  and  a  number 
of  equivalent  systems  of  first- order  equations  were 
studied.  F.  Haimo  obtained  results  on  seml-dlrect 
group  products,  on  group  holomorphs,  on  fixed  polnlf 
of  central  automorphisms,  on  automorphisms  generated 
by  a  class  of  subnormal  subgroups,  and  on  non-abellan 
complete  groups. 


WAS.  01:003 

Washington  U.  [Depl.  of  Mathematics)  SI.  Louis,  Mo. 

SOME  NON-ABEUAN  EXTENSIONS  OF  COMPLETELY 
DIVISIBLE  GROUPS,  by  F.  Haimo.  Technical  note. 
[1954]  6p.  (AF  18(600)419)  AD  46165 

Unclassified 

Also  published  In  P roc.  Amer.  Malh.  Soc.,  v.  5: 

25-28,  Feb.  1954. 

II  has  been  shown  by  Baer  that  those  Abelian  groups  G 
which  are  direct  summands  of  every  Including  Abelian 
group  are  precisely  those  Abelian  groups  G  for  which 
nG  =  G  for  every  positive  Integer  n.  The  latler  class 
of  groups  consists  of  Lhe  so-called  complete  or  In¬ 
finitely  divisible  Abelian  groups.  Examination  of  the 
proof  of  the  equivalence  of  these  two  classes  discloses 
essential  difficulties  In  the  way  of  extension  lo  the  non- 
Abellan  case.  Once  "complete"  Is  defined  suitably  for 
these  taller  groups,  the  following  can  be  proved:  Lei 
H  be  a  complete  group  Interpolated  Into  the  ascending 
central  series  of  a  group  G.  Let  K  be  a  subgroup, 
maximal  with  respecl  lo  the  property  of  meeting  H  or 
lhal  portion  of  the  ascending  series  of  G  below  H.  Then 
If  N(K)  is  the  normallter  of  K  In  G,  N(K)  =  H  ♦  K. 

This  result  seems  lo  be  the  natural  extension  of  half 
of  the  Baer  lheorem  to  the  nnn-Ahellan  case. 


WAS.  01:004 

Washington  U.  [Depl.  of  Mathematics]  [Si.  Louis,  Mo.]. 

ZERO-FREE  REGIONS  OF  POLYNOMIALS,  by  V.  F. 
Cowling  and  W.  J.  Thron.  1  1954)  [  6  j  p.  (AF  18- 
(600)419;  continued  by  AF  18(600)568)  Unclassified 
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Published  in  Amer.  Math.  Monthly,  v.  61:  682-887, 
Dec.  1954. 


Theorems  attendant  io  the  analysis  are  presented. 
(ASTIA  abstract) 


The  authors  consider  the  polynomial 
P  (z)  =  a,,  +  aj  zXl  +  .  .  .  +  a„  zx  n, 
where  the  a^  f  0  and  Xj<  \  2  <  .  •  •  <  Xn.  The 
principal  theorem  Is  that  all  zeros  of  P  (z)  He  In  the 
closed  region 


|z|  §  max 


1  +  rk  -  1 

*k-l 

rk 

ak 

!/av 


where  r0  ~  0,  r„  =  1,  and  the  remaining  rm 

(m  =  1 . n  -  1)  are  arbitrary  positive  numbers 

(their  statement  of  this  theorem  contains  an  unfortunate 
typographical  error;  other  typographical  errors  occur 
In  the  lexl).  This  theorem  Is  a  generalization  of  the 
known  result  obtained  by  setting  the  rm  =  1  (Math. 
Rev.  abstract) 


WAS.  02:001 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

UNIVALENT  FUNCTIONS  AND  LINEAR  DIFFERENTIAL 
EQUATIONS,  by  Z.  Neharl.  Technical  repl.  June  1953, 
lBp.  (AF  18(600)568)  AD  28473  Unclassified 

Also  published  In  Lectures  on  Functions  of  a  Complex 
Variable,  by  W.  Kaplon,  ed.  Ann  Arbor,  Michigan  U. 
Press,  1955,  p.  49-60. 

Consideration  Is  given  to  a  connection  which  exists  be¬ 
tween  univalent  functions  and  linear  differential  equa¬ 
tions  of  the  second  order.  The  theory  of  univalent  func¬ 
tions  In  a  domain  D  Is  said  lo  be  equivalent  lo  the  theory 
of  the  equation 

(1)  u"(z)+  p(z)u(z)  =  0,  where  p(z)  =  1/2  {f(z),  z  ), 

f(z)  -  ^j>  and  u(z)  and  v(z)  are  2  analytic  functions 

defined  In  D,  whose  coefficient  p(z)  Is  regular  In  D  and 
whose  solutions  do  not  vanish  In  D  more  than  once.  This 
equivalence  provides  a  new  approach  lo  the  Investigation 
of  univalent  functions  since  the  methods  available  for 
the  sludy  of  the  zeros  of  lhe  solutions  of  (1)  are  very 
different  from  those  generally  used  In  the  theory  of  uni¬ 
valent  functions.  The  results  are  said  to  be  Independent 
of  any  particular  normalization  of  the  schllcht  function, 
si  <  e  the  Schwarzlan  derivative  Is  Invariant  wllh  respect 
to  a  general  linear  transformation.  Consideration  Is 
given  to  the  proposition:  If  n(z)  Is  regular  and  not  zero 
on  a  connected  set  T  In  the  domain  of  regularity  of  u(z), 
then  the  function  v(z)  defined  by  u(z)  -  0  (z)  v(z)  has  on 
T  the  same  zeros  as  u(z),  and  It  satisfies  the  differential 
equation 


(0  ^v’)'  +  (poa  *.<30  ")v  -  0. 


WAS.  02:002 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

POWER-TYPE  ENDOMORPHISMS  OF  SOME  CLASS 
2  GROUPS,  by  F.  Haimo.  Technical  note.  July  1953, 
15p.  (AF  18(600)568)  AD  46168  Unclassified 

Also  published  In  Pacific  Jour.  Math.,  v.  5:  201-213, 
June  1955. 

Abelian  groups  possess  a  class  of  endomorphlsms  of 
the  form  x  -*xn  for  each  Integer  n.  In  general,  how¬ 
ever,  non-Abellan  groups  do  nol  possess  such  power 
endomorphlsms.  In  an  earlier  nole,  11  was  possible 
to  show  for  a  nilpolenl  group  G  with  a  uniform  bound 
on  the  size  of  the  classes  of  conjugates  that  there 
exists  an  Integer  n  2  2  for  which  the. mapping  x-»xn 
is  an  endomorphism  of  G  lnlo  Us  center.  Endomor¬ 
phlsms  of  some  groups  of  class  2  which  Induce  power 
endomorphlsms  on  the  factor- commul:Uor  groups  are 
considered.  In  particular,  It  will  be  shown,  under 
suitable  uniform  torsion  conditions  for  the  group  of 
Inner  automorphisms,  thal  such  power-type  endomor¬ 
phlsms  form  a  ring-like  structure.  Lei  G  be  a  group 
of  class  2  for  which  Q  the  commutator  subgroup,  has 
an  exponent.  Then  the  relation  (xy,  u)  =  (x,  u)(y,  u) 
shows  thal  x  -»  (x,  u)  is  an  endomorphism  of  G  Into  Q 
for  fixed  ucG.  Let  n  be  any  Integer  such  thal  n(n-l)/ 
Is  a  multiple  of  the  exponent  of  Q.  Then  the  mapping 
x-»  xn(x,  u)  Is  a  trivial  example  of  a  power-type  endo¬ 
morphism.  If  G/Q  has  an  exponent  m,  11  will  be 
shown  thal  the  number  of  distinct  endomorphlsms  of 
the  form  x  -»  xi,  where  xi  Is  In  the  center  Z  of  G, 
divides  m.  In  particular,  If  G/Q  Is  an  elementary 
p-group  (an  Abelian  group  with  a  prime  p  as  Its  ex¬ 
ponent),  then  a  non-Abellan  group  G  of  class  2  has  1 
or  p  distinct  central  power  endomorphlsms.  (Con- 
Iraclor's  abstract) 


WAS.  02:003 

Washington  U.  Depl.  of  Mathematics,  SI.  Louis,  Mo. 

NORMAL  AUTOMORPHISMS  A!iD  THEIR  FIXED 
POINTS,  by  F.  Haimo,  Technical  nole.  Aug.  1953, 

3 Op.  (AF  18(600)568)  AD  46164  Unclassified 

Also  published  In  Trans.  Amer.  Math.  Soc.,  v.  78: 
150-167,  Jan.  1955. 

The  elements  of  the  centralizer  T  of  the  group  of  Inner 
automorphisms  J  of  a  group  G  (In  the  group  A  of 
automorphisms  of  G)  are  called  lhe  normal  automor¬ 
phisms  of  G.  The  center  Z  of  G  Is  the  sel  of  all 
elements  of  G  which  are  fixed  by  each  mapping  from 
J.  Likewise,  lei  D  be  the  sel  of  fixed  polnls  held  In 
common  by  the  mappings  from  T.  G/B  Is  Abelian,  and 
the  elements  of  T  which  Induce  either  the  Identity  or 
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the  Involution  on  G/B  form  a  subgroup  W  of  T.  An 
Investigation  of  the  ascending  central  series  of  W  ts  to 
be  made.  Just  as  the  ascending  central  series  i  Zj) 

Is  formed  over  Z  =  Zt,  so  an  ascending  series  Is  formed 
over  B.  Elements  of  G  lying  tn  members  of  this  B- 
serles  turn  out  to  be  fixed  points  for  high  powers  of 
normal  automorphisms.  For  automorphisms  which 
Induce  the  Identity  on  G/Zn,  It  is  shown  that  the  common 
fixed  points  lie  tn  the  centralizer  of  Zn  tn  G. 


WAS.  02:004 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

ON  THE  ZEROS  OF  SOLUTIONS  OF  SECOND-ORDER 
UNEAR  DIFFERENTIAL  EQUATIONS,  by  Z.  Nehari. 
Technical  note.  Aug.  1953,  14p.  (AF  18(600)568) 

AD  46033  Unclassified 


July  1954. 


i  Amer.  Jour.  Math. ,  v.  76:  689-697, 


An  analysis  Is  made  of  the  relation  between  the  analytic 
function  p(z)  defined  in  a  domain  D  of  the  complex  plane 
and  the  location  of  the  zeros  of  the  solutions  of  the 
differential  equation  w"(z)  ♦  p(z)w(z)  =  0.  Proofs  are 
presented  for  the  following  theorems:  (1)  lei  p(z)  be 
regular  and  let  | p(x  iy) |  <  xt  (x)  In  the  half  strip 
0  5  x  <«  ,  -l<y<l(z=x  +  ty),  where  e  (x)  -♦  0  for 
x-*  «;  If,  for  sufficiently  small  positive  n, 

j0  |  xp[  x  *  t(l  -  n  )]  dx<  then  w"(z)  +  p(z)w(z)  =  0 

ts  nonosctllatory  tn  any  half  strip  0  £  x  <-, 

-1  +  6  £  y  <  1  -  5  ,  (  0  <6  <  1);  (2)  If  p(z)  is  regular 
tn  the  half  strip  0  =  X  <  «,  - 1  <  y  <  1,  and  If 
a'li  a'2i  •  •  •  (al  <  a2  <  •  •  • )  are  the  abscissas  of  the 
zeros  of  any  solution  of  w"(z)  ♦  p(z)w(z)  -  0  in  this  half 

strip,  then  the  assumption  |p(x  +  iy)  |  <  ,  1  <  o  <  2, 

0  £  X  “  ,  -1  <  y  <  1  is  incompatible  with  a'n  = 
o(n2-0);  (3)  tf  p(z)  ts  regular  tn  |z|  <1  and 

• 2x  D 

j0  |p(e1Q  )|  d®  <*,  then  w''(z)  +  p(z)w(z)  =  0  Is  non- 

osctllalory  In  |  z  |  <  1 ;  and  (4)  tf  p(z)  Is  regular  In  a 
domain  D  bounded  by  an  analytic  Jordan  curve  C,  and 

j  |p(z)dz|  <  .  ,  then  w"(z)  *  p(z)w(z)  0  ts  nonos- 
clllatory  tn  D.  (ASTIA  abstract) 

WAS.  02:005 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

ENDOMORPHISMS  FOR  WHICH  EVERY  SUBGROUP  IS 
ADMISSIBLE,  by  F.  Halmo.  Technical  note.  Oct. 

1953,  5p.  (AF  18(600)568)  AD  4  167  Unclassified 

A  discussion  ts  given  of  groups  G  which  are  aperiodic 
and  centerless,  and  a  proof  is  presented  that  ihe  image 


spaces  of  a  finite  set  of  normal  members  of  R(G) 
cover  G  If,  and  only  if,  the  corresponding  fixed  point 
spaces  form  a  cover;  R(G)  Is  the  set  of  all  admitting 
endomorphisms  of  G.  (ASTIA  abstract) 


WAS.  02:006 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

THE  DECOMPOSITION  OF  FOURIER  SERIES,  by  I.  I. 
Hlrschman,  Jr.  Technical  note.  Dec.  1953,  31p. 
Incl.  refs.  (AF  18(600)568)  AD  59692 

Unclassified 

If  f(e)c  La>  P  if  ||  f  ||  a  > p  is  finite  where  ||  f(0)  II  a  >  p  = 

(J"  |f(9)|  pl9|apd8)l/p>  (l  =  P<“), 

II  1(9)  II  a  .  -  essential  sup  |  t(a)  ||  9  |a(p  =«), 

’  f  6 1  ^  n 

and  we  set  LP  =  L°>  P,  ||  f  l|p  =  ||  f  ||  0  p.  Note  tiiat 

lf-£<  a <  1  -  I  then  L*C  La,PCL1. 

P  P 

Let  f(fl)eL*  and  lot  f(9)  —  ave'v®  where 

\)  CD 

(.  n 

•v  =  (2  rr  j  f (6 )e  d  8  .  Then  define 


The  A  n(6)'s  are  blocks  from  the  Fourier  series  of 
f(l).  It  has  been  shown  by  Llttlewood  and  Paley 
that  ill  <  P  <  "  U*n 

. . 

nere  A'  and  A"  are  positive  constants  depending  only 
on  p.  The  work  of  Babenko  suggests  that  If 

1  <p<-,  -I  <  a  <  1  -I  then 
P  p 


A'  ii  f  ii  <J  ^:^:4n(9)|2lP/2|#|aPd9< 

tl,p  =  J-n  l  n  =  -  -  I  II 

II 1  II  a ,  p  "Titire  A'  and  A"  now  depend  on  p  and  i . 

The  present  investigation  Is  devoted  to  proving  this 
Inequality,  which  must  occupy  a  cenlral  role  in  any 
theory  of  Fourier  series  of  functions  ft  L  a>P.  The 
proof  of  Ihls  last  equation  makes  use  of  the  complex 
variable  methods  of  Llttlewood  and  Paley  and  Zygmund. 
Application  of  this  equation  is  made  to  the  theory  of 
fractional  integration  in  La*P.  (Extracted  from  rept.) 


•  • 


•  • 


•  • 


•  • 


n 

2n-l 

avei',8 

n  *  1,  2,  ... 

!•  -  '  \  v. 

-2‘n  +  1 

ao 

n  ^  0 

-r"~+i 

aveI',9 

n  =  -1,  -2 . 
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WAS.  02:007 


Washington  U.  Dep‘.  of  Mathematics,  St.  Louts,  Mo. 

A  MAXIMUM  PROBLEM  IN  HARMONIC  ANALYSIS  H, 
by  I.  I.  Hlrschman,  Jr.  Technical  note.  Dec.  1953, 
9p.  (AF  18(600)568'  AD  46169  Unclasslfted 

A  proof  ts  presented  of  the  foltowtng  theorem:  Let  G 
be  any  locally  compact  Abeltan  group,  and  let  p  be  a 
number  1  <  p  <  2.  Then  every  function  f  tn  Lp(G) 
which  ts  maximal  ts  a  translate  of  a  subcharacter. 

The  method  of  proof  depends  upon  an  examination  of  the 
case  of  equaltty  In  the  Rtesz-Thortn  convexity  theorem. 


WAS.  02:008 

Washington  U. ,  St.  Louis,  Mo. 

SOME  CRITERIA  OF  UNIVALENCE,  by  Z.  Nehart. 
Technical  note.  Dec.  1953,  7p.  (AF  18(600)568) 

AD  46037  Unclasstfted 

Also  published  In  Proc.  Amer.  Math.  Soc.,  v.  5: 
700-704,  Oct.  1954. 

The  main  objective  of  thts  study  ts  to  establtsh  the 
followtng  more  general  crtterton  of  unlvalence:  The 
function  f(z)  wtll  be  univalent  tn  |  z  |  <  1 1  if  |  {f(z),  z  }  |  = 

2p(  |  z  | ),  where  p(x)  ts  a  function  with  the  followtng 
properties:  (1)  p(x)  ts  positive  and  continuous  for 
-1  <  x  <  1;  (2)  p(-x)  -  p(x);  (3)  (l-x2)2p(x)  ts  nsn- 
'ncreastng  tf  x  varies  from  0  to  1;  and  (4)  the  differential 
equatton  y"(x)  +  p(x)y(x)  =  0  has  a  solution  which  does 
not  vanish  for  -1  <  x  <  1.  The  constant  2  In 

j  { t'(z),  z}  |S  2p(  | z  | )  cannot  be  replaced  by  a  larger 
number.  The  notation  'w,i;  refers  to  the  Schwarztan 
derivative  of  w  =  f(z). 


WAS.  02:009 

Washington  U.  Dept,  of  Mathematics,  St.  Louts,  Mo. 

ON  THE  NUMBER  OF  SINGULAR  POINTS  LOCATED 
ON  THE  UNIT  CIRCLE,  OF  CERTAIN  FUNCTIONS 
REPRESENTED  BY  C- FRACTIONS,  by  V.  St  >gh  and 
W.  J.  Thron.  Mar.  1954,  tip  (  AF  .  OSR  -  TN-  54  -  76) 
(AF  18(600)563)  Unclasstfted 

Published  In  Pactftc  Jour.  Math.,  v.  6:  135-143,  1956. 

Suppose  the  C-fractton  t  *  Kj"“  (lnzan,  1)  (dn  a  complex 
number  distinct  from  0.  an  a  pcstttve  Integer)  satisfies 
the  following  conditions:  ( 1)  Umn,  _(4 1  dn | '*  an  =  t. 

(2)  there  Is  an  Increasing  sequence  •  nK  of  posttlve 
Integers  such  that  It ^  a^  -  and  llm^  _[nk/k]  2 

and  (3)  lint  lnln_^  lpn/(>V  -  p„)|  .  t  ‘  1.  where  h(i 

|*  ’  jl  aj  and  pn  Is  the  maximum  of  the  degrees  of  the 


nth  numerator  and  denominator  of  1  +K*  (|dn|  zan/!). 
It  ts  shown  that  the  C-fraction  represents  a  function 
haviu6  a  stngular  point  not  a  pole  on  each  arc  of  the 
unit  circle  of  length  greater  than  28,  where  0  £ 

8  <  n  ,  cos  e  =  1  -2 {t  +  [t(l  +  2)]*  }/(l  +  2t), 
tfCKtgi,  and  cos  9  =  -t,  If  4<t  <  1.  (Math  Rev. 
abstract) 


WAS.  02:010 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

ON  THE  COEFFICIENTS  OF  R-UNIVALENT  FUNC¬ 
TIONS,  by  Z.  Neharl.  May  1954  [5jp.  [AFOSR- 
TN-  54-128]  (AF  18(600)568)  Unclasstfted 

Published  In  Duke  Math.  Jour.,  v.  22:  223-2J.8,  June 
1955. 

It  ts  proven  that  tn  the  class  of  analytical  functions 
f(z)  designated  by  SR  and  which  maps  |  z  |  >  1  tn  a 

domatn  embedded  tn  a  closed  Rlemann  surface  R  and 
which  function  ts  expanded 

f(z)  =  z  +  ajz"1  +  a2Z"2  a... 

near  z  =  ■»,  the  regton  of  vartabtltty  of  the  coefftctent 
aj  tn  thts  class  ts  contained  tn  a  ctrcle  of  which  the 
radtus  equals  1. 


WAS.  02:011 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

VIBRATION  AND  STABILITY'  PROBLEMS  OF  BEAMS 
TREATED  BY  MATRICES,  by  K.  F.  Marguerre. 
Technical  note.  July  1954,  27p.  refs.  (Rept.  no.  11) 
([  AFJOSR-TN-54-331)  (AF  18(600)568)  AD  54373 

Unclasstfted 

Also  published  In  Jour.  Math,  and  Phys.,  v.  35: 

28-43,  Apr.  1956. 

A  short  survey  ts  given  of  the  matrtx  method  of  solu¬ 
tion  for  the  differential  equation  of  a  vtbratlng  beam 
and  for  the  related  problem  of  the  column.  The  equa¬ 
tion  for  the  eigenvalue  appears  as  the  condition  that  a 
second-order  subdetermtnant  of  the  governing  matrtx 
must  vanish,  but  systematic  difficulties  arise  tn  the 
cases  of  Intermediate  rtgtd  supports  or  tdeat  pin  con¬ 
nect,  ons.  Even  If  the  supports  or  the  htnges  are 
elastic,  whtch  can  be  taken  Into  account  by  a  transttton 
matrtx,  the  coefficients  of  the  equation  for  the  eigen¬ 
values  may  appear  as  differences  of  large  numbt  s. 
These  difficulties  are  overcome  by  the  notion  o»  a  kind 
of  associated  matrtx  called  the  i  -matrtx,  and  sir', He 
rules  of  calculation  are  given  for  such  matrtces.  A 
listing  of  all  i  -matrices  eventually  of  tnterest  for 
eigenvalue  calculations  Is  Included.  (ASTLA  abstract) 
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WAS.  02:012 

Washington  U.  Depl.  of  Mathematics,  Si.  Louis,  Mo. 

AN  INTEGRAL  EQUATION  ASSOCIATED  WITH  A 
FUNCTION- THEORETIC  EXTREMAL  PROBLEM,  by 
Z.  Neharl.  June  1954  [  30  ]  p.  [Repl.  no.  10] 

[  AFOSR-TN-54-332]  (AF  18(600)568) 

Unclassified 

Presenled  at  the  International  Congress  of  Mathemati¬ 
cians,  Amsterdam  (Holland),  Sepl.  1954. 

Published  in  Jour.  Analyse  Maih.  (Jerusalem),  v.  4: 
29-48,  1954/55. 

o 

Lei  L  (D)  be  the  family  of  functions,  single- valued  and 
regular  In  a  finite  domain  D  and  square- lniegrable  over 
the  boundary  C  which  conslsls  of  a  ftnlle  number  of 
rectifiable  Jordan  curves.  The  starting  problem  is  lo 
minimize  f q  |f(z)|^ds,  ds  =  Idzl,  for  f(z)  e  L2(D) 
under  the  condition  thal  Jq  j  |f(z)  |  2ds  =  1,  where  Cj 

Is  .n  assigned  subsel  of  D  consisting  of  a  ftnlle  number 
of  rectlftable  Jordan  arcs  or  curves.  II  Is  shown  lhal 

T  c  !  g(z)  I  2ds  2  Xj  for  any  admissible  g(z),  where 

X  j  ( >  0)  Is  the  lowesl  eigenvalue  of  the  Integral  equation 

f(;  )  =  X  '  r  K(z,  c  )f(z)ds, 

'•l 

K(z,  Q )  being  the  Szego  kernel  function  of  L2(D);  the 
equality  can  appear  only  If  g(z)  Is  a  solution  of  the 
Integral  equa’lon  associated  with  x  =  Xj.  On  lhe  other 
hand,  lhe  author  proves  the  following  result:  Lei 

{  v  (  v  =  1 . n)  be  any  points  In  a  subdomain  Dj 

bounded  by  Cj  of  D;  then 

X,  avauK(U,  tv)  <  ^2  a^^Kjftu,  tv) 

V,H  =  1  V,U=1 

(n  =  1,  2,  ...),  where  Kj(z,  t)  Is  the  kernel  associated 
wtth  Dj  and  the  a’s  are  tndelermlnate  variables;  every 
tnequa'lty  Is  sharp.  Analogous  problems  for  the 
Bergman  kernel  function  are  discussed.  (Malh.  Rev. 
abstract) 

WAS.  02:013 

Washington  U.  Dept,  of  Mathematics,  St.  Louts,  Mo. 

A  MAXIMUM  PROBLEM  IN  HARMONIC  ANALYSIS,  by 
E.  Hewttt  and  1.  [l.  j  Hlrschman,  Jr.  1954.  [l3,p. 
refs.  [AF  18(600)568,  Unclasstfted 

Published  In  Amer.  Jour.  Math.,  v.  76:  839-852,  Oct. 
1954. 

Let  G  be  a  locally  compact  Abelian  group.  G*  Its 
character  group.  Denote  by  f*  the  Fourter  transform 
of  the  (suttably  restrict  rd)  function  f  on  G.  Thts  paper 


deals  with  the  cases  of  equality  in  the  familiar 
majorlsatlon  ||f*||  q  *||f  ||  p,  where  1  <  p  <  2, 

1/p  +  1/q  =  1,  feLp(G)  and  the  norms  are  the  usual 
ones  on  the  expropriate  Lebesgue  spaces  constructed 
relative  to  Haar  measures.  An  fcLp(G)  for  which 
equality  holds  Is  termed  maximal  In  Lp(G),  The  case 

in  which  G  Is  the  compact  circle  group  was  discussed 
by  Hardy  and  Lltllewood  (Math.  Ann.,  v.  97:  159-203, 
1926),  who  showed  that,  for  any  p  satisfying 

I  <  p  <  2,  the  maximal  functions  In  Lp(G)  are  precisely 

the  scalar  multiples  of  the  characters  of  G.  The 
authors  extend  this  result  to  arbitrary  G,  for  which 

II  Is  necessary  to  introduce  the  so-called  sub-char - 
aclers:  these  are  the  scalar  multiples  of  functions  on 
G,  of  the  form  x  ->  (x,  y)^A(x),  where  (x,  y)  Is  the  value 
at  x  of  the  character  y  cG*,  A  Is  a  compact  and  open 
subgroup  of  G,  and  tp^  Is  lhe  characteristic  function 

of  A.  Main  theorem:  For  any  p,  1  <  p  <  2,  the  maxi¬ 
mal  functions  in  Lp(G)  are  precisely  the  scalar 

multiples  of  sub-characters  and  the  translates  thereof. 
A  preliminary  step  in  the  proof  Is  the  determination 
of  cases  of  equality  in  Holder's  inequality,  whllsl  the 
main  siage  invokes  complex  function  theory  and  the 
maximum  modulus  principle  in  a  manner  reminlsceni 
of  receni  proofs  of  the  Riesz  Convexity  Theorem. 
Various  examples  are  given:  G  compact;  G  =  Rn;  G 
the  additive  group  of  p-adic  numbers;  and  G  the  direct 
product  of  denumerably  many  copies  of  the  multipli¬ 
cative  group  (-1,  +•  l}.  (Math.  Rev.  abstract) 

WAS.  02:014 

Washington  U.  Depl.  of  Mathematics,  St.  Louis,  Mo. 

[  THE  BASIC  EQUATIONS  OF  ELASTICITY  AND 
METHODS  OF  ATTACK]  Ansatze  zur  Losung  der 
Elastlschen  Gru.idglelchungen,  by  K.  F  Marguerre. 
Nov.  1954,  33p.  Incl.  refs.  (AF  18(600)568) 

Unclassified 

In  receni  days  many  special  problems  of  3-dlmensional 
lheory  of  elasticity  have  been  solved  (chiefly  in  the 
U.  S.  A. ).  The  methods  of  attack,  apparently  varying 
greaily  from  author  to  author,  can  be  shown  lo  be 
closely  related  to  one  another;  bastcal'y  all  the  dlf- 
fe:  ent  solutions  turn  oul  lo  be  butli  up  by  a  set  of 
potentials.  In  this  study,  the  procedures  of  about  50 
papers,  together  wtth  an  Interesting  new  one,  are 
ditcussed  tn  such  a  way  that  their  interrelations  be¬ 
come  clear.  Elastictty-problems  of  2  dimensions 
(plane  and  axial  symmetry),  and  3  dtmenstens  as  well 
as  problems  of  the  torsion  type,  are  considered.  An 
appendix  gives  the  necessary  rules  of  vector  and  tensor 
calculus.  (Contractor’s  abstract) 

WAS.  02:0t5 

Washington  U.  Dept,  of  Mathematics,  St.  Louts,  Mo. 

THE  BEHAVIOR  OF  SOLUTIONS  OF  A  LINEAR 
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DIFFERENTIAL  EQUATION  OF  SECOND-ORDER,  by 
R.  A.  Moore.  Technical  note.  Dec.  1954,  30p.  incl. 
refs.  (AF  18(600)568)  AD  59691  Unclassified 

Also  published  In  Pacific  Jour.  Math.,  v.  5:  125-145, 
Mar.  1955. 

A  study  is  made  of  the  oscillation  and  boundedness  of 
solutions  of  the  oelf-adjolnt  differential  equation 
(r(x)  y')'  +  p(x)y  =  0  on  the  infinite  half-axis  I, 
a  <:  x  <  “.  It  Is  assumed  throughout  that  r(x)  and  p(x) 
are  real  continuous  functions,  and  that  r(x)  is  positive 
on  L  A  nonnull  solution  of  the  above  equation  is  said 
to  be  oscillatory  if  It  has  an  infinity  of  zeros  on  L 
Brief  reviews  of  a  number  of  results  and  techniques 
which  underlie  the  results  of  this  mathematical  investi¬ 
gation  are  presented. 

WAS.  02:016 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

SEMI  DIRECT  PRODUCTS  WITH  AMPLE  HOMO- 
MORPHISMS,  by  F.  Hairno.  Jan.  1955  [  25 ]  p. 

( AFOSR-TN-55-71  ]  [  AF  18(600)568] 

Unclassified 

Puhllsned  In  frans.  Amer.  Math.  Soc. ,  v.  84  :  401-425, 
Mar.  195/. 

li  G  -  HK,  where  H  Is  a  normal  subgroup  of  the  group 
G  and  where  K  Is  a  subgroup  of  G  with  the  trivial  Inter¬ 
section  with  Ii,  then  G  is  said  to  be  a  semldlrect  product 
of  H  and  K  or  a  splitting  extension  of  H  by  K.  Special 
types  of  semldlrect  products  are  the  hotomorphs  and  the 
dthedrat  groups.  In  this  mathematical  study  some 
properties  of  semldlrect  products  are  found,  and  their 
relationship  with  the  results  reported  In  the  literature 
are  given. 


WAS.  02:017 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

A  FAMILY  OF  BEST  TWIN  CONVERGENCE  REGIONS 
FOR  CONTINUED  FRACTIONS,  by  V.  Singh  and  W.  J. 
Thron.  June  1954,  lip.  (Rept.  no.  12)  [AFOSR-TN- 
55-72]  (AF  18(660)568)  Unclassified 

AIbo  published  In  Proc.  Amer.  Math.  Soc.,  v.  7: 
277-282,  Apr.  1956. 

Combining  methods  of  the  theory  of  linear  fractional 
transformations  and  their  Iteration  with  an  application 
of  Strettjes- Vltall  theorem.  It  has  been  proved  that  the 
continued  fraction  1  ♦  K(c*/'l)  converges  If  for  all 

n  ?  1,  |  c2n- 1  -  p  and  |c2n  *  i  |  -•  P  ,  where 

0  <  p  <1,  This  result  gives  a  sel  of  best  twin  on- 
vergence  regions  and  Is  an  Improvement  of  an  earlier 
theorem  by  one  of  the  authors  (Duke  Math.  Jour.  v.  10: 
677-685,  1943)  (Contractor's  abstract) 


WAS.  02:018 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

WEIGHTED  QUADRATIC  NORMS  AND  LEGENDRE 
POLYNOMIALS,  by  I.  I.  Hirschman,  Jr.  Nov.  1954 
[  32]  p.  (Rept.  no.  13)  [  AFOSR-TN-55-73  j  (AF  18- 
(600)568)  Unclassified 

Also  published  in  Canad.  Jour.  Math.,  v.  7:  462-482, 
1955. 

Let  a  n(x)  =  (n  +  j  )4  P„(x)  be  the  normalized  Legendre 

polynomials.  If  f(x)  e  L1  (-1,1)  and  If  an  = 

*1  <» 

th?n  we  wrlte  an*n(*)- 

Let  T  be  the  linear  transformation  which  carries  f(x) 

into  Tf(x)  defined  (formally  by  Tf(x)~^  antn»n(x),  and 

let  Na>  e  [  f]  =  [J_j(l  +  x)a(l  -  x)  8  [  f(x)]  ^x]  4, 

where  -1<  a ,  8<  1.  Na>g  will  also  be  used  to  denote 
the  space  a  functions  f(x)  for  which  Na>  g[  f]  is  finite. 

The  present  paper  gives  a  rather  general  sufficient 
condition  for  T  to  be  a  bounded  linear  transformation  of 
Na  ,g  into  itself  If -J  <  a,  8  <  4.  Specifically  It  Is 

proved  that  If 

(»■>  n  =  0, 1 . 

2n‘l 

Itfc-tuhC  n-0,1 . 

then 

Na>e  [Tf]  *  D(a,8)  CNa>s[f]  (-*<a,S<i). 

where  D(a,8  )  depends  only  upon  a  and  8.  (Con¬ 
tractor's  abstract) 

WAS.  02:019 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

A  REGULAR  SINGULAR  FUNCTIONAL,  by  A.  D. 
Martin.  [  May  1955]  [  16jp.  [  AFOSR-TN-55-84] 

(In  cooperation  with  Institute  for  Advanced  Study, 
Princeton,  N.  J. )  [  AF  18(600)568  and  AF  18(600)1109] 

Unclassified 

Published  in  Canad.  Jour.  Math.,  v.  8:  53-68,  1956. 

Extremals  exist  for  quadratic  functionals  of  the  type 
rb 

J,  lr  (x)y'2  +  p  (x)y2  ]  dx,  with  0  <  a  <  b.  In  which 

x  -  0  is  a  singular  point  of  the  functional  otherwise 
regular  on  a  closed  Interval  [  0,  b].  If  the  functions  r 
and  p  are  continuous  and  positive.  The  Rlccati  equation 
2 

z'  -  -1 —  ♦  p  (x)  =  0  then  has  continuous  solutions,  at 
r  (x) 

(east  locally;  It  and  Its  solutions  are  presumed  to  be 
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annihilated  if  r  vanishes,  although  the  functional  Is  much 
less  affected.  In  order  to  generalize  the  Riccati  equa¬ 
tion  z'  -  — t4~— -  +  p  (x)  -  0,  a  consideration 

r  (x) 

Is  made  of  the  functional 

b  ,.b 

J  (y)  a  =  J  J  r  (x)  y'2  +  2q(x)  yy’  *  p  (x)  y2]  dx,  a 

Lebesque  Integral.  The  functions  r,  p,  and  q  are 
measurable  functions  defined  on  (-0°,  <*>),  with  r  and  q 
bounded  on  bounded  subinterval  of  (-«>,  0°)  and  p  lnte- 
grable  Lebesgue  on  each  bounded  subintervai.  A  func¬ 
tion  y  is  held  Ft-admlssibie  on  [a,  b]  If  y  is  absolutely 
continuous  on  [  a,  b]  and  y’2  Is  integrabie  Lebesgue 
thereon,  and  if  y  (a)  =  t.  Ft  [  a,  b]  denotes  the  class 

of  all  functions  y  which  are  Fj- admissible  on  [a,  b] . 
Principal  attention  is  given  to  cases  In  which  t  =  0  or  1. 
Conjugate  points  are  defined  and  the  necessary  condi¬ 
tions  and  sufficient  conditions  are  established  for 

existence  of  a  minimum  limit  of  J  (y)  I  ^  among  func- 

I  a 

tions  Ff-admlsslble. 


WAS.  02:020 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

THE  DECOMPOSITION  OF  WALSH  AND  FOURIER 
SERIES,  by  I.  I.  Hirschman,  Jr.  [  1955 ]  65p.  refs. 
(AF  18(600)568)  Unclassified 


1955,  65p. 


[Mem.  Amer.  Math.  Soc.,  No.  15, 


Inequalities  are  generalized  for  Fourier  series  and  Walsh 
expansions  of  Paley,  Little  wood,  Riesz,  Marc  inkle  wlcz, 
Babenko  and  others  by  Introduction  of  a  weighting 
factor  in  certain  means.  The  Walsh  functions 
+  (k,  t)  (k  =  0,  1  ....  0  J  t  2  1)  are  defined  by 
+  (k,  I)  =  <f(n1,t)9(n2,  t)  —  8p(nr,  t>,  where 

•j. (n,  t)  =  sign  sin  (2n+  1wt) 

and  k  =  2n'  e  2na  +  •  •  •  *  2nr  Is  the  dyadic  representa¬ 
tion  of  n.  If  f(t)  c  L(0,  1),  c(o)  =  fj  f(t)dt  =  0,  we  have 

00  1 

f(t)~r  c(k)+(k,  t),  c(k)  =  J0  I(t)+  (k,  t)dt, 


with  the  formal  decompositions 
2"' !-l 

f(t)  =  l  fn(t),  fn(t)  =  £  c(k)  +  (k,  t),  c(k)  = 

n«0  2n 


c„(k),  cn(k)  =  J  n  f(t)+(k,t)dt. 


Then  If  w(\|r)  wop(t)==  {jJ  tpc  |  *(t) |  pdt)  J/P  and 


w(a)  =  wap(a)  =  {!£  0  +  1)P°  I  a(k>l  P}  1/0  for 

functions  ^ (t)  in  (0, 1)  or  sequences  a(k),  respectively, 
It  is  shown  that 

(1)  A' i  w(F)/w(f)S  A",  A' i  w(C)/w(c)  1a” 
whenF(t)2=£n  [fn(t)[2,  C(k)2=  [cn(k)|2and 

I  <  p  <  do,  .  i/p  <  a  <  1  -1/p.  Further,  if 
Sm  =  Sm(t)  =  l  £  0  c(k)4r(k,  t),  SM  =  SM(k)  = 

f(t)*(k,  t)dt,  then  w(Sm)  i  Aw(f)  and  w(SM)  1 

Aw(c).  The  ease  a  =  1  of  the  first  inequality  (1)  is 
due  to  Paley  (Proc.  London  Math.  Soc.,  v.  34:  241- 
264,  1932).  The  results  for  Fourier  series  follow  a 
similar  pattern.  If 

n  OO  >  a 

f(e)~2.aoavelvH  (-s<  C  <  n), 

we  have  the  decomposition 

2^-1 

1(0 )~  I  V0).  ^n(9)  =  I  a  elv0  or 
n  2"-l  v 

_2*n+  1 

J,  avelv0  according  as  n  >  0  or  n  <  0-'  Instead 
-2"n+  1 

of  wap  there  is  the  analogous  mean  ||i|f(9)||  = 
H+(0)lla,p=  {*0*  U(0)  lP|9|QPdo}1/P,  and  the 

analogue  of (1)  Is 

(2)  A’ <||F||/||f||<  A" 

■when  F(n)2  -  ^  nl  A n(0) I2-  The  case  a  =  0  here  Is 
due  to  Llttiewood  and  Paley  [ibid.,  v.  42:  52-89,  1936]. 

This  result  is  equivalent  to  (3)  ||  Te  fll  £  A||  f  ||  ,  where 
the  transformation  Tcf  is  defined  by  Ttf  "'Z£nA  n(°)> 

and  c  n  is  a  sequence  with  values  *1.  The  particular 
case  e  n  =  l  for  n  >  0,  cn  =  -1  for  n  <  0  gives 

II  f  l|S  All  f  II ,  where  f  is  the  conjugate  function  of  f. 

This  result  is  due  to  Babenko  (Dokl.  Akad.  Nauk  SSSR, 
(NS),  v.  62:157-160,  1948)  and  reduces  to  the  theorem 
of  M.  Riesr  (Math.  Z. ,  v.  27:218-244,  1927)  when 
a  -  0.  The  proof  of  (2)  depends  on  the  Inequality 

LLJo  lg'(rele)|2|  1  -re‘®|2*(l  -r)dr]P/  d9  2 

All  g(e*° )  P  for  functions  g(z)  analytic  In  |  z|  <  1, 

a  result  which  generalizes  the  case  a  =  0  of  Paley 
and  Littlewood.  This  proof  does  not  simplify  when 
p  *  2,  and  a  special  elementary  proof  Is  given  lor  th‘s. 
The  Inequality  (3)  Is  extended  to  transformation  A  f 

defined  by  ‘f(9)~  av»  velv°  In  which  the  sequence 
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Xv  Is  bounded  and  of  bounded  variation  In  ranges 

(±  2^,  ±2*t  +  l),  the  case  a  =  0  being  due  to 

Marcinkiewicz  (Studia  Math. ,  v.  8:78-91,  1939).  (Math. 
Rev.  abstract) 

WAS.  02:021 


tion  that  a  sequence  of  constants  -fp  (n),  N  =  0,  1  . . .} 

*■  j*  oo 

may  be  written  as  the  integral  p(n)  =  J0  xn  d  a  (x), 

where  the  measure  d  a  (x)  is  non-negative  and  bounded. 
Hamburger  stated  that  a  necessary  and  sufficient  condi 
tion  that  there  exists  a  non-negative  bounded  measure 

d  a  (x),  such  that  p  (n)  =  J  x“da  (x).  It  is  shown 


[  Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo.  ] 

QUADRATIC  FUNCTIONALS  WITH  A  SINGULAR  END 
POINT,  by  W.  Leighton  and  A.  D.  Martin.  [1955 J 
[30  ]p.  [AF  18(600)568]  Unclassified 

Published  in  Trans.  Amer.  Math.  Soc. ,  v.  78:  98-128, 

Jan.  1955. 


The  authors  consider  the  functional 


J(y) 


b  b 

=  f  (ry'2-py2)dx, 
e  J  e 


where  0  <  e  <  b  <•  d,  where  r(x)  and  p(x)  are  continuous 
functions  of  x  in  0  <  x  <  d,  and  the  integral  is  an  L- 
integral,  in  a  further  development  of  a  previous  paper 
by  M.  Morse  and  W.  Leighton  (Trans.  Amer.  Math. 

Soc. ,  v.  40:  252-286,  1936)  in  which  p(x)  was  assumed 
to  have  a  constant  sign  in  a  neighborhood  of  x  =  0.  This 
hypothesis  is  removed.  A  function  y(x)  is  said  to  be 
F-admissible  in  [0,  b]  if  1)  y(x)  is  continuous  in  (0,  b] 
and  y(b)  =  0;  2)  y(x)  is  AC  and  y'2  is  L-inteerable  on 
each  closed  subinterval  of  (0,  b|.  In  addition,  if  y(x)  is 
also  bounded  in  [0,  b),  or  continuous  in  [0,  b]  with 
y(0)  =  0,  then  y(x)  is  said  to  be  F'-,  or  A-admissible, 
respectively.  The  authors  seek  necessary  and  sufficient 
conditions  in  order  that  lim  inf  J(y)  *  0  as  x -  »  0 ♦,  for 

all  y(x)  which  are  F-,  or  F'-,  or  A-admissible  in  [0,  b]. 
Then  J(y)  is  said  to  possess  a  F-,  or  F'-,  or  A-minimum 
limit  in  [0,  b).  The  point  x  =  0  is,  in  general,  a  singular 
point.  Here  are  some  main  results:  I.  If  (0,  b)  contains 
no  focal  point  of  the  y-axis,  then  J(y)  possesses  an  F- 
minimum  limit  (variable  end-point  problem).  IL  If 
[0,  b)  contains  no  conjugate  point  of  x  =  0  and 
-b 

p(x)dx  *  0(1)  as  x->  0  *,  then  J(y)  possesses  an  A- 
•  x 

minimum  limit  (fixed  end-point  problem).  (Math.  Rev. 
abstract) 
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Washington  U.  Dept,  of  Mathematics.  St.  Louis,  Mo. 

TWO  PARAMETER  MOMENT  PROBLEMS,  by  A. 
Devinatz.  Aug.  16.  1956  [  1 8  ]p.  refs.  |AFOSR-TN- 
56-240]  (AF  18(600)568)  AD  88360  Unclassified 

Also  published  in  Duke  Math.  Jour. ,  v.  24:  481-498, 
Dec.  TO7. 

According  to  Stieltjes,  a  necessary  and  sufficient  condi- 


that  under  an  additional  restriction  the  2  parameter 
analogues  of  conditions  for  any  finite  set  {cf}  of  real 
n  n 


numbers  (  (1) 


V 

i=o 


)  Ci  CjX1 0*J)  ^  0  and 
j-  o 


n  n 

X  ^  Ci  Ci  ia(i‘ j  + 1)  2  0  and 
1=0  j=0  J 

n  n 

(2)  ■  y  Ci  Ci  u(i  ±  j)  2  0)  are  sufficient  to  give  the  2 
k-0  J=0 

parameter  analogues  of  the  2  integral  equations,  re¬ 
spectively.  The  additional  restriction  is  put  on  amounts 
to  demanding  uniqueness  for  the  measures  which  appear 
in  these  representations. 


WAS.  02:023 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

NONOSCILLATION  AND  D1SCONJUGACY  HI  THE 
COMPLEX  DOMAIN,  by  P.  R.  Beesack.  [1956] 

[32 [p.  incl.  refs.  [AF  18(600)568 j  Unclassified 

Published  in  Trans.  Amer.  Math.  Soc.,  v.  81:211-242, 

Jan.  1656. 

The  equation  w”  (z)  ♦  p  (z)  w  (z)  =  0,  with  p  (z)  analytic 
in  domain  D,  is  called  disconjugate  or.  D  if  no  solution 
w  t  0  vanishes  more  than  once  in  D,  non-oscUlatory 
on  D  if  no  solution  vanishes  infinitely  often  in  D. 

Criteria  for  disconjugacy  or  non-oscillation  are  given: 

mostly  they  involve  properties  of  M(r)  -  sup  |  z|  „ 
r|  p(z)| ,  D  being  a  disk  [  z|  <  R.  Typical  results:  (A) 

Disconjugacy  holds  in  !  zl  <  b  *•  1  if  (1  -  r2)2M  (r)  is 

nonincreastng  for  0JC  r  •  b  and  if  y"  +  M(r)y=  0  has  a 
solution  which  does  not  vanish  for  -b  <  r  <  b.  (B)  If 

(1  -  r2)M(r)i  n(n  ♦  1),  where  n  is  an  odd  positive 
integer,  and  if  b  is  the  least  positive  zero  of  Pn'  (r), 

then  there  is  disconjugacy  in  |  z!  *  b.  (C)  If  y ”  + 

M(t)Y=  0  has  a  solution  with  y(0)  *  0  and  y(t)  ^  0  for 
0i  '  R.  then  there  is  disconjugacy  in  j  zl  5' SR. 

(E)  If  D  lies  in  the  half-strip  x  J  0,  |y|c  1,  and  includes 
the  real  axis  x  =  0,  if  I  p  (x  * iy) |  ^  S(x)  where  S  (x)  -0  as 

x  -»  ♦  *  and  0  x|  p(x)i  dx  •  ,  then  there  is  non¬ 

use-illation  in  D.  (A)  Includes  as  special  cases  several 
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results  proved  by  Z.  Nehari  (Bull.  Amer.  Math.  Soc. , 
v.  55:  545-551,  1949)  or  announced  by  V.  V.  Pokornyi 
(Dokl.  Akad.  Nauk  SSSR  (N.  S.),  v.  79:743-746,  1951). 
(C)  and  (D)  were  also  announced  by  Pokornyi  (E)  and  its 
method  of  proof  are  closely  related  to  work  of  Z.  Nehari 
(Amer.  Jour.  Math.,  v.  76:689-697,  1954).  Many  other 
results  are  proved,  some  of  them  being  extensions  or 
refinements  of  known  results.  (Math  Rev.  abstract) 


WAS.  02:024 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 

A  NOTE  ON  ENTROPY,  by  I.  I.  Hirschman,  Jr.  [1956 1 
[5jp.  [AF  18(600)568]  Unclassified 

Published  in  Amer.  Jour.  Math. ,  v.  79:  152-156,  Jan. 
1957. 

00 

For  f(x)  ■L2(-®,  “)  and  g(y)  ~  f(x)e"2  ixydx  and 

f(x)~J"_„  g(y)e211  ixydy,  where  refers  to  convergence 
in  the  mean  of  L2,  the  author  proves:  If  [j  fil  =  |[  gji  =  1, 

then  E[|  f(x) |  2[  +  E [ |  g(y)|  2)*0,  whenever  the  left  side 
has  meaning,  where  E[t  (x) ]  =  ^  <j>(x)dx.  He  con¬ 
jectures  that  E[|  f(x)  |  2  |  +  E[|  g(y)2 [  £  log  2  -  1  may 
hold  under  the  same  conditions.  (Math.  Rev.  abstract) 


WAS.  02:025 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo, 

HARMONIC  ANALYSIS  AND  ULTRASPHERICAL  POLY¬ 
NOMIALS,  by  I.  I,  Hirschman,  Jr.  July  1956,  24p.  Incl. 
refs.  (Bound  in  Cornell  U.  Dept,  of  Math. ,  Ithaca, 

N.  Y.  Final  tech.  rept.  on  the  Symposium  on  Harmonic 
Analysis  and  Related  Integral  Transforms,  Volume  I; 

AF  18(603)12)  [AF  18(600)568,  Unclassified 

The  considerable  analogy  that  exists  between  Fourier 
series  and  expansion  In  terms  of  the  classical  poly¬ 
nomials  Is  shown  to  be  applicable  to  the  case  of  ultra- 
spherical  polynomials.  The  extent  of  this  relationship 
Is  demonstrated  by  a  consideration  ol  the  douhle  convolu¬ 
tion  structure  ol  the  ultraspherical  polynomials. 


WAS.  03:001 

Washington  U.  Dept,  ol  Physics,  St.  Louis,  Mo. 

ANGULAR  DISTRIBUTIONS  OF  PROTONS  FROM 

Na23(d,p)Na24  and  Ti47'48(d.p)Tl48-49,  by  M.  M. 
Brelscher.  J.  O.  Alderman  and  others.  J  ine  21,  1954 
[7  (P-  incl.  diagrs.  table,  refs.  (Technical  rept.  no.  1) 
(|AF|OSR-TN-54-350)  'Sponsored  jointly  by  |Air  Force 
Office  of  Scientific  Research  onder  AF  18(600)777  and 


WAS.  02:024  -  WAS.  03:002 


Office  of  Naval  Research  under  N6ori-1170l]  AD  57108 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  96:  103-109,  Oct. 

1,  1954. 

Sodium  and  titanium  targets  were  bombarded  with  10- 
mev  deuterons,  and  angular  distributions  of  protons 
from  the  stripping  reaction  were  observed  with  arrays 
of  nuclear  emulsions.  Absorbing  foils  in  front  of  each 
emulsion  were  arranged  so  that  the  integrated  flux  of 
protons  in  a  limited  energy  range  could  be  determined. 
Distributions  were  found  for  each  of  the  four  most 
energetic  proton  groups  from  sodium,  corresponding 
to  Q  values  of  4.731  (ground  state),  4.  259,  4. 167,  and 
3.  390  mev.  The  data  were  compared  with  the  Butler 
theory,  and  ln  values  of  2,  2,  0,  and  0,  respectively, 
were  necessary  to  fit  theory  to  data.  With  Ti47  targets, 
ln  values  of  3,  1  (and  3?),  1,  and  1,  respectively,  were 

determined  for  proton  groups  corresponding  to  Q  values 
of  8.  14,  6.  81,  5.  83,  and  4.  83  mev.  With  Ti48  targets 
ln  values  of  3,  1,  1,  and  either  1  or  2  were  determined 

for  proton  groups  corresponding  to  O  values  of  5.  81 
(ground  state),  4.46,  4.11,  and  3.  40  mev,  respectively, 
F-om  these  data,  parity  and  possible  spin  values  for  the 
various  states  of  Na,  Ti4®,  and  Ti4®  are  deduced. 
(Contractor's  abstract) 


WAS.  03:002 

Washington  U.  [Dept,  of  Physics)  St.  Louis,  Mo. 

ANGULAR  DISTRIBUTIONS  IN  (d,  p)  REACTIONS  WITH 

Ti47  AND  Ti^®  (Abstract),  by  F.  B.  .Shull  and  M.  M. 
Bretscher.  [  1 954 !  [1  ip.  Incl.  table.  [AF  18(600)777 1 

Unclassified 

Presented  at  meeting  of  the  Amec.  Phys.  Soc.  , 
Minneapolis,  Minn.  ,  June  28-30,  1954. 

Published  In  Bull.  Amer.  Phys.  Soc.,  v.  29:  15,  June 

28,  1654.  ~ 

Thin  targets  of  TIOj  (one  with  Ti47  enriched  to  82  per¬ 
cent,  another  with  Tl48  enriched  to  99  percent)  were 
bombarded  with  10.  2- mev  deuterons.  Proton  angular 
distributions  were  determined  by  a  photographic  method. 
Aluminum  lolls  ln  Iront  ol  nuclear  emulsion  plates  served 
as  energy  selectors,  so  (hat  proton  groups  Irom  various 
excited  stales  could  be  studied  separately.  Comparison 
with  Dutler's  theoretical  curves  establishes  the  angular 
momentum  Ihfi  lor  the  captured  neutron,  Irom  which 
spin  and  parity  ol  the  final  nuclear  level  may  be  de¬ 
termined.  The  results  are  tabula(ed: 
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Q  value 


Reaction  (mev)a 

Final  spin 

Ftnal  parity 

Ti47(d,  p)Tl48  8.  14 

3 

0 

even 

6  81 

1,(3?) 

1,  2,  3,4 

even 

5.  83 

1 

1,2,  3,  4 

even 

4.83 

1 

1,2,  3,  4 

even 

Ti48(d,  p)Tl49  5.  81 

3 

5/2,  7/2 

odd 

4.46 

1 

1/2,  3/2 

odd 

4. 11 

1 

1/2,  3/2 

odd 

(Contract's  abstract) 


WAS.  03:003 

Washington  U.  [Dept,  of  Physics]  St.  Louis,  Mo. 

THE  STRIPPING  REACTIONS  Fe56(d,  p)Fe57(d,  p)  Fe58 
(Abstract),  by  C.  E.  McFarland,  F.  B.  Shull  and 
others.  [  1955]  [lip.  [  AF  18(600)777] 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C.,  Apr.  28-30,  1955. 

Published  In  Bull.  Amer.  Phys.  Soc.,  v.  30:  55,  Apr. 

28,  1955. 

Published  In  Phys.  Rev.,  v.  99:  655,  July  15,  1955. 
Targets  of  concentrated  Fe57  (74.  6  percent)  and  natural 

C(! 

Fe  ,  both  tn  the  form  of  Fe203,  were  bombarded  wtth 

10-mev  deuterons.  Energy  spectra  of  the  protons 
emttted  were  observed  at  tntervals  of  5°  tn  the  forward 
hemisphere  w.;h  the  aid  of  a  proportional  counter  tele¬ 
scope  and  an  abiorber  stack  of  variable  thtckness. 
Q-values  measured  for  the  Fe56(d,  p)Fe87  reaction  are 
5.  53  (ground  state)  and  4.  24  mev.  Those  for  the 

Fe87(d,  p)Fe88  reactton  are  7.  09  (ground  state),  6.  26, 

5.  1 5,  and  3.  72  mev.  By  comparison  wtth  curves  cal¬ 
culated  from  Butler's  theory  of  strtpptng  reactions,  the 
angular  dtstrtbutton  of  each  of  these  groups  was  found 
to  correspond  to  the  capture  of  neutrons  havtng  one  untt 
of  orbttal  angular  momentum.  The  sptn  of  each  of  the 
two  observed  states  of  Fe87  ts  hence  etther  t/2  or  3/2 
and  the  partty  of  both  states  ts  odd.  The  sptn  of  each 
of  the  observed  states  of  Fe88  ts  0,  t,  2,  or  3,  and  thetr 
par.ttes  are  all  even.  (Contractor's  abstract) 


WAS.  03:004 

Washington  U.  Dept,  of  Phystcsj  St.  Louts,  Mo. 

ANGULAR  DISTRIBUTIONS  OF  PROTONS  FROM 
C r -'2,  5j(d,  p)-Cr53,  54  (Abstract),  by  A.  J.  Elwyn  and 
F.  B.  Shuti.  t956  t  p.  AF  18(600)777 

Unclasstfted 


Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
Haven,  Conn.,  June  21-23,  1956. 

Published  In  Bull.  Amer.  Phys.  Soc.,  Series  B,  v.  1: 
281,  June  21,  1956. 

Thin  targets  of  Cr203,  one  enriched  with  90%  Cr53 

another  enriched  with  99%  Cr52,  were  bombarded  by 
10-mev  deuterons.  Protons  corresponding  to  the  for¬ 
mation  of  the  final  nucteus  tn  Its  ground  and  various 
of  its  excited  states  were  detected  by  a  double  pro¬ 
portional  counter  telescope.  Proton  energl:  ere 

selected  by  means  of  aluminum  foils  placed  i-  ont 
of  the  counter  system.  Q  values  were  measured  and 
angular  distributions  of  the  proton  groups  were  ob¬ 
tained.  Comparison  with  Butler's  theoretical  curves 
establishes  the  angular  momentum  In1i  for  the  cap¬ 
tured  neutron  from  which  the  spin  and  parity  of  the 
ftnal  nuclear  state  may  be  determined.  The  tentative 
results  are  given  in  the  following  table: 


Q  value 

Final  spin 

Final  parity 

Cr52(d,  p)Cr53  5.74 

1 

3/2 

Odd 

5. 17 

1 

1/2,  3/2 

Odd 

4.77 

3 

5/2,  7/2 

Odd 

3.43 

1 

1/2,  3/2 

Odd 

7.55 

1 

0 

Even 

6.69 

1 

0,  1,  2,  3 

Even 

6.  24 

1 

0,1,  2,  3 

Even 

4.88 

1 

0,1,  2,  3 

Even 

4.36 

1 

0,1,  2,  3 

Even 

3.76 

1 

0,1,  2,  3 

Even 

(Contractor's  abstract) 


WAS.  03:005 

Washington  U.  Dept,  of  Physics,  St.  Louis,  Mo. 

DtSPERSION  CONTRIBUTION  TO  HIGH-ENERGY 
ELECTHON-DEUTEHON  SCATTERING,  by  H.  S. 

Valk  and  B.  J.  Malenka.  [  19561  [  5  J  p.  inch  table. 
(Sponsored  jotntly  by  Offtce  of  Naval  Research,  Atomtc 
Energy  Commtsston,  and  Air  Force  Offtce  of  Sctentlftc 
Research  under  [AF  18(600)777])  Unclasslfted 

PubiiStlttLill  Phys.  Rev.,  v.  t04:  800-804,  Nov.  1, 
t956. 

An  attempt  ts  made  to  estimate  the  contribution  of  the 
Intermediate  nuclear  vtrlual  states  to  the  htgh  energy 
electron  elastic  scattering  cross  seetton  tn  the  special 
case  of  the  deuteron.  A  method  ts  developed  by  whtch 
the  nuclear  exetted  states  can  be  approximated  by 
suitably  mudtfted  free-nucleon  wave  funettons  tn  the 
sum  over  tntermedtate  states.  Expressions  for  the 
contrtbutton  to  the  cross  section  artstng  from  the  cross 
terms  between  the  ftrst-  (tn  e2)  and  second- order  terms 
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of  the  scattertng  amplitude  are  obtained  and  some 
numertcal  results  are  presented.  Some  disagreement 
with  previous  assumptions  as  to  the  magnitude  of  the 
"true"  dispersion  correction  ts  indtcated.  (Con¬ 
tractor's  abstract) 


WAS.  04:001 

Washington  U.  Dept,  of  [Physics],  St.  Louis,  Mo. 

ELECTRON  TRANSFER  BETWEEN  NAPHTHALENE 
NEGATIVE  ION  AND  NAPHTHALENE,  by  R.  L.  Ward 
and  S.  I.  Weissman.  [  1954 J  [lip.  [AF  18(600)1133] 

Unclassified 

Published  in  Jour.  Amer.  Chem.  Soc.,  v.  76:  3612, 

July  5,  1954. 

The  electron- transfer  reaction  between  naphthalene 
negative  ton  and  naphthalene  dissolved  tn  tetrahydrofuran 
was  examined  spectroscopically.  When  naphthalene 
was  added  to  a  dilute  solution  of  naphthalene  negattve 
ton,  the  paramagnetic  resonance  speclrum  of  the  latter 
was  altered.  Addition  of  a  small  amount  of  naphthalene 
broadened  the  Individual  hyperftne  components.  As 
larger  amounts  of  naphthalene  were  added  to  hyperftne 
components  merged  Into  a  stngle  peak  with  broad  latls 
exlendtng  beyond  the  region  encompassed  by  the  orlgtnal 
hyperflne  pattern.  The  ltne- broadening  In  the  presence 
of  naphthalene  was  ascrtbed  to  the  transfer  of  electrons 
from  naphthalene  negative  tons  to  naphthalene  molecules. 
The  method  dtd  not  depend  on  some  method  of  dis¬ 
tinguishing  reactanls  from  products.  The  observations 
revealed  directly  the  quantity  of  tnlerest,  the  mean  ltme 
during  which  a  particular  configuration  perststs  un¬ 
disturbed.  (C.  A. ,  1955:  8706a) 


WAS.  04:002 

Washington  U.  Depl.  of  Physics,  Si.  Louis,  Mo. 

PARAMAGNETIC  RESONANCE  ABSORPTION  IN 
GLASS,  by  R.  H.  Sands.  Mar.  2,  1955  [  5  ]  p.  tncl. 
d.agrs.  table.  (Technical  repl.  no.  1)  ([AFjOSR- 
TN-55-61)  (AF  18(600)1133)  AD  99521(a) 

Unclassified 

Also  published  In  Phys.  Rev.,  v.  99:  1222-1226, 

Aug.  15,  1955. 

Paramagnetic  resonance  absorptions  occurring  wllh 
speclroscoplc  splitting  factors  of  4  and  6  were  noled 
In  all  glass  samples  studied.  These  were  apparently 
anisotropic  g-values  for  a  specific  Impurity,  and  lhe 
peaks  recorded  are  lnlerpreled  as  being  lhe  result  of  a 
distribution  of  Slark  fields  over  all  directions  In  lhe 
glass.  Resonances  were  also  recorded  having  g-values 
near  2.  Nearly  all  of  these  showed  hyper'lne  siruclures 
characteristic  of  lhe  known  paramagnetic  additions  In 
lhe  glasses.  The  absorption  line  observed  for  cupric 
Ions  In  lattice  modifying  postllons  In  a  soda-llme-slllca 
base  glass  has  been  quantitatively  explained,  and  lhe 


parameters  compared  favorably  with  those  resulting 
for  copper  tn  the  Tutton  salts.  (Compactor's  abstract) 


WAS.  04:003 

Washington  U.  Dept,  of  [Phystcs],  St.  Louis,  Mo. 

REACTIONS  OF  SODIUM  METAL  WITH  AROMATIC 
HYDROCARBONS,  by  D.  E.  Paul,  D.  Ltpkin,  and  S. 

I.  Wetssman.  May  9,  1955  [5]p.  tncl.  dtagrs.  tables, 
refs.  (Technical  rept.  no.  3)  ([AF]OSR-TN-55-118) 
(Sponsored  jotntly  by  Air  Force  Office  of  Scientific 
Research  under  AF  18(600)1133,  Atomtc  Energy 
Commission,  and  Office  of  Naval  Research). 

AD  99521(c)  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  78: 
116-120,  Jan.  5,  1956. 

The  stoichiometry,  optical  absorption  speclra,  and 
electrical  conductivity  of  the  products  of  the  reaction 
of  metalltc  sodium  wtth  aromatic  hydrocarbons  tn 
telrahydrofuran  solution  were  studied.  The  results 
Indicate  that  products  containing  1  mole  of  sodtum/mole 
of  hydrocarbon  are  formed,  tn  agreemenl  with  the 
conclusions  arrived  at  by  paramagnetic  resonance 
absorption  measurements.  A  relationship  was  found 
between  the  absorplton  spectra  of  reaction  products 
and  thetr  parent  hydrocarbons.  The  absorption  spectra 
also  were  used  as  an  analytical  tool  for  the  study  of 
equiltbrta  lnvolvtng  patrs  of  aromatic  hydrocarbons 
and  lhetr  corresponding  negative  tons.  The  results 
of  these  measurements  gtve  the  followtng  order  of 
tncreastng  electron  affinities:  benzene  <g  phenanthrene 
<  nap*  'halene  <  anthracene,  naphthacene.  A  mechanism 
ts  proi  sed  for  the  reaction  of  a  negative  Ion  hydro¬ 
carbon  free  radical  with  vartous  reactanls,  1.  e. , 
carbon  dioxide,  waler.  (Contractor's  abstract) 


WAS.  04:004 

Washington  U.  [  Depl.  of  PhystcsJ  St.  Louis,  Mo. 

OPTICAL  AND  PARAMAGNETIC  RESONANCE 
SPECTRA  OF  SOME  COORDINATION  COMPOUNDS, 
by  S.  i.  Weissman.  [  1956]  [  4  j  p.  !  Technical  repl. 
no.  7]  [  AFOSR  TN-  55- 193  ]  [  AF  18(600)1133] 

Unclassified 

Published  In  Hecuell  Trav.  Chlni.  Pays-Bas,  v.  75: 
853-856,  June  1956. 

A  brief  description  Is  given  of  some  of  the  applications 
of  optical  and  paramagnetic  resonance  spectroscopy 
lo  lhe  study  of  coordination  compounds.  The  study 
presented  here  concerns  lhe  chelale  compounds  of 
beryllium  wilh  dibenzoyl  methane,  benzoylaeelone, 
and  acelylacelone.  In  some  respects,  these  compounds 
resemble  aromatic  hydrocarbons.  As  In  the  case  of 
aromatic  hydrocarbons,  beryllium  dlbenzoylmelhlde 
and  beryllium  benzoyl  acelonafe  are  reduced  by  metallic 
sodium  In  letrahydrofuran  solutions,  yielding  negative 
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ions.  The  acetylacetonate,  however,  is  not  reduced. 
Paramagnetic  resonance  measurements  indicate  that  the 
first-lormed  compounds  are  paramagnetic,  while  those 
linally  produced  in  the  presence  ol  excess  sodium  are 
dtamagnetic  The  optical  spectra  ol  the  reduction  prod¬ 
ucts  correspond  quite  well  to  a  picture  in  which  the 
singly-charged  negative  ion  contains  one  electron  in  the 
lowest  vacant  orbital  of  the  chelate,  while  the  doubly- 
charged  negative  ion  contains  2  electrons  in  this  orbital. 
The  paramagnetic  resonance  spectra  of  the  singly- 
charged  negative  ions  of  the  dibenzoyl  methlde  and 
benzoyl  acetonate  are  dilferent  lrom  each  other.  The 
former  exhibits  ?  single  absorption  peak  with  some 
signs  of  a  close  hyperftne  structure  (probably  from  the 
protons  in  the  molecule),  while  the  latter  possesses  a 
spectrum  of  4  peaks.  These  undoubtedly  result  lrom 
tnleractlon  with  the  beryllium  nucleus.  The  separation 
between  peaks  corresponds  to  admixture  of  a  few  %  of 
beryllium  2j  atomic  function  in  the  molecular  orbital 
of  the  unpaired  electron.  Apparently  in  the  negative  ion 
of  the  large  dibenzoyl  methide  complex,  the  electron 
resides  tn  the  rings.  In  the  smaller  benzoyl  acetonate, 
it  may  be  lound,  tnlrequently,  in  the  beryllium  atom. 


WAS.  04:005 

Washington  U.  [Dept,  of  Physics]  St.  Louts,  Mo. 

PARAMAGNETIC  RESONANCE  OF  FREE  RADICALS, 
by  G.  E.  Pake,  S.  1.  Wetssmann,  and  J.  Townsend. 

Jan.  24,  1955  [  12]  p.  lncl.  diagrs.  rels.  (Technical 
rept.  no.  4)  ([  AF  ]  OSR-TN-55-194)  (AF  18(600)1133) 
AD  86308  Unclassified 

Also  published  in  Faraday  Soc.  Discussions,  No.  19: 
147-158,  1955. 

Paramagnetic  resonance  spectra  of  lree  radicals  are 
dtscussed,  wtth  emphasts  being  placed  upon  observed 
hyperline  patterns.  A  brlel  description  is  given  ol  a 
paramagnetic  resonance  spectrometer,  and  examples  ol 
applications  to  problems  ol  physical,  chemical,  and 
btologtcal  Interest  are  presented.  (Contractor's 
abstract) 


free  radical  ion  peroxylamlne  disuifonate,  0N(S03)2, 

an  unusual  distortion  of  the  absorption  line  shape  has 
been  observed.  This  "bump"  occurs  at  a  position 
dependent  both  on  the  lntenstty  of  the  saturating  field 
and  on  the  2  applied  lrequencles.  Experiment  shows 
that  the  effective  gyromagnetic  ratio  of  the  combined 
transition  determines  the  direction  of  the  position 
shift  ol  the  bump.  Increasing  the  amplitude  of  the 
saturating  field,  increases  both  the  magnitude  ol  the 
shift  of  the  bump  and  the  enhancement  of  the  detected 
transition.  An  analysis,  based  on  the  density  matrtx 
equation,  leads  to  an  expression  for  x  "  ( cud),  the 
imagtnary  component  of  the  susceptibtllty  at  the 
detecting  frequency. 


WAS.  04:007 

Washington  U.  [Dept,  of  Physics]  St.  Louis,  Mo. 

MEASUREMENT  OF  THE  RATE  OF  AN  ELECTRON 
EXCHANGE  REACTION  BY  NUCLEAR  M  AGNETIC 
RESONANCE  SPECTROSCOPY,  by  C.  R  Bruce, 

R.  E.  Norberg,  and  S.  1.  Wetssman.  Nov.  28,  1955 
[2]p.  incl.  diagrs.  (Technical  rept.  no.  5) 

([  AF ]  OSR-TN-55-472)  (Sponsored  jointly  by  Air  Force 
Oflice  of  Scientific  Research  under  AF  18(600)1133, 
Ofllce  ol  Naval  Research,  and  Atomic  Energy 
Commission)  AD  86308(a)  Unclasslfted 

Also  published  in  Jour.  Chem.  Phys. ,  v.  24:  473-475, 
Feb.  1956. 

The  electron-exchange  reaction  between  N,  N,  N’,  N’- 
tetramethyl-p-phenylenediamine  and  Wurster’s  blue 

was  studted.  The  method  ts  applicable  to  reactions  in 
which  k  >  3  x  103  1/mol/sec.  Thts  ltmttatton  occurs 
because  1  member  of  a  patr  of  molecules  between 
which  1  electron- exchange  occurs  must  be  paramagnetic. 
For  k  =  3  x  103  l/mol/sec,  contributions  of  thermal 
paramagnetic  relaxation  to  the  line  breadth  may  become 
comparable  wtth  the  exchange  contribution. 
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Washington  U.  [Dept,  ol  Physics],  St.  Louis,  Mo. 


Washington  U.  Dept,  of  Phystcs,  St.  Louis,  Mo. 

DOUBLE- FREQUENCY  MAGNETIC  RESONANCE  IN  A 
FREE  RADICAL,  by  J.  H.  Burgess  and  R.  E.  Norberg. 
July  11,  1955  i  I  p.  lncl.  dtagrs.  (Technical  repl.  no. 
2)  ([  AF  .OSR-TN-55-267)  (Sponsored  jotnlly  by  .  Air 
Force]  Olllce  ol  Sclentillc  Research  under  18(600)1133 
and  Olllce  ol  Naval  Research)  AD  99521(b) 

Unclassilied 

Also  puhllshed  In  Phys.  llev.,  v.  i 00 :  752  753,  Oct. 

15,  1955. 

In  the  course  ol  double  resonance  experiments  on  hyper¬ 
line  components  resolvable  In  aqueous  solutions  ol  lhe 


ISOTROPIC  HYPERF1NE  INTERACTIONS  IN  AROMATIC 
FREE  RADICALS,  by  S.  1.  Welscman.  Dec.  19,  1955 
[  2 .  p.  (Technical  repl.  no.  11)  ([  AF  j  OSH-TN- 55- 
473)  (AF  18(600)1133)  AD  123638  Unclassilied 

Also  published  In  Jour.  Chem.  Phys.,  •-•.  25:  890-891, 
Nov.  1956, 

11  Is  shown  by  a  procedure  similar  lo  one  used  by 
Abragain,  Horowllz,  and  Pryce  In  their  sludles  ol 
hyperline  structure  In  paramagnetic  Ions  and  atoms 
that  conligurallonal  admixture  ol  the  type  (-g)3  ( - ) » 
i(i  3)  (  i^)  (n),  the  hyperline  Interaction  Is 

32r/3-/6Ur,  llei  „  B  ir^  )  0  A (r. )  where  ^  and  are 
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magnetic  moments  of  the  electron  and  the  nucleus  q, 
and  afr^)  is  the  magnitude  of  the  orbital  a  at  the 
position  of  the  nucleus.  Since  the  hyperfine  coupling 
is  linear  in  \  only  small  admixtures  of  excited  con¬ 
figurations  are  required  to  account  for  the  proton  hyper¬ 
fine  splittings  observed  in  aromatic  free  radicals. 
(Contractor's  abstract) 


WAS.  04:009 

Washington!;.  [Dept,  of  Physics]  St.  Louis,  Mo. 

HYPERFINE  STRUCTURE  IN  THE  PARAMAGNETIC 
RESONANCE  OF  VANADIUM  IONS  IN  SOLUTION 
(Abstract),  by  G.  E.  Pake  and  R.  H.  Sands.  [  1955  ] 

[  1  ] p.  [  AF  18(600)1133  ]  Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 
California  U. ,  Berkeley,  Dec.  28-30,  1954. 

Published  in  Phvs.  Rev.,  v.  98:  206,  Apr.  1,  1955. 

Paramagnetic  resonances  of  vanadium  ions  in  aqueous, 
acetone,  and  ether  solutions  have  been  observed. 
Although  attempts  were  made  at  preparing  valence 
states  V3  +  v4+,  and  V®+  in  accordance  with  the 
procedures  of  Freed,  solutions  corresponding  in  color 
to  V3'  and  to  V4t  both  gave  the  same  hyperfine  pattern 
of  eight  (21  +  1)  lines  of  different  individual  widths. 

The  hyperfine  coupling  constant  corresponds  to  about 
120  oersteds,  with  line  spacings  being  progressively 
larger  toward  higher  fields  as  expected  in  second 
order  for  a  spectrum  centered  at  3200  oersteds.  The 
coupling  is  slightly  larger  for  aqueous  than  ether  solu¬ 
tions,  which  is  not  unlikely  for  solvents  forming  dif¬ 
ferent  complexes  with  the  vanadium  ions  if  the  electron 
promotion  hypothesis  of  Aurigam  and  Pryce  for  the 
unexpectedly  large  hyperfine  couplings  in  such  ions  ii 
valid.  Asymmetric  component  line  shapes  for  certain 
solvents  and  temperatures  are  interpreted  as  viscosity 
effects  leading  to  Incomplete  averaging  of  an  anisotropic 
spectroscopic  splitting  factor  of  the  complexed  ion. 


WAS.  04:010 

Washington  U.  .Dept,  of  Physics  St.  I.ouis,  Mo. 

NUCLEAR  MAGNETIC  RELAXATION  TIMES  IN' 
POLYETHYLENE  (Abstract),  by  1.  J.  Lowe,  L.  O. 
Bowen,  and  U.  E.  Norberg.  [  1955  1  p.  (Sponsored 

jointly  by  Office  of  Naval  Research  and  Air  Force  Office 
of  Scientific  Research  under  [  AF  18(600)1133  ) 

Unc  lasiifled 

Presented  at  meeting  of  he  Amer.  ITiys.  Soc.  , 

Chicago  U. ,  111.,  Nov.  25  2u,  1955. 

PubUShetUn  Phys.  Rev.,  v.  too.  1243,  Nov.  15,  1955. 

Direct  measurements  of  Tj  and  Tj  lor  the  proton 
magnetic  resonance  in  polyethylene  have  been  made  from 
on vervatlons  of  Illoch  decays  and  spin  echoes  produced 


WAS.  04:009  -  WAS.  04:012 


by  microsecond  pulses  of  30  mc/sec  radio-frequency 
power.  Observations  were  made  at  temperatures 
between  240°K  and  392°K  using  the  same  commercial 
stock  material  as  Wilson  and  Pake.  The  results  are 
in  substantial  agreement  with  the  relaxation  times 
postulated  by  Wilson  and  Pake  and  show  the  coexistence 
of  several  very  distinct  T2's  between  260°K  and  295°K. 

The  Tj  values  measured  ranged  from  4  microseconds 
near  240°K  to  0. 1  second  in  a  molten  sample  at  392°K. 
Over  much  of  this  temperature  range  Tj  was  measured 

to  be  of  the  order  of  0. 1  second  with  T2  becoming 
nearly  equal  to  Tj  al  392*K.  The  short  T2  component 
visible  on  the  Bloch  decays  grows  progressively  weaker 
as  the  temperature  is  raised,  becoming  nearly  un¬ 
detectable  by  340°K.  Near  280°K  there  is  a  weak 
"s’ow-beat”  structure  on  the  Bloch  decays. 

WAS.  04:011 

Washington  U.  [Dept,  of  Physics]  St.  Louis,  Mo. 

PARAMAGNETIC  RESONANCE  OF  OCTACYANOTUNG- 
STATE  (V),  by  S.  I.  Welssman  and  C.  S.  Garner. 

Feb.  6,  1956  [  1  ] p.  (Technical  rept.  no.  6) 

( [  AF]OSR-TN-56-149)  [  In  cooperation  with 
California  U. ,  Los  Angeles]  (Sponsored  jointly  by 
Air  Force  Office  of  Scientific  Research  under  AF  18- 
(600)1133  and  Atomic  Energy  Commission  under 
AT(11- 1)34)  AD  86308(b)  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc. ,  v.  78: 

1072,  Mar.  5,  1956. 

The  paramagnetic  resonance  of  K3W(CN)g.  0.55  HjO 
and  the  aqueous  solutions  are  described.  At  room 
temperature  a  polycrystalline  sample  yields  a  single, 
almost  symmetrical,  resonance.  The  g  value  at  peak 
center  is  1.  98;  peak  breadth  between  points  of  extreme 
slope  is  30  oersteds.  An  approximately  0.  01  M 
W(CN)g'  aqueous  solution  yields  a  symmetrical 
resonance  of  three  lines,  with  the  central  intense  peak 
at  g  =  1.  972  and  breadth  between  points  of  extreme 
slope  of  9.  3  cersleds;  the  two  satellites  are  7  ±  3% 
of  central  peak  Intensity  and  are  separated  by  52 
oersteds.  The  central  peak  probably  results  from  Ions 
containing  W*®4  which  has  zero  spin  and  is  86% 
abundant,  while  the  satellites  are  the  hyperfine  com¬ 
ponents  associated  with  W*®3  which  has  a  spin  1/2 
and  is  14%  abundant.  The  sharp  spectrum  of  the 
aqueous  solution  is  briefly  discussed,  and  an  attempted 
measurement  of  the  rate  of  electron  exchange  between 
W(CN)g  and  W(CN)g  hy  observation  of  the 

spectrum  of  the  former  in  the  presence  of  the  latter  is 
described 

WAS.  04:012 

Washington  U.  .  Dept,  of  Physics  St.  Louis,  Mo. 

SPIN  DENSITY  IN  NAPHTHALENE  NEGATIVE  ION, 
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by  T.  R.  Tuttle,  Jr.,  R.  L.  Ward,  and  S.  I. 

Weissman.  July  1956  [l]p.  incl.  diagr.  (Technical 
rept.  no.  8)  ( [  AF  jOSR-TN-56-226)  (AF  18(600)1 133) 
AD  88035  Unclassified 

Also  published  in  Jour.  Chem.  Phys. ,  v.  25:  189,  July 
1956. 

The  paramagnetic  resonance  absorption  of  naphthalene 
negative  ion  In  dilute  liquid  solution  consists  of  a  com¬ 
plex  pattern  of  hyperfine  components.  The  salts  of  Li 
and  K  in  solution  in  tetrahydrofuran,  and  of  Na,  K,  and 
Rb  in  dlmethoxyethane  yielded  almost  Identical  spectra 
of  17  lines.  The  17  hyperfine  components  resulted  from 
the  isotropic  part  of  the  interaction  between  the  elec¬ 
tronic  magnetic  moment  and  the  moments  of  the  8 
protons  in  napntnaiene  negative  ion.  iwo  spectra  ot 
both  a-deutero-  and  6-deuteronaphthalene  yielded  a 
15-  and  16-line  spectra,  respectively.  When  the  value 
it  tht  trucks*  in  a  H  atom  Ail  its  noKnal  state  is  taka, 
as  the  unit  of  spin,  the  spin  densities  of  a-  and  3  -  H 
were  0.010  and  0.0035,  respectively.  The  sum  of  the 
spin  densities  at  the  positions  of  all  the  H  nuclei  was 
0.054. 


WAS.  04:013 

Washington  U.  [Dept,  of  Physics!  St.  Louis,  Mo. 

C13  HYPERFINE  SPLITTING  IN  NAPHTHALENE 
NEGATIVE  ION,  by  T.  R.  Tuttle,  Jr.  and  S.  I. 
Weissman.  July  1956  [l]p.  (Technical  rept.  no.  9) 

(L  AF  jOSR-TN-56-227)  (AF  18(600)1 133)  AD  88036 

Unclassified 

Also  published  in  Jour.  Chem.  Phys.,  v.  25:  189  190, 
July  1956. 

The  Isotropic  hyperfine  splitting  of  naphthalene  negative 
ion  containing  C*3  in  the  a  position  was  measured.  The 
sample  contained  53  atom-%  of  C^3  in  this  position. 

The  CI3  splitting  was  7.  1  oersteds;  this  corresponds 
to  a  spin  density  at  the  C  nucleus  of  0.  056.  The  spin 
density  at  the  nucleus  for  a  C  atom  in  the  2s(2p)3 
configuration  was  estimated  as  4.  25.  If  in  the  2a 
orbitals  involved  the  respective  coefficients  of  carbon 
2s  and  hydrogen  Is  functions  were  Cj,  hj,  anu  c2,  h2, 

the  observed  C*3  splitting  resulted  In  CjC2/hjh2  =  1.31. 


WAS.  04:014 

Washington  U.  Dept,  of  Physics  St.  Louis,  Mo. 

HYPERFINE  STRUCTURE  AND  ELECTRON  DENSITIES 
IN  AROMATIC  FREE  RADICALS,  by  E.  de  Doer. 

July  1956  .  1  p.  incl.  dtagrs.  (Technical  rept.  no. 

10)  (  AF  OSlt-TN- 56  -  228)  (AF  18(600)1133) 

AD  88037  Unclassified 

Presented  at  Symposium  on  Molecular  Structure  an! 
Spectroscopy,  Otiio  State  U. ,  Columbus,  June  tl  15, 
t'J56. 


Ahstract  published  In  Symposium  on  Molecular 
Structure  and  Spectroscopy.  Abstracts,  1956,  p.  3. 

Also  puhilshed  In  Jour.  Chem.  Phys.,  v.  25:  190, 

July  1956. 

With  the  aid  of  HQckel's  molecular  orbital  approxi¬ 
mation,  the  distribution  of  IT  electrons  in  the  univalent 
anions  of  naphthalene,  anthracene,  and  biphenyl  was 
calculated.  The  predicted  paramagnetic  absorption 
spectra  for  naphthalene,  anthracene,  and  biphenyl 
radicals  containing  17,  21  and  9  peaks,respectively', 
agreed  with  experimental  results.  The  measurements 
were  carried  out  in  1,  2-dimethoxyethane  with  K  as 
the  reducing  agent.  The  length  of  the  paramagnetic 
absorption  spectrum  measured  between  centers  of 
extreme  peaks  of  naphthalene  negative  ion  was  27.  2  ± 
0.  3  oersteds;  the  hyperfine  interaction  for  anthracene 
univalent  ion  was  over  a  range  of  26.  4  ±  0.  2  oersteds, 
while  that  iui  the  tAphfcuyl  li  ct  lariiLkl  whs  M.Oi  b.  2 
oersteds. 


WAS  04:015 

Washington  U.  Dept,  of  Physics,  St.  Louis,  Mo. 

RADIATION  DAMPING  AND  RESONANCE  SHAPES  IN 
HIGH  RESOLUTION  NUCLEAR  MAGNETIC  RE¬ 
SONANCE,  by  C.  R.  Bruce,  R.  E.  Norberg,  and 
G.  E.  Pake.  June  11,  1 956  [  2  J  p.  L  Technical  rept. 
no.  12  J  [  AFOSR-TN-56-250]  (Sponsored  jointly  by 
Air  Force  Office  of  Scientific  Research  under  [  AF  18- 
(600)1133]  and  Office  of  Naval  Research)  AD  88370 

Unclassified 

Also  published  in  Phys.  Rev.,  v.  104:419-420,  Oct. 

15,  1 9r6. 

An  analysis  of  a  nuclear  spin- resonant  circuit  system 
shows  that  the  electric  circuit  parameters  rather  than 
the  nuclear  spin  relaxation  times  may  determine  res¬ 
onance  widths,  maximum  signal,  and  integrated  in¬ 
tensities  in  high- resolution  continuous-wave  nuclear 
magnetic  resonance.  (Contractor's  abstract) 

WAS.  04:016 

Washington  U.  Dept,  of  Physics  j  St.  Louis,  Mo. 

ELECTRON  SPIN  RESONANCE  AND  THE  STRUCTURE 
OF  FREE  ItADICALS,  by  S.  I.  Weissman,  T.  R. 

Tuttle,  Jr.,  and  E.  deBoer.  Aug.  1956  4  p.  tncl. 

dlagrs.  refs.  (Technical  rept.  no.  13)  (  AF ,  OSH 
TN-56-443)  (AF  18(600)1133)  AD  96786 

Unclassified 

Also  published  in  Jour.  Ph,.i.  Chem.,  v.  61:  28-31, 

Jan.  1957. 

In  this  study.  It  ts  pointed  out  that  the  hyperfine 
structure  of  the  electron  spin  resonance  of  a  polyatomic 
free  radical  yields  Information  concerning  the  electronic 
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structure  of  the  radical.  The  hyperflne  Interaction  Is 
conveniently  separated  Into  an  Isotropic  and  a  non- 
tsolroplc  part.  Only  the  termer  Is  observed  In  fluid 
solutions.  From  11  ihe  value  of  the  eleciron  spin 
density  ai  ihe  position  of  each  magnetic  nucleus  In  the 
molecule  may  be  deduced.  The  spin  density  ai  Tq 

is  ihe  expectation  value  of  ^  °zk  ®(r>k  -"?0)»  where 

o  Is  the  Pauli  operator  for  z  componeni  of  spin  of 
the  kth  eleciron  and  rk  iis  position.  The  nonisoiropic 

part  Is  observable  in  detail  in  dilute  single  crystals  and 
in  certain  average  properties  in  rigid  giassy  solutions. 

It  yields  expeciaiion  values  of  ^  zk(3  cgs — -ft— S--9  ^ 

I rk  -  ro  ! 

is  the  angle  between  r^  -  rQ  and  the  external  magnetic 
field,  if  the  electronic  wave  function  of  a  free  radical 
is  represented  by  a  single  configuration  consisting  of 
filled  orbitals  and  one  singly  occupied  orbital,  the  spin 
density  ai  each  poini  is  proportional  io  the  square  of  the 
amplitude  of  the  singly  occupied  orbilal  ai  thai  poini. 
in  planar  aromatic  free  radicals  the  unpaired  eleciron 
is  usually  placed  in  a  n  orbilal  which  yields  zero  spin 
density  in  ihe  plane  of  ihe  molecule;  nevertheless, 
experiments  reveal  nonvanishing  spin  densities  in  the 
molecular  plane  for  many  aromatic  free  radicals. 

These  are  inlerpreied  through  admixture  of  configura¬ 
tions  containing  unfilled  o  orbllals.  The  contribution 
of  such  an  admixture  lo  spin  density  is  linear  in  the 
amplitude  ui  ihe  admixlure.  The  above  considerations 
apply  to  ihe  proion  and  Cl3  hyperflne  splittings  in 
negative  ior.  hydrocarbons,  lriarylmelhyls,  and  olher 
i.-ee  radicals.  Several  examples  are  discussed.  (Con¬ 
tractor' s  abstract) 


WAS.  04:017 

Washington  U.  Depi.  of  Physics,  Si.  Louis,  Mo. 

ON  THE  INTERPRETATION  OF  THE  ELECTRON  SPIN 
RESONANCE  SPECTRA  OF  SOLUTIONS  OF  HYDRO¬ 
CARBONS  iN  SULFURIC  ACID,  by  S.  i.  Weissman,  E. 
deBoer,  and  J.  J.  Conradl.  Nov.  1956  [  2  ]  p.  incl. 
dlagrs.  (Technical  repl.  no.  14)  ([  AF  jOSR-TN -56- 
567)  (AF  18(600)1133)  AD  110388  Unclassified 


Apr.  1957. 


JilJour.  Cheni.  Phys. ,  v.  26:  963-964, 


Several  hydrocarbons  (antharacene,  perylene  a.d 
tetracene)  are  examined  in  concentrated  sulfurtc  acid 
for  electron  sptn  resonance  absorption.  A  description 
for  each  substance  ts  made  of  the  spectra  which  consist 
of  characteristic,  well  resolved,  hyperflne  patterns, 
it  is  postulated  that  singly  charged  positive  tons  are 
responsible  for  part  of  the  observed  paramagnetism. 

WAS.  04:018 

Washington  U.  Dept,  of  Phystcs  St.  Louts,  Mo. 
PARAMAGNETIC  RESONANCE  SPECTRA  OF  SOME 
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iSOTOPiCALLY  SUBSTITUTED  NAPHTHALENE 
NEGATIVE  IONS  (Absiract),  by  T.  R.  Tuiile,  Jr. 

[  1956]  [l]p.  [AF  18(600)1133]  Unclassified 

Presenied  at  Symposium  on  Molecular  Structure  and 
Speciroscopy,  Ohio  Stale  U. ,  Columbus,  June  i  1  - i 5, 
1956. 

Published  in  Symposium  on  Molecular  Structure  and 
Spectroscopy.  Absiracis,  1956,  p.  30. 

The  paramagnetic  resonance  specira  of  three 
isotopically  subsiituied  naphthalene  negative  ions  have 
been  studied  under  moderate  resolution  io  determine 
the  a-  and  8 -proion,  and  a-C1"*  hypertine  splitting 
factors.  The  specirum  of  the  a-deuiero  compound 
has  15  peaks  and  thai  of  the  e-deuiero  14  peaks. 

These  facts,  along  with  the  relative  intensities  of 
lines,  lead  to  values  of  ihe  proion  splitting  on  the 
a-position  of  5.  i  gauss  and  on  the  6  -position  of  i.  7 
gauss.  Naphthalene  negative  ion  with  53  aiom  percent 
C*3  in  the  a-position  gives  a  specirum  of  21  lines. 

An  assignment  of  5.4  gauss  for  the  a-  Ci3  splitting 
gives  good  agreement  with  ihe  observed  specirum. 

The  observed  splittings  are  compared  with  those  cal¬ 
culated  using  S.  i.  Weissman's  method  involving 
configurational  interaction.  (Contractor's  absiraei) 


WAS.  04:019 

Washington  U.  Depi.  of  [Physics]  Si.  Louis,  Mo. 

SPECTROSCOPIC  DETERMINATION  OF  ELECTRON 
EXCHANGE  BETWEEN  NAPHTHALENE  NEGATIVE 
ION  AND  NAPHTHALENE  (Absiraei),  by  R.  L.  Ward. 

[  1956]  [i]p.  (Sponsored  jointly  by  Air  Force  Office 
of  Scientific  Research  under  [AF  18(600)1 133 ] ,  Office 
of  Naval  Research,  and  Aiomic  Energy  Commission) 

Unclassified 

Presenied  ai  Symposium  on  Molecular  Structure  and 
Speciroscopy,  Ohio  Slaie  U. ,  Columbus,  June  11-15, 
1956 

Published  in  Symposium  on  Molecular  Structure  and 
Speciroscopy.  Absiracts,  1956,  p.  3. 

The  rate  constants  for  the  eleciron  exchange  between 
sodium  naphthalenide  and  naphthalene  and  between 
potassium  naphihalenide  and  naphthalene  in  ieira- 
hydrofuran  and  1,  2-dinielhoxyethane  have  been  de¬ 
termined  by  paramagnetic  resonance  techniques. 
Addition  of  small  amounts  of  naphthalene  leads  to 
broadening  of  ihe  individual  hyperflne  components. 
Larger  amounts  of  naphthalene  cause  the  hyperflne 
components  io  merge  tnto  a  single  peak  with  broad 
tails.  In  ihe  case  of  K*C]qH8’  in  i,  2-dimethoxyeihane 

it  has  been  possible  io  add  quantities  of  naphthalene 
such  that  exchange  narrowing  begtns  to  take  place. 

The  rate  constanis,  for  ihe  btmolecular  exchange,  vary 
between  6.  2  x  10®  titers/mol  sec  and  1.  2  x  108  tilers 
mol/sec.  (Contractor's  abstract) 
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WAS.  05:001 

Washington  U.  Depl.  of  Physics,  SI,  Louis,  Mo. 

IONIZATION  OF  INERT  GASES  BY  POSITIVE 
POTASSIUM  IONS,  by  D.  E.  Moe.  Nov.  1956  [  6]  p. 
lncl.  diagrs.  refs.  (Technical  rept.  no.  1)  ([AFlOSR- 
TN-56-166)  (Sponsored  jolnily  by  Air  Force  Office  of 
Scientific  Research  under  AF  18(600)1317,  Office  of 
Naval  Research,  and  Research  Corp. ,  New  York) 

AD  86587  Unclassified 

Also  published  in  Phvs.  Rev.,  v.  104:  694-699,  Nov. 

1,  1956. 

lonlzallon  of  the  men  gases  by  relatively  low-energy 
K*  ions  has  been  investigated.  The  use  of  relatively 
intense  Ion  beams  and  phase- sensitive  detection  of 
Ionization  signals  yields  a  large  increase  In  sensitivity 
over  lhal  obtained  in  former  Investigations.  The  en¬ 
hanced  sensitivity  permits  detection  of  Ionization  al 
lower  ton  energies  ihan  heretofore  reporled.  Evidence 
is  presented  for  a  real  ionization  threshold  potential 
for  K*  ions  In  Kr.  Both  the  absolute  Ionization  cross 
section  and  11s  dertvatlve  with  respeci  io  ion  energy  are 
reporled.  The  laiter  shows  a  fine  siruciure  which  Is 
characteristic  of  ihe  bombarded  gas.  The  electron 
energy  distribution  of  ihe  Ionization  electrons  Is  de¬ 
termined  from  slopptng  potential  curves,  and  Is  found 
to  be  characteristic  of  the  bombarded  gas.  In  general, 
the  energy  distribution  of  Ihe  lonlzallon  electrons  Is 
Independent  of  the  Incident  Ion  energy.  The  results  of 
ihls  investigation  support  the  qualitative  lheory  of 
tonlzatlon  by  tons  proposed  by  Welzel.  (Conlracior's 
abstracl) 


WAS.  95:002 

Washington  U.  Dept,  of  Physics,  Si.  Louts,  Mo. 

TEMPERATURE  DEPENDENCE  OF  THE  MOBILITY  OF 
POSITIVE  IONS  IN  ARGON  AND  KRYPTON,  by  E.  C. 
Bealy.  Ocl.  1956  [  4  ]  p.  tncl.  diagrs.  refs.  (Technical 
rept.  no.  2)  (AFOSR-TN-56-198)  (Sponsored  jointly 
by  Air  Force  Office  of  Scientific  Research  under  AF  18- 
(600)1317,  Office  of  Naval  Research  and  Research 
Corp. ,  New  York)  AD  87511  Unclassified 

Also  published  in  Phys.  Rev.,  v.  104:  17-20,  Oct.  1, 
1956. 

The  mobilities  of  A*  and  Kr*  tn  ihe  parent  gases  have 
been  measured  at  room  temperature  and  at  one  lower 
temperature,  77.  4  °K  In  A  and  90°K  tn  Kr.  In  each 
case,  the  atomtc  Ions  were  found  to  have  a  higher 
mobtltty  at  the  lower  temperature.  For  A*  tn  A,  the 
mobility  (extrapolated  to  zero  field  at  77.  4 ‘K)  was 
1.  36  ttmes  the  value  at  300^.  Extrapo'atlon  could  not 
be  carrted  out  accurately  tn  Kr,  but  evidence  ts  found 
that  the  ratto  of  the  mobtltty  at  90  “K  to  the  value  at 
300“K  Is  somewhat  larger  than  1.  2.  The  change  tn 
temperature  had  no  effect  on  the  moblUftes  of  the 
molecular  tons.  Agreement  of  the  room  temperature 


resulis  with  those  of  other  Investigators  is  good  except 
for  a  large  disagreement  with  Blondl  and  Chanln  on 
Ihe  molecular  Ions.  The  disagreement  Is  particularly 
large  al  A2*  at  low  E/p0  and  suggests  a  difference  In 
the  Ions  measured  In  the  2  experiments.  (Conlracior’s 
abslracl) 


WAS.  06:001 

Washington  U.  Depl.  of  Physics,  SI.  Louis,  Mo. 

LIGHT-INDUCED  PARAMAGNETISM  IN  CHLORO- 
PLASTS,  by  B.  Commoner,  J.  J.  Helse,  and  J. 
Tcwnsend.  Dec.  1956  [9]p.  lncl.  diagrs.  refs. 
(Technical  repi.  no.  1)  ([  AF]OSR-TN-56-410) 

(AF  18(600)1592)  AD  96219  Unclassified 

Also  published  In  Proc.  Nat'l.  Acad.  Sciences,  v.  42: 
710-718,  Oct.  1956. 

It  was  observed  that  ihe  paramagnetic  resonance 
absorption  of  suspensions  of  chloroplasls  from 
tobacco  (Nlcotlank  tabacum  (variety  While  Burley))  al 
35°C  Increased  3  lo  6  times  when  the  suspensions 
were  Illuminated.  This  response  was  rapid,  readily 
reversible,  and  recurrent.  A  maximum  was  obtained 
about  20  sec  afler  onset  of  Illumination,  and  decay 
time  in  the  dark  was  50-60  sec  with  half-times  being 
8  and  32  sec,  respectively.  Il  was  concluded  thal 
unpaired  electrons  associated  with  either  or  both  an 
exciled  slale  of  chlorophyll  and  oxidation- reduction 
Intermediates,  e.  g. ,  dlphosphopyrldlne  nucleotide, 
are  Ihe  cause  of  the  paramagnetic  resonance  absorption 
tn  tllumlnated  chloroplasls.  Experiments  are  under¬ 
way  which  are  designed  lo  Identify  the  substances  In 
question,  and  io  describe  lhetr  relationship  to  the 
process  of  photosynthesis. 


WAU.  01:001 

Washington  U.  I  Depl.  of  Chemistry)  Seattle. 

THE  EXCITED  ELECTRONIC  STATE  OF  THE  2600  A 
TRANSITION  IN  BENZENE,  by  A.  C.  Albrecht  and 
W.  T.  Simpson.  [  1953]  [  ljp.  (AF  18(600)375) 

Unclassified 

Published  In  Jour.  Chem.  Phys.,  v.  21:  940,  May 
1953. 

Both  molecular-orbttal  and  valence-bond  approxima¬ 
tions  foi  CgHg  Indicate  that  Ihe  ftrst  singlet  exctted 
electronic  slate  Is  of  the  symmetry  sptctes  B2U. 
Experiments  were  performed  wtth  para-disubstltuted 
benzene  derivatives,  tncludlng  p  dlmethoxybenzene. 

The  results  obtained  from  the  crystal  spectrum  con¬ 
firmed  Ihe  presence  of  the  exctted  electronic  state  tn 
the  spectes  B2U.  The  presence  of  both  "x"  and  "y" 
absorption  tn  the  2280  A  band  was  demonstrated. 
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WAU.  01:002 

Washington  U.  Dept,  of  Chemistry,  Seattle. 

SPECTRA  OF  SIMPLE  AMIDES  IN  THE  VACUUM 
ULTRAVIOLET,  by  H.  D.  Hunt  and  W.  T.  Simpson. 

[  1953]  [  4 ]  p.  lncl.  dlagrs.  tables,  refs.  [AF  18- 
(600)375]  Unclassified 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  75:  4540- 
4543,  Sept.  20,  1953. 

Absorption  spectra  from  2340  to  1500  A  for  dlmethyl- 
formamlde  and  from  2000  to  1220  A  for  formamlde  each 
show  two  broad  absorption  bands.  The  absorption  maxi¬ 
ma  for  the  former  are  at  1974  and  1621  A,  for  the  latter 
at  1717  and  1345  A.  Approximate  extinction  coefficients 
for  the  maxima,  Einstein  absorption  coefficients,  etc. , 
are  given  for  the  two  bands  of  dlmethylformamlde.  A 
Rydberg  series  leading  to  an  Ionization  potential  of  10.  2 
ev  Is  found  for  formamlde.  An  orbital  energy  diagram 
Is  presented  which  accounts  for  the  observations.  The 
longer  wave  length  and  shorter  wave  length  bands  are 
assigned  as  NVj  and  NV2,  respectively,  the  assign¬ 
ments  arc  discussed,  and  the  effect  of  hyperconjugation 
Is  considered.  An  Improvement  In  the  use  of  the  Lyman 
source  Is  described.  Involving  the  use  of  a  Teflon 
capillary.  (Contractor's  abstract) 


WAU.  01:003 

Washington  U.  Dept,  of  Chemistry,  Seattle. 

STRUCTURES  AND  TI-ELECTRON  SPECTRA.  H.  THE 
TRANSFORMATION  MATRIX,  by  C.  W.  Looney  and 
W.  T.  Simpson.  [  1954  J  L  8  ]  p.  lncl.  refs.  [AF  18- 
(600)375]  Unclacclfled 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  76:  6285- 
6292,  Dec.  20,  1954. 

A  definite  procedure  Is  presented  for  the  construction 
of  a  transformation  matrix  which  relates  n  -electron 
spectra  to  structures.  Arbitrariness  In  the  transfor¬ 
mation  matrix  which  may  exlsl  even  after  the  Incorpora¬ 
tion  of  symmetry  Is  discussed.  A  method  of  removing 
the  arbitrariness  Is  shown,  as  applied  to  crystal  violet 
and  p-methoxy  malachite  green.  (Contractor's  abstract) 


WAU.  01:004 

Washington  U.  Dept,  of  Chemistry,  Seattle 

STRUCTURES  AND  11-ELECTRON  SPECTRA.  HI. 
TRIPHENYLMETHANE  DYES,  by  C.  W.  Looney  and 
W.  T.  Simpson.  [  1 954  j  [  8  ]  p.  lncl.  dlagr.  lables, 
refs.  (AE  18(600)375)  Unclassified 

Published,  la  Jour.  Amer.  Chem.  Soc.,  v.  75:  6293- 
6300,  Dec.  20,  1954. 

The  results  of  a  spectroscopic  Investigation  of  crystal 


violet,  p-methoxy  malachite  green,  malachite  green, 
p-nltro  malachite  green,  and  Mlchler's  hydrol  blue 
are  presented.  The  positions,  Intensities  and  symmetry 
classifications  of  the  visible  and  near  ultraviolet  bands 
are  given.  The  observed  transition  energies  and 
polarizations  for  crystal  violet  and  methoxy  malachite 
green  were  used  in  paper  II  as  input  data  for  a  the¬ 
oretical  treatment  using  the  methods  of  the  structure 
representation.  The  observed  intensities  for  crystal 
violet  are  here  used  similarly.  Using  only  these  input 
data  the  transition  energies  for  malachite  green,  and 
the  intensities  for  methoxy  malachite  green  and 
malachite  green  are  here  calculated  theoretically  and 
compared  with  experiment.  Electric  moments  of  the 
structures  are  obtained.  The  transition  energies  and 
Intensities  of  p-nitro  malachite  green  and  Mlchler's 
hydrol  blue  are  also  treated  theoretically.  Finally  a 
sel  of  relative  basicities  is  deduced  from  the  spectral 
data,  spectroscopic  resonance  energies  are  obtained, 
and  heats  of  carblnol  formation  predicted. 

(Contractor's  abstract) 


WAU.  01:005 

Washington  U.  Dept,  of  Chemistry,  Seattle. 

OVERLAPS  OF  TRIAL  FUNCTIONS  FOR  THE 
HYDROGEN  MOLECULE.  L  GROUND-STATE 
CHARACTER  OF  THE  Is  A.O.  APPROXIMATIONS, 
by  J.  Braunsteln  and  W.  T.  Simpson.  [  1955]  [2jp. 
lncl.  table.  [AF  18(600)375]  Unclassified 

Published  In  Jour.  Chem.  Phys. ,  v.  23:  174-175,  Jan. 
1955. 

The  contributions  of  the  ground  state  wave  function  In 
some  of  the  trial  functions  for  the  hydrogen  molecule 
have  been  evaluated  as  the  overlap  Integrals  of  the 
trial  functions  with  the  thirteen  term  function  of  James 
and  Coolldge.  The  rms  errors  and  mean  excited  state 
energies  are  presented  and  the  resulls  of  a  binding 
energy  calculation  reported.  (Contractor's  abstract) 


WAU.  01:006 

Washington  U.  Dept,  of  Chemistry,  Seattle. 

OVERLAPS  OF  TRIAL  FUNCTIONS  FOR  THE  HYDRO¬ 
GEN  MOLECULE.  H.  COVALENT  AND  IONIC 
CHARACTER  OF  H2,  by  J.  Braunsleln  and  W.  T. 

Simpson.  [  1955]  [3jp.  lncl.  dlagrs.  table.  [  AF  18- 
(600)375]  Unclassified 

Published  In  Jour.  Chem.  Phys.,  v.  23:  176-178,  Jan. 
1955. 

The  mutual  overlaps  of  some  of  the  trial  functions  for 
the  hydrogen  molecule  are  presented  and  their  relation 
to  the  covalent  and  Ionic  character  of  the  bone'  are 
discussed.  Difficulties  Involved  In  the  definition  of 
covalent  and  Ionic  as  orthogonal  components  of  wave 
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functions  are  pointed  out  and  contour  maps  Indicating 
the  shapes  of  some  of  the  functions  discussed  are  given.- 
(Contractor's  abstract) 


WAU.  01:007 

Washington  U.  Dept,  of  Chemtstry,  Seattle. 

THE  UNIT-CELL  DIMENSIONS  AND  SPACE  GROUP 
OF  1,  r-DIETHYL-2,  2'-PYRIDOCYANINA  IODINE, 
by  J.  D.  Turner.  I  1^51  [lip.  (AF  18(500)375) 

Unclassified 

Published  In  Acta  Crvstalloeraphica.  v.  8.  119,  Feb. 
1955. 

The  crystals  used  In  thts  study  were  obtained  from  a 
sample  prepared  by  the  method  of  Brooker  and  Keyes 
(Jour.  Amer.  Chem.  Soc.,  v.  57:  2488,  1935). 

Although  most  of  the  crystals  were  multiple  twinned  or 
poorly  formed,  a  few  suitable  for  single-crystal  x-ray 
pholographs  were  found.  These  were  small  needles, 
bounded  on  the  stdes  by  prominent  110  and  lTO  and 
small  100  faces,  and  on  the  ends  by  001  faces.  The 
crystals  are  deep  orange  In  color  and  under  lhe 
polarizing  microscope  show  distinct  pleochrolsm,  the 
color  varytng  from  yellow  lo  deep  red,  with  the  direction 
of  maximum  absorption  In  the  010  plane  approximately 
-35*  from  the  c  axis.  Oscillation,  rotation,  equt- 
incllnatlon  Welssenberg  and  precession  photographs 
were  taken,  ustng  Cu  Ka  radiation.  The  cell  dimensions 
were  determined  from  the  rolallun  and  zero- level 
Welssenberg  pholographs,  the  camera  radius  of 
57.074  mm  having  been  determined  by  calibration  with 
sodium  chloride.  The  dimensions  of  the  monocllnlc 
uni  1  cell  were  found  to  be:  a0  =  11.94x0.01,  b0  = 
10.66*0.02,  c0  =  12.97x0.02  A,  i  =  114.6x0.  1*. 
Systematic  extinctions  were  found  for  hkl  reflections 
with  h  ♦  k  odd  and  for  hOl  reflections  with  I  odd.  The 

space  group  must  then  be  either  Cc-Cj  or  C2/c-Cjj). 

3 

The  observed  density  of  1.  557  g  cm  agrees  well  with 
the  density  of  1.  567  g  cm'3  calculated  on  the  basis  of 
four  formula  units  per  unit  cell. 

W  AU.  01.008 

Washington  U.  Dept,  of  Chemistry,  .Seattle. 

LOW  ItESGLLTlON  ELECTRONIC  SPECTRUM  OF 
HF.XAMETHYU1ENZENE  WITH  APPLICATION  TO 
BENZENE,  by  It.  C.  Nelson  aid  W.  T.  Simpson. 

June  1955  6  p.  loci,  dlagrs.  refs.  (AF  18(600)375) 

Unclassified 

Published  in  Jour.  Chem.  Phys. ,  v.  23.  1146  1151, 

June  1955. 

The  crystal  spectrum  of  hexaiuethylbenzeue  lias  been 
obtained  using  polarized  light  In  the  region  1725  2800  A 
aid  the  results  Including  extinctions  lor  out  of- plane 


absorption  are  Interpreted.  The  vapor  spectrum  has 
been  determined  In  the  region  1300-2800  A  aid  the 

O 

solution  spetlrum  shows  a  now  band  at  2350  A.  A 
suggestion  Is  made  for  determining  quantum  numbers 
in  the  Rydberg  sertes  formula.  (Contractor's 
abstract) 


WAU.  01:009 

Washington  U.  Dept,  of  Chemistry,  Seattle. 

POLARIZATION  OF  THE  1850  A  BAND  OF  AMIDES, 
by  D.  L.  Peterson  aid  W.  T.  Simpson.  [  1 955  J  [  2  ]  p 
tncl.  dlagr.  (AF  18(600)375)  Unclassified 

Published  In  Jour.  Amei.  Chem.  Soc.,  v.  77:  3929- 
3930,  July  20,  1955. 

A  measurement  of  the  transitional  moment-vector 
dtrection  for  the  ftrst  N,  V  transition  tn  amtdes  was 
obtained  on  sublimated  flakes  of  myrlstamlde,  In  the 
region  between  2300  aid  1600  A  with  ltght  polarized 
along  a  aid  b  crystallographic  axes  which  are  the 
principal  directions.  X-ray  precesston  photographs 
were  utilized  In  the  orlenlatton  of  samples.  The 
optical  denstty  ratios  observed  along  the  principal 
directions  over  the  long-wave- length  (1/3  of  lhe  main 
band)  were  constant  at  D^/Dj,  =  14.  62;  the  resulting 

value  for  the  ortentatton  of  the  eleclrlc  moment  ts 
R  =  x  arctan  0.  262,  where  5  Is  measured  from  lhe  a 
axis.  From  the  known  crystal  structure  of  myrtsta- 
mtde,  the  computed  ortentatlons,  Indicative  of  lhe 
amtde  group  ttself,  were  9.  1"  and  26.7“  from  the  line 
joining  the  N  and  O.  These  values  do  not  agree  wllh 
the  recent  data  reported  by  Ward  (Chem.  Abslrarls, 
v.  49:  7381a,  1955)  whtch  Inferred  that  absorption 
must  be  nearly  along  the  C-N  ltne  of  the  amide  group. 


W  AU.  01.010 

W  ashington  U.  Dept,  of  Chemistry,  Sealtle. 

LOW  RESOLUTION  ELECTRONIC  SPECTRUM  OF 
CRYSTALLINE  PAHA -D1METHOXYBENZENE  WITH 
APPLICATION  TO  BENZENE,  by  A.  C.  Albrecht 
amt  W.  T.  Simpson.  Aug.  1955  [6  ip.  lncl.  dlagrs. 
table,  refs.  (AF  18(600)375)  Unclassified 

Published  la  Jour.  Cliem.  Phys. ,  v.  23:  1480-  1435, 
Aug.  1955. 

The  spectrum  of  a  thin  (0.  37^)  crystal  of  para 
dlmelhoxybenzene  for  light  Incident  on  the  001  plane 
aid  polarized  along  the  a  and  b  crystallographic  axes 
Is  given.  From  this,  approximate  spectra  are  deter 
mined  for  the  two  ln-plane  directions  ol  the  molecule. 
Absorption  at  2900  A  Is  polarized  prrdi  mtly  in  a 
irectlon  perpendicular  lo  the  line  jolnli  .  sub 
sllluenls  while  absorption  at  2350  A  Is  parallel  to  this 
line.  The  2600  aid  2000  A  absorptions  tn  benzene  are 
related  respectively  to  the  2900  aid  2350  A  balds  In 


AIR  FORCE  SCIENTIFIC  RESEARCH 


WAU.  01:011  -  WAU.  01:014 


dlrnethoxybenzene  and  consequently  the  benzene  bands 
are  found  lo  arise  from  transition  to  upper  stales  of 
species  E>2u  and  Biu  respectively.  The  relation  lo 
conventional  orbllal  theory  Is  briefly  dtscussed. 
(Contraclor's  abstract) 


WAU.  01:011 

Washington  U.  Depl.  of  Chemtstry,  Seattle. 

SPECTROSCOPIC  STUDY  OF  WURSTER'S  BLUE  AND 
TETRAMETHYL-p-PHENYLENE -DIAMINE  WITH 
ASSIGNMENTS  OF  ELECTRONIC  TRANSITIONS,  by 
A.  C.  Albrecht  and  W.  T.  Simpson.  [  1955]  [  8  j  p. 
tncl.  dlagrs.  table,  refs.  (AF  18(600)375) 

Unclasslfted 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  77:  4454- 
4461,  Sepl.  5,  1955. 

The  vtstble  and  near  ultravtolel  bands  of  Wurster’s 
Blue,  and  the  ultraviolet  bands  of  N,  N,  N',  N'-lelra- 
methyl-p-phenylenedlamlne  are  sludled  experimentally 
and  given  qualitative  theoretical  Interpretation. 

Relative  symmetry  classification  of  the  electronic  wave 
functtons  ts  achieved  by  the  method  of  polarized  photo- 
oxldatton.  This  Information  together  with  one  absolute 
symmetry  classtftcalton  based  on  the  pleochrolsm  of 
crystals  of  Wurster's  Blue  perchlorate  leads  lo 
assignment  of  the  2600  A  band  of  benzene  as  Ajg-*  B2U, 

and  the  2000  A  band  of  benzene  as  Ajg-  -*  Biu. 
Ortentatton  effects  tn  polartzed  photooxldatlon  experi¬ 
ments  are  gtven  quantitative  constderalton.  (Con¬ 
tractor's  abstract) 


WAU.  01:0!  2 

Washington  U.  Dept,  of  Chemistry,  Seattle. 

RESONANCE  FORCE  THEORY  OF  CAROTENOID 
PIGMENTS,  by  W.  T.  Stmpson.  1 955  ^  [  5  ,  p.  tncl. 
diugrs.  refs.  (AF  18(600)375)  Unclasstfted 

Published  In  Jour.  Amer.  Chem.  Soc.,  v.  77:  6164- 
6168,  Dec.  5,  1955. 

A  theory  of  the  electronic  spectra  of  carotenoid  pigments 
is  presented  In  which  the  double  bonds  are  treated  as 
quasi  indejiendent  weakly  interacting  systems.  The 
excited  states  are  described  as  dertved  from  an  n-fold 
degenerate  manifold,  where  n  ts  the  number  of  double 
bonis.  The  states  split  Ulster  a  perturbation  patterned 
after  simple  electrostatic  resonance  Interaction.  A 
number  of  experimentally  observed  phenomena  are  con¬ 
sidered  Including  the  positions  of  energy  levels,  the 
ground  slate  sterlc  configuration,  Isomerization 
processes,  Intensities  and  tntenstty  changes.  (Con¬ 
tractor's  abstract) 


WAU.  01:013 

Washington  U.  Dept,  of  Chemistry,  Seattle. 

MODIFICATION  OF  THE  VECTOR  MODEL  TO 
INCLUDE  A  FIRST  ORDER  NON-ORTHOGONALITY 
CORRECTION,  by  W.  T.  Stmpson.  f  Mar.  1956] 

I  Op.  refs.  (AFOSR-TN-56-78)  (AF  18(600)375) 

AD  81530  Unclassified 

Also  published  In  Jour.  Chem.  Phys. ,  v.  25:  1124- 
1127,  Dec.  1956. 

When  the  vector  model  ts  used  to  describe  chemical 
bonding,  It  appears  that  the  orbitals  participating  In 
bond  formation  are  required  lo  be  orthogonal.  The 
success  of  the  model  on  an  empirical  basts  Is  puzzling 
because  chemtcal  binding  will  noi  occur  without  over¬ 
lap.  In  this  study  the  many-eleclron  functions,  con¬ 
sisting  of  products  of  appropriately  overlapping 
ordinary  alomtc  orbttats,  are  orthogonallzed.  The 
characteristic  stmple  form  of  the  model  is  then  re¬ 
tained  provided  that  the  exchange  Integral  Is  replaced 
by  a  corrected  exchange  integral  called  a  bond  Integral. 
The  success  of  the  model  becomes  less  puzzltng  be¬ 
cause  this  Integral  ts  usually  evaluated  empirically. 

The  nature  of  the  bond  integral  is  examined  In  lhe 
framework  of  the  Hetller- London  treatment  of  the  H2 
molecule.  (Contractor’s  abstract) 


WAU.  01:014 

Washington  U.  Depl.  of  Chemtstry,  Seattle. 

COUPUNG  STRENGTH  FOR  RESONANCE  FORCE 
TRANSFER  OF  ELECTRONIC  ENERGY  IN  VAN  DER 
WAALS  SOLIDS,  by  W.  T.  Stmpson  and  D.  L. 

Peterson.  [  1956]  ll9]p.  tncl.  dtagrs.  refs. 
(AFOSlt-TN- 56- 195)  (AF  18(600)375)  AD  87068 

Unc  lasstfled 

Also  published  In  Jour.  Chem.  Phys.,  V.  26:  538-593, 
Mur.  1957. 

The  Interpretation  of  the  absorptton  spectrum  of  a 
molecular  crystal  requires  a  knowledge  of  the  strength 
of  resonance  force  electrostatic  Interaction  between 
molecules  In  the  crystal  as  compared  to  an  energy 
parameter  charactertztng  the  molecular  vibrational 
level  pattern.  Depending  on  the  relative  magnitudes 
of  these  energy  terms  the  spectrum  reflects  absorption 
by  the  crystal  as  a  whole  or  by  Independent,  though 
oriented  molecules.  These  *  famlltar  cases  are  ex 
examined  from  both  stationary  state  and  ttme  de¬ 
pendent  points  of  view  with  the  object  of  defining  the 
energy  parameters.  The  resonance  force  Interaction 
term  Is  a  theoretically  derived  quanttty,  the  crystal 
electronic  band  width:  the  comparable  vtbratlonal 
energy  term  Is  shown  to  be  the  width  of  the  total 
electronic  bant  comprising  all  the  vtbronlc  transitions 
for  an  Isolated  molecule.  Particular  attention  ts  gtven 
to  the  case  In  w-htch  these  terms  are  nearly  equal. 
(Contractor's  abstract) 
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WAU.  01:015 

Washington  U.  Dept,  of  Chemistry,  Seattle. 

THEORETICAL  ELECTRONIC  SPECTRUM  OF  THE 
ALLYL  SYSTEM,  by  H.  D.  Hunt,  D.  L.  Peterson, 
and  W.  T.  Stmpson.  [June  1956]  [l7]p.  tncl. 
dtagrs.  tables,  rets.  (AFOSR-TN-56-285)  (AF  18- 
(600)375)  AD  89495  Unclasslfted 

Also  published  In  Jour.  Chem.  Phye. ,  v.  27:  20-23, 

July  1957. 

Properties  of  n -electrons  tn  ally!  anion,  cation,  and 
radtcal  are  calculated  by  tncludtng  Interaction  between 
antl-symmetrtzed  products  of  molecular -orbttal  (unc¬ 
tions.  Detailed  results  tn  the  form  ol  energtes  and 
orbttal  composition  of  n- electron  stele  function  (or  the 
anion  as  well  as  transttlon  Intensities  and  energies  (or 
all  3  molecules.  Including  and  excluding  configurational 
Interaction,  are  presented.  The  extent  to  which  a 
valence-bond-type  wave  (unction  resembles  an  obtained 
state  (unction  ts  Investigated  by  the  computation  of  over¬ 
laps  between  the  2  functions.  The  overlaps  and  energtes 
of  various  valence- bond -type  (unctions  are  presented, 
and  suggest  a  relatively  greater  appltcabtllty  of  the 
valence-bond  approach  In  the  case  of  the  neutral  radical 
compared  lo  that  of  the  tons.  (Contractor's  abstract) 


Published  In  Jour.  o(  Chem.  Phys. ,  v.  25:  1297- 
1298,  Dec.  1956. 

The  vector  model  ts  generally  constdered  not  too  well 
sutted  (or  abbrevtaled  valence  bond  calculations  tn 
which  not  all  of  a  set  of  tnteractlng  Itnearly  Independent 
canonical  structures  are  used.  But  the  model  can  be 
adapted  to  gtve  matrix  elements  connecting  bond 
etgenfuncttons.  This  ts  demonstrated  wtth  a  simple 
case  tn  which  the  exchange  degeneracy  problem  Is 
considered  for  the  n  electrons  tn  benzene  whereby  the 
Kekule  structures  are  used,  but  the  Dewar  structures 
are  omttted. 


WAU.  02:001 

Washington  U.  Dept,  of  Chemtslry,  Seattle. 

HYDROGEN  SORPTION  AND  THE  PARA  HYDROGEN 
CONVERSION  ON  EVAPORATED  NICKEL  FILMS,  by 
J.  H.  Stngleton.  Mar.  18,  1957  [  6 ]  p.  tncl.  dlagrs. 
tables,  refs.  [  Technical  note  no.  1  ]  (AFOSR-TN- 
56-211)  (AF  18(600)987)  AD  87525  Unclasslfted 


WAU.  01:016 

Washington  U.  Dept,  of  Chemtstry,  Seattle. 

CLASSIFICATION  OF  JT-ELECTRON  STATES,  ty  W.  T. 
Simpson.  [  1956  ]  [  6 1  p.  tncl.  dtagrs.  refs.  (AF  18- 
(600,375)  Unclasalfted 

Published  In  Jour.  Amer.  Chem.  Soc. ,  v.  78:  3585- 
3590,  Aug.  5,  1946. 

A  classification  of  n-electron  states  la  proposed  tn 
which  two  types  arc  distinguished.  The  ftrst  type  ts 
descrtbed  as  Involving  resonance  among  normal 
structures.  Empirical  jusltftcatlon  may  be  found  tn  the 
spectra  of  dyes,  radicals  and  aromatic  hydrocarbons. 
The  second  la  described  aa  tnvolvtng  resonance  among 
exctted  struc lures.  States  of  thla  type  are  reached  In 
transttlona  In  the  carotenoid  pigments.  The  spectra  of 
benzene,  azulene  and  naphthalene  are  examined  and  lhe 
varloua  states  classtfled  as  belonging  to  one  or  the 
other  of  the  two  types  under  consideration  (Contractor's 
abstract) 


Also  published  In  Jour.  Phys.  Chem. ,  v.  60:  1606- 
1611,  Dec.  1956. 

The  changes  tn  eleclrtcal  rest  stance  of  an  evaporated 
Nt  ftlm,  due  to  the  adaorptlcn  and  absorptton  of  H, 
have  been  studied  at  -78*.  Three  processes  have 
been  distinguished.  Initially,  H  ts  trreverstbly  adsorbed 
caustng  a  drop  In  resistance.  Thla  Is  followed  by 
reversible  adsorption  over  a  pressure  range  from  I0"5 
to  at  least  600  mm,  causing  an  increase  in  resistance; 
this  adsorbed  H  ts  responatble  for  the  parahydrogen 
conversion.  A  third  type  of  aorptlon  occurs  rapidly 
at  room  temperature  and  lo  an  appreciable  extent  al 
-78*,  decreasing  the  reatalance  of  the  ftlm  and 
polaonlng  the  catalyst  with  respecl  io  the  parahydrogen 
converalon.  The  limitations  Involved  tn  obtaining 
evaporated  metal  films  of  reproductble  properttea  are 
dtscussed.  (Contraclor'a  abstract) 


WAU.  01:017 

Washington  U.  Dept,  of  Chemtstry,  Seattle. 

CALCULATION  OF  BOND  EIGENFUNCTION  MATRIX 
KIJCMKNTS  WITH  THE  VECTOR  MODEL,  by  W.  T. 
Stmpson.  Dec.  1956  .  2 ip.  (AF  18(600)375) 

Unclassified 


WAU.  02:002 

Washington  U.  Dept,  of  Chemistry,  Seattle. 

ARGON  XENON  LAYER  FORMATION  ON  SMITH'S 
Bt-ACK  FORM  65*  TO  M0*K,  by  C.  I.  Vrenzlow  and 
U.  D.  Halsey,  Jr.  [Aug.  1956,  [22  a  p.  tncl.  dlagm. 
tabte,  rets.  (AFOSI1-TN-56  396)  (Al  19(604)247  and 
AF  18(600)987)  AD  96054  Unclassified 
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Also  published  In  Jour.  Phys.  Chem. ,  v.  61:  1158- 
1165,  Sept.  1957. 

Argon  (A)  Isotherms  have  been  determined  over  the 
range  70“-80"K,  In  order  lo  calculate  the  energies 
and  entropies  of  adsorption  of  A  on  bare  P-33(2700)  C 
black,  the  same  black  covered  with  1  layer  of  pread¬ 
sorbed  Xe  and  with  6  layers  of  Xe.  Since  the  Isotherms 
show  a  progressive  sharpening  of  their  stepwise  char¬ 
acter  with  reduction  In  temperature,  measurements  of  the 
the  Isotherms  of  A,  Oj,  and  Nj  were  made  at  65'K  on 
the  bare  surface  and  on  1  layer  of  Xe.  The  results  were 
compared  with  other  data  lo  provide  20  estimates  of  vm 
and  the  area.  A  study  of  the  riser  In  the  second  layer 
ol  Xe  from  65“  lo  70*K  tailed  lo  disclose  a  vertical 
discontinuity.  11  Is  concluded  *hal  the  2-dlmenslonal 
I  sing  model  Is  nol  applicable  lo  this  system.  (Con¬ 
tractor's  abstract) 


WAU.  03:001 

Washington  U.  Depl.  ol  Physics,  Seattle. 

STUDIES  OF  TRANSITIONS  BETWEEN  PURE  QUAD- 
RUPOLE  ENERGY  STATES  UNDER  PULSED  EXCITA¬ 
TION,  by  O.  J.  Judd  and  VV.  G.  Proclor.  Sept.  1954 
[  34  ]  p.  Incl.  dlagrs.  ([  AF  ]  OSR- TN-54-256)  (AF  18 
(600)653)  AD  59812  Unclassified 

The  transients  following  one  and  two  pulses  of  radio- 
frequency  excitation  forcing  transitions  between  the 
almost  pure  quad  ru pole  energy  levels  have  been 
examined  for  Cl35  In  NaClOj.  The  observed  patterns 
are  compared  lo  calculations  lor  a  number  ol  crystal 
orientations.  Both  nuclear  absorption  and  induction 
techniques  were  used,  and  general  formulas  are  pro¬ 
vided  lor  examination  ol  signals  for  both  techniques, 
with  the  restriction  that  the  electric  Ueld  gradient  Is 
axially  symme'rlc. 


WAU.  03:002 

Washington  U.  [Depl.  of  Physics,  Seattle ]. 

NUCLEAR  ELECTRIC  QUADRUPOLE  INTERACTIONS 
OF  B11  IN  KERNITE  (Abstract),  by  H.  L.  Blood  and 
W.  G.  Proclor.  [  1954]  I  1 .1  p.  !  AF  18(600)653  ] 

Unclassified 

Presented  at  Ueetlng  of  the  Amer.  Phys.  Soc. .  Seattle, 
Wash. ,  July  7-10,  1954. 

Published  In  1'hys.  Ilev.,  v.  96:861,  Nov.  1,  1954. 

Kernlte,  a  monocltnlc  crystal  of  space  group  1’2/c,  has 
lour  molecules  NajB^O^-lHjO  In  a  unit  cell.  Rotation 

ol  the  crystal  about  the  symmetry  axis  when  prrpendtcu 
lar  to  a  strong  magnetic  Ueld  H,,  reveals  a  pattern  ol  11 
lines  for  the  transitions  between  the  magnetic  energy 
levels  of  Ull  (I  -  3/2),  strongly  perturbed  by  the  nuclear 


electric  quadrupole  Interaction.  Rotation  about  an  axis 
perpendicular  lo  the  symmetry  axis  reveals  a  pattern 
of  21  lines,  which,  when  related  to  the  above,  estab¬ 
lish  four  non- equivalent  sites  for  the  boron  nuclei  In 
the  unit  cell.  One  rotation  Is  sufficient  lo  specify  the 
electric  field  gradient  tensor  (except  for  signs)  al  a 
nuclear  site  If,  as  Is  the  case  for  two  of  the  sites,  the 
transitions  are  such  that  second  perturbation  methods 
may  be  used  In  the  analysis.  In  this  way  we  have  ob¬ 
tained  a  tentative  value  for  the  quadrupole  coupling 
constant  al  one  site  lo  be  1250  kc.  Rotation  about  a 
third  axis  Is  now  In  progress. 


WAU.  03:003 

Washington  U.  Depl.  of  Physics,  Seattle. 

A  NOTE  ON  THE  STRUCTURE  OF  KERNITE,  by  H.  L. 
Blood  and  W.  G.  Proctor.  Mar.  1955,  4p.  Incl.  tables. 
([  AF]OSR-TN-55-35)  (AF  18(600)653)  AD  58380 

Unclassified 

A  study  was  made  of  the  nuclear  electric  quadrupole 
Interactions  of  B"  and  Na23  In  a  single  crystal  ol 
kernlle,  NajB^O^-lHjO,  the  low  hydrate  of  the  sodium 

blborales,  using  nuclear  magnetic  resonance  techniques. 
Analysis  of  the  frequency  dependence  of  the  various 
transitions  Involved  upon  crystal  orientation  In  the 
magnetic  field  was  carried  out  according  lo  the  theory 
of  Voikoff  (Canad.  Jour.  Phys.,  v.  31:  820,  1953). 

The  analysis  shows  that  there  are  4  nonequlvalenl  sites 
lor  B  In  the  lelramolecular  unit  cell.  Two  of  these 
sites  have  strong  quadrupole  Interactions,  and  2  have 
relatively  weak  Interactions  as  shown  by  thn  magnitudes 
ol  the  quadrupole  coupling  constants.  Furthermore, 
there  are  4  B  atoms  associated  with  each  site,  the 
positions  of  2  being  obtained  from  each  other  by  In¬ 
version  through  the  center  of  symmetry,  and  the  posi¬ 
tions  of  the  remaining  2  being  obtained  from  these  by 
rotation  about  the  2- fold  symmetry  axis.  Tabular  data 
present  for  each  site  the  absolute  values  of  the  largest 
quadrupole  coupling  constant  and  the  eigenvalue  of  the 
eleclrlr  field  gradient  tensor,  the  asymmetry  para¬ 
meter,  and  the  orientation  of  the  principle  eleclrlc 
axis.  It  Is  pointed  out  that  the  present  data  conflict 
seriously  with  the  kernlle  model  proposed  by  Porloles. 


WAU.  03:004 

Washington  U.  [Dept,  of  Physics!  Seattle. 

SATURATION  OF  NUCLEAR  QUADRUPOLE  ENERGY 
LEVELS  BY  ULTRASONIC  MEANS  (Abstract),  by 
W.  H.  Tanttlia  and  W.  G.  Proclor.  [  1955]  [  l]p. 
([AF  j  GSJ1  TN- 55- 127)  (AF  18(600)653) 

Unclassllled 

Published  In  1‘hys.  Rev.,  v.  C8:  1854,  June  15,  .955. 
The  pure  quadrupole  energy  levels  of  Cl33  tn  NaCIOj 
have  been  partially  saturated  by  subjecting  a  NaCIOj 
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crystal  to  ultrasonic  waves  at  the  transttlon  frequency 
(30  me).  The  eipertment  was  performed  at  Itqutd 
nitrogen  temperature  at  which  the  thermal  relaxation 
ti  ne  ts  about  0.  9  sec;  the  acousttc  energy  was  Intro¬ 
duced  tnto  the  crystal  for  a  period  of  0. 3  sec.  The 
population  difference  of  the  two  energy  levels  was  de¬ 
termined  shortly  alter  the  cessation  of  the  ultrasonic 
pulse  by  the  amplitude  of  a  pulsed  nuclear  Induction 
signal.  It  was  observed  that  the  population  difference 
was  reduced  at  least  by  a  factor  of  five.  The  experi¬ 
ment  was  performed  In  order  to  study  the  relaxation 
mechanisms  of  the  Cl  nuclei  in  the  crystal.  (Con¬ 
tractor's  abstract) 


WAU.  03:005 

Washington  U.  [Dept  of  Phystcs]  Seattle. 

NUCLEAR  ELECTRIC  QUADRUPOLE  INTERACTIONS 
OF  Rb87  IN  A  RUBIDIUM  TUTTON  SALT  (Abstract), 
by  P..  F.  Kiddie  and  W.  G.  Proctor.  [  1 955  ]  [tip. 

([  AFlOSR-TN-55-128)  [  AF  t8(600)653l 

Unclassified 

The  splitting  of  the  normal  nuclear  Zeeman  spectrum  of 
Rb87  by  the  interaction  of  the  electric  quadrupole 
moment  with  the  electric  field  gradients  in  a  single 
crystal  of  the  monoclinic  Tutton  salt  Rb2Mg(90q)2‘  6H2O 
has  been  observed  with  a  nuclear  Induction  spectrom¬ 
eter.  We  find  that  there  are  two  distinguishable  sites 
In  the  btmolecular  unit  cell,  as  would  be  expected  from 
the  crystal  symmetry  (P2,a).  Analysis  with  pertuiba- 
tlon  theory  gtves  a  quadrupole  coupling  constant  of 
3109  i  50  kC/sec  with  an  asymmetry  parameter  q  equal 
to  .  48  a  .05  for  hoth  sites,  although  the  orientations  of 
the  principal  axes  of  the  field  gradient  tensor  are  not 
tdentleal.  From  the  known  value  ol  the  Rb87  quadruple 
moment  (Jf  xx)  Is  calculated  to  be  4.  3  x  10*  atatvolts/c m7, 
tndtcatlng  that  the  crystal  bonding  is  primarily  tonic  In 
character.  (Contractor’s  abstraci) 


'VAU.  03.006 

Washington  U.  Dept,  ot  Phystcs  Seattle. 

NUCLEAR  QUADRI  POLE  THERMAL  RELAXATION 
IN  SODIUM  CHLORATE,  cy  C.  It.  Chang.  Aug.  1965 
3t  p.  tnrl.  dlagr.  table,  lets.  (.  AF  OSH-TN-55 
tot)  (111  cooperation  with  Smith  Coll. ,  Nurthamptton, 
Mass.)  (AF  18(600)653)  AD  79857  Unclassified 

The  theory  of  nuclear  quadrupole  thermal  lelaxaHon  in 
solids  Is  applied  to  ttie  Cl  nucleus  In  the  NaClOj  crystal 
to  determine.  (I)  theoretical  vj-ucs  ot  the  thei  mat  re 
taxation  time  as  a  function  of  temperature;  and  (2)  the 
IHissttdllty  ol  externally  exciting  electric  quadrupole 
transitions  by  the  application  ot  ultrasonic  waves  ot  ap 
proprlate  frequency.  The  calculation  of  relaxation  time 
Is  baaed  on  a  simplified  imxlrt  In  »hlch  the  field-gra¬ 
dient  tensor  Is  assumed  to  have  axial  symmetry  and  to 


be  correctly  expressed  by  2  terms  tn  a  Taylor  expan¬ 
sion  of  the  distance  between  the  Cl  nucleus  and  a  stngle 
nucleus  that  ts  responsible  for  the  electrtc  fteld.  A 
semlphenomenologtcat  theoretical  calculation  ts  made 
of  the  temperature  dependence  of  the  nuclear  electrtc 
quadrupole  thermal  relaxation  time.  The  energy 
dealt j  t  squired  ta  ar,  ultrasonic  wave  lor  l.Jlucntlng 
the  thermal  relaxation  time  is  of  the  order  of  2  x  10** 
ergs/cu  cm/kc  over  the  natural  bandwidth  for  the  case 
ol  longitudinal  waves  at  liquid-air  temperature.  At 
room  temperature,  the  energy  required  would  have  to 
be  about  20  times  larger;  another  factor  of  20  would 
be  required  at  each  temperature  If  the  excitation  Is  to 
bt  transverse  rather  than  longitudinal  staves.  (AitriA 
abstract) 


WAU.  03:007 

Washington  U.  Dept,  of  Phystcs,  Seattle. 

ULTRASONIC  SATURATION  OF  NUCLEAR  MAGNETIC 
ENERGY  LEVELS,  by  W.  G.  Proctor  and  W.  A. 
Robinson.  Mar.  t,  t956  [  3j  p.  (AFOSR-  fN-56-t0t) 
(AF  1 8(600)653)  AD  820t4  Unclasstfted 

Also  published  in  rnvs.  Rev.,  v.  102:  1183-1184,  May 
15,  1956. 

A  change  In  the  population  of  the  nuclear  magnetic 
energy  levels  ol  Nau  In  a  single  crystal  of  NaCl  was 
observed  as  a  result  of  ultrasonic  excitation.  Tests 
were  performed  tn  a  steady  magnetic  Held  of  4220 
oersteds,  and  the  nuclear  magnetic  resonance  occurred 
at  a  frequency  of  4.75  mc/sec.  Thermal  relaxation 
time  was  8  sec  at  room  temperature.  A  decrease  in 
the  m  =  »-  3/2,  m  -  -3/2  population  difference  for  a 
small  range  ot  ultrasonic  frequencies  centered  exactly 
at  twtee  the  nuclear  frequency.  The  difference  of  fre¬ 
quency  values  was  4  kc/sec  for  the  population  decrease, 
which  was  t/2  ot  the  maximum  decrease. 


WAU.  03:008 

Washington  U.  Dept,  of  Physics  Seattle. 

ULTRASONIC  EXCITATION  OF  NUCLEAR  MAGNETIC 
ENERGY  LEVELS  OF  Na77  in  NaCl,  by  W.  G. 

Pro- tor  and  W.  A.  Itoblnson.  1956  Iv.  Inch  dtagrs. 
tables,  refs.  AFOSR  TN  56  465  AF  18(600)653 
At)  97093  Unclassified 

Also  published  la  Phys.  Itev.,  v.  104  1344  1352,  Dec. 

1,  1956. 

The  nuclear  magnetic  levels  ol  Na77  In  a  single  crystal 
ol  NaCl  placed  In  a  strong  magnetic  Held  have  been 
saturated  by  the  pore  quadrupole  transttlon  '  m  2, 
caused  by  ultrasonic  excitation.  The  observed  transition 
rate  has  been  compared  with  theoretical  expressions  to 
first  that  the  electric  Held  gradient  generated  at  the 
nuclear  site  by  the  lattice  distortion  Is  very  close  to  thal 
expected  trom  a  simple  classical  model.  Hence  the 
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large  covalent  and  anti -shielding  factor  required  to 
explain  the  spin-lattice  relaxation  time  on  the  basis 
of  the  theory  of  Van  Kranendonk  (Physlca,  v.  20:  781, 
1954)  is  not  found.  Possible  reasons  for  this  dis¬ 
crepancy  are  discussed.  (Contractor's  abstract) 


WAU.  03:009 

Washington  U.  [Dept,  of  Physics]  Seattle. 

INFLUENCE  OF  ULTRASONIC  ENERGY  ON  THE 
RELAXATION  OF  CHLORINE  NUCLEI  IN  SODIUM 
CHLORATE,  by  W.  G.  Proctor  and  W.  H.  Tanlllla. 

[  1956]  [  7  J  p.  lncl.  diagrs.  tables,  refs.  [  AF  18- 
(600)653]  Unclassified 

Published  in  Phvs.  Rev.,  v.  101:  1757-1763,  Mar.  15, 
1956. 

An  investigation  of  the  direct  and  Indirect  thermal 
relaxation  processes  of  Cl35  In  a  single  crystal  of 
NaC103  has  been  made  hy  using  pulsed  techniques 
The  temperature  dependence  of  lhe  Indirect  process 
has  been  measured  al  four  temperatures  ranging  be 
lween  room  temperature  and  liquid  nitrogen  tempera- 
lure.  The  experimental  results  are  In  good  agreement 
with  lhe  theoretical  results  of  Chang.  The  direct 
process  has  been  studied  by  Introducing  Into  lhe  crystal 
ultrasonic  energy  at  a  frequency  equal  to  the  transition 
frequency  between  lhe  lwo  quadrupolar  energy  levels 
of  lhe  Cl'5  nucleus.  The  agreement  between  lhe 
theoretical  dependence  of  lhe  dlrecl-process  relaxation 
lime  as  a  function  of  the  energy  density  of  lhe  lranslllon- 
frequency  lattice  vibration  Is  poor.  The  experiment, 
as  done,  has  the  basic  weakness  lhal  lhe  calculated 
energy  density  of  the  Introduced  lattice  vibrations  Is  a 
function  ol  lhe  phonon  relaxation  lime,  Tp,  a  quantity 
only  poorly  known  In  the  inosl  favorable  cases.  A 
dllferent  method  for  making  lhe  same  lype  of  study 
Independent  of  the  phonon  relaxation  lime  ts  discussed. 
(Contractor's  abstract) 


WAU.  03:010 

Washington  U.  Depl.  of  Physics  Seattle. 

Ut.TllASONIC  EXCITATION  IN  NjN03  (Abstract),  by 
It.  T.  Schumacher  and  W.  A.  ltoblnson.  1956  1  .  p. 

AF  18(600)653  Unclassllled 

Presented  at  meeting  of  lhe  Amer.  l'hys.  Soc. ,  Eugene, 
Ore.,  June  21-23,  1956. 

Published  ill  Dull.  Amer.  l'hys.  Soc.,  Series  11,  v.  1 
254,  June  21,  1956. 

We  have  observed  the  eflects  ol  ultrasonic  excitation  ol 
pure  quadrupole  transitions  ol  N'a35  nuclei  In  a  single 
crystal  ol  Na.NOj.  Pound  has  shown  that  the  in  3  2 
I)  m  t  2  and  in  -t  2  to  m  3  2  'ransltlons  are 
split  lrom  the  center  line  by  static  electric  Held  gradients 


split  from  the  center  line  by  static  electric  field  gra¬ 
dients.  It  was  observed  In  the  experiment  that  the 
magnetic  resonance  absorption  curve  of  the  center 
line  at  vQ  by  cw  techniques  inducing  A  m  ■  ±  2 
transitions  between  m  =  1/2  and  m  =  -3/2  levels  by 
means  of  an  x-cut  quartz  transducer  tuned  to  2v0  + 

6  ,  where  5  Is  lhe  splitting  of  lhe  satellites  from  the 
center  line.  The  strength  of  the  center  line  absorption 
signal  was  observed  to  vary  as  a  function  of  power  to 
lhe  transducer  In  a  manner  essentially  In  agreement 
with  the  theoretical  predictions  of  m  =  1/2,  m  =  -1/2 
population  difference  as  a  function  of  m  =  1/2  e»  m  = 
-3/2  transition  probability.  The  experiment  also 
yields  Information  aboul  lhe  phonon  relaxation  time 
In  NaN03.  Orientation  dependence  of  lhe  center  line 
absorption  signal  at  a  single  ultrasonic  power  level 
will  be  discussed. 


WAU.  03:011 

Washington  U.  [Depl.  of  Physics]  Seattle. 

NUCLEAR  QUADRUPOLE  INTERACTIONS  IN  TWO 
TUTTON  SALTS,  hy  R.  F.  Kiddle  and  W.  G. 

Proctor.  [  1956j  [  5  J  p.  lncl.  diagrs.  table,  refs. 

[AF  18(600)653]  Unclassified 

Published  In  Phvs.  Rev.,  v.  104:  932-936,  Nov.  15, 
1958. 

This  paper  reporls  results  of  nuclear  Induction  experi¬ 
ments  on  lwo  isomorphic  single  crystals  of  Tullon’  s 
sails,  Hb2Mg(SO4)2'6H20  and  Cs2Mg(S04)2’ 6I120, 

belonging  lo  crystal  class  P2j/a.  The  splittings,  due 
lo  nuclear  eteclrt  qnadi  jpole  interactions  of  lhe 
nuclear  magnetic  resonance  spectra  ol  Hb87  and  Cs133 
observed  In  these  experiments  are  analyzed  by  using 
perturbation  theory.  Analysis  of  lhe  data  yields  a 
quadrupole  coupling  constant  for  lib87  of  |  eQq/h  |  = 
3141  ±35  kc/sec,  and  the  asymmetry  of  lhe  field  gra¬ 
dient  al  lhe  nuclear  site  is  n  (0Xx  -  0  yyi/fzz  ~ 

0.47x0.01.  The  principal  axis  of  lhe  field  gradient  Is 
directed  loward  lhe  nearest  sulfate  Ion  bul  no  correla¬ 
tion  of  asymmetry  and  near  neighbor  locations  Is  ob 
served.  Comparison  ol  the  magnitudes  of  lhe  field 
gradient  at  the  nuclear  sites  of  lib  and  Cs  were  ob¬ 
tained  by  comparing  the  observed  line  patterns  for  lhe 
symmetry  axis  rotations,  using  the  known  moments  of 
Cs  and  Rb.  The  complexity  ol  the  Cs  spectra  pre 
eluded  a  more  complete  comparison  ol  the  electric 
lleld  symmetry.  (Contractor's  abstract) 


WAY.  01:001 

Wayne  Stale  .  U'.  Dept,  ol  Chemistry,  Detroll,  Mich. 

ON  CUPROUS  OXIDE  PHOTOVOLTAIC  CELLS  1. 
HAND  STRUCTURE  OK  CUPROUS  OXIDE  AND  THE 
EFFECT  OK  SULFIDING,  by  H.  J.  Uowlden  and  G.  M. 
McManus.  Nov.  1954,  28p.  diagrs.  rels.  (Technical 
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note  no.  1)  ([  AF  ]  OSR-TN-54-329)  (AF  18(800)481) 

AD  53878  Unclassified 

This  work  stems  from  the  original  discovery  by  Ftnk 
a.kl  Adler  that  the  photocurrent  from  cuprous  oxide 
photovoltaic  cells  Is  Increased  If  the  cells  have  been 
subjected  to  a  sulfldtng  treatment  so  that  the  top  layer 
uf  I  he  oxide  Is  converted  bo  cuprous  sulfide,  A  review 
of  Information  available  to  date  on  cuprous  oxide  Is 
presented,  with  an  analysis  and  conclusions  concerning 
the  band  structure  of  this  material.  Data  from  Hall 
ellect  and  conductivity  measurements  art  combined  to 
yield  a  value  of  2. 0  ev  for  the  width  of  the  forbidden 
region,  with  acceptor  levels  at  0. 3  ev  above  the  top  of  the 
filled  band.  Sensitivity  to  method  of  preparation  ts  dis¬ 
cussed.  In  the  experimental  portion,  the  methods  of 
preparing  and  rfulfldit>g  the  cuprous  cxUi  cells  arc 
d  scribed.  The  experiments  to  study  the  effect  of  the 
sulfiding  on  the  response  of  the  cells  are  described  and 
discussed.  It  Is  found  that  for  over-all  sulfiding,  short 
sulfiding  times  yielding  thin  films  of  the  sulfide  give  the 
greater  Improvement  while  thicker  films  may  even  cause 
a  decrease  In  output.  In  further  experiments  using  open 
mesh  top  contacts,  It  Is  found  that  the  greatest  Improve¬ 
ment  Is  obtained  wren  there  Is  sulfide  only  under  the 
contact.  It  Is  concluded  that  the  effect  of  the  sulfiding 
treatment  Is  to  create  a  iow  resistance  ohmic  contact. 
This  view  Is  supported  by  experiments  with  a  moving 
light  probe.  Further,  various  cells  were  made  from 
Isolated  films  of  cuprous  oxide  by  applying  sliver  paint 
contacts,  and  studies  on  these  Indicate  that  the  ordinary 
unsulfided  contacts  are  rectifying  while  the  sulfided 
contacts  are  nonrectifying.  (Contractor's  abstract) 


WAY.  01:002 

Wayne  [State  |  U.  [Dept,  of  Chemistry]  Detroit,  Mich. 

THE  MAXIMUM  EFFICIENCY  OF  SOLAR  ENERGY 
CONVERSION  BY  QUANTUM  PROCESSES,  by  D. 

Trtvtch  and  P.  A.  Fltnn.  [  1954  J  8p.  [  AF  18(000)481  J 

Unclassified 

A  method  ts  presented  for  the  calculation  of  the  maximum 
conversion  efficiency  of  photovoltaic  cells  considered  as 
converting  solar  energy  Into  electrical  by  quantum  pro¬ 
cesses.  Mathematical  expressions  are  developed  for 
computing  the  total  useful  sotar  r.  llatton  absorbed  by 
such  a  cell  above  a  threshold  frequency  v0  and  for  the 
maximum  efficiency  lor  any  given  value  uf  vD.  The 
optimum  threshold  wavelength  of  solar  radiation  re¬ 
ceived  at  the  earth's  surface  ts  found  to  be  about 
1 1,  600A*  ;  the  efficiency  for  this  choice  of  threshold  ts 
40%  or  more.  Possible  Increase  tn  efficiency  by  use  of 
multiple  converters  or  by  minimizing  back  diffusion  ts 
etted,  and  the  calculation  of  the  optimum  threshold  and 
efficiency  is  appended. 

WAY.  01.003 

Wayne  I  State  j  U.  [  Dept,  of  Chemistry  Detroit,  Mtch. 
PHOTOVOLTAIC  CELLS  tN  SOtAlt  ENKttGY  CONVEtt 


SION,  by  D.  Trtvlch,  P.  A.  FUnn,  and  H.  J.  Bowlden. 
[  1954]  lip.  tncl.  dlagrs.  table.  [AF  18(600)481] 

Unclassified 

The  function  and  mechanism  of  n-p  type  photovoltaic 
cells  are  Illustrated  and  described.  Various  factors 
affecting  the  power  efficiency  for  conversion  of  solar 
Into  elec  trie  at  energy  are  briefly  analyzed  and  dis¬ 
cussed.  Measured  values  for  commercial  selenium 
cells  of  1.  5  cm2  area  at  various  quaUtles  and  In¬ 
tensities  of  light  are  tabulated  with  regard  to  short 
circuit  Cue  t  etil,  open  circuit  potential  maximum  power , 
quantum  yteld,  voltage  end  power  efficiency. 


WAY.  02:001 

Wayne  [State]  U.  [Dept,  of  Mathematics  J  Detroit,  Mich. 

ON  A  PROBLEM  OF  MINIMAL  SURFACE  AND  OF 
COMPRESSIBLE  FLOW  EQUATION  WITH  POLYGONAL 
BOUNDARY  (I),  by  Y.  W.  Chen.  Jan.  1954,  45p. 

([  AF  ]  OSR-TN-54-10)  (AF  18(600)437)  AD  25396 

Unclassified 

Presented  at  meeting  of  the  Amer.  Math.  Soc. ,  New 
York,  Apr.  23-24,  1954. 


338,  July  1954. 


L  Bull.  Amer.  Math.  Soc. ,  v.  60: 


The  problem  of  a  minimal  surface  In  the  compressible 
flow  of  a  gas  obeying  Chaplygin's  approximate  adiabatic 
law  la  disturbed  aa  part  of  an  investigation  of  a  urAlonn 
stream  disturbed  by  the  presence  of  a  polygonal  profile. 
Solutions  wtth  convex  polygonal  profiles  are  obtained  tn 
the  physical  plane  by  a  method  o.*  conformal  mapping 
which  generalizes  the  classical  Schwarz-Chrtstoffel 
formula. 


WAY.  02:002 

Wayne  [State]  U.  [Dept,  of  Mrtherrj.tlc'iJ  Detroit,  Mtch. 

ON  A  MIXED  BOUNDARY  VALUE  PROBLEM  OF 
HARMONIC  FUNCTIONS,  by  N.  Pernavs  and  Y.  W. 
Cher..  Nov.  1954,  6p.  ([  AFjOSR-TN-54  3t0) 

(AF  18(600)437)  AD  51760  Unclassified 

Also  published  In  Proc.  Amer.  Math.  Sue.,  v.  7:  1 27 - 
130,  Feb.  1956. 

A  simple  proof  ts  gtven  by  the  use  of  subharmonic 
functions  of  the  existence  and  uniqueness  of  the  mixed 
boundary  valu-':  problem.  The  proof  Involves  the  use  of 
conformal  mapping,  and  ts  the  only  step  of  the  proof 
which  cannot  be  used  to  treat  the  problem  for  more 
than  2  Independent  variables. 

WAY.  02:003 

Wayne  (State j  U.  iDept.  of  Mathematics)  Detroit,  Mich. 
DEGENERATE  SOLUTIONS  OF  PARTIAL 
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DIFFERENTIAL  EOUATIONS,  by  Y.  W.  Chen.  June 
30,  1954  [7|p.  (AF  18(600)437)  Unclassified 

Published  in  Proc.  Amer.  Math.  Soc. .  v.  6:  855-861, 
Dec.  1955. 

The  equation  of  motion  of  compressible  fluids  is  of  the 
form 

n 

(*)  L(u)  =  )  aij(p1,p2,  p^u/dx^xj  =  0 
i,j=l 

(Pi  =  — ). 
a*i 

A  solution  of  (*),  whose  first  partial  derivatives  satisfy 
n  -  8  functional  relations 

Pa  "  ^(Pj.  * ' - .  PS)  (a  *  s  +  1,  s  *  2,  •  •  • ,  n) 

among  themselves  is  called  a  "s-tuple  wave"  (degenerate 
compressible  flow).  A  necessary  and  sufficient  condition 
for  the  existence  of  a  degenerate  solutton  u,  of  the  type 
of  an  s-tuple  wave,  with  nonvanishing  determinant 
|  d^u/dx^ix]  I  is  the  following:  the  n  -  s  *  1  functions  F“ 

and  G  satisfy  a  system  of  C(n  -  1,  s  •  1)  differential 
equations  of  second  order  and  degree  s  -  1,  in  the 
variables  p^, 

(••)  (au+  2algdJ«/apk+  aojdf^/ipjdH/dpkJPutWm 


lxad2Fa/dpjdp|t  +  a?G/dpjdpj,  |  /  0. 

The  author  introduces  new  independent  variables 

xj ',  •  •  • ,  xn'  and  dependent  variable  u'(xj  ',•••,  xn“)  by 

the  elementary  contact  transformation: 

V  *  Pk‘  xa  *  *a,  u'  «  u  -  p^,  pk'  *  -  xk,  pa'  -  pa. 
Hence  one  obtains: 

°<xl  >  *2  •  xs)  *  u'  -  »a'J*(Xj',  •••,  x,.,'). 

Each  P^(~)  is  a  homogeneous  polynomial  of  degree  s  -  1 

in  the  second  derivatives  of  Fa  and  G  with  integer  coef¬ 
ficients.  In  the  case  of  double  waves  (s  -  2)  there  are 
n  -  1  equations  and  the  same  number  of  unknown  func¬ 
tions  F'Mpj.pj)  and  G(p| ,  pj).  Centered  waves  are  those 
with  G  *  0.  An  Interesting  example  is  given  by  L(u)  • 
A2u(xj,X2>xj).  The  corresponding  equation  (**)  is  the 
differential  equal  too  of  minimal  surfaces.  The  solution 
of  the  initial -value  problem  for  the  functions  F°(pj ,  pj) 

(s  =  2.  problem  I),  which  exists  uniquely  in  a  neighbor¬ 
hood  of  the  initial  curve  ?  in  the  (P|,P2) -plane: 

Pi  “  ■i<x).  Pa  •j(T) 

gives  a  solution  of  the  initial-value  problem  for  the  ’in- 
known  function  u(x)  (in  the  neighborhood  of  an  initial 
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manifold  Mn.  j  in  the  x- space,  problem  H).  Conversely, 

one  can  find  by  simple  means  of  differentiation  and 
elimination  from  an  unique  solution  u  =  U(x)  of  problem 
II  the  solution  of  problem  L  The  author  discusses  es¬ 
pecially  the  case  of  constant  coefficients  ay,  L(u)  is 

totally  and  the  initial  manifold  is  "space  like".  (Math. 
Rev.  abstract) 
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Wayne  [State)  U.  [Dept,  of  Mathematics)  Detroit,  Mich. 

ON  A  BOUNDARY  VALUE  PROBLEM  OF  MINIMAL 
SURFACES  (H),  by  Y.  W.  Chen.  Jan.  1955,  28p. 

([  AF ] OSR-TN-5S-31)  (AF  18(600)437)  AD  53871 

Unclassified 

Presented  at  meeting  of  the  Amer.  Math.  Soc. , 
Ptttsburgh,  Pa.,  Dec.  27-29,  1954. 

A  proof  is  presented  of  an  existence  theorem  under  very 
general  assumptions  on  the  boundary  curves.  The 
theorem  ts  proved  for  any  convex  polygon,  and  the 
theorem  ts  extended  to  boundary  curves  which  consist 
of  convex  arcs  wtth  a  ftrdte  number  of  protruding  cor¬ 
ners.  The  general  case  makes  essential  use  of  level 
lines  of  the  harmonic  function  -qx(w)+  py(w)  ±  z*(w); 
petq  =  eta,  where  a  ts  arbttrary  and  z*(w)  ts  the  har¬ 
monic  conjugate  of  z(w).  Uniqueness  ts  obtained  for 
symmetrtcai  profiles.  The  behavior  of  the  dtscontl  nutty 
around  the  corners  ts  studted.  A  different  version  of 
the  results  ts  formulated  tn  terms  of  the  conjugate 
minimal  surfaces,  and  an  elementary  proof  of  the  ex¬ 
istence  for  a  convex  symmetrtcai  profile  ts  sketched. 
(ASTI A  abstract) 
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Wayne  [State]  U.  [Dept,  of  Mathematics]  Detroit,  Mich. 

DISCONTINUITY  AND  REPRESENTATIONS  OF  MINIMAL 
SURFACE  SOLUTIONS  by  Y.  W.  Chen.  [l9SS]  [  24  ]  p. 
refs.  [AF  18(600)437]  Unclassified 

Published  In  Proc.  Conference  on  Differential  Equation*, 
Maryland  U. ,  College  Park  (Mar.  17-19,  1955),  1956, 
p.  115-138. 

Proof  Is  given  of  the  existence  of  a  solution  z(x,  y)  of 
Uie  mtmmal  surface  equation 

^  V(1  *  *x3  *  y3)  )x  VU  *  ♦  *y2>  y 

which  ts  defined  exterior  to  a  closed  convex  curve  C, 
such  that  (t)  Vz  lends  to  a  prescribed  finite  Itmtt  at  In¬ 
finity,  and  (It)  8z/6n  =  0  on  C  tn  a  generalized  sense. 
The  curve  C  ts  assumed  to  possess  at  most  a  finite 
number  of  protruding  corners.  A  motivation  for  the 
problem  can  be  found  tn  the  fact  that  solutions  of  the 
above  equation  can  be  viewed  as  local  approximations 
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to  "subsonic"  solutions  of  the  equations 

(pzx)x  +  (pZy)y  =  0, 

P  =  [1  - J_L(zx2  +  Zy2)],/(Y1)(Y  >  1), 

4 

which  describes  the  flow  of  an  Ideal  compressible  fluid. 
The  problem  Is  first  solved  in  terms  of  unlformizing 
parametric  coordinates  (u,  v)  by  means  of  an  established 
variational  procedure.  The  chief  new  difficulty  is  to 
show  that  the  Jacobian  J(x,  y)/d(u,  v)  does  not  vanish  for 
this  solution.  This  is  done  by  a  careful  study  of  the 
behavior  of  the  "Tchaplygin  function" 


1  ♦  V(1  ♦  Zx2  +  zy2) 

which  is  an  analytic  function  of  u  +  iv  for  any  solution, 
and  is  r.hvtously  bounded  ir.  magnitude,  in  the  case 
that  C  Is  a  convex  polygon,  the  author  shows  that 
iz/Jn  exists  and  vanishes  at  all  points  ol  C  except 
at  the  vertices,  where  the  solution  surface  necessarily 
contains  a  vertical  segment.  As  a  corollary  of  his 
method,  the  author  shows  that  the  corresponding 
p  iblem,  In  which  fit)  is  replaced  by  (11’)  z  =  0  on  C, 
admits  no  solution  for  any  polygonal  contour  C.  (Math. 
Rev.  abstract,  modified) 
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Wayne  [State;  U.  [Dept,  of  Mathematics  i  Detroit,  Mich. 

REFLECTION  LAWS  OF  LINEAR  DIFFERENT  IAL 
LOCATIONS  OF  MIXED  TYPE,  hy  Y.  W.  Chen.  Aug. 
1956,  3 Op.  (AFOSR-TN-56-  3991  (In  cooperation  with 
Calif.  U. ,  Berkeley)  (AF  18(600)437)  AD  96057 

Unclassified 


PllbliStedJn  Commun.  Pure  and  Appl.  Math.,  v.  9. 
373-381,  Aug.  1956. 

Published  In  Trans.  Symposium  on  Partial  Differential 
Equations,  California  U. ,  Berkeley  (June  20-July  1, 
1955),  N.  Y. ,  Interscience  Publishers  Inc. ,  1955, 
p.  75-83. 


This  paper  consists  of  two  parts.  The  first  pari  Is 
concerned  with  hyperbolic  differential  equations  of  the 
following  form:  A(cpx,Hy)  +■  B(-px,  "y)  H™  + 

C(  -X,  5y)  iyy  +  k(-nx,  -Syjy-1  Hy  =  0.  A  discoi.'inuity 

of  a  second  derivative  ol  v  propagates  along  the  Back¬ 
ward  characteristics  to  a  point  P  on  the  axis  y  =  0,  and 
the  question  Is  how  this  continuity  will  be  reflected 
from  the  axis  into  the  interior  of  the  domain  along  the 
forward  characteristic  Issued  from  P.  This  paper 
demonstrates  in  a  very  simple  manner  both  the 
quantitative  and  qualitative  features  of  the  non-linear 
behavior  of  the  solution,  without  going  Into  the  details 
of  the  convergence  procedure  which  Is  Indicated.  In 
the  second  part  of  this  paper  statement  Is  made  of  an 
existence  theorem  for  the  equation  of  minimal  surfaces, 
and  an  outline  of  the  proof  is  given.  The  problem  is  to 
find  a  solution  z(x,  y)  of: 


7. 2)  Z 

y  xx 


2Vy*xy 


(1  ►  z 


yy 


=  o 


in  the  exterior  of  a  convex  curve  C  with  a  finite  number 
of  protruding  corners,  such  that  It  has  a  preassigned 
normal  direction  at  Infinity  and  5*/8n  -  0  on  C. 
(Contractor's  abstract,  modified) 
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A  study  Is  made  of  a  simple  class  of  equations  of  the 
form  *sUyy  ♦  uxx  -  0,  with  s  a  0  and  ol  the  analytical 
extension  of  the  solutions.  The  following  theorem  is 
proved:  Let  u(x,  y)  be  a  given  solution  of  class  C2  in 

a  domain  0  •  x  <  1,  a  y  •  b  with  continuous  first 
and  mixed  2nd  derivatives  on  x  0,  and  let 
u(U,y)  ~  T„iy),  ux(0,y)  T,(y).  Then  (I)  T0(y)  and 

Tj(y )  uniquely  determine  the  solution,  and  (2)  when  one 
of  the  Tj(y)  is  zero,  the  other  Is  necessarily  an  analytic 
function  of  y.  In  the  latter  case  u(x,  y)  can  be  extended 
to  become  an  analytic  function  of  2  complex  variables. 
The  classical  reflection  prtr.ctple  for  harmonic  func¬ 
tions  (s  01  Is  generalized. 
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Wayne  [Stale  U.  Dept  of  Mathematics  Detroit,  Mich. 

DISCONTINUITY  OF  SOLUTIONS  OF  QUASI -LINEAR 
DIFFERENTIAL  EQUATIONS  IN  TWO  VARIABLES,  by 
Y.  W.  Chen.  Aug,  1956  9  p.  rels.  AF  18- 

(600)437  Unclassified 


Wesleyan  U.  Dept,  of  Chemistry,  Mlddlelawr,  Conn. 

THE  APPARENT  ADSORPTION  SPEC1  iU'.M  OF 
PHOTOLYT1C  COLLOIDAL  SILVER,  by  E.  V. 
Rosenberg,  R.  M.  Rosenberg,  and  J.  oomez-Ibanez. 
Aug.  27,  1956  [7  p.  lncl.  diagrs.  table.  (AFOSR- 
TN-56-421)  (AF  18(600)343)  AD  96502 

Unclassified 


In  this  study  AgBr  sola  were  added  to  mixtures  ol 
NH3  Na2S20j.  The  resulting  solutions  were  colorless 

If  the  sols  had  not  been  exposed  lo  light,  but  exhibited  -  _ 

a  yellow-brown  color  t!  they  had  been  exposed  lo  a  - 

100  w  bulb  Ughl  source.  The  absorption  spectra  of  the 

exposed  solutions  (photolyllc  Ag  sals),  determined  with 

Dechmar.  DU  or  Model  D  spectrophotometers,  showed 

a  broad  peak  near  410  mu  which  changes  shape  and  de 

creased  In  absorbancy  over  a  24  hr  period.  Test  re 

suits  Indicated  that  Ihe  apparent  absorption  spectrum  Is 

produced  by  colloidal  Ag,  thus  supporting  the  talent 

image  hypothesis.  The  hypothesis  Is  further  strengthened  9  9 

by  the  results  of  Van  Kreveld  and  Jurrtens  (Physlca, 
v.  4  285,  1937)  who  measured  the  decrease  In  Irans 
mllUnce  ol  a  photographic  emulsion  on  exposure. 
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Westlnghouse  Electric  Corp.  Westlnghouse  Research 
Labs. ,  Easl  Pittsburgh,  Pa. 

INVESTIGATION  OF  PROPOSED  HIGH-VOLTAGE 
BREAKDOWN  MECHANISM,  by  A.  I.  Bennell,  Jr. 

June  23,  1954,  6p.  lncl.  dlagrs.  refs.  (Repl.  no. 

71r  159-R1)  (AF  18(600)793)  Unclassified 

It  Is  known  that  If  a  sufficiently  high  potential  difference 
Is  Impressed  In  a  pair  of  electrodes  Immersed  In  a  high 
vacuum  (1.  e. ,  al  a  pressure  <  10"8  mm  Hg),  a 
catastrophic  reaction  occurs,  culminating  In  a  hlgh- 
currenl,  low-voltage  arc  limited  primarily  by  the 
power  supply.  Inasmuch  as  this  phenomenon  Is  usually 
a  limiting  factor  In  high-voltage  devices  employing 
vacuum  lubes,  attempts  have  been  made  to  determine 
lhe  nature  of  the  mechanism  involved  In  this  break¬ 
down.  A  mechanism  of  breakdown  proposed  some 
time  ago  by  J.  G.  Trump  and  R.  J.  Van  de  Graaf 
(Jour.  Appl.  Phys. ,  v.  18:  327,  1947)  Is  reviewed  In 
the  llghi  of  recenl  data  which  Indicate  thal  the  process 
may  actually  be  adequate  lo  explain  this  phenomenon. 
The  Trump-Van  de  Graaf  explanation  envisions  an 
electron,  produced  perhaps  by  field  emission,  leaving 
the  calhode  and  sinking  lhe  anode,  where  there  Is  a 
finite  probability  thal  a  positive  Ion  or  photon  will  be 
ejected.  All  of  the  positive  Ions,  and  a  geometrically  - 
determined  fraction  of  the  photons,  will  In  lurn  Impinge 
on  the  cathode,  releasing  some  electrons  by  pholo- 
emlsslon  or  by  Ion  secondary  emission.  If  the  average 
number  of  such  secondary  electrons  produced/primary 
electron  Is  >  1,  a  cumulative  process  will  occur,  re¬ 
sulting  In  breakdown.  A  proposed  experiment  Is 
described,  by  means  of  which  It  should  be  possible  lo 
obtain  quantitative  Information  about  this  mechanism. 
One  of  the  major  advantages  of  the  experiment  Is  lhat 
data  are  taken  without  actually  causing  breakdown, 
which  If  allowed  to  occur,  would  probably  change  the 
nature  of  the  electrodes,  making  the  results  of  sub¬ 
sequent  experiments  different.  A  disadvantage  of  lhe 
proposed  experiment  It  lhat  the  pholoelectron  pro¬ 
duction  Is  not  measured  under  conditions  of  hlgh- 
cathode  gradient  such  as  usually  exists  tn  actual  high- 
voltage  vacuum  Installations. 


WHE.  01:002 

Westlnghouse  Electric  Corp.  Westlnghouse  Research 
Labs. ,  East  Pittsburgh,  Pa. 

[  INVESTIGATION  OF  PROPOSED  HIGH-VOLTAGE 
BREAKDOWN  MECHANISMS  ,  by  A.  1.  Bennett,  Jr. 
Flml  rept.  Dec.  1,  1954,  7p.  lncl.  refs.  (Rept.  no. 
7 IF  1 59-R2)  (AF  18(600)793)  AD  51753 

Unclassified 

This  study  Is  concerned  with  high-voltage  breakdown 
tn  a  vacuum.  In  this  brtet'  revtew,  the  lollowlng  are 
presented:  (1)  a  description  of  the  basic  problem 
Involved:  (2)  the  experimental  apparatus  us-  -4;  ,3)  the 
experimental  and  theoretical  work  po  formed,  and  (4) 


the  present  and  proposed  experimental  program.  It  Is 
concluded  thal  the  necessary  apparatus  Is  available  for 
a  series  of  experiments  designed  lo  throw  light  on  lhe 
nature  of  the  fundamental  processes  of  high-voltage 
breakdown.  11  does  not  seem  likely  thal  an  experlmenlat 
program  Involving  the  actual  production  of  successive 
breakdowns  can  yield  much  exact  Information  on  the 
Initiation  mechanism,  since  lhe  discharge  Itself  radically 
alters  the  properties  of  the  surfaces  Involved.  The 
absence  of  actual  breakdown  Is  an  advantage  offered  by 
the  present  experimental  program.  II  Is  pointed  oul 
lhal  any  research  on  breakdown  Initiation  must  Include 
procedures  for  obtaining  and  preserving  lhe  cleanest 
possible  surfaces.  A  bibliography  of  41  references 

compiled  from  published  literature,  ranging  In  time 
from  1922  lo  1954,  is  Included. 


Whilemarsh  Research  Labs. ,  Wyndmoor,  Pa.  see 
Pennsylvania  Sail  Mfg.  Co.  Whilemarsh  Research 
Labs. ,  Wyndmoor. 
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W  isconsin  U. ,  Madison. 

CHARACTERIZATIONS  OF  FOURIER- STIELTJES 
TRANSFORMS,  by  W.  F.  Eberleln.  Sepl.  1,  1954, 

5p.  (Technical  nole  no.  2)  ([  AF  ]  OSR-TN-54-242) 
(AF  18(600)679)  AD  44481  Unclassified 

Also  published  In  Duke  Math.  Jour.,  v.  22:  465-468, 
Sepl.  1955. 

A  complex-valued  function  0(x)  on  a  locally  compact 
Abelian  group  G  with  character  group  6  Is  said  lo 
satisfy  condition  (B)  If  for  some  constant  M 

|  »n  *<V  j  -  M  ““P  J  i  »n<*n.5> 

I  I  x  c  G  1 

for  all  finite  sets  of  complex  numbers  (an)  and  points 
(x„)  In  G.  The  function  f  is  called  a  Fourler-Stleltjes 
transform  (F-S)  if  there  exists  'funded  Radon 
measure  U  on  C  such  that 

*(*)=■  (x,  x>ia(x). 

J  G 

The  main  result  Is  the  following  theorem:  If  0  Is 
measurable  and  satisfies  (B),  there  exists  a  unique 
Radon  measure  u  on  G  such  that  (F-S)  holds  nearly 
everywhere  tn  x  and  ||  U  |[  *  M^  where  M„  Is  the 

smallest  value  of  M  satisfying  B.  If  $  ts  continuous, 
then  (F-S)  holds  everywhere  and  [[  £  j  Mu. 
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Wisconsin  U. ,  Madtson. 

CN  NUMERICAL  INTEGRATION  1,  by  W.  F.  Ebcrletn. 


AIR  FORCE  SCIENTIFIC  RESEARCH 
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Nov.  2,  1954,  8p.  lncl.  table.  (Technical  note  no.  3) 

([  AF]OSR-TN-54-243)  (AF  18(600)679)  AD  52633 

Unclassified 

In  this  report,  It  Is  shown  that  lhe  choice  of  opttmai 
quadrature  formula  leads  to  lhe  problem  of  minimizing 
the  etpresslon 

E(s)  -  (s  *  l)’1  -V"  Am  X^,  (0  1  s  £  ■  ) 

-  m*l 

under  a  suttable  norm.  A  two-point  formula  Is  calculated 
which  Is  better  than  the  two- point  Gauss  formula  tn  a 
number  of  standard  cases.  (Contractor's  abstract) 
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Wisconsin  U. ,  Madison. 

THE  POINT  SPECTRUM  OF  WEAKLY  ALMOST 
PERIODIC  FUNCTIONS,  by  W.  F.  Eberleln.  Sept.  3, 
1954,  4p.  (Technical  note  no.  4)  ([  AF  ]  OSR-TN- 54- 
244)  (AF  18(600)679)  AD  44949  Unclassified 

A1  so  published  la  Mich.  Math.  Jour.,  v.  3:  137-139, 
1955-56. 

A  proof  Is  presented  for  the  following  theorem:  every 
function  a  In  the  family  W  of  weakly  almost  periodic 
functions  or.  a  locally  compact  Abelian  group  G  admits 
the  unique  decomposition  x~  Xj  +  12,  where  ij  Is  In 

the  algebra  u  of  almost  periodic  functions  on  G,  and 
M( |  ij  |2)  0;  x2  has  no  point  spectrum. 
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Wisconsin  U. ,  Madtson. 

A  NOTE  ON  FOL'ltiEll-STlELTJES  TRANSFORMS, 
bv  W.  F.  Eberletn.  June  1,  1954,  3p.  (Technical 
note  no.  1)  (AF  18(600)679)  AD  40281  Unclassified 

Also  published  In  Proc.  Amer.  Math.  Soc. ,  v.  6:  310- 
312,  Apr.,  1955. 

The  author  establishes  a  Parseval  formula: 

Mi  |  2  |  2)  ).  I  u  y  I  J, 

yc  G* 

where  u  ts  a  bounded  ltadon  measure  on  the  dual  G*  of 
a  locally  compact  Abelian  group  G,  M  denotes  the  mean 
value  over  G,  and  where  2  la  the  Fourier  transform  of 
M .  The  mean  value  used  Is  that  artstng  In  the  author's 
theory  ol  weak  almost  periodic  functions.  The  crux  of 
the  proof  lies  In  showing  that,  wtlh  the  mean  value  thus 
defined,  one  has  p  <0  M[p  ],  a  result  easily 
established  tn  the  case  of  the  real  ltne  owing  to  the 
special  fofis  of  M  there  applicable.  The  formula  ts 
applied  to  give  rapid  proofs  and  extensions  of  some 
^towa  results.  (Math.  Rev.  abstract) 
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Wisconsin  U. ,  Madison. 

ON  WEAK  COMPACTNESS  IN  FUNCTIONAL 
ANALYSIS,  by  A.  W.  Wymorc.  June  17,  1955,  55p. 
refs.  (Technical  note  no.  5)  ([  AF] OSR-TN- 55- 131) 
(AF  18(600)679)  AD  69754  Unclassified 

The  theory  of  weak  compactness  In  linear  topological 
spaces  ts  unified  and  developed  from  the  point  of  view 
of  the  set  of  real-valued  functions  continuous  on  a 
compact  Hausdorff  space  wtlh  the  topology  of  polntwlse 
convergence.  In  particular,  the  role  played  In  the 
theory  by  the  Lebesgoe  bounded  convergence  theorem 
Is  siudted  and  generallzatior  .i  resulting  from  tills  study 
are  expounded.  (Contractor's  abstract) 
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Wisconsin  U.,  Madtson. 

THE  SOLUTIONS  OF  THE  DIFFERENTIAL  EQUATION 
v"'+  X2zv' t  3plav  =  0,  by  K.  E.  Langer.  Mar.  1, 
1955  [  29 ]  p.  (Rept.  no.  1)  ([  AF]OSR-TN-55-70) 

(AF  18(600)1110)  AD  71479  Unclassified 

Also  published  In  Duke  Math.  Jour.,  v.  22:  525-542, 
Dec.  iS55. 

The  equation  v'"  ♦  X2zv'  ♦  3ul  *v  =  0,  where  u  ts 
arbitrary  and  \  a  complex  parameter  of  large  absolute 
value,  has  a  double  turning  point  at  z  =  0.  The  author 
derives  asymptotic  formulae  for  the  solutions  at  this 
turning  point.  Ftr»*„  the  principal  solutions  (1) 

Vj(i)  (j  -  0,  1,  2)  are  obtained  as  power  series  In  x. 

Then  for  each  Integral  Index  q  a  set  (2)  vq_  j(z)  of  formal 
solutions  In  powers  of  1/1  Is  established  which  repre¬ 
sents  actual  solutions  asymptotically  In  the  sector 
(q  -  l)r  i  *rgt£  qn(;  =  l/siXa2''*  2)  of  the  z- plane. 

Detween  the  solutions  of  the  set  (1)  and  those  of  any  set 
(2)  there  exist  linear  relations  wtth  coefficients  that  are 
independent  of  z.  The  matn  results  of  this  paper  con¬ 
sist  In  the  determination  of  these  relatione.  (Math. 

Rev.  abstract) 


WIS.  02:002 

Wisconsin  U. ,  Madtson. 

THE  SOLUTIONS  OF  A  CLASS  OF  ORDINARY  UNEAR 
DIFFERENTIAL  EQUATIONS  OF  THE  THIRD  ORDER 
IN  A  REGION  CONTAINING  A  MULTIPLE  TURNING 
POINT,  by  R.  E.  larger.  May  17,  1955,  29p.  (Rept. 
no.  2)  (1  AF  jOSR-TN-55- 143)  (AF  18(600)1110) 

AD  71480  Unclasstfled 

Also  published  In  Duke  Math.  Jour.,  v.  23.  93-110, 
Mar.  1956. 
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Asymptotic  forms  of  the  solutions  relative  to  the  com-  This  mathematical  study  is  concerned  with  the  differ- 

plex  parameter  \  which  is  unbounded  in  absolute  value 

arc  determined  for  the  equation  erentlal  eqnatlon  wXv  +  X^  [  P(z,  X  )ui  +  Q(z,  X  )m'  + 


^  +  +  l2h2(z,X)^t  h3(z,X)w  -  0 


in  a  region  wtth  a  multiple  turning  point.  Tite  co¬ 
efficient  functions  hj(z,X  “  i,  2,  3,  are  expressible 
tn  power  sertes  in  i/X  with  coefftctents  which  are 
analytic  functions  of  z.  The  forms  of  the  solutions,  as 
th^y  depend  asymptotically  upon  X ,  are  determined  over 
a  region  of  the  complex  z-plane  which  contains 
a  potnt  in  which  the  critical  coefficient  h2(z, “ )  is  zero. 


WIS.  02:003 


Wisconsin  U. ,  Madison. 

ON  THE  CONSTRUCTION  OF  RELATED  DIFFER¬ 
ENTIAL  EQUATIONS,  by  R.  E.  Langer.  Sept.  20, 
1955,  28p.  refs.  (Rept.  no.  3)  ([ AF  JOSR-TN-55- 
350)  (AF  18(600)1110)  AD  75539  Unclassified 


[Trans.  Araer.  Math.  Soe. ,  v.  81: 
394-410.  Mar.  1956. 


R(z, X  )«ui  -  0,  in  which  P,  Q  and  R  are  power  series 
in  l/x  .  The  matter  at  issue  is  the  forms  of  the  solu¬ 
tions  when  |  x|  i  large  an'  the  z-reglon  in  question 

contains  a  simple  zero  of  P(z,»  )  (a  turning  point).  The 
Itmiting  equation  as  X-»*  in  general  has  a  regular 
singularity  at  the  turning  potnt.  When  the  exponents 
do  not  differ  by  an  Integer,  the  differential  equation  is 
referred  to  as  a  regular  type.  A  general  theory  of  the 
solution  forms  to  arbitrary  powers  of  1/X  is  given. 
When  the  exponents  differ  by  an  integer,  the  equation  is 
called  Irregular.  There  are  several  categories  of 
Irregular  equations,  and  for  these,  with  one  exception, 
the  theory  is  given.  The  Orr-Sommerfeld  equation  of 
hydrodynamics  is  of  this  type,  and  is  Irregular.  The 
application  of  the  general  theory  to  this  equation  is 
discussed.  (Contractor's  abstract) 


WIS. 03:001 

Wisconsin  U.  Dept,  of  Chemistry,  Madison. 


A  differential  equation  L(u)  =  0  is  said  to  be  "related 

to"  another  equation  /(u)  =  0,  tf  its  solution  forms 
are  explicitly  known  and  the  coefficients  of  the  2  equa¬ 
tions  are  the  same  to  an  arbitrarily  prescribed  degree. 
From  the  known  solution  for t/'ft  of  the  one  equation,  the 
unknown  ones  for  the  other  equation  can  be  deduced  by 
standard  methods.  This  paper  considers  the  case  in 

which  £(u)  =  +  X  Pj(z,  X  )  dn  tb  +  -  -  +  X"p  (x,X)u, 

dzn  dzn*l 

with  X  a  large  parameter,  the  regton  of  the  variable  z 
containing  a  turning  point  at  which  m  <  n  of  the  roots 
of  the  auxtllary  algebraic  equation  coincide  in  accord¬ 
ance  wtth  a  certain  coincidence  pattern.  It  shows  how 
the  related  equation  may  be  constructed  when  such  a 
construction  is  known  for  a  differential  equation  of  the 
order  m  with  the  same  coincidence  pattern.  This  makes 
theory  for  lower  order  differential  equations  extensible 
to  equations  of  higher  order.  (Contractor's  abstract) 


WIS.  02.004 

WlsconstnU. .  Mad’. Bon. 

ON  THE  ASYMPTOTIC  SOLUTIONS  OF  A  CLASS  OF 
ORDINARY  DIFFERENTIAL  EQUATIONS  OF  THE 
FOURTH  ORDER,  WITH  SPECIAL  REFERENCE  TO 
AN  EQUATION  OF  HYDRODYNAMICS,  by  R.  E. 
Langer.  Feb.  1,  tS56,  72j>.  refs.  (Rept.  no.  4) 
(AFOSR-TN-58-50)  (AF  18(600)1110)  AD  81042 

Unclasslfted 


DIPOLE  MOMENT  STUDIES  OF  1, 1-  AND  1,  2- 
DIHALOCYCLO HEXANES,  by  P.  Bender,  D.  L. 

Flowers,  and  R.  L.  Goerlng.  Nov.  16,  1954,  14p. 
lncl.  tables,  refs.  (Technical  note  no.  1)  ([AFlOSR- 
TN-54  -  335)  (AF  18(600)1037)  AD  52830 

Unclassified 

Also  published  in  Jour.  Amer.  Chem.  So c. ,  v.  77: 
3463-3465,  July  5,  1955. 

The  dipole  moments  of  several  1,  1-  and  cla-  and 
trans- 1,  2  dihalocyclohexanes  have  been  determined 
at  25*  [  C  ]  in  benzene  and  carbon  tetrachloride  solu  ¬ 
tions.  The  observed  moments  confirm  the  structural 
assignments  and  provide  Information  concerning  con¬ 
figurational  equilibria  (la,  2a  ^  le,  2e)  of  the  1X3108-1.  2- 
dthalocyc lohexanes.  (Contractor's  abstract) 


WIS.  03:002 

Wisconsin  U.  Dept,  of  Chemistry,  Madison. 

THE  STEREOCHEMISTRY  OF  RADICAL  ADDITIONS. 

111.  THE  RADICAL  ADDITION  OF  HYDROGEN  SULFIDE, 
THIOPHENOL  AND  THIOACETIC  ACID  TO  l-CHLORO- 
CYCLOHEXENE,  by  H.  L.  Goerlng,  D.  1.  Relyea,  and 
D.  W.  Larsen.  July  20,  1955,  24p.  incl.  tables,  refs. 
(Technical  note  no.  4)  ([  AF  ]OSR-TN-55-16)  (AF  18- 
(600)1037)  AD  67679  Unclassified 

Also  puhllshed  In  Jour.  Amer.  Chem.  Soc.,  v.  78: 
348-353,  Jan.  20,  1956. 


Also  publtshed  in  Trans.  Amer.  Math.  Foe.,  v.  84: 
144  191,  Jan.  1957. 
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The  stereochemistry  of  the  radical-chain  addttlon  of 
hydrogen  sulfide,  thlophenol  and  thioacetlc  acid  to 
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1-chlorocyclohexene  has  been  Investigated.  The  addi¬ 
tions  give  1, 2-dlsubstltuted  cyclohexanes  and  lhe  con¬ 
figurational  compositions  of  lhe  1.1  addition  products 
were  deiermlned  by  selective  solvolysis  of  lhe  more 
reactive  trans  Isomers.  Under  the  conditions  of  the 
present  experiments  lhe  addllton  of  hydrogen  sulfide  lo 

1- chlorocyclohexene  gives  primarily  cls-2-chloro- 
cyclohexanethiol,  logelher  wtth  small  amounts  of  lhe 
tuna  isomer  and  a  mixture  of  dtaslereo  tsomerlc  bls- 

2- chlorocyclohexyl  sulfides.  The  addition  of  lhiophenol 
similarly  results  tn  preponderant  formailon  of  els- 2- 
chlorocyrlohexyl  phenyl  sulftde.  The  addition  of  thlo- 
acetic  aetd  is  less  stereospecific  than  the  other  additions 
and  g'ves  a  mixture  J  clu-  and  trans- 2-nhlnrnryrlijhnivt 
thloacetates  consisting  of  about  70%  of  the  £ls  isomer. 

In  each  case  the  stereospeclflclty  apparently  depends 
upon  the  ratio  of  addendum  of  1-chlorocyclohexene. 
(Contractor's  abstract; 


Also  published  in  Jour.  Amer.  Chem.  Soc.,  v.  77. 
5023-5026,  Ocl.  5,  1955. 

The  relative  rates  of  'todlde  ion-promoted  dehalogena- 
ttons  of  els-  and  trans-dlhalocvclohexanes  in  melhanol 
at  80°  and  100°  C  have  been  determined.  At  both  tem¬ 
peratures  trans-1.  2-dibromocyclohexane  is  debro- 
mlnaled  about  11.  5  limes  as  fast  as  the  els- Isomer  and 
trans- i-hromo-2-chlcrocyclohexane  ts  dehalogenated 
•ii  aboui  ihe  same  rale  as  the  £_ls-lsomer.  From  (a)  the 
relative  rales  of  elimination,  (b)  the  rate  of  lhe  5^,2 
reaction  of  iodide  ion  wtth  cyclohexyl  bromide  and  (c) 
numerous  previous  observallons  it  ts  concluded  thal 
trans- 1.  2-Jlhalocytluhtxunes  undtrgo  a  conceited 
trans-dehalogenatlon  (E2  elimination),  whereas  the 
cls-lsomers  are  converted  to  trans- 1- halo- 2- Indncyrlo- 
hexanes  hy  a  rate-Mro/Pr^  die;  larement  ream  1: 
prior  to  dehalogenation.  (Contractor's  abstract) 


WIS.  03:003 


Wisconsin  U.  Dept,  of  Chemistry,  Madison. 

THE  STEREOCHEMISTRY  OF  RADICAL  ADDITIONS. 

II.  THE  RADICAL  AND  IONIC  ADDITION  OF  HYDRO¬ 
GEN  BROMIDE  TO  1 -BROMOCYCLOHEXENE  AND 
1-CHLOROCYCLOHEXENE,  by  H.  L.  Goerlng  and 
L.  L.  Stms.  Jan.  5,  1955,  18p.  tncl.  dtagr.  refs. 
(Technical  note  no.  2)  ([  AF  ) OSR-TN-55- 17)  (AF  18- 
(600)1037)  AD  52829  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc.,  v.  77: 
3465-3469,  July  5,  1955. 

Radical  additions  of  hydrogen  bromide  lo  1-bromo  and 
1-chlorocyclohexene  In  pentane  give  the  corresponding 
cis- 1, 2-dthalocyclohexanes  (tianfi- addition)  containing 
less  than  1%  of  the  trans-  Isomers.  In  anhydrous  ether 
radical  additions  could  not  be  promoted  by  ultraviolet 
irradiation  and  from  these  reactions  only  the  1. 1-dt- 
halocyclohexanes  (products  of  tonic  addition)  were  Iso¬ 
lated.  Radical  addition  ts  promoted  by  ultraviolet  Itght 
tn  a  solvent  consisting  of  31  mol-%  elher  tn  pentane  and 
In  thts  solvent  the  addition  appears  to  be  as  slereo- 
speclflc  (ixans- addition)  as  tt  ts  tn  pentane.  The  radical 
addition  of  hydrogen  bromide  (Initiated  by  benzoyl 
peroxide)  was  also  Investigated  tn  a  homogeneous 
equimolar  mixture  of  hydrogen  chloride  and  pentane 
and  In  thts  medium  the  addtton  is  also  as  stereospecttlc 
as  tt  Is  In  pure  pentane.  Ionic  additions  ot  hydrogen 
bromide  to  1  bromo  and  t- chlorocyctohexene  give  1,  1 
dlbromocyclohexane  and  t -bromo- 1- chlorocyclohexane, 
respectively.  (Contractor’s  abstract) 

ttth.  03:004 

Wisconsin  U.  Dept,  ot  Chemistry,  Madison. 

1  ltfc-  IODIDE  ION  PROMOTED  DEHALOGENATION  OF 
CIS-  AND  TUANS  t.  2  DlllAIXK'YCLOltEXANES,  by 
It.  I  .  Goerlng  and  11.  li  Espy.  1  eb.  1054,  t3p.  iiirl. 
tables,  rets.  (Technical  note  no.  3)  (  AF;  OSR-TN- 
55  75/  (A1  tB(  600)1037}  AD  56868  Unclassified 
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Wisconsin  U.  Dept,  of  Chemtslry,  Madison. 

THE  SOLVOLYSIS  AND  BASE-CATALYZED  DE- 
HYDROHALOGENATION  OF  1, 1-  AND  1,  2-D1HALO- 
CYCLOHEXANES,  by  H.  L.  Goerlng  and  H.  H.  Espy. 
Sepi.  19,  1955,  26p.  tncl.  dtagrs.  tables,  refs. 
(Technical  note  no.  5)  ([  AF  jOSR-TN-55-296)  (AF  18- 
(600)1037)  AD  73020  Unclassified 

Also  published  in  Jour.  Amer.  Chem.  Soc.,  v.  78: 
1454-1460,  Apr.  5,  1956. 

The  relative  rates  ot  second-order  dehydrohalogenattcn 
of  i ,  1  -  and  cis-  and  trans- 1,  2-dlhalocyclohexanes 
(dlbromo-,  dlchloro-,  and  bromochloro-)  and  cyclo¬ 
hexyl  hromtde  and  chloride  in  "80%"  ethanol  containing 
0.  i  M  sodtum  hydroxide  have  been  determined.  Under 
the  conditions  of  the  kinetic  experiments,  Ihe  reaettons 
are  second-order  and  Ej  elimination  is  not  accompanied 

by  Sfj2  substitution.  The  solvolyttc  reacllvlltes  ot  a 
number  ot  the  compounds  In  "80%"  ethanol  were  deter¬ 
mined  and  show  that  under  the  conditions  of  Ihe  dehydro- 
halogenallons,  Ihe  E2  reactions  are  essentially  com¬ 
pletely  Isolated  Irom  competing  solvolysis  except  lor  the 
1,  t -dthalocyciohexanes.  The  order  of  reactivity  tor  the 
E^  dehydrohalogenatlon  ot  the  Isomeric  dlhallites  Is: 

CU>-t,2-  -O  t,  l  »  trois  t,  2  .  Under  Ihe  conditions  ot 
the  present  experiments,  lhe  1,  I  and  els-  I,  2  dilialo 
cyclohexanes  eliminate  1  molecule  of  i.vdrogen  halide. 
The  IXilli  t,  2-dthalocydoliexancs  give  2  molecules  ol 
hydrogen  halide.  The  stoichiometry  aixl  relative  reac 
tlvllles  Indicate  that  a  Irjdla-ellmtnatli  n  Is  involved.  The 
relative  reactivities,  together  with  cuntor'eatlonu!  Con¬ 
siderations,  provide  intormatlon  concerning  the  ettects 
ot  .-  and  -halogen  atoms  on  the  rate  of  dehydrohalo- 
ge nation.  (Contractor’s  abstiact; 
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WIS.  03.006 

Wisconsin  U.  I  Depl.  of  Chemistry  Madtson. 

THE  RASE- PROMOTED  DEHYDROHALOGENATION  OF 
CIS-  AND  TftANS-2-CHLOROCYCLOALKYL  ARYL 
SULFONES,  hy  H.  L.  Goertng,  D.  1.  Relyoa,  and  K.  L. 
Howe,  June  25,  1956,  20p.  Incl.  tables,  refs.  Tech¬ 
nical  note  no.  6]  (AFOSR-TN-56-279)  (AF  18(600)1037) 
AD  89489  Unclassified 

Also  published  In  Jour.  Amer.  Chem.  Soc. ,  v.  79: 
2502-2509,  May  20,  1957. 

The  rales  of  second  -  order  elimination  of  cts-(I),  and 
trans-2-chlorocyctohexyl  aryl  sulfones  (II),  c_ts-(III)  and 
trans-2-chlorocvclopenlvl  aryl  sulfones  (IV)  and  trans- 
2-tosyloxycyclohexyl  phenyl  sulfone  in  '80%'  ElOH 
containing  NaOH  have  been  determined.  For  each  of 
lhe  4  series  of  chlorocycloalkyl  aryl  sulfones  ( I  - 1 V ) , 
electron  wtlhdrawtng  substituents  In  the  aryl  moiety 
Increase  lhe  rale  of  reaction.  For  lhe  phenyl  sulfones, 
lhe  following  rate  sequence  Is  observed  (relative  rates 
at  0“):  clS-2-chlorocyclohexyl  (la;  810)  >  qls- 2-chloro- 
cyclopentyl  (Ilia;  270)  >  lrans-2-chlorocyclopentyt 
(IVa;  28)  >  trans-2-chlorocyclohexyl  (Ila;  I)  =  trans- 
2  tosyloxycyclohexyl  (I)  >  cyclohexyl  chloride 
(  <  lO-1').  The  (rans-2-chlorosulfones  (II  and  IV) 
undergo  els  elimination,  evidently  hy  a  two-step  process 
Involving  abstraction  of  lhe  C[  hydrogen  as  a  proton 
followed  hy  conversion  of  the  resulting  anion  to  the 
elimination  product.  The  first  step  Is  rale  determln 
lag  and  Irreversible  under  the  present  conditions  (t.e. , 
80%  EtOH  containing  0.03  M  NaOH.  Presumably, 
th.-  cis- chlorosulfones  (I  and  III)  undergo  a  concerted 
trails  dehydrohalogenation.  (Contractor's  ahstract) 
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Wisconsin  U.  Dept,  of  l'hyslcsi  Madtson. 

EQUIPMENT  FOR  TEE  MEASUREMENT  OF  VERY 
SMALL  X  RAY  SCATTERING  CROSS  SECTIONS,  by 
W.  W.  ltaeman  aixl  It.  H.  Neynaber.  1954  1  p. 

(Sponsored  jointly  by  Office  of  Naval  Research  and  Air 
Force  Office  of  Scientific  Research  under  AF  18- 
(600,698  )  Unclassified 

Presented  at  meeting  of  the  Amer.  I’hys.  Soc., 

W  ashington,  D.  C.  ,  Apr.  29  30,  and  May  1,  1954. 

Published  lU  I’hys.  Ilev. ,  v.  95:  617,  July  15,  1954. 

A  rotating  anode,  water  cooled,  x  ray  tube,  vacuuin- 
scattertng  chandler,  and  proportional  counter  detector 
will  tie  described.  With  sills  tarnishing  an  angutar 
resolution  o(  ■  14  min,  a  copper  anode,  and  30  kv  and 
100  ma  on  lhe  lube,  over  10®  effective  (t.e.  ,  taking  Into 
account  window  absorption  and  counter  efficiency)  Cu  Ka 
photons  per  second  tttumtnatr  the  scattering  sample. 
Uackground  counting  rates,  wtlh  the  sample  removed, 
are  one  half  count  sec.  Absolute  scattering  cross 
sections  are  measured  by  calibrating  the  geometry  at 


small  angles  with  a  gas  scatterer.  Under  the  above 
conditions  of  operation  a  two  centimeter  path  of  air  at 
STP  furnishes  over  120  counts/sec.  Angular  meas¬ 
urements  may  be  made  from  a  lower  limit  determined 
by  the  slit  resolution  (about  1  degree  scattering  angle 
with  the  above  slits)  up  to  110°.  Possible  applications 
include  the  measurement  of  scattering  from  gases, 
liquids  and  imperfect  lattices  away  from  Bragg  angles. 
With  a  scattering  sample  of  cold  worked  nickel  and  an 
Iron  anode  the  small-angle  vacancy  scattering  first 
reported  by  Blin  and  Guinier  has  been  verified. 

Counting  rates  are  about  20  counts/sec.  (Contractor's 
abstract) 

WTS.  04:002 

Wisconsin  U.  [Dept,  of  Physics]  Madison. 

SMALL  ANGLE  X-RAY  SCATTERING  FROM  COLD 
WORKED  METALS  (Abstract),  by  R.  H.  Neynaber, 

W.  G  Brammer,  and  W.  W.  Beeman.  Apr.  28,  1955 
[lip.  [  AF  18(600)698]  Unclasstfted 

Presented  al  meeting  of  the  Amer.  Phys.  Soc., 
Washington,  D.  C. ,  Apr.  28-30,  1955. 

Published  In  Phys.  Rev.,  v.  99:  615,  July  15,  1955. 

The  diffuse  small  angle  scattering  from  cold  worked 
metals  Is  presumedly  caused  by  the  colleclton  of  lattice 
vacanctes  Into  siau.l  cavttles.  Some  of  the  recent  ex¬ 
perimental  results  .rc  difficult  to  explain  on  this  model. 
We  ohserve  In  aim  ■  e-i  Nl,  Cu,  and  Al  lolls  sharp 
scattering  peaks  at  1"  or  2‘  scattering  angle  (Fe  K 
radlatton).  It  is  belteved  ihat  these  arise  from  two 
successive  Bragg  scatterings  by  adjacent  and  sltghlly 
tilted  grains.  The  posstbtllty  that  some  or  al!  of  the 
diffuse  scattering  tn  cold  worked  foils  ts  due  to  a  similar 
mechanism  Is  dtscussed.  Fotls  cold  worked  at  liquid 
air  temperature  show  tmmedtately  the  usual  dlfluse 
scattering.  There  *s  no  evtdence  for  the  growth  of 
cavtttes  by  the  diffuston  ct  vacanctes  as  the  fotl  Is 
warmed.  Below  annealing  temperatures  the  Intenstty 
of  the  diffuse  scattering  decreases  and  Increases  re- 
verstbly  with  tr,r reusing  and  decreasing  fotl  tempera¬ 
ture.  This  ts  understandable  wtth  double  scattering 
(the  Debye  factor)  but  difficult  wtth  a  cavtly  model. 
Argutng  agatnst  double  scattering  ts  the  fatlure  to  find 
scattering  curves  tntermedtate  between  the  occasional 
sharp  peaks  from  annealed  samples  and  the  continuous 
dtlfuac  scattering  Irom  slightly  cold  worked  samples. 


WIN.  1)4:003 

Wisconsin  U.  .Dept,  ot  Phystcs"  Madtson. 

SMALL  ANGLE  X  KAY  SCATTERING  FROM  COU) 
WORKED  METALS  (Abstract),  by  M.  B.  Webb  and 
W.  W.  Beeman.  .1956  ’.  I  .  p.  AF  18(600)698 

Unc  tasslfted 

Presented  al  meeting  of  the  Amer.  Phys.  Soc., 
Pittsburgh,  Pa..  Mar.  15- 17.  1956. 
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Published  In  Bull.  Amer.  Phys.  Soc.,  v.  30:  138, 

Mar.  15,  1956. 

Measurements  have  been  made  of  the  polartzatlon  of  the 
diffusely  scattered  x-ray  tntenstty  at  small  angles  from 
cold-worked  metals  (Nt,  Cu,  Al).  For  small  deforma¬ 
tions  the  polartzatlon  appears  to  be  consistent  wtth  the 
double  scattering  mechanism  proposed  by  Neynaber  et 
al.  For  larger  deformation  the  polartzatlon  d‘  :apr«’ 
and  some  other  explanation  of  the  smalt  angle  -  attertng 
ts  required.  Two  scatterings  wtthln  the  same  coherent 
domain  gtve  a  beam  tn  the  forward  dtrectlon  which, 
averaged  over  randomly  ortented  domains,  ts  un  - 
polarized.  The  posstbtllty  that  the  small  angle  scattering 
from  heavtly  deformed  metals  artses  from  the  phystcal 
broadenlngs  of  these  reflections  Is  dtscussed.  In  cases 
where  the  double  scattering  mechanism  of  Neynaber  ts 
applicable,  the  average  tilt  angle  between  adjacent  sub- 
grains  can  be  calculated  from  the  angular  dependence 
of  the  scattering.  The  results  are  In  general  agree¬ 
ment  with  the  measurements  of  Gay,  Hlrsch,  and 
Kelly. 


Wtsconsln  U.  Naval  Research  Lab. ,  Madtson. 

N6ort-10503  and  N7onr-28511,  Project  Squtd  see  under 
Prtnceton  U.  James  Forrestal  Research  Center,  N.  J. 
(Project  SQUID)  Item  nos.  PRI.  11:197-PRI.  11:205. 
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Wurzburg  U.  Mathematics  Inst.  (Germany). 

TRANSFORMATION  THEORY  OF  CERTAIN  CLASSES 
OF  SERIES  IN  TERMS  OF  CYLINDRICAL  FUNCTIONS, 
by  H.  -W.  Knobloch,  F.  Penzltn,  and  St.  Schottlaender. 
Ftnal  rept.  June  9,  195-1,  50p.  tncl.  dtagrs.  refs. 

(AF  61(511)112)  AD  74982  Unclasstfted 

The  authors  consider  the  general  problem  of  flndtng 

convenient  expressions  for  the  sum:  )_  .  Z  v  (na)eln  5 

n=l 

where  Zv(x)  Is  an  arbitrary  cylindrical  function.  The 
major  topics  Investigated  are  the  convergence  of  cer¬ 
tain  Schlomllch  Berles,  application  of  the  method  of 
Dlrlchlet- Nielsen  which  transforms  a  series  tnto  a 
rapidly  converging  new  sertes,  a  new  proof  of  Poisson's 
sum  formula  using  the  calculus  of  residues,  a  proof 
of  the  "Formula  of  Weyrtch"  by  the  methods  of  Magnus 
and  Oberhettlngec,  the  general  determination  of  the 
Fourier  transforms  of  cylindrical  functions,  an  evalua¬ 
tion  of  Schlomllch  series  by  the  I'olsson  sum  formula, 
and  the  transformation  of  a  series  of  Bessel  functions. 


WUR.  02:001 

Wurzburg  U.  Mathematics  Inst.  (Germany). 

THEORETICAL  RESEARCH  ON  THE  THEORY  OF 
SPHEROID  FUNCTIONS,  by  H.  L.  Schmid,  K. 
Krtckeberg,  and  E.  Lamprecht.  Ftnal  rept.  July 
2,  1954,  66p.  refs.  (AF  61(514)443)  AD  74981 

Unclasstfted 

This  report  concerns  three  different  but  related  ques¬ 
tions  tn  the  theory  of  spheroid  functions.  (1)  The  first 
question  ts  the  splitting  up  of  eigenvalues  of  the 
spherotd  differential  equation,  l.e. ,  the  problem  of 
calculating  suitable  asymptotic  representations  for  the 
"spltts"  of  eigenvalues  (the  difference  of  the  components 
of  a  pair  of  eigenvalues).  A  method  of  J.  Metxner  Is 
used  for  this  calculation.  The  results  are  tabulated. 

(2)  The  second  question  concerns  Integral  relations 
for  spherotd  functions,  t.  e. ,  the  existence  of  certain 
tntegral  representations  for  products  of  spheroid  func¬ 
tions,  and  the  associated  properties  of  the  functions. 
Necessary  conditions  for  some  of  these  relations  are 
established.  (3)  The  third  problem  concerns 
perturbation  calculations  for  three  term  recursions 
which  artse  In  (2).  The  problem  ts  to  determine  a 
related  eigenvalue  so  thal  the  recursions  can  be  solved 
by  not- identically- vanishing  power  series,  under 
certain  restrictions.  This  p  oblem  ts  not  completely 
solved. 


•  • 


•  • 
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Wiirzburg  U.  Mathematics  Inst.  (Germany). 

RESEARCH  ON  MATHEMATICS  IN  TRANSFORMATION 
THEORY,  by  H.  Btlharz,  H.  U  Schmtd,  and  H. 
Schmidt.  Technical  rept.  May  20,  1955,  48p.  (AF  61- 
(5I4J744-C)  Unclassified 

Tnis  report  contains  several  extensions  and  generali¬ 
zations  of  earlier  results  which  appear  In  Transfor¬ 
mation  Theory  of  Certain  Classes  of  Series  In  Terms  of 
Cylindrical  Functions,  by  Knobloch,  Penzltn  and 
Schottlaender.  The  sections  of  the  latest  report  are 
tilled:  (l)  A  Physically  Interesting  Generalized 
Schlomllch  Series,  (2)  Series  In  Terms  of  Hankel 

Uaoksl  EuiKliens  wRh  Nonlntegral  Index,  and  (4)  qd 
the  Theury  ol  IheSo-CiiUed  Neu-Schlgmllch  Scries  (ul 
Hayes).  Various  questions  concerning  these  topics  are 
considered  and  examined. 


•  • 


•  • 


•  • 


*«.  sv«  -x*. 
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Yale  U.  Dept,  of  Mathematics,  New  Haven,  Conn. 

FUNCTIONAL  ANALYSIS  AND  SEMI-GROUPS,  VOLUME 
XXXI,  COLLOQUIUM  SERIFS,  by  E.  Hille  and  R.  S. 
Phllltps.  N.  Y.,  Amer.  Math.  Soc.,  1955,  1250p. 

(AF  18(600)469)  Unctasslfied 

This  work  ts  a  systematic  development  of  the  modern 
theory  of  functl  ual  analysis,  and  the  algebraic  - 
topologtcal  structures  on  which  the  theory  Is  based. 

11  Is  an  enlarged,  expanded  and  sltghtly  revtsed  version 
of  E.  Hille' s  earlter  work  of  the  same  title.  This 
approach  to  functional  analysts  examines  the  properties 
of  classes  of  functions  (semt-groups  of  functions)  and 
develops  an  assoctated  theory  of  analysts  Incorporating 
modern  algebraic  and  topologtcal  results.  It  has 
eventual  application  to  problems  of  more  classtcal 
analysis  (which  has  been  carrted  through  for  Cauchy's 
problem  and  the  dtffuston  equation)  as  well  as  to  other 
applications  not  amenable  to  conventional  (classtcal) 
techniques. 


YAL.  0t:002 

Yale  U.  Dept,  of  Mathematics,  New  Haven,  Conn. 

t  RESEARCH  IN  FUNCTIONAL  ANALYSIS] ,  by  E. 
Hille.  Final  research  repl.  Sepl.  28,  1955,  18p. 

(AF  18(600)469)  Unclasstfted 

A  history  ts  gtven  of  the  revision  of  Functional 
Analysis  and  Semi-Groups,  first  publtshed  by  Etnar 
Hille  tn  t948  as  Volume  XXXI  In  the  Colloqutum  Sertes 
of  the  American  Mathematical  Soctety.  Changes  and 
addttlons  lo  the  original  work,  accomplished  with  Ihe 
collaboration  of  Ralph  S.  Phillips,  are  described  and 
discussed  tn  detatl. 


YAL.  02:00t 

Yale  U.  [Dept,  of  Mathematics J  New  Haven,  Conn. 

PERTURBATION  METHODS  IN  THE  STUDY  OF 
KOLMOGOllOFF'S  EQUATIONS,  by  E.  Hille.  Nov. 
t954,  t3p.  (Repl.  no.  1)  ([  AF]OSR-TN-S4-294) 

(AF  18( 600) 1 127)  AD  47902  Unclasstfted 

Presented  In  pari  al  Symposium  on  Stochastic  Processes 
al  the  International  Congress  of  Mathemaltctans, 
Amsterdam  (Holland),  Sept.  2-4,  1954. 

Also  published  in  Proc.  International  Congress  of 
Mathematicians,  v.  3.  365  376,  1954. 

A  new  proof  Is  given  of  the  existence  of  minimal  solu¬ 
tions  of  Kolmogoroff's  equations  for  Ihe  case  of  a 
countahle  number  of  states  for  Ihe  temporally  homo¬ 
geneous,  as  well  as  the  nonhomogeneous  situation.  A 
discussion  Is  presented  of  the  nonuniqueness  and  a  con 


YAL.  01:001  -  YAL.  02:003 


struction  of  null  solutions  of  perturbed  systems  is 
gtven  when  the  ortginat  system  admtts  such  solutions. 
(ASTIA  abstract) 


YAL.  02:002 

Yale  U.  [Dept,  of  Mathematics]  New  Haven,  Conn. 

SOME  ASPECTS  OF  CAUCHY’S  PROBLEM,  by  E. 

Hille.  Nov.  1954,  9p.  refs.  (Rept.  no.  2)  (LAFjOSR- 
TN-54-295)  (Sponsored  jotntly  by  [Air  Force]  Offtce 
of  Scientific  Research  under  AF  18(600)1127  and 
National  Science  Foundation)  AD  47903 

Unclassified 

Presented  In  part  at  Sympostum  on  Stochastic. 

Processes  at  the  International  Congress  of  Mathe¬ 
maticians,  Amsterdam  (Holland),  Sept.  2-4,  1954. 

Also  published  In  Proc.  International  Congress  of 
Mathematicians,  v.  3:  1 09- 116,  1954. 

The  abstract  Cauchy  problem  ts  formulated  as  follows: 
given  a  complex  (B)- space  X  and  a  Itnear  operator  U 
wtth  domain  D  [  U  ]  and  range  R  [  U  ]  tn  X  and  gtven  an 
element  y0cX,  find  a  function  y(l)  =  y(t;y0)  such  that: 

(1)  y(t)  ts  strongly  absolutely  continuous  and  continu¬ 
ously  dtfferentiable  tn  each  finite  subtnlerval  of 
[0,»  )  [or  (0,  • )  ] ; 

(2)  for  each  t>  0,  y(t)eD[u]  andu[y(!)]  =  y'(l);  and 

(3)  ltm  ||  y(t;y0)  -  y0  II  =  0. 
t*0  + 

Results  are  presented  concerning  uniqueness  and  rela¬ 
tions  to  semigroup  theory.  A  brtef  survey  ts  given  of 
applications  to  the  diffusion  equations  in  one  dtmenston. 
Attention  ts  called  to  the  case  tn  which  the  character¬ 
istic  equation  solutions,  belonging  to  a  subspace,  which 
are  entire  functions  tn  the  parameter  of  order  less 
than  one.  (ASTIA  abstract) 


YAL.  02:003 

Yale  U.  [Dept,  of  Mathematics]  New  Haven,  Conn. 

[  ON  A  PERTURBATION  THEOREM]  Sur  un  theoreme 
de  perlurballon,  by  E.  Hille.  [  t953- 54  j  [  1 6  i  p. 

(AF  1 8(  600)  1 1 27 )  Unclassified 

Published  In  Univ.  e  Poltlec.  Torino  Rend.  Sent. 

Malem. ,  v.  13:  t69- 184,  1953-54. 

Let  M  denote  the  Danach  space  of  Infinite  matrices 

B  (bjj)  with  the  norm  |  B  I  supj  L  k  |  bj((|  <  •  , 

ar-i  let  K  be  the  totality  of  Infinite  matrices  A  (a^) 
satisfying  ajj  »  0  (1  f-  j),  an  J  0  and  j  ajj  0. 
Theorem  1  stale  Ihe  following:  Let  a  triangular  matrix 
U  and  a  matrix  V  <  M  both  belong  lo  K.  If  Z(t)  (xij(t)). 
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t  >  0,  belongs  to  M  and  satisfies!!)  strong  linif, 

h-l(Z(t  +  h)-Z(D)  -  Z(t)U,(il)  Zij(t)  >  0,(111) 

strong  llin'j  ^  q  Z(t)  0,  ( iv)  Uni  supt_>»  t  1  log 

I  Z(t)!|  m  <  »  ,  then  the  equation 

strong  llm  h_1(Q((  +  h)  -  Q(t))  Q(()  (U  +■  V) 

h->0 

admits  a  solution  Q(t)  satisfying  the  similar  conditions 
as  for  Z(t),  ui  being  replaced  by  max  (m,  II  V|l ). 
Theorem  2  says  that  Theorem  1  holds  for  V  8  B  —  BU 

with  3  2  0  if  (1)  1  ((XI-  U)'1  |  S  K  (with  1  <  K<  -  ) 

for  R(\)  -  0,  (2)  suPj  A  m  bjmU  mk  <  *  <k  2' 

and  (3)  |,  B  I]  e  (1  +  K)'1,  (Math.  Rev.  abstract) 

YAL.  02:004 

Yale  U.  [Dept,  of  Mathematics]  New  Haven,  Conn. 

OSCtLf  .ATtON  AND  DtSCONJUO.ACY  FOR  LtNEAR 
DtFFERENTtAL  EQUATIONS  WtTH  ALMOST 
PEtltODIC  COEFFICIENTS,  by  L.  Markus  and  R.  A. 
Moore.  Jan.  1956,  41p.  refs.  (AFOSR-TN-56-23) 

(AF  18(600)1127)  AD  84489  Unclassified 

Also  published  In  Acta  Math,  v.  96:  99-123,  Oct.  1956. 

This  study  considers  solutions  of  the  differential  equa¬ 
tion 

(1)  y”  *  (-a  |  hp(x))y  0, 

where  p(x)  Is  a  real,  almost-pertodlr  function  and  (a,  b) 
are  real  parameters.  The  theory  of  Hill's  equation 
(where  p(x)  Is  periodic)  Is  generalized  but  the  Floquet 
theory  is  unavailable.  The  methods  developed  here  are 
restricted  to  the  case  where  equation  (t)  has  dlscon- 
jugale  solu'lons.  The  domain  D  in  the  (a,  b)-phne  for 
which  (i)  has  dtsconjugate  solutions  Is  found  to  be  con 
vex  and  closed.  In  the  Interior  of  D,  the  Ulccati  equa 
lion, 

u'  -t  u2  a  +  hp(x)  0, 

associated  with  (t)  Is  shown  to  have  exactly  2  almost 
periodic  solutions.  From  this,  the  analogue  of  the 
Floquet  representation  is  obtained.  Examples  are 
given  to  show  the  limitations  of  the  results.  (Con¬ 
tractor's  abstract) 


YAL.  02,005 

Yale  U.  Dept,  of  Mathematics,  New  Haven,  Conn. 

ON  A  CLASS  OF  A  t  1IO NORMAL  FUNCTIONS,  by  E. 
tUlle.  .  1950  35  p.  (A1  18(000)1(27) 

Unclassified 

Published)  in  ttend  Sem.  Matein.  Univ.  Padova,  v.  25. 
21 1  249,  1950. 


tl  Is  the  object  of  this  mathematical  study  to  estimate 
the  characteristic  values  and  the  C-norms  of  the 
characteristic  functions  of  L2-norm  1  corresponding 
to  a  particular  class  of  singular  houndary  value 
problems  for  linear  second  order  differential  equations. 
Section  1  contains  introductory  material  concerning 
the  study.  In  Section  2  a  preliminary  discussion  is 
presented  of  the  properties  of  the  subdominant  solu¬ 
tions  of  a  differential  equation  y”  +  p(x)y  =  0  under 
different  assumptions  on  p(x).  The  parameter  \  is 
introduced  in  Section  3.  The  subdominant  solutions 
at  +  «  and  -®,  normalized  to  have  the  value  1  In  the 
limit,  are  shown  to  be  entire  functions  of  and  their 
growth  properties  are  studied  in  some  detail.  Section 
4  treats  D(\)  and  its  zeros  {xn},  and  that  of  the  set 

{  Mn}  is  presented  in  Section  5.  In  Section  6  some 

extensions  of  the  results  are  given,  tn  concluding 
the  study,  some  special  cases  are  presented  in  Section 
1  to  verify  the  degree  of  accuracy  of  the  general 
estimates. 


YAL.  02:006 

Yale  U.  [Dept,  of  Mathematics)  New  Haven,  Conn. 

[  SOME  REMARKS  ON  THE  EQUATION  OF  HEAT] 
Quelques  remarques  sur  I'equatlon  de  la  chaleur,  by 
E.  Hllle.  [  1956  [l7,p.  [  AF  18(600)1127 1 

Unclassified 

Published  in  Rend.  Matem.  Appl. ,  Roma,  v.  15: 
102-118,  1956. 

Let  CB  (p  •  0)  be  the  space  of  all  continuous  functions 
f(x)  on  (-»,<•)  such  that  f(x)exp(-  !  x  |  P  )  tends  to  finite 
limits  as  x  tends  to  i».  Cp  is  a  llanach  space  by  the 
norm  ||f||p  supx  |f(x)|  exp(-  I  x  lp  ).  An  abstract 

Cauchy  problem  (t’AC),  tn  (he  author’s  sense  (Jour. 
Anatyse  Math. ,  v.  3:  81-196,  1954),  for  the 
equal  Ion 

du/it  d2  u/ix2 

Is  discussed  In  Cp,  showing  that  the  situations  are 
entirely  different  according  to  the  three  cases,  (1) 

0  2  P  ;  1,  2)  1  <  p  ^  2,  and  3)  2  <  j  :  1)  For  every 
initial  function  f  Cp,  (he  classical  solution 

W(x,(,f)  J  2‘i(nt)~2  exp(- s2/4t)f(s  ♦  x)ds 

gives  a  unique  solution  of  PAC.  2)  W(x,  (,  f)  gives  a 
unique  solution  of  PAC  If  W(x,  I,  f)  c  Cp  for  every  I  -  0. 
However,  there  exists  an  f  r  Cp  such  that  PAC  does  not 

admit  a  solution.  (3)  A  positive  Increasing  function  f(x) 
with  Unix-,.  exp(-Xp)f(x)  '  0  does  not  give  a  solution 

which  Is  positive  Increasing  In  0  •  t  <  c,  c  >  0.  tn  3) 
(here  exists  a  solution  N(x,  t)  i  0  satisfying 
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lim^Q  |!  N(x,t)||p  =  0,  while  such  solutions  do  not  exist 
in  1)  and  2).  (Math.  Rev.  abstract) 

YAL.  03:001 

Yale  U.  Hammond  Metallurgical  Lab.,  New  Haven,  Conn. 

DEFORMATION -INDUCED  CHARGE  FLOW  IN  NaCl 
CRYSTALS,  by  D.  B.  Ftschbach  and  A.  S.  Nowtck. 

.'ime  1955  '  9]p.  tnct.  dlagrs.  (Technical  note  no.  1) 

:  A.F  J  OSR-TN-  55-169)  (AF  18(600)850)  AD  69159 

Unc’asstfterf 

Also  published  In  Phvs.  Rev.,  v.  99:  1333-1334,  Aug. 
15,  1955 

When  a  single  crystal  of  NaCl  ts  plasttcally  deformed  tn 
an  Inhomogeneous  fashion,  a  transtent  etectrtc  current 
flows  through  the  crystal,  even  when  no  external  fteld 
ts  applted.  The  dtrectlon  of  the  effect  Is  such  that 
negative  charge  flows  tn  the  externat  circutt  away  from 
the  stde  of  the  crystal  to  whtrh  the  higher  stress  ts 
appfied.  As  an  explanation  of  the  observed  effects,  it  ts 
suggested  that  the  effecttve  charge  carrters  are  edge 
dislocations,  which  carry  a  net  charge  by  virtue  of 
the  predominance  of  posttlve  over  negative  jogs. 
(Contractor's  abstract,  modifted) 


YAL.  03:002 

Yale  U.  Hammond  Metallurgical  Lab. ,  New  Haven,  Conn. 

STRUCTURE  SENSfTfVfTY  OF  THE  X-RAY  COLORA¬ 
TION  OF  NaCl  CRYSTALS,  by  R.  u.  Gordon,  and  A.  S. 
Nowick.  Nov.  1955  [  29  J  p.  tncl.  dtagrs.  refs.  (Tech¬ 
nical  note  no.  2)  ([  AFjOSR-TN-55-438)  (AF  18- 
(600)850)  AD  81608  Unclasstfted 

Presented  at  nieettng  of  the  Amer.  Phys.  Soc. , 
Piltsburgh,  Pa.,  Mar.  1 5- 17,  1956. 

Also  published  In  Phys.  Rev.,  v.  tOt:  977-983,  Feb. 
t,  1956. 

Abstract  published  in  Bull.  Amer.  Phys.  Soc.,  Sertes 
ff,  v.  1:  1 36,  Mar.  1 5,  t956. 

Room  temperature  measurements  of  the  rate  of  color- 
tag  of  NaCl  crystals  by  x-rays  at  dtfferent  depths  below 
the  Irradtated  surface  and  for  dtfferent  states  of  defor 
matton  and  heat  treatment  are  reported.  From  the 
results  it  Is  concluded  that  2  mechanisms  of  colortng 
operate  tn  these  crystals.  The  first,  or  "rapid-type' 
coloring,  approaches  a  saturation  density  of  F -centers 
of  the  order  of  10^/cc,  and  appears  to  result  from 
the  generatton  of  color  centers  from  vacanctes  already 
present  in  the  unlrradlated  crystal.  The  second,  or 
"slow  type"  coloring,  takes  place  at  a  constant  rate 
until  F-centers  in  excess  of  lO'^/cc  are  formed. 

This  type  of  colortng,  whtch  Is  usually  observed  only 
near  the  Irradtated  surface.  Is  due  to  the  generatton 


of  F-centers  at  dislocation,  and  is  responsible  for 
the  hardness  and  denstty  changes  produced  by  the 
x-rays.  Raptd-type  colortng  is  found  to  occur  at 
essenttally  the  same  rate  In  deformed  crystals  and  tn 
carefully  annealed  crystals;  recovery  at  low  tempera¬ 
tures  after  deformation,  however,  decreases  the 
colorabtltty.  These  results  tndtcate  that  the  prtnctpa! 
effects  of  deformatton  and  heat  treatment  On  color— 
abtltty  may  be  related  to  the  state  of  dtsperston  of 
tmpurttles.  (Contractor's  abstract) 

YAL.  03:003 

Yale  U.  Hammond  Metallurgical  Lab.,  New  Haven,  Conn. 

T1IE  PINNING  OF  DISLOCATIONS  BY  X-IR RADIATION 
OF  ALKALI  HALIDE  CRYSTALS,  by  R.  B.  Gordon 
and  A.  S.  Nowtck.  Dec.  1955  (  50]  p.  tncl.  dtagrs. 
tables,  refs.  (Tec hnt cal  note  no.  3)  ([AFjOSR- 
TN-55-479)  (AF  18(600)850)  AD  81431 

Unclasstfted 

Also  published  in  Acta  Metallurgica,  v.  4:  514-527, 

Sept.  1956. 

A  study  ts  made  of  the  effect  of  x-trradtaUon  on  the 
room  temperature  elastic  modulus  (sj|)  of  NaCl  crys¬ 
tals.  The  modulus  ts  observed  to  be  unchanged  by 
lrradtatlon  for  well-annealed  crystals,  but  may  Increase 
by  as  much  as  7%  when  cold-worked  crystals  are 
Irradtated.  It  ts  demonstrated  that  the  modulus  change 
on  trradlatton  corresponds  exactly  to  the  elimination  of 
the  modulus  decrease  owtng  to  osctllaUng  dtslocaUon 
loops  through  the  creation  of  plnntng  potnts  along  the 
dtslocattons.  A  quantitative  theory  ts  developed  for 
the  vartatlon  of  modulus  wtth  x-ray  dose.  This  t  'eory 
assumes  that  vacanctes,  released  wtthin  the  volume  of 
the  crystal  through  the  action  of  the  radtaUon,  mtgrate 
to  dtslocattons,  and  contribute  to  the  formaUon  oi 
plnntng  points.  The  theory  appears  to  be  tn  good  agree¬ 
ment  wtth  experiment,  and  makes  possible  a  calculation 
of  the  denstty  of  dtslocattons  and  the  mean  length  of  the 
free  dislocation  loops  prtor  to  Irradiation. 

(Contractor’s  abstract) 

YAL.  03:004 

Yale  U.  Hammond  Metallurgical  Lab.  New  Haven, 

Conn. 

CREATION  OF  A  POTENTIAL  DIFFERENCE  ACROSS 
NaCl  CRYSTALS  BY  DEFORMATION  (Abstract),  by 
D.  B.  Ftschbach  and  A.  S.  Nowtck.  t955  [lip. 

AF  t8(600)850  Unclasstfled 

Presented  at  meettng  of  the  Amer.  Phys.  Sue., 
Balttinore,  Md. ,  Mar.  1 7 - 1 9 ,  1955. 

PublLdUbila  Phys.  Rev.,  v.  98:  1543,  June  1,  1955. 

A  study  has  been  made  of  the  flow  of  current  at  room 
temperature  through  NaCl  c  rvslals  deformed  In 
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compression.  A  sensitive  vacuum  tube  electrometer  Is 
used  to  measure  the  potential  drop  across  a  10- In.  ohm 
resistor  connected  across  the  crystal.  When  the  crystal 
Is  deformed  lnhomogeneously  a  transient  potential  drop 
difference  Is  developed  such  that  the  side  of  the  crystal 
which  has  the  higher  stress  concentration  becomes 
negative.  If  the  load  Is  left  on,  this  potential  decays  to 
zero  over  a  period  of  mtnutes  In  roughly  a  hyberboltc 
fashion.  Removal  of  the  load  at  any  time  drops  the 
current  flow  to  zero  almost  Instantaneously.  Reappll- 
catlon  of  the  same  load  produces  a  new  transient  current 
!:•  the  same  direction  as  the  original  flow,  but  smaller 
In  magnitude.  The  direction  of  the  Initial  current  flow 
Is  unaffected  by  externally  applted  fields  as  large  as 
aiOOO  volts/cm.  A  discussion  of  the  possible  Inter¬ 
pretation  of  this  effect  is  given. 


YAL.  03:005 

Yale  U.  [  Hammond  Metallurgical  Lab.  ]  New  Haven, 

Conn. 

ELASTIC  MODULUS  OF  X-1R RADIATED  ROCK  SALT 
(Abstract),  by  R.  B.  Gordon  and  A.  S.  Nowick.  [  1955) 
[  2)  p.  I  AF  18(600)850)  Unclasstfted 

Presented  at  meeting  of  the  Amer.  Phys.  Soc., 
Baltimore,  Md. ,  Mar.  17-19,  1955. 

Published  In  Phys.  Rev.,  v.  98:  1540-1541,  June  1, 
1955. 

Measurements  of  the  room  temperature  dynamic  elastic 
modulus  (Cu)  of  x-lrradlated  NaCl  crystals  have  been 
made  to  an  accuracy  of  better  than  0.  01  percent.  It  Is 
found  that  the  modulus  Is  unchanged  by  lrradtatlon  for 
well-annealed  crystals,  but  may  Increase  by  as  much 
as  5  percent  In  cold  worked  crystals.  This  modulus 
change  Is  a  volume  effect.  It  Is  closely  related  to  the 
modulus  decrease  on  cold  working,  which  occurs  as  a 
result  of  the  production  of  dislocation  segments  oscil¬ 
lating  In  phase  with  the  stress.  The  modulus  of  a 
freshly  deformed  crystal  Increases  with  time  because 
of  the  shortening  of  these  segments.  It  Is  found  that 
the  x-trradtatlon  of  a  deformed  crystal  raises  the 
modulus  by  just  the  amount  corresponding  to  the 
destruction  of  this  dislocation  contribution.  The  x-ray 
dosage  required  to  saturate  this  modulus  effect  Is  very 
much  smaller  than  that  required  to  fully  color  the 
crystal.  The  Irradiation  time  required  to  effect  half  the 
total  modulus  change  Is  Independent  of  the  magnitude  of 
the  change.  These  results  suggest  that  the  radtatlon  Is 
to  create  new  pinning  points  along  a  dislocation  and  that 
the  rate  at  which  a  dislocation  Is  attacked  Is  Independent 
of  the  density  of  dislocation  lines. 


YAL.  03:006 

Yale  U.  Hammond  Metallurgical  Lab. ,  New  Haven,  Conn. 

qUENCH  HARDENING  OF  PURE  GOLD  AS  OBSERVED 
BY  INTERNAL  FRICTION  METHODS,  by  A.  E.  Roswell 


and  A.  S.  Nowick.  Aug.  1956  [24]p.  tncl.  dlagrs 
table,  refs.  (Technical  note  no.  4)  (AFOSR-TN- 
56-360)  (AF  18(600)850)  AD  95446  Unclassified 

Also  published  In  Acta  Metallurgies,  v.  5:  228-235, 

Apr.  1957. 

The  effect  of  heat  treatment  of  the  dislocation  damping 
was  studied  In  high  purity  Au.  A  quench  hardening 
effect  was  observed,  analogous  to  that  found  by  previous 
workers  In  Zn  and  Al.  Measurements,  made  by  means 
of  a  piezo-electric  resonator  of  internal  friction  at  a 
maximum  strain  amplitude  of  1  x  10"7  gave  values  for 
(fs  x  104  of  30±5  for  furnace-cooled  samples,  8. 5*1.0 

for  alrquenched  samples,  and  of  5. 4  for  one  water- 
quenched  sample.  (The  damping  of  the  specimen  1b 
reported  as  0S,  the  phase  angle  of  lag  of  strain  behind 
stress  when  the  specimen  is  vibrating  alone. )  A 
handling  effect  was  found  to  be  principally  responsible 
for  the  large  difference  In  damping  between  specimens 
given  different  Initial  heat  treatments.  The  differences 
between  alrquenched  and  furnace-cooled  specimens  were 
observed  to  anneal  out  In  the  range  160°  to  200* C;  and 
there  was  no  evidence  for  an  agehardening  effect  prior 
to  the  resoftenlng.  The  phenomena  are  Interpreted  In 
terms  of  the  pinning  of  dislocations  by  "attached 
vacancies"  (l.  e. ,  vacancies  which  form  an  atmosphere 
about  the  partial  dislocations  In  the  metal),  which  are 
most  probably  In  the  form  of  clusters.  The  question 
of  the  origin  of  these  attached  vacancies  Is  also 
dtscussed.  (Contractor’s  abstract) 


YAL.  04:001 

Yale  U.  [  Sloane  Physics  Lab.  J  New  Haven,  Conn. 

GYROMAGNETIC  RATIO  IN  THE  HYPERFINE 
STRUCTURE  OF  DOUBLET  STATES,  by  W.  W. 
Clendenln.  Mar.  9,  1954,  14p.  Inch  refs.  (Technical 
rept.  no.  3)  ([  AF  JOSR-TN-54-57)  (AF  18(600)771) 

AD  32233  Unclassified 

AIbo  published  In  Phys.  Rev.,  v.  94:  1590-1592,  June 
15,  1954. 

Perturbation  of  the  hyperflne  structure  of  an  electronic 
Pl/2  state  ^  the  p3/2  Male  Is  calculated  uBlng 

relativistic  electronic  functions.  The  main  effects  are 
a  change  In  apparent  nuclear  g-factor  and  a  common 
lowering  of  all  p^  sublevels.  Energy  corrections  due 

to  the  perturbation  of  one  level  of  a  doublet  term  by  the 
other  when  1  Is  1/2  and  j  Is  arbitrary  are  also  obtained. 
(Contractor's  abstract) 
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Yale  U.  [Sloane  Physics  Lab.  )  New  Haven,  Conn. 

SARGENT  DIAGRAM  AND  U  VALUES  FOR  ELECTRON 
CAPTURE  TRANSITIONS  (Abstract),  by  J.  K.  Major 
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and  L.  C.  Biedenharn.  Nov.  1954  clip.  (Technical 
rept.  no.  1)  ([  AF  jOSR-TN-54-107)  (AF  18(600)771) 

Unclassified 

Presented  at  meeting  of  the  Amer.  Phys.  Soc. , 

New  York,  Jan.  28-30,  1954. 

Published  In  Phvs.  Rev.,  v.  94:  779,  May  1,  1954. 

Knowledge  of  the  dtstntegratlon  constant  1  and  the  energy 
W  of  electron  capture  transitions  ts  useful  tn  calculating 
branching  ratios  and  transformation  probabilities  and  In 
Identifying  nuclear  transitions.  While  X  may  be  com¬ 
puted  from  observed  half-ltves  and  known  decay 
schemes,  W  must  be  deduced  tndtrectly,  from  closed 
decay  cycles,  mass  differences  from  nuclear  reaction 
or  mass  spectrometer  measurements,  posttron  emlsston 
between  the  same  tnitlal  and  final  states,  or  end-points 
of  Inner  bremsstrahlung  accompanying  electron  capture. 
Earlier  studtes  have  been  extended  to  lighter  nuclet 
wherever  adequate  tnformatlon  on  the  half-life,  branch¬ 
ing  ratios,  and  transttlon  energy  was  available,  and  a 
Sargent  diagram  constructed.  Known  allowed  transi¬ 
tions  fall  considerably  below  the  Une  proposed  by 
Feather,  but  the  scatter  of  the  points  does  not  permit 
differentiation  of  Sargent  curves  for  dtfferent  degrees 
of  forblddenness.  Comparative  half-ltves  have  also 
been  calculated  for  capture  transitions  and  will  be 
compared  to  those  for  beta  emitters.  (Contractor's 
abstract) 


YAL.  04:003 

Yale  U.  Sloane  Phystcs  Lab. ,  New  Haven,  Conn. 

INGOING  WAVES  IN  FINAL  STATE  OF  SCATTERING 
PROBLEMS,  by  G.  Brett  and  H.  A.  Bethe.  Nov.  7, 
1953  [  11  ]p.  lncl.  dtagr.  (Technical  rept.  no.  2) 

(In  cooperation  with  Cornell  U.  Inst,  of  Nuclear 
Studies,  Ithaca,  N.  Y. )  ((  AF  lOSR-TN-54-108) 

(AF  18(600)771)  AD  32232  Unclasstfled 


15,  1954. 


;  Phys.  Rev. ,  v.  93:  888-890,  Feb. 


A  brief  discussion  Is  presented  of  scattertng  by  a  cen¬ 
tral  field  as  background  for  the  problem  where  tt  ts 
assumed  that  one  deals  with  solutions  of 


^1  +  H, 


iQ  =  0;  HQ  ts  the  Hamiltonian  of  a  scatter¬ 


ing  problem,  and  1 0  Is  a  wave  packet.  The  problem  Is 

mod  if  ted  by  the  Introduction  of  a  perturbing  Hamiltonian 
H',  and  time-independent  solutions  are  introduced  by 
means  of  the  relation  (HQ  -  Ej)u.  g  =  0,  where  s  enu¬ 
merates  the  continuum  of  posstbtUtles  for  solutions  at  a 
fixed  energy  Ej.  The  function  uj  g  are  normalized  tn 

order  to  solve  the  perturbed  equation  to  the  first  order 
In  H'.  A  dlscusston  Is  presented  of  the  completeness 
of  Uj  s,  and  sn  argument  Is  advanced  that  the  first-order 
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solution  tn  H'  may  be  used  wtth  the  uj  g  as  etther 

lngotng  or  outgoing  wave  modifications  of  plane  waves. 
The  calculation  tn  terms  of  distorted  plane  waves  with 
outgotng  wave  modifications  ts  not  dtrectly  interpretable 
In  terms  of  a  differential  cross  section.  The  solution 
tn  H'  gives  the  standard  formula  for  the  transttlon 
probabtltty  tn  terms  of  squares  of  matrix  elements; 
therefore,  for  the  usually  destred  application  to  the 
calculation  of  the  flux  of  parttcles  In  a  gtven  direction, 
the  ingoing  wnve  modification  is  indteated. 


YAL.  04:004 

Yale  U.  [Sloane  Physics  Lab.  ]  New  Haven,  Conn. 

ON  THE  VALIDITY  OF  THE  BORN-OPPENHEIMER 
APPROXIMATION,  by  P.  B.  Daltch  and  S.  Bludman. 
Apr.  23,  1954,  29p.  (Technical  rept.  no.  4) 

([AF lOSR-TN-54-110)  (AF  18(600)771)  AD  32234 

Unclassified 


1,  1954. 


I  Phys.  Rev.,  V.  95:  823-830,  Aug. 


Solutions  of  the  Schroedlnger  equation  for  several 
stmple  models  tn  which  a  light  particle,  mass  m,  is 
bound  to  a  heavy  particle,  mass  M,  which  tn  turn  tB 
bound  to  another  heavy  particle  which  may  be  fixed  are 
considered  as  expansions  tn  the  parameter 
1/8  =  (m/M)1/*.  A  characteristic  of  such  systems  ts 
that  when  the  light  particle  ts  far  from  the  heavy  parti¬ 
cle,  It  centers  on  the  mean  posttton  of  the  heavy  parttde 
and  when  tt  ts  close  to  the  heavy  particle,  tt  centers  on 
the  heavy  particle.  The  classtcal  predtctlon  that  the 
change  tn  centering  takes  place  when  the  motional  fre¬ 
quencies  of  the  light  and  heavy  particles  are  equal  Is 
born  out  tn  quantum  mechanics,  except  that  here  the 
transition  takes  place  over  an  extended  region  as  shown 
by  the  detailed  Investigation  of  models.  General  argu¬ 
ments  are  presented  which  show  how  low  and  high 
momenta  of  the  light  particle  contribute  respectively  to 
centering  on  the  mean  position  and  on  the  changing  posi¬ 
tion  of  the  heavy  particle.  The  effect  of  the  centertng  on 
expectation  values  of  quantities  dependent  on  the  denstty 
of  the  light  particle  at  the  heavy  one  ts  of  the  order  of 
the  ratio  of  an  average  radtuB  of  the  heavy  particle 
motion  to  an  average  radtus  of  the  light  particle  motion. 
Further  corrections  due  to  Incomplete  centertng  are  of 
the  order  1/6  times  this  ratio.  In  an  appendtx,  an 
estimate  is  made  of  the  correction  to  the  wave  funetton 
to  order  l/f)2  for  the  case  of  the  two-tlnes-of-lnter- 
action  model  by  application  of  perturbation  theory. 
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Yale  U.  Sloane  Physics  Lab.,  New  Haven,  Conn. 

SARGENT  DIAGRAM  AND  COMPARATIVE  HALF- 
LIVES  FOR  ELECTRON  CAPTURE  TRANSITIONS,  by 
J.  K.  Major  and  L.  C.  Biedenharn.  May  1954,  18p. 
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lncl.  dlagrs.  refs.  (Technical  rept.  no.  5)  ([AF]OSR- 
TN-54-134)  (AF  18(600)771)  AD  32599 

Unclassified 

Also  puhllshed  In  Rev.  Modern  Phys. ,  v.  26:  321-326, 
July  1954. 

Earlier  studies  by  Thompson  and  Feather  have  been 
extended  to  lighter  nuclei,  wherever  the  half-life, 
branching  ratios,  and  transition  energy  W  are  known, 
and  a  Sargent  diagram  constructed  for  87  electron  cap¬ 
ture  transitions;  W,  deftned  as  the  energy  of  the  neu¬ 
trino  emttted  during  capture,  must  be  deduced  Indirectly, 
from  atomic  mass  differences,  positron  spectra,  or 
inner  bremsstrahlune.  Known  allowed  transitions  fall 
considerably  below  the  ltne  proposed  by  Feather,  but  the 
scatter  of  the  points  does  not  permtt  differentiation  of 
Sargent  curves  for  different  degrees  of  forbiddenness. 
Cumulative  hall-lives  have  been  calculated  (or  th-st 
capture  transitions,  and  are  tabulated  and  compared 
with  11  values  for  beta  emitters.  The  distributions  of 
11  values  are  similar,  and  agreement  Is  evident  between 
11  values  for  electron  capture  and  positron  emission  In 
the  same  transformation.  (Contractor's  abstract) 


YAL.  04:006 

Yale  U.  [  Sloane  Physics  Lab.  ]  New  Haven,  Conn. 

ISOTOPE  SHIFT  IN  X-RAY  SPECTRA  OF  HEAVY 
ELEMENTS,  by  G,  Igo  and  M.  S.  Werthelm.  June 
1 JM,  4p.  lncl.  tables.  (TechvJcal  rept.  no.  6) 

([  AF ]OSR-TN-54-150)  (AF  18(600)771)  AD  34290 

Unclasstfted 

Also  published  In  Phys.  Rev. ,  V.  95:  1097,  Aug.  15, 
1954. 

Calculations  were  made  by  means  of  the  volume  effect 
theory  (J.  E.  Rosenthal  and  G.  Drelt,  Phys.  Rev., 
v.  4 1 :  459,  1932)  of  the  effects  expected  for  the  lines 
meisurei  by  Kogovaaud  Schwarz  (Ttys  fev  ,  v,  i2- 
1434,  1953).  A  list  Is  given  of  U,  Pb,  and  Mo  of  (1) 
values  for  the  top  splice  modification  of  the  Coulomb 
pntentlal  which  corresponds  to  the  whole  nuclear  charge 
on  the  nuclear  surface,  and  (2)  the  value  n  -  •  In 

V  -  -  (Y/na)  [  -(r/a)n»n*ll  +  (Y/r), 

which  represents  the  relative  values  of  the  potential  tn 
the  nucleus.  The  tsotope  shift  for  a  uniform  volume 
denstty  (n  =  2)  and  for  n  =  t.  5  was  obtained  from  these 
values  by  means  of  the  factor  (4  6  E^fi  4  E)  .  Values 
are  given  of  a  correction  factor  for  wave-function  dis¬ 
tortion.  All  factors  for  the  top  spltce  model  (n  -  *  ) 
were  combined  to  gtve  corrected  values  of  the  tsotope 
shift  (ev);  the  2st  2  value  for  U  was  0.  t4,  the  2pt  2 

for  U  was  0.  0t7,  and  the  t  st  2  value  for  Mo  was  0.  Ot  t . 
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Yale  U.  [  Sloane  Physics  Lab.  ]  New  Haven,  Conn 

LANDE-GOUDSMIT- FERMI- SEGRE  FORMULAE,  by 
G.  Brelt.  [  1954]  Up.  lncl.  dlagr.  refs  ([AFJOSR- 
TN- 54- 153)  [AF  18(600)771]  Unclassified 

The  Lande-Goudsmlt-Ferml-Segre  formulas  have 
proved  to  be  useful  in  the  comparison  of  values  of 
nuclear  magnetic  moments,  as  derived  from  molecular 
beam  measurements,  with  those  obtained  from  spectro¬ 
scopic  and  atomic  beam  measurements  of  hyperflne 
structure.  The  derivation  of  these  relations  due  to 
Fermi  and  Segre  depends  on  the  validity  of  the  JWKB 
approximation.  In  view  of  the  limitations  of  the  latter, 
another  somewhat  more  general  derivation  ts  presented. 
It  makes  use  of  formal  extension  of  the  space  to  nega¬ 
tive  values  ol  the  election- nuclear  distance  and  ot  view¬ 
points  familiar  in  nuclear  reaction  theory.  By  means 
of  relations  established  by  Wlgner  for  the  energy  de¬ 
pendence  of  his  derivative  function,  It  Is  shown  that 
the  formulas  nay  be  expected  to  have  a  wide  range  of 
validity.  Tne  phase  of  the  WKB  method  Is  generalized 
into  the  phase  of  the  reaction  channel  and  the  obvious 
regularity  of  the  dependence  of  the  WKB  phase  on 
energy  Is  replaced  by  corresponding  relations  following 
from  Wlgner's  work.  (Contractor's  abstract) 
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Yale  U.  I  Sloane  Physics  Lab.  j  Ntw  Haven,  Conn. 

ISOTOPE  SHIFT  IN  THE  X-RAY  SPECTRA  OF  HEAVY 
ELEMENTS,  by  M.  S.  Werthelm  and  G.  Igo.  Dec. 

1954  [  1 6  J  p.  tncl.  dlagrs.  tables,  refs.  (Technical 
rept.  no.  8)  ([  AF  JOSR-TN-54-347)  (AF  18(600)771) 

AD  51856  Unclasslfted 

Also  published  In  Phys.  Rev.,  v.  98:  1-5,  Apr.  t,  1955. 

ISvAupt  suits  Ir,  the  a-  ray  levels  resulting  Item  the 
nuclear  volum<*  effect  have  been  calculated  for  three 
different  nuclear  potentials  by  using  first  order  per 
U -hall MI  theory  with  the  relatlvUUr  wave  (u-vUo'.s  tn 
a  Coulomb  field.  In  order  to  correct  for  the  error 
made  tn  using  first  order  perturbation  theory,  the  exact 
relativistic  wave  function  was  obtained  for  one  of  the 
potentials.  The  screening  effects  of  the  atomte  electrons 
are  taken  Into  account  by  compartng  the  value  of  the 
wave  funetton  at  the  nuclear  radius  In  a  Fermt-Thomas 
field  with  that  In  a  Coulomb  field.  An  upper  limit 
ts  obtained  on  contributions  to  the  tsotope  shift  owtng  to 
the  change  In  screening  of  the  other  atomic  electrons 
when  a  K  or  L  shelt  electron  ts  removed  or  replaced. 

The  results  for  Isotope  shift  tn  Mo  and  U  are  one-hatf 
and  one -twentieth,  respectively,  of  the  experimental 
resolution  of  Rogosa  and  Schwarz.  (Contractor’s 
abstract) 
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YAL.  04:009 

Yale  U.  [  Sloane  Physics  Lab.  ]  New  Haven,  Conn. 

NOTE  ON  AGREEMENT  OF  CLASSICAL  AND  QUANTUM 
COULOMB  EXCITATION  INTEGRALS  by  J  P. 

Lazarus  and  S.  Seek.  June  II,  1955  [  6  j  p.  lnct.  dlagrs. 
(Technical  rept.  no.  9)  ( [  AF  J  OSR-TN-55- 178) 

(AF  18(600)771)  AD  69946  Unclassified 

Also  published  In  Phys.  Rev.,  v  100:  370-371,  Oct. 

1,  1955 

A  comparison  Is  made  between  classical  and  quantum 
Coulomb  excitation  integrals.  Use  is  made  of  the  rela¬ 
tion  of  Erelt  and  Daltch  concerning  close  equality  of 
classical  and  quantum  density  Integrals.  It  Is  shown 
that  the  Indefinite  Coulomb  excitation  Integrals  show 
agreement  at  nearly  the  same  distances  as  the  corre¬ 
sponding  density  Integrals.  The  agreement  of  the 
Coulomb  excitation  Integrals  for  small  excitations  Is 
therefore  believed  to  be  caused  at  least  partly  by  the 
agreement  of  the  density  Integrals.  (Contractor's 
abstract) 


YAL.  04:010 

Yale  U.  [  Sloane  Physics  Lab.  ]  New  Haven,  Conn. 

REDISTRIBUTION  OF  CLASSICAL  AND  QUANTUM 
DENSITIES,  by  G.  Brelt  and  P.  B.  Daltch.  June  11, 
1955,  14p.  (Technical  rept.  no.  10)  (lAF.OSR-TN- 
55-179)  (AF  18(600)771)  AD  69947  Unclassified 

Also  published  In  Proc.  Nat't.  Acad.  Sciences,  v.  41: 
653-660,  Sept.  1955 

ft  is  shown  that  If  particles  Impinge  from  right  to  left 
on  a  completely  reflecting  potential  1-dlmenslonal 
potential  barrier,  the  Integral  of  the  quantum  mechanical 
density  taken  from  the  barrier  Interior  tc  1  of  the  nodes 
of  the  wave  function  on  the  right  of  the  barrier  Is  equal 
to  the  Integral  of  the  classical  particle  density  from  the 
classical  turning  point  to  the  same  node  of  the  wave 
function,  provided  that  at  the  node  the  JWKB  approxima¬ 
tion  applies.  Similarly  In  the  case  u!  radial  wave  func¬ 
tions  the  Integrals  of  particle  densities,  computed 
classically  and  quantum  mechanically  from  the  origin  of 
coordinates  to  a  node  of  the  radical  wave  function,  arc- 
equal  provided  the  JWKB  approximation  applies  at  the 
node.  An  extension  of  the  relation  to  the  case  of  2 
different  quantum  states  Is  given.  The  bearing  of  the 
theorem  on  the  success  of  the  semt- classical  treatment 
of  Coulomb  excitation  Is  brought  out,  and  the  possibility 
of  applications  to  problems  In  wave  equations  of  clas¬ 
sical  physics  Is  pointed  out. 


YAL.  04:011 

Yale  U.  t  Sloane  Physics  Lab.  New  Haven,  Conn. 


MECHANICAL  COULOMB  EXCITATION  INTEGRALS 
FOR  LARGE  L,  by  R.  L.  Gluckstern,  J.  P.  Lazarus, 
ana  G.  Brelt.  July  29,  1955,  12p.  (Technical  rept. 
no.  11)  ([  AF  j  O.SK-TN-55-256)  (AF  18(600)771) 

AD  69684  Unclassified 

Also  published  In  Phys.  Rev.,  v.  101:  175-177,  Jan. 

1,  1956. 

Semiclasslcal  and  quantum  mechanical  Integrals 
occurring  In  the  theory  of  Coulomb  excitation  are  com¬ 
pared  In  the  limit  of  distant  collisions  which  corre¬ 
sponds  to  setting  the  usual  parameter  q  =  0.  The 
Integra's  are  expanded  in  powers  of  the  energy  of 
excitation,  and  are  found  to  agree  up  to  and  including 
those  of  second  order,  provided  the  geometric  mean 
of  the  Initial  and  final  energy  Is  used  in  the  semi- 
classical  calculation.  The  results  are  generalized  to 
Include  an  arbitrary  power  law  for  the  dependence  of 
the  interaction  energy  on  radius.  The  agreement  re¬ 
mains  unchanged.  (Contractor's  abstract) 


YAL.  04:012 

Yale  U.  [Sloane  Physics  Lab.  J  New  Haven,  Conn. 

TRANSFORMATION  OF  RELATIVISTIC  WAVE  EQUA¬ 
TIONS,  by  B.  Kursunoglu.  Sept.  23,  1955,  21p.  refs. 
(Technical  rept.  no.  11)  ( [  AF  ]  OSR-TN-55-333) 

(AF  18(600)771)  AD  73467  Unclassified 

Also  published  In  Phys.  Rev.,  v.  101:  1419-1424, 

Feb.  15,  1956. 

A  unitary  transformation  Is  found  which  achieves  an 
exact  separation  of  positive  and  negative  energy  states 
of  a  Dirac  particle  interacting  with  an  external  electro¬ 
magnetic  field.  The  (v/c)2  approximation  to  the  motion 
of  a  Dirac  particle  agrees  with  the  Foldy  and 
Wouthuysen  result.  The  transformation  is  extended  to 
quantized  fields  and  to  relativistic  2-body  equations. 

The  second  order  electromagnetic  mass  effects  in  the 
quantized  Dirac  equation  appear,  in  the  nonrelativlsttc 
limit,  as  the  time  derivatives  of  the  electric  terms  of 
the  nonrelalivtstic  Hamtltonlan  without  the  radiative 
corrections.  These  mass  effects  In  the  nourelattvlstlc 
Hamiltonian  are  proportional  to  (l/mc)3.  Con¬ 
struction  of  unitary  transformation  operators  for  the 
ps-ps  meson  theory  and  for  the  Bethe-Sulpeter  equal  I  on 
are  also  dtscussed.  (Contractor's  abstract) 


YAL.  04:013 

Yale  U.  Sloane  Physics  Lab.  New  Haven,  Conn. 

NOTE  ON  GAMMA  ANGULAR  DISTRIBUTION  IN 
COULOMB  EXCITATION,  by  G.  Brelt,  M.  t.  tbel, 
and  J.  E.  Russell.  Oct.  27,  1955,  12p.  (Technical 
rept.  no.  12)  (1  AF  .OSlt -TN  55-447)  (AF  18(600)771) 
AD  80915  Unclassified 


COMPARISON  OF  SEMI- CLASSICAL  AND  QUANTUM 
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Also  published  In  Phvs.  Rev.,  v.  tot:  t504-1507, 

Mar.  1,  1956. 

In  view  of  dtscrepanctes  tn  the  Itterature  regardtng 
signs  tn  formulas  for  the  angular  distribution  of  gamma 
rays  emitted  in  Coulomb  excitation  this  distribution  ts 
worked  out  for  the  spectat  case  of  0  -*  2  transitions.  The 
calculation  ts  quantum  mechanical,  and  neglects  higher 
tlian  ftrst  order  effects  tn  the  Coulomb  energy.  The 
signs  and  form3  obtained  are  confirmed  by  a  semt- 
c<-sstcat  calculation.  (Contractor’s  abstract) 


YAL.  04:0t4 

Yale  U.  [  Sloane  Physics  Lab.  ]  New  Haven,  Conn. 

CONTRIBUTIONS  OF  OPTICAL  METHODS  TO 
NUCLEAR  PHYSICS,  by  G.  Brett.  May  31,  t956  [47]p. 
tncl.  Ulus,  dlagrs.  tables,  refs.  (AFOSR-TN- 56- 
274)  (AF  18(600 )77 1 )  AO  69484  Unclasstfted 

Also  published  In  Jour.  Opt.  Soc.  Amer. ,  v.  47:  446- 
459,  June  1957. 

The  developments  tn  nuclear  physics  resulting  from  the 
application  of  optical  methods  to  the  study  of  nuclei  are 
reviewed.  The  atom  ts  presented  as  a  type  of  laboratory 
with  respect  to  the  coupltng  of  electron  system  to 
nuclear  spin,  the  electron-nuclear  volume  and  shape 
effect,  the  hyperftne  structure  of  the  H  tsotopes,  dts- 
IrtbuUon  of  nuclear  magneUc,  and  Isotoptc  shift  and 
quad ru pole  moments.  Related  developments  resulting 
from  applications  of  atomic  beams  stimulated  by  early 
spectroscoptc  Ideas  are  discussed. 


YAL.  04:015 

Yale  U.  [  Sloane  Physics  Lab.  J  New  Haven,  Conn. 

FtNE  STRUCTURE  OF  THE  GROUND  STATES  OF 

Nt5ANDOt7,  by  C.  A.  Pearse.  Oct.  3t,  1956  [  35]  p. 
tncl.  dlagrs.  tables,  refs.  (AFOSR-TN- 56-535) 

(AF  t8( 600)77 1)  AD  tt0354  Unclasstfted 


not  accurately  appUcable  tn  the  cases  of  the  N7®  and 
Ot7  groundstate  spUttlngs.  Gaussian  error  potentials 
and  wave  functions  have  been  used.  The  wave-function 
range  parameters  have  been  adjusted  by  means  of 
experimental  Coulomb  energies  and  examined  by  means 
of  btndlng  energtes.  Effects  of  exctted  configurations 
have  not  been  tnctuded  and  no  etaim  of  an  exhaustive 
consideration  of  all  posstble  adjustments  of  wave 
function  and  potential  parameters  ts  made. 


VAL.  04:016 

Yale  U.  [Sloane  Phystcs  Lab.  ]  New  Haven,  Conn. 

NOTE  OF  RELATIVISTIC  CORRECTIONS  TO  p-p 
SCATTERING,  by  G.  Brett.  Nov.  30,  t9S6,  22p. 
refs.  (AFOSR-TN- 56- 565)  (AF  18(600)771) 

AD  1 1 0386  Unclassified 

Also  published  tn  PhvB.  Rev.,  v.  t06:  3t4-320, 

Apr.  tS57. 

Specific  non- relativistic  nuclear  Interaction  effects  are 
examtned  for  the  relation  to  relativistic  corrections  to 
Coulomb  scattering.  Improvement  on  the  corrections 
ts  made  tn  the  ftrst  order  of  e2  through  a  knowledge  of 
wave  functions  tn  the  presence  of  nuclear  Interactions. 
The  spln-orbtt  Interactions  due  to  the  action  of  the 
electrtc  Held  are  found  to  be  affected  by  wave  function 
distortion.  Analysis  ts  affected  stnce  the  Interaction 
changes  the  polarization  of  proton  beams  tn  scattering. 
Sptn-orbtt  Interactions  are  related  to  atomic  spectra. 
The  appendix  proves  the  vanishing  of  first  order  tensor 
force  effects  on  the  polarization,  which  holds  Independ¬ 
ently  of  the  origin  of  the  tensor  force  effects. 


YAL.  04:0t7 

Yale  U.  [Sloane  Physics  Lab.  J  New  Haven,  Conn. 

NUCLEON- NUCLEON  SPtN-ORBIT  FORCES  IN  Nt5 
AND  Ot7  (Abstract),  by  C.  A.  Pearse.  [  t956J  [tjp. 
[  AF  t8( 600)771  j  Unclassified 


Also  published  In  Phys.  Rev.,  v.  t06:  545-553,  May 
t,  1957. 


Presented  at  meeting  of  the  Amer.  Phys.  Soc. ,  New 
Haven,  Conn.,  June  2t-23,  t956. 


An  attempt  has  been  made  to  fit  the  experimental  values 
of  the  groundstate  splittings  for  Nl*  and  Ot7  uztng  the 
same  nucleon -nucleon  spln-orbtt  force  for  both  cases. 

It  ts  found  that  the  spln-orbtt  force  constants  for  the 
NlS  case  must  be  made  about  twice  as  large  as  those  for 
the  Ot7  case,  't  he  magnitudes  of  the  sptn-orbtt  force 
parameters  required  to  account  satisfactorily  lor  the 
N15  and  017  groundstate  splittings  have  been  found  to  be 
from  5  to  to  times  larger  than  those  necessary  to  obtain 
agreement  between  the  calculated  and  the  experimental 
values  of  the  groundstate  splitting  tn  LI7.  The  exchange 
Integral  contributions  to  th£  splittings  have  been  found 
to  be  from  Ji  to  t  of  the  direct  Integral  contributions-, 
therefore,  the  concept  of  a  one  body  spln-orblt  force  ts 


Published  In  Bull.  Amer.  Phys.  Soc.,  Series  H,  v.  t: 
303,  June  2t,  t956. 


The  spln-orblt  splitting  ts  given  for  Wlgner,  Majorana, 
and  Heisenberg  nucleon- nucleon  potentials  for  a  nucleon 
outside  closed  shells  and  for  a  "hole"  tn  a  closed  shell. 
The  spln-orbtl  forces  are  those  derived  from  relativistic 
Invariance  by  Brett.  These  expressions  have  been 
evaluated  using  Gausstan  wave  functions  and  potentials. 
The  wave- function  parameters  are  chosen  by  the  alter¬ 
native  criteria:  binding  energy  of  last  neutron.  Coulomb 
energy  of  mirror  nuclei,  electron  scattering  and  rou- 
mrsonlc  atom  experiments.  The  parameters  aw,  aM, 
and  a77  are  found  to  be  about  tO  for  pj^  -  pj^  of  N** 
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and  about  20  for  do,  -  dc,  of  O17. 

%  % 


These  values  are 


compared  wi'li  those  of  Brett  and  Stehn  for 


P3/2  ■  pv2 


of  LI7.  Effects  of  •’hape  and  range  parameter  un¬ 
certainties  and  perturbations  are  discussed.  Exchange 
integral  contributions  are  non-negliglble;  hence,  the 
usual  equivalent  one-body  spin-orbit  force  is  in¬ 
applicable  in  these  cases.  (Contractor's  abstract) 


YAL.  05:001 


Yale  U.  Sterling  Chemistry  Lab. ,  New  Haven,  Conn. 

THE  INFRARED  SPECTRA  AND  STRUCTURE  OF  NaOH 
AND  NaOD  (PART  I).  THE  RAMAN  SPECTRA  OF 
NaOH,  LlOH,  AND  LlOH-  HjO  (Part  II).  THE  INFRA¬ 
RED  SPECTRA  OF  KOH  AND  HYDRATED  KOH  (PART 
III),  by  W.  R.  Busing  and  B.  A.  Phillips.  [  Final  rept.  ] 
Sept.  1954  [  36 ]  p.  lncl.  dlagrs.  tables,  refs.  (Tech¬ 
nical  rept.  no.  1)  [AFOSR-TN- 54-239]  (AF  18- 
(600)859)  AD  44632  Unclassified 

Part  I  also  published  In  Jour.  Chem.  Phys. ,  v.  23: 
933-936,  May  1955. 

The  IR  spectra  of  NaOH,  NaOD,  and  the  mixtures  of 
these  compounds  were  studied  at  room  and  llquld-alr 
temperalures.  The  results  at  room  temperature,  taken 
together  with  the  Raman  spectrum  of  NaOH,  were  con¬ 
sistent  with  the  x-ray  structure  and  postulated  H 
positions.  At  the  llquld-alr  temperature,  the  spectrum 
of  NaOD  exhibited  an  unexpected  complexity  which  could 
not  be  explained.  The  Raman  frequencies  of  the 
hydroxide- strelchlng  vibrations  were  measured  for 
NaOH,  LlOH,  and  LlOH-  HjO  at  room  temperature. 

The  results,  taken  together  with  the  corresponding  IR 
frequencies,  were  consistent  with  the  x-ray  structures 
of  these  compounds.  The  IR  spectra  of  KOH  and 


hydrated  KOH  were  studied  at  room  and  liquid- air  tem¬ 
peratures,  but  the  Interpretation  of  the  results  was 
Incomplete. 


YAL.  05. 002 

Yale  U.  Sterling  Chemistry  Lab. ,  New  haven,  Conn. 

COMPARISON  OF  THE  INFRARED  AND  RAMAN 
SPECTRA  OF  SOME  CRYSTALLINE  HYDROXIDES,  by 
B.  A.  Phillips  and  W.  R.  Busing.  [  Oct.  5,  1956] 
[l]p.  incl.  table,  refs.  [AF  18(600)859] 

Unclassified 

Published  in  Jour.  Phys.  Chem.,  v.  61:  502-503, 

Apr.  1957. 

A  comparison  is  made  of  the  Infrared  and  Raman  OH 
stretching  frequencies  in  the  following  crystalline 


hydroxides: 

Compound 

Intmed11'13 

Raman 

Dlfferei 

[  Frequency  (c 

m-l)j 

LlOH 

3678 

3664 

14 

LlOH-  HaO 

3574 

3563 

11 

NaOH 

3637 

3633 

4 

Ca(OH)j 

3644 

3618 

26 

The  observed  spectra  are  consistent  with  the  sym¬ 
metries  of  these  crystals  in  that  one  infrared  active 
fundamental  and  one  Raman  active  one  have  been  ob¬ 
served  in  each  case.  Comparing  the  frequency  differ¬ 
ences,  it  is  sec  n  that  the  coupling  of  the  hydroxide 
ion  vibrations  is  greatest  in  Ca(OH)j  and  least  in  NaOH, 

and  that  the  sign  of  the  interaction  force  constant  is 
the  same  for  all  of  these  compounds. 
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ZUR.  01:001 

Zurtch  U.  (Switzerland). 

EFFECTS  ON  LIVING  TISSUES  BY  PRIMARY  COSMIC 
RAY  PARTICLES,  by  J.  A.  G.  Eugster,  H.  Waeffler, 
and  W.  Roost.  Feb.  1956  [34jp.  lncl.  tllus.  dtagrs. 
refs.  (AFOSR-TR-56-19)  (AF  61(514)898)  AD  87528 

Unclasstfted 

Fifty-five  experiments  were  performed  to  determine  the 
effects  of  cosmic  rays  on  the  living  tissues  of  humans 
and  animals  by  exposing  specimens  (1)  at  11,000  ft  (the 
Jungfraujoch  station);  (2)  In  the  Simplon  tunnel  8000  ft 
below  the  mountalntop  (where  control  specimens  were 
stored);  (3)  tn  stratosphere  balloons  at  Payerne;  and 
(4)  In  sky  hook  and  similar  altitude  balloons  at  90,  000 
to  100,  000  ft.  Results,  although  not  conclusive, 

Indicated  that  cosmic  radtatlon  will  not  be  a  great 
hazard  to  the  human  body  and  will  not  hinder  flight  tn 
the  upper  atmosphere.  The  Impairment  of  growth  in 
the  Simplon  tunnel  Indicated  that  cosmic  radiations  act 
as  a  stimulant  to  growth. 

ZWI.  01:001 

Zwlcky,  F. ,  Pasadena,  Calif. 

IN  FLIGHT  HIGH  ALTITUDE  TURBULENCE  RESEARCH 


PROGRAM,  by  F.  Zwlcky.  July  10,  1955  [I8]p.  lncl. 
diagrs.  ([  AF]OSR-TR-55-23)  (AF  18(600)488) 

AD  162515  Unclassified 


Some  generalities  are  presented  on  stellar  scintillations 
and  a  method  Is  dtscussed  which  provtdes  a  measure  of 
the  quality  of  seeing.  The  present  Investigation  is 
concerned  wtth  tests  by  binoculars  or  small  photographic 
cameras.  The  technique  of  stellar  tmage  trailing  led  to 
the  Important  discovery  that  the  disturbances  causing 
poor  seetng  can  be  very  high  up  In  the  atmosphere. 
Observations  from  the  ground  and  tn  the  high  altitude 
flights  led  to  these  preliminary  conclusions:  (1)  that 
there  ts  very  little  systematic  change  tn  visual  seetng 
between  the  ground  and  about  7  km  height;  (2)  that  the 
sluggish  scintillations  wtth  frequencies  tnferlor  to 
20/sec  are  caused  mostly  by  atmospheric  disturbances 
in  the  first  7  km  of  the  atmosphere;  and  (3)  that  It  wtll 
he  necessary  to  ascend  with  Instruments  of  much  greater 
light  gathertng  power  and  much  faster  time  resolution 
than  the  human  eye.  to  explore  the  quantitative  aspects 
of  the  stellar  sctntillatlon  at  great  altitudes.  The  study 
of  jet  vapor  tratls  and  the  correlation  of  the  observed 
phenomena  wtth  stellar  scintillation  data  led  to  the  dis¬ 
covery  of  very  stable  disturbances  in  air  whtch  were 
designated  as  Aertal  Blobs  or  Aerial  Mollusks. 
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AER  Aerojel-General  Corp. ,  Azusa,  Calif. 
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BItO  Brown  U. ,  Providence,  R.  I. 

BUT  Buller  'J. ,  Indianapolis,  Ind. 

CAL  California  U. ,  Berkeley 

CAR  Carnegie  Inst,  of  Tech. ,  Pittsburgh,  Pa. 

CAT  Catholic  U.  of  America,  Washington,  D.  C. 

CDC  Chicago  Development  Corp. ,  Itlverdale,  Md. 

CER  Carter  Labs. ,  Pasadena,  Calif. 

CHA  Charyk,  J.  V.,  Princeton,  N.  J. 

CHI  Chicago  U. .  111. 

C1N  Cincinnati  U. ,  Ohio 

CIT  Calllornla  Inst,  of  Tech. ,  Pasadena 

CLA  California  U. ,  Los  Angeles 

COA  Cornell  Aeronautical  Lab. ,  Inc.,  Duflalo,  N.  Y. 
COL  Colorado  U.,  Boulder 

CON  Connecticut  U. ,  Storrs 

COR  Cornell  U. ,  Ithaca,  N.  Y. 

COU  Columbia  U. ,  New  York 

DEL  Delaware  U. ,  Newark 

DET  Detroit  U.,  Mich. 

DUK  Duke  U. ,  Durham,  N.  C. 

EAS  Eastern  Research  Group,  Brooklyn,  N.  Y. 

EMO  Emory  U. ,  Atlanta,  Ga. 

ESC  Escher  Wyss,  Ltd.,  Zurich  (Switzerland) 

EXP  Experiment,  Inc.,  Richmond,  Va. 

FIJI  Florida  State  U. ,  Tallahassee 

H.U  Florida  U.  G.lnesvllL 

FOll  Forest  Products  l.ab. ,  Madison,  Wls. 

FRA  Franklin  Inst. ,  Philadelphia,  Pa. 

FIIB  Freiburg  U.  (Germany) 

FRD  Iredertck,  Carl  L.  and  Associates,  llethesda.  Md. 
FIIE  Free  U.  of  Brussels  (Belgium) 

FRS  Fresno  State  Coll. ,  Caltf 


Code  Culde 


GEC  Geckter,  R.  D. ,  Arcadia,  Calif. 

GEN  General  Electric  Co. ,  Schenectady,  N.  Y. 

GEO  George  Washington  U. ,  Washington,  D.  C. 

GIT  Georgia  Inst,  of  Tech. ,  Atlanta 
GOT  Gottingen  U.  (Germany) 

HAM  Hamburg  U.  (Germany) 

HAR  Harvard  U.,  Cambridge,  Mass. 

HEI  Heidelberg  U.  (Germany) 

HER  Hermann  Fottlnger  Inst,  fiir  Stromungstechnik, 
Technlschen  Unlversltat,  Berlin  (Germany) 
HOR  Horizons,  Inc.,  Cleveland,  Ohio 

IAS  Institute  for  Advanced  Study,  Princeton,  N.  J. 

UT  Illlnc'.s  Inst,  of  Tech. ,  Chicago 

ILL  Illinois  U. ,  Urbaua 

INN  Innsbruck  U.  (Austria) 

INS  Institute  of  the  Aeronautical  Sciences,  Inc. , 

New  York 

INT  Instituto  Nacionat  de  Tecnlca  Aeronautlca 
Esteban  Terradas,  Madrid  (Spain) 

IOW  Iowa  State  Coll. ,  Ames 

TSG  Illinois  State  Geological  Survey,  Urhana 

1ST  Istltuto  Nazlonale  dl  Ottlca,  Florence  (Italy) 

JHU  Johns  Hopkins  U. ,  Baltimore,  Md. 

KAN  Kansas  U.  ,  Lawrence 

KAR  Karollnska  Inst. ,  Stockholm  (Sweden) 

KOF  Kofink,  W. ,  Karlsruhe  (Germany) 

KUE  Kuessner,  H.  G. ,  GSttlngen  (Germany) 

LAV  Laval  U. ,  Quebec  (Canada) 

LEH  Lehigh  U. ,  Bethlehem,  Pa. 

LEY  Leyden  U.  (Netherlands) 

LIE  LtdgeU.,  Brussels  (Belgium) 

LIT  Litton  Industries,  Beverly  HIUb,  Calif. 

LOC  Lockheed  Aircraft  Corp. ,  Palo  Alto,  Caltf. 

LOU  Louvain  U.  (Belgium) 

1.SU  Louisiana  State  U. ,  Baton  Rouge 

MAR  Marseille  U.  (France) 

MAS  Massachusetts  U. ,  Amherst 

MAU  Maudstey  Hospital,  London  (Great  Britain) 

MDU  Maryland  U.,  College  Park 

MED  Medlterraneen  de  Recherches  Thermodynamlques, 
Nice  (France) 

MET  Metalectro  Corp. ,  Btadensburg,  Md. 

M1C  Michigan  U.,  Ann  Arbor 

MIN  Minnesota  U. ,  Minneapolis 

MIS  Missouri  U.  ,  Columbia 

MIT  Massachusetts  Inst,  of  Tech. ,  Cambridge 

MM1.  McMillan  Lab. ,  Inc.,  Ipswich.  Mass. 

MMU  McMasters  U.  Hamilton  Coll. ,  Ont.  (Canada) 
MPP  Max  Planck- 1 nstltut  fiir  Physlk  der  Slratosphare, 
Hechlngen  (Germany) 

MI’S  Max- Ptanck-Instltut  fur  Slroinungsforschung, 
Gottingen  (Germany) 

MUF  Miami  U. ,  Coral  Gables,  Fla. 

MUO  Miami  U.,  Oxford,  Ohio 

NAA  North  American  Aviation,  Inc.,  Downey,  Call! 
NUS  National  Bureau  of  Standards,  Washington,  D.  C. 
ECU  North  Carolina  U. ,  Chapel  Hill 
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NEB  Nebraska  U. ,  Lincoln 

NEL  Nelson,  W.  C.,  Ann  Arbor,  Mich. 

NHU  New  Hampshire  U. ,  Durham 

NOL  "aval  Ordnance  Lab. ,  Corona,  Calif. 

NOR  Northwestern  U. ,  Evanston,  Ill 
NOT  Notre  Dame  U. ,  South  Bend,  Ind. 

NRC  National  Research  Council,  Washington,  D.  C. 
NYU  New  York  U.,  N.  Y. 

ODI  Odin  Associates,  Pasadena,  Calif. 

OKA  Oklahoma  A.  &  M.  Coll.,  Stillwater 

OKU  Oklahoma  U. ,  Norman 

ORL  Orlando  Research,  Inc. ,  Fla. 

OSU  Ohio  State  U.  Research  Foundation,  Columbus 
OXF  Oxford  U.  (Greal  Britain) 

PEN  Pennsylvania  U. ,  Philadelphia 

PIB  Polytechnic  Inst,  of  Brooklyn,  N.  Y. 

PIO  Pioneer  Industries,  Inc.,  Reno,  Nev. 

PIS  Pisa  U.  (Italy) 

PIT  Pittsburgh  U. ,  Pa. 

POL  Polltecnico  dl  Milano  (Ilaly) 

POM  Pomona  Coll. ,  Claremonl,  Calif. 

PRF  Purdue  Research  Foundation,  Lafayelle,  Ind. 

PRI  PrlncelonU. ,  N.  J. 

PRO  Propulsion  Research  Corp. ,  Sanla  Monica,  Calif. 
PSM  Pennsylvania  Sail  Mfg.  Co. ,  Philadelphia 
FSU  Pennsylvania  Slale  U. ,  University  Park 
PUR  Purdue  U. ,  Lafayelte,  Ind. 

RCA  Radio  Corp.  of  America,  Prlncelon,  N.  J. 

RIC  Rice  Insl. ,  Houston,  Tex. 

ROC  Rochester  U. ,  N.  Y. 

ROM  Rome  U.  (Italy) 

ROS  Ross,  Chandler  C. ,  West  Covina,  Calif. 

ROY  Royal  Insl.  of  Tech. ,  Stockholm  (Sweden) 

PPI  Rensselaer  Polytechnic  Inst. ,  Troy,  N.  Y. 

RR1  Reed  Research,  Inc.,  Washington,  D.  C. 

RUT  ltulgersU.,  New  Brunswick.  N.  J. 

SAN  Sandberg- Serrcll  Corp. ,  Pasadena,  Calif. 

SCL  Sanla  Clara  U. .  Calif. 

SCU  South  Carolina  U. ,  Columbia 

SOC  Southern  California  U. ,  l.os  Angeles 


SOU  Soundrlve  Engine  Co. ,  Los  Angeles,  Calif. 

SRI  Southwest  Research  Inst. ,  San  Antonio,  Tex. 

STA  Stanford  U. ,  Calif. 

STL  Si.  Louis  U. ,  Mo. 

STR  Stanford  Research  Insl. ,  Menlo  Park,  Calif. 

SYR  Syracuse  U. ,  N.  Y. 

TAI  Tennessee  Agricultural  and  Industrial  State  U., 
Nashville 

TAM  Texas  A.  and  M.  Coll. ,  College  Station 
TEM  Temple  U. ,  Philadelphia,  Pa. 

TEN  Tennessee  U. ,  Knoxville 
TEX  Texas  U.,  Austin 

THB  Technische  Hochschule,  Braunschweig  (Germany) 

T!H  Technics  -  Israel  Inst,  of  Tech. ,  Haifa 

TOI  Technical  Operations,  Inc.,  Arlington,  Mass. 

TOL  Toledo  U.  Research  Foundation,  Ohio 
TOR  Toronto  U.  Insl.  of  Aerophyslcs  (Canada) 

TRG  Technical  Research  Group,  New  York 
TRI  Trinity  Coll. ,  Hartford,  Conn. 

TUS  Tuskegee  Insl.  George  Washington  Carver 
Foundation,  Ala. 

UTA  Ulah  U. ,  Salt  Lake  Clly 

VIS  Virginia  Inst,  for  Scientific  Research,  Richmond 
VIT  Vitro  Corp.  of  America,  Wesl  Orange,  N.  J. 

VPI  Virginia  Polytechnic  Inst. ,  Blacksburg 

WAL  Wall,  A.,  Emmendlngen  (Germany) 

WAR  Warner  and  Swasey  Research  Corp. ,  New  York 
WAS  Washington  U  ,  SI.  Louis,  Mo. 

WAU  Washington  U. ,  Seattle 

WAY  Wayne  Stale  U. ,  Delroll,  Mich. 

WES  Wesleyan  U. ,  Middletown,  Conn. 

WHE  Wesilnghouse  Electric  Corp. ,  Easl  Plllsburg,  Pa. 
WIS  Wisconsin  U. ,  Madison 

WSC  Washington  Stale  Coll. ,  Pullman 

WUR  Wurzburg  U.  (Germany) 

YAL  Yale  U. .  New  Haven,  Conn. 

ZUIl  Zurich  U.  (Switzerland) 

ZWI  Zwlcky,  F.,  Pasadena,  Calif. 
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AF  18(600)64 

Catholic  U.  of  America.  Dept,  of  Chemistry, 
Washington,  D.  C. 

CAT.  01:001 -Oil 

AF  18(600)83 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill 
NCU.  04:001 -032 

AF  18(600)86 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park 
MDU.  07:001-008 

AF  18(600)100 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 

COR.  03:001 

AF  18(600)130 

Michigan  U.  Engineering  Research  Inst. , 

Ann  Arbor 

MIC.  02:001  -002 

AF  18(600)132 

American  Math.  Soc. ,  Providence,  R.  L 
AMS.  01:001 

AF  18(600)134 

Institute  for  Advanced  Study,  Princeton,  N.  J. 

IAS.  01:001 

AF  18(600)135 

Columbia  U.  Dept,  of  Mathematical  Statistics, 

New  York 

COU.  05:001 -004 

AF  18(600)163 

Southern  California  U. ,  Los  Angeles 
SOC.  01:001 

AF  18(600)175 

Michigan  U.  Engineering  Research  Inst. , 

Ann  Arbor 

MIC.  03:001 

Ar  18(600)178 

California  Inst,  of  Tech.  Guggenheim  Jet 
Propulsion  Center,  Pasadena 

err.  os  .ooi -008 

AF  18(600)186 

Polytechnic  Inst,  of  Brooklyn.  Dept,  of  Aero¬ 
nautical  Engineering  and  Applied  Mechanics,  N.  Y. 
PIB.  03:001 -005 

AF  18(600)103 

Rochester  U.  Inst,  of  Optics,  N.  Y. 

ROC.  04:001-006 

AF  18(600)300 

Cornell  U.  Dept,  of  Physics,  Ithaca,  N.  Y. 

COR.  07:001 -01 6 
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AF  18(600)302 

Franklin  Inst.  Labs  for  Research  and  Development, 
Philadelphia,  Pa. 

FRA.  03:001-006 

AF  18(600)310 

Purdue  U.  School  of  Chemical  and  Metallurgical 
Engineering,  Lafayette,  Ind. 

PUR.  05:001-022 

AF  1 1.(600)  311 

Pennsylvania  State  U.  Dept,  of  Chemistry, 

University  Park 
PSU.  04:001-002 

AF  18(600)313 

Tennessee  U. ,  Knoxville 
TEN.  01 :00 1-002 

AF  18(600)329 

Minnesota  U.  Dept,  of  Aeronautical  Engineering. 
Minneapolis 
MIN.  04:001 

AF  18(600)330 

Cornell  U.  Dept,  of  Mathematics,  Ithaca,  N.  Y. 
COR.  04:001-003 

AF  18(600)331 

Cornell  U.  Sibley  School  of  Mechanical  Engineering, 
Ithaca,  N.  Y. 

COR.  13:001-012 

AF  18(600)333 

Rensselaer  Polytechnic  Inst.  Dept,  of  Chemistry, 
Troy,  N.  Y. 

RPL  06:001 -006 

AF  18(600)343 

Wesleyan  U.  Dept,  of  Chemistry,  Middletown,  Conn. 
WES.  01:001 

AF  18(600)350 

Michigan  U.  Engineering  Research  Inst. , 

Ann  Arbor 

MIC.  04:001 

AF  18(600)351 

Cincinnati  U.  Applied  Science  Research  Lab. ,  Ohio 
CIN.  01:001 

AF  18(600)352 

Illinois  Inst,  of  Tech.  Armour  Research 
Foundation,  Chicago 
HT.  01:001-002 

AF  18(600)354 

National  Research  Council.  Committee  on  Solids, 
Washington,  D.  C. 

NRC.  02:001 

AF  18(600)363 

Johns  Hopkins  U.  Dept,  of  Physics,  Baltimore,  Md. 
JHU.  12:001 
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AF  18(600)367 

New  York  U.  Inst,  of  Mathematical  Sciences,  N.  Y. 
NYU.  08:001 -022 


AF  18(800)371 

Technical  Operations,  Inc. ,  Arlington,  Mass. 
TOL  01:001-006 


AF  18(600)375 

Washington  U.  Dept,  of  Chemistry,  Seattle 
WAU.  01:001 -017 


AF  18(600)380 

Rochester  U.  Dept,  of  Physics,  N.  Y. 
ROC.  03:001 -030 


AF  16(600)363 

California  Inst,  of  Tech.  Guggenheim  Aeronautical 
Lab. ,  Pasadena 
CIT.  05:001 -007 


AF  16(600)384 

Minnesota  U.  Rosemount  Research  Labs. , 
Minneapolis 

MIN.  09:001-010 


AF  18(600)385 

California  Inst,  of  Tech.  Gates  and  Crellin  Labs. , 
Pasadena 

err.  04  001-002 


AF  16(600)392 

Illinois  U.  Engineering  Experiment  Station,  Urbana 
ILL.  15:001-003 


AF  16(600)419 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 
WAS.  01:001 -004 


AF  16(600)426 

Maryland  U.  Inst,  for  Fluid  Dynamics  and 
Applied  Mathematics,  College  Park 
MDU.  06:001-006 


AF  16(600)430 

Texas  U.  Dept,  of  Chemistry,  Austin 
TEX.  04:001-037 


AF  16(600)432 

California  U.  Dept,  of  Engineering,  Los  Angeles 
CLA.  03:001 


AF  18(600)437 

Wfryne  Slate  U,  Dept,  of  Mathematics,  Detroit,  Mich. 
WAY.  02:001-007 


AF  16(600)439 

Texas  A.  and  M.  Coll.  Dept,  of  Physics, 
College  Station 

TAM.  01:001 -009 


AF  16(600)440 

Colorado  U.  Engineering  Experiment  Station,  Boulder 
COL.  04:001 -002 


AF  16(600)442 

Columbia  U.  Dept,  of  Mathematical  Statistics, 
New  York 

COU.  08:001-022 


AF  16(600)446 

Pennsylvania  State  U.  Dept,  of  Chemistry, 
University  Park 
PSU.  03:001-003 


AF  16(600)449 

Delaware  U.  Dept,  of  Physics,  Newark 
DEL.  01:001 -005 


AF  18(800)456 

North  Carolina  U.  Inst,  of  Statistics,  Chapel  Hill 
NCU.  05:001-021 


AF  18(800)459 

Syracuse  U.  Inst,  of  Industrial  Research,  N.  Y. 
SYR.  04  :001-014 


AF  18(800)485 

Franklin  Inst.  Labs,  for  Research  and  Development, 
Philadelphia,  Pa. 

FRA.  04:001-006 


AF  18(600)466 

Tennessee  Agricultural  and  Industrial  State  U. 
Dept,  of  Chemistry,  Nashville 
TAL  01:001 -006 


AF  16(600)469 

Yale  U.  Dept,  of  Mathematics,  New  Haven,  Conn. 
YAL.  01:001-002 


AF  16(600)471 

Chicago  U.  Lab.  of  Molecular  Structure  and 
Spectra,  HI. 

CHI.  15:001-006 


AF  16(600)472 

Pennsylvania  U.  Dept,  of  Physics,  Philadelphia 
PEN.  06:001 -022 


AF  16(600)476 

American  Inst,  of  Aerologies!  Research,  Pasadena, 
Calif. 

A1A.  01  -.001-010 


AF  16(600)477 

Oklahoma  A.  and  M.  Coll.  Research  Fbundation, 
Stillwater 

OKA.  03:001-002 


AF  18(600)476 

Oklahoma  A.  and  M.  Coll.  Dept,  of  Chemistry, 
Still  water 

OKA.  02:001-002 


AF  18(600)479 

Minnesota  U.  School  of  Chemistry,  Minneapolis 
MIN.  12:001-010 
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AF  18(800)480 

New  Hampshire  U. ,  Durham 
NHU.  01:001-003 

AF  18(800)481 

Wayne  U.  Dept,  ol  Chemistry,  Detroit,  Mich. 

WAY.  01:001-003 

AF  18(600)482 

Rochester  U.  Dept,  of  Chemistry,  N.  Y. 

ROC.  01:001-012 

AF  18(600)483 

Texas  U.  Defense  Research  Lab. ,  Austin 
TEX.  01:001-006 

AF  18(600)484 

McMaster  U.  Hamilton  Coll. ,  Ont.  (Canada) 

MMU.  01:001-015 

AF  18(600)485 

Miami  U. ,  Oxford,  Ohio 
MUO.  01:001 

AF  18(600)486 

Cornell  U.  Dept,  of  Chemistry,  Ithaca,  N.  Y. 

COR.  01:001-012 

AF  18(600)487 

Pennsylvania  U.  Dept,  of  Physics,  Philadelphia 
PEN.  07:001 

AF  18(600)488 

Zwlcky,  F. ,  Pasadena,  Calif. 

ZWI.  01:001 

AF  18(600)490 

California  Inst,  of  Tech.  Dynamic  Properties  Lab. , 
Pasadena 

CIT. 03:001-003 

AF  18(600)492 

Laval  U.  Dept,  of  Chemistry,  Quebec  (Canada) 

LAV.  01:001-015 

AF  18(600)495 

Soundrlve  Engine  Co. ,  Los  Angeles,  Cal'f. 

SOU.  01:001-002 

AF  18(600)496 

Duke  U.  Dept,  of  Chemistry,  Durham,  N.  C. 

DUK.  01:001 

AF  18(600)497 

Duke  U.  Microwave  Lab. ,  Durham,  N.  C. 

DUK.  03:001 -070 

AF  18(600)498 

Princeton  U.  Dept,  of  Aeronautical  Engineering,  N.  J. 
PR1. 04:001-015 

AF  13(600)499 

Rensselaer  Polytechnic  Inst.  Dept,  of  Aero¬ 
nautical  Engineering,  Troy,  N.  Y. 

RPL  01:001-007 
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AF  18(600)545 

Stanford  U.  Dept,  of  Physics,  Calif. 

STA.  03:001-036 

AF  18(600)561 

Pennsylvania  U.  Dept,  of  Physics,  Philadelphia 
PEN.  08:001-007 

AF  18(600)582 

Columbia  U.  Dept,  of  Mathematics,  New  York 
COU.  07:001-008 

AF  18(600)564 

Chicago  U.  Enrico  Fermi  Inst,  for  Nuclear 
Studies,  m. 

CHI.  10:001-006 

AF  18(800)566 

Chicago  U.  Inst,  of  Radiobiology  and  Biophysics,  HI. 
CHI.  14:001-004 

AF  18(800)568 

Washington  U.  Dept,  of  Mathematics,  St.  Louis,  Mo. 
WAS.  02:001-025 

AF  18(600)573 

Maryland  U.  Inst,  for  Fluid  Dynamics  and  Applied 
Mathematics,  College  Park 
MDU.  09:001-053 

AF  18(600)574 

Iowa  State  Coll.  Dept,  of  Mathematics,  Ames 
IOW.  01:001-003 

AF  18(600)575 

Pennsylvania  State  U.  Dept,  of  Aeronautical 
Engineering,  University  Park 
PSU.  01:001-006 

AF  18(800)578 

Illinois  Inst,  of  Tech.  Physiological  Psychology 
Lab. ,  Chicago 
HT.  07:001 

AF  18(800)582 

California  Inst,  of  Tech.  Hydrodynamics  Lai.. , 
Pasadena 

err.  11:001-002 

AF  18(600)586 

Stanford  U.  Dept,  of  Mechanical  Engineering,  Calif. 
STA.  02:001 

AF  18(600)588 

Fresno  State  Coll.  Dept,  of  Chemistry,  Calif. 

FRS.  01:001 -002 

AF  18(600)589 

Texas  U.  Defense  Research  Lab. ,  Austin 
TEX.  02:001 -008 

AF  18(600)590 

Harvard  U.  Mallinckrodt  Chemical  Lab. , 

Cambridge,  Mass. 

HAR.  06:001-016 
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AF  18(600)591 

Alfred  U.  New  York  State  Coll,  of  Ceramics,  N.  Y. 
ALF.  01:001 

AF  18(600)593 

California  Inst,  of  Tech.  Norman  Bridge  Lab.  of 
Physics,  Pasadena 
CIT.  12:001-004 

AF  18(600)595 

Ohio  State  U.  Research  Foundation,  Columbus 
OSU.  01:001-002 

AF  18(600)596 

Warner  and  Swasey  Research  Corp. ,  New  York 
WAR.  01:001 

AF  18(600)599 

Minnesota  U.  Rosemount  Aeronautical  Labs. , 
Minneapolis 

MIN.  10:001-002 

AF  18(600)641 

Virginia  Polytechnic  Inst.  Engineering  Experiment 
Station,  Blacksburg 
VP1. 02:001-009 

AF  18(600)642 

Illinois  Inst,  of  Tech.  Armour  Research 
Foundation,  Chicago 
IIT.  02:001-002 

AF  18(600)643 

Illinois  Inst,  of  Tech.  Lab.  of  Physical 
Electronics,  Chicago 
IIT.  06:001-002 

AF  18(600)644 

Horizons  Inc. ,  Cleveland,  Oi,. 

HOR.  01:001 

AF  18(600)646 

Stanford  U.  High-Energy  Physics  Lab. ,  Calif. 

STA.  07:001  -024 

AF  18(600)648 

Colorado  U.  Dept,  of  Chemistry,  Boulder 
COL.  01:001 -003 

AF  18(600)651 

Syracuse  U.  Dept,  of  Physics,  N.  Y. 

SYR.  02:001 -008 

AF  18(600)653 

Washington  U.  Dept,  of  Physics,  Seattle 
WA1J.  03:001-011 

AF  18(600)656 

Chicago  Development  Corp. ,  Rtverdale,  Md. 

CDC.  01:001 

AF  18(600)659 

Chicago  U.  Dept,  of  Mathematics,  Ill. 
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202 

COR.  05:004 

144 

STa.  02:001 

203 

PSU.  01:001 

145 

C1N.  03:007 

204 

NYU.  02:002 

146 

NCU.  05:007 

205 

IAS.  03:002 

147 

UHO.  03:001 

206 

R1C.  01:001 

148 

MDU.  09:013 

207 

HOC.  01:005 

149 

VPl.  02:001 

208 

ROC.  01:006 

150 

YAL.  04:006 

209 

STA.  03:007 

151 

UHO.  05:002 

210 

COH.  05:005 

152 

DEL.  01:002 

211 

COR.  05:006 

153 

YAL.  04.007 

212 

COR.  05:007 

154 

HOC.  05:004 

213 

COH.  05:008 

155 

CAT  01:006 

214 

COH.  05:009 

156 

COH.  13:001 

215 

COH.  05  010 

157 

COU.  16:002 

216 

COH.  05:011 

158 

COH.  01:007 

218 

NYU.  02.003 

159 

MIS.  01:001 

219 

OSU.  04  003 

ICO 

COU.  06:008 

220 

NYU.  02  004 

161 

PH!.  11:013 

221 

FRA  .  04:002 

162 

PHI.  11:014 

222 

HtS.  01:001 

163 

PUH.  05:003 

223 

PID.  05:001 

164 

FHB.  01:001 

224 

ARK.  01:002 

AIR  FORCE  SCIENTIFIC  RESEARCH 


AFOSR-TN-54-225 

22E 

228 

229 

230 

231 

232 

233 

234 

235 


ARK.  01:003 
ARK.  01:004 
CIT. 05:005 
PUR.  05:005 
PUR.  05:006 
PUR.  05:007 
BRO.  04:003 
FRA  04:003 
NCU.  04:011 
NCU.  05:008 

IAS.  03  :003 
TEX.  04:012 
BMB.  02:001 
YAL.  05:001 
lOW.  01:001 
CHI.  02:007 
WIS.  01:001 
WIS.  01:002 
WIS.  01:003 
MIS.  01 .004 

OSU.  08:004 
nT.  02:001 
TEX.  04:013 
PR1.  09  .013 
SYR.  01 :002 
SYR.  01:003 
SYR.  01:004 
TEX.  05:003 
MDU.  12:001 
PSU.  01:002 

WAU.  03:001 
PSU.  05:001 
NAA.  01:001 
BRO.  03:002 
NBS.  09:031 
CHI.  05:002 
CHI.  05:003 
MDU.  09:015 
PSU.  06:001 
WSC.  01:001 

NCU.  05:009 
NCU.  05.010 
COU.  07.005 
COU.  07:006 
CIT.  07:020 
CIT.  07:021 
SYR.  02.003 
SYR.  02:004 
SOU.  01:001 
ROC.  05:007 

ARN.  01:001 
NCU  05:011 
MDU.  09:016 
BAN.  01:001 
IAS.  03:004 
ROC.  01:007 
MIN.  11.003 
COR.  09:021 
1*111.  10:001 
SYR.  03:001 


AFOSR-TN-54-288 

289 

290 

291 

292 

293 

294 

295 

296 

297 


OSR  Control  No.  Index 


ROC.  04:002 
TEX.  04:014 
MIN.  10:001 
COR.  01:008 
PRI.  09:014 
PRI.  09:015 
YAL.  02:001 
YAL.  02:002 
CAL.  03:021 
CAL.  06:022 

RPI.  01:002 
PUR.  05:008 
COR.  09:022 
MDU.  12:002 
PIB. 03:003 
BJO.  01:001 
PEN.  01:003 
ATE.  01:001 
CAL.  02:001 
NYU.  06:008 

STA.  01:002 
WAY.  02:002 
IAS.  03:005 
NEB.  01:001 
COR.  05:012 
COR.  05:013 
BRO.  05:003 
DUK.  03:026 
DUK.  03:027 
DUK.  03:028 

DUK.  03:029 
DUK.  03:030 
MDU.  11:002 
COR.  09:023 
COR.  09:024 
MDU.  09:017 
JHU.  07:003 
BRO.  05:004 
AER.  02:001 
JHU.  03:001 

WAY.  Ol^Ol 
OSU.  07:0  1 
WAS. 07.011 
WAS.  02:012 
COL.  03:007 
PHI.  09:016 
WIS.  03:001 
CIT.  04:001 
OKA.  03:001 
CHI.  10:003 

BRO.  04:004 
HAH.  04:001 
MDU.  09:018 
NYU.  06:009 
COR.  09:025 
MDU.  07:006 
MDU.  07.007 
YA1,.  04:008 
MMl..  01:001 
MM!..  01  002 


AIR  FORCE  SCIENTIFIC  RESEARCH 

OSR  Control  No.  Index 

AFOSR-TN-54-350 

WAS.  03:001 

AFOSR -TR- 54 -34 

OSU.  02:005 

351 

MIT.  04:001 

36 

CLA.  03:001 

352 

MMU.  01:005 

37 

PEN.  05:011 

353 

CIT.  12:002 

37a 

PEN.  05:012 

354 

MMU.  01:006 

355 

MMU.  01:007 

358 

CLA.  01:001 

357 

KAN.  01:002 

357a 

KAN.  01:003 

357b 

KAN.  01:004 

357c 

KAN.  01:005 

AFOSR -TN- 55-1 

MIT. 04:002 

357d 

KAN.  01:006 

2 

CAL.  06:026 

357e 

KAN.  01:007 

4 

CAL.  06:027 

358 

FRA.  03:001 

5 

ROC.  05:009 

359 

COU.  15:001 

6 

COU.  03:001 

360 

SCL.  01:002 

7 

COU.  03:002 

301 

MDU.  09:019 

8 

COU.  03:003 

362 

COR.  05:014 

9 

COU.  03:004 

363 

FRD.  01:001 

10 

TEX.  05:006 

364 

NCU.  01:001 

11 

MML.  01:003 

365 

PR1.  09:017 

12 

MML.  01:004 

366 

PEN.  01:004 

13 

COR.  05:017 

367 

AER.  01:002 

14 

MDU.  09:026 

367a 

AER.  01:003 

15 

ALA.  01:010 

368 

CHI.  11:002 

16 

WIS.  03:002 

650 

COR.  07:001 

17 

WIS.  03:003 

18 

TEX.  04:017 

19 

MIC.  03:001 

20 

STA.  07:008 

21 

COU.  10:005 

AFOSR -TR-54-1 

OSU.  01:001 

22 

OSU.  03:007 

2 

ROS.  01:001 

23 

OSU.  03:008 

4 

NHU.  01:003 

24 

OSU.  03:009 

5 

VPI.  02:002 

25 

NCU.  04:018 

7 

IIT.  01:002 

26 

CAR.  05:001 

9 

ALF.  01:001 

27 

STA.  03:013 

10 

TEX.  01:006 

28 

DUK.  03:041 

11 

STA.  03:008 

29 

DUK.  03:042 

12 

CDC.  01:001 

30 

COL.  03:008 

13 

COR.  08:001 

31 

WAY.  02:004 

14 

SAN.  01:091 

32 

MIT.  06:002 

15 

NYU.  01:001 

33 

CHI.  02:021 

10 

C1N.  03:008 

34 

OSU.  09:001 

17 

MIT.  01:001 

35 

WAU.  03:003 

18 

IIT.  06:001 

36 

FRA.  04:007 

20 

HOH.  02:001 

37 

MDU.  10:002 

21,  I't.  1 

PIT.  03:001 

38 

IIT.  04:001 

21,  Pt.  2 

PIT.  03:002 

39 

MIC.  05:001 

22 

WAR.  01:001 

40 

MML.  01:005 

23 

THU. 01:001 

41 

STA.  03:014 

24 

FRA.  03:002 

42 

STA.  03:015 

24  a 

FRA.  03:003 

43 

MDU.  02:004 

25 

TRG.  01:001 

44 

STA.  01:003 

26 

TEN.  01:001 

46 

MML.  01:006 

27 

COL.  04:002 

47 

MIT.  06:003 

26 

PEN.  07:001 

48 

UTA.  01:001 

29 

IAS.  02:002 

49 

PUR.  05.009 

30 

CAR.  02.001 

50 

CAR.  05:002 

32 

TA1.01  004 

51 

NCU.  04:019 

33 

CAlt.  01:001 

52 

OSU  09:002 

AIR  FORCE  SCIENTIFIC  RESEARCH 

• 

_  • 

OSR  Control  No.  Index 

AFOSR-TN-55-53 

PEN.  08:004 

AFOSR-TN-55-114 

COU.  03:005 

54 

MDU.  02:005 

115 

CAR.  04.002 

• 

• 

55 

COL.  03:009 

116 

BRO.  04:007 

56 

SYR.  02:005 

117 

AER.  01:004 

_*"•  ■  ^  *  • 

57 

SYR.  02:006 

118 

WAS.  04:003 

58 

JHU.  07:004 

119 

TAM.  01.005 

59 

NDS.  01:001 

120 

CIT.  01:001 

;\\V 

60 

COL.  03:010 

121 

CIT. 01:002 

'.**  V  '/  ',* 

61 

WAS.  04:002 

122 

RP1.  04:001 

62 

SOC.  02:001 

123 

DUK.  03:044 

• 

• 

63 

NCU.  01:002 

124 

CIT. 01:003 

64 

CAR.  05:003 

125 

TEX.  04:018 

65 

C1T.  03:001 

126 

JHU.  04:002 

66 

BAN.  01:002 

127 

WAU.  03:004 

t  . 

".V  *  *.  . 

67 

PR1.  09:019 

128 

WAU.  03:005 

68 

BRO.  04:006 

129 

CHI.  02:022 

69 

SYR.  02:007 

130 

CHI.  02:023 

- 

-  -  —  — - 

70 

W1S.  02  :001 

131 

W1S.  01:005 

• 

• 

71 

WAS.  02:016 

132 

PIB.  05:002 

72 

WAS.  02:017 

133 

MIT.  07:001 

73 

WAS.  02:018 

134 

STA.  07:009 

74 

MDU.  09:027 

135 

STA.  03:017 

75 

W1S.  03:004 

136 

NCU.  02:001 

*• 

76 

NYU.  06:012 

137 

COR.  05:013 

'■  ’•*  ■  r 

77 

NCU.  04;020 

138 

AER.  01:005 

78 

NCU.  04:021 

139 

COR.  07:008 

• . 

79 

C1T. 12:003 

140 

COU.  10:006 

80 

MIN.  09:008 

141 

AER.  01:006 

81 

SYR.  04:010 

142 

AER.  01:007 

■.*  •.* 

*  .  •  •  ' 

82 

HAR.  06:005 

143 

W1S.  02:002 

.•*.*-.* 

83 

TOI.  02:001 

144 

CAR.  04.003 

*-  V- 

84 

WAS.  02:019 

145 

85 

DUK.  03:043 

146 

MDU.  09:030 

• 

• 

86 

PIT. 02:003 

147 

COR  .0:001 

87 

IAS.  06:001 

148 

CIT.  01:004 

88 

ILL.  13:001 

149 

ARK.  01:005 

89 

ILL.  15.002 

150 

CHI.  02:024 

•  m 

»■  .  *»*  *  ■ 

90 

AER.  02:002 

151 

NBS.  22:005 

* . 

-  *  •  ^  »  V 

90a 

AER.  02:003 

152 

MIN.  13:001 

92 

NED  01:002 

153 

HAR.  06:007 

■ 

• 

• 

93 

STA.  03:016 

154 

CAR.  07:001 

94 

CHI.  15.001 

155 

MDU.  09:031 

95 

COU  13:001 

156 

OSU.  06.001 

•  . 

96 

NCU.  05:013 

157 

MIN. 01:001 

97 

COR.  08:002 

158 

NEB.  01:003 

98 

NYU.  03:001 

159 

PRI.  10:002 

99 

ILL.  15:003 

160 

COU.  17:003 

101 

PUR. 05:010 

161 

LAS.  06:003 

a 

102 

COR.  08:003 

162 

COU.  10.007 

w 

W 

103 

PEN.  08:005 

163 

PRI.  09:020 

104 

MDU.  09:028 

164 

PRI.  09:021 

105 

COU.  06:011 

165 

SYR.  03:002 

■  *  • 

106 

COU.  17:001 

166 

CAR.  04:005 

107 

COU.  17:002 

167 

NCU.  04:022 

108 

IAS.  06:002 

168 

NCU.  05:014 

109 

NYU.  02.005 

169 

YAL.  03:001 

.  • 

• 

110 

MDU.  09:029 

170 

LAS.  05.002 

111 

HAR.  06:006 

171 

IAS.  05:003 

112 

CIT.  12:004 

172 

PHI.  04:001 

113 

COU.  15:002 

173 

CAR.  04:006 

AIR  FORCE  SCIENTIFIC  RESEARCH 


OSR  Control  No.  Index 

AFOSR-TN-55- 174 

175 
175A 

176 

177 

178 

179 

180 
181 
182 


ROC.  05:010 
ROC.  05:011 
MDU.  09:032 
NYU.  06:013 
CHI.  02:025 
YAL.  04:009 
YAL.  04:010 
TEX.  04:019 
NBS.  07:001 
UTA.  02:012 

CLA.  04:001 
MIC.  06:002 
SYR.  02:008 
MIT.  04:003 
OSU.  09:003 
ARK.  01:006 
HAR.  06:008 
PIT. 02:004 
PIB. 08:001 
PIB.  08:002 

WAS.  04:004 
WAS.  04:005 
BRO.  05:005 
COR.  01:010 
PIT. 02:005 
PR1.  04:002 
PRI.  04:003 
PR1.  04:004 
PRI.  04:005 
MIN. 12:001 

ROC.  01:009 
LAV.  01:005 
MDU.  02:006 
HAR.  06:009 
COU.  04:001 
COK.  05:019 
COR.  05:020 
PIB.  03:094 
BRO.  04:008 
NCU.  04:023 

MIS.  01:005 
MIC.  08:001 
PEN.  03:001 
CAR.  04:007 
NYU.  06:014 

MIT.  07:002 
COR.  13:007 
TEX.  04:020 
H1C.  01:002 
STA.  01:004 

PEN.  01:005 
JHU.  15:001 
MIC.  07:001 
COR.  05:021 
DUK.  03:045 
DUK.  03  046 
DUK.  03:047 
Al.lt.  02:004 

NAA.  01:004 
C1T.  06:001 


-236 

C1T.  06:002 

237 

C1T.  06:003 

238 

STL.  01:003 

239 

ROC.  05:012 

239A 

IAS.  05:004 

240 

PUR.  05:011 

241 

PUR.  05:012 

242 

BRO.  04:009 

244 

MUF.  01:001 

245 

MIT.  06:004 

246 

COR.  13:008 

247 

MDU.  09:033 

248 

PHI.  05:022 

249 

MDU.  09:034 

250 

OSU.  06:002 

251 

OSU.  07:002 

252 

MDU.  02:007 

253 

RP1.  03:003 

254 

COR.  05:022 

255 

COR.  05:023 

256 

YAL.  04:011 

257 

TEX.  04:021 

258 

MIN.  07:001 

259 

ILL.  11:004 

260 

ILL.  11:005 

261 

COU.  11:002 

262 

COR.  05:024 

263 

NCU.  05:015 

264 

BCU.  01:001 

265 

BCU.  01:002 

266 

PIB.  04:001 

267 

WAS.  04:006 

268 

MUF.  01:002 

269 

HAR.  04:004 

270 

COl  05:025 

271 

NEB.  01:004 

272 

NBS.  19:001 

273 

PSU.  01:003 

274 

CAR.  04:008 

276 

NBS.  02:001 

277 

MIN. 12:002 

278 

MIN.  12:003 

279 

ROC.  04:003 

261 

ILL.  08:001 

282 

MDU.  10:003 

283 

OSU.  03:010 

284 

OSU.  03:01 1 

285 

OSU.  03:012 

286 

PSM.  01:001 

287 

UTA.  01:002 

288 

OKA.  02  001 

289 

JHU.  03  002 

290 

COR.  05:026 

291 

IAS.  07:001 

292 

CHI.  02.026 

293 

CHI.  02  027 

294 

ILL.  11:006 

295 

ILL.  13  002 

296 

W1S.  03:005 

297 

MUO.  01  001 

•  • 


•  • 


•  • 


•  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 


OSR  Control  No.  Index 


298 

ILL.  14:001 

AFOSR-TN-55-355 

SYR.  01:010 

299 

SOC.  05.001 

356 

COR.  05:031 

301 

PRI.  04:006 

357 

COR.  05:032 

302 

COR.  05:027 

358 

COR.  05:033 

303 

COR.  05:028 

359 

CHI.  03:001 

304 

SYR.  03:003 

360 

COU.  10:008 

305 

SYR.  03:004 

361 

PRI.  09:023 

306 

CHI.  02:028 

362 

MDU.  11:004 

307,  Pt.  1 

PSU.  06:002 

363 

UTA.  02:016 

307,  Pt.  2 

PSU.  06:003 

364 

ROY.  01:001 

308 

CAL.  02:002 

365 

PRI.  06:001 

309 

TEX.  04:022 

366 

MDU.  09:036 

310 

UTA.  02:013 

367 

COR.  05:034 

311 

UTA.  02:014 

368 

COR.  05:035 

312 

UTA.  02:015 

369 

COR.  09:027 

313 

TEX.  05:007 

370 

RPI.  01:003 

313a 

TEX.  05:008 

371 

NBS.  06:002 

314 

NCU.  01:003 

372 

BEL.  01:001 

315 

NYU.  06:015 

373 

CLA.  01:003 

316 

TEX.  05:009 

374 

COR.  09:028 

317 

IOW.  01:002 

375 

MIN.  07:003 

318 

RPI.  06:002 

376 

PRI.  08:002 

319 

NCU.  05:016 

377 

COU.  10:009 

320 

STA.  07:010 

378 

MIN.  06:001 

321 

COR.  08:004 

379 

PUR.  05:013 

322 

CHI.  02:029 

330 

PUR.  05:014 

323 

DUK.  03:048 

383 

LAV.  01:006 

324 

DUK.  03:049 

384 

PRI.  08:003 

325 

DUK.  03:050 

385 

COU.  06:012 

326 

DUK.  03:051 

386 

COR.  05:036 

327 

CHI.  02:030 

387 

COU.  06:013 

328 

MDU.  09:035 

388 

COU.  06:014 

329 

COR.  05:029 

389 

TUS.  01:002 

330 

COR.  05.030 

390 

COL.  02:001 

331 

IOW.  01:003 

390a 

COL.  02:002 

332 

BMP.  01:001 

391 

HAR.  04:005 

333 

MIN.  07:002 

393 

COR.  02:001 

334 

AER.  02:005 

394 

TOR.  01:001 

335 

FOR.  01:001 

395 

NBS.  22:006 

336 

YAL.  04:012 

390 

NYU.  06:016 

337 

BUT.  01:001 

397 

NYU.  06:017 

338 

TUS.  01:001 

398 

NYU.  06:018 

339 

P1B.  04:002 

399 

OSU.  08:014 

340 

PRI.  04:007 

400 

CIT.  04:002 

341 

PIT.  02:006 

401 

WAU.  03:006 

342 

NCU.  01 :004 

402 

ROC.  05:013 

343 

NCU.  01:005 

403 

COR.  05:037 

344 

IAS.  07:002 

404 

FRA.  04:008 

345,  Pt.  1 

OSU.  08:011 

405 

MIN.  09:009 

345,  Pt.  2 

OSU.  08:012 

406 

MDU.  11:005 

345,  Pt.  3 

OSU.  08.01 3 

407 

CAT.  01 :008 

346 

CLA.  01:002 

408 

CAT.  01  009 

347 

MDU.  11:003 

409 

NBS.  11:002 

348 

DEL.  01:005 

410 

ILL.  04:001 

349 

COU  .  07:007 

411 

MDU.  09:037 

350 

WIS.  02:003 

412 

NBS.  06:003 

351 

SYlt.  01:006 

413 

COU.  14  002 

352 

SYR.  01:007 

414 

COU.  13  002 

353 

SYR.  01  008 

415 

DUK.  03:052 

354 

SYR.  01:009 

416 

OSU.  08:015 

AIR  FORCE  SCIENTIFIC  RESEARCH 


OSR  Control  No.  Index 


AFOSR-TN-55-417 

DUK.  03:053 

AFOSR-TN- 55-477 

PRI.  08:004 

418 

COR.  05:038 

478 

CHI.  03:002 

419 

OSU.  06:003 

479 

YAL.  03:003 

420 

MDU.  09:038 

480 

COR.  08:005 

421 

CON.  01:001 

481 

MDU.  02:009 

422 

MDU.  02:008 

579 

1ST.  01:003 

423 

ILL.  11:007 

580 

1ST.  01:004 

424 

RPI.  01:004 

425 

BAT.  01:001 

426 

PRI.  09:024 

427 

COR.  09:029 

AFOSR-TR-55-2 

CIN.  01:001 

428 

MIN.  12:004 

3 

PEN.  05:013 

429 

MIN.  12:005 

4 

nT.  02:002 

430 

MIN.  12:006 

5 

CDC.  02:001 

431 

MIN.  12:007 

6 

NEL.  01:001 

432 

MIN.  12:008 

0 

OSU.  04:004 

434 

PEN.  04:001 

9 

FLU.  01:001 

435 

PEN.  04:002 

10 

SOU.  01:002 

436 

PEN.  04:003 

11 

PRI,  03:010 

437 

PEN.  04:004 

12 

AER.  01:008 

438 

YAL.  03:002 

13 

MIT.  06:006 

439 

CAL.  02:003 

14 

VPI.  02:005 

440 

COU.  03:006 

15 

NBS.  13:002 

441 

AER.  04:001 

16 

MPS.  02:005 

442 

COL.  02:003 

17 

COR.  08:006 

443 

TOR.  01:002 

18 

C1T. 11:002 

444 

NBS.  28:001 

19 

JHU.  15:002 

445 

CAL.  04:001 

20 

NBS.  13:003 

446 

PUR.  05:015 

21 

THB.  03:001 

447 

YAL.  04:013 

22 

NBS.  13:004 

448 

COU.  07:008 

23 

ZWI.  01:001 

449 

COU.  08:015 

24 

KOF.  01:001 

450 

ROM  03:001 

25 

VPI.  01:001 

451 

THB.  04:001 

26 

COR.  11:002 

452 

MU?.  01:003 

27 

MIN. 01:002 

453 

MUF.  01:004 

28 

CAR.  05:004 

454 

MDU.  09:039 

29 

MIN.  06:002 

455 

PIU. 08:001 

30 

CAR.  03:003 

450 

PRI.  11:016 

31 

CLA.  04:002 

457 

PHI.  11:017 

32 

CER.  01:001 

458 

NBS.  02:002 

33 

FRS.  01:002 

459 

NBS.  07:002 

34 

PJB.  08:003 

460 

NBS.  07:003 

35 

THB.  02:001 

461 

PRI.  10:003 

79 

WSC.  01:002 

462 

COR.  13:009 

118 

HER.  01:001 

463 

COR.  13:010 

464 

IAS.  05:005 

465 

NAA.  01:005 

466 

MIT.  06:005 

467 

BRO.  05:006 

468 

PIB.  09:06’ 

AFOSR-TN-56- 1 

C1T.  05:006 

469 

RR1. 01:001 

2 

COU.  10:010 

470 

COR.  09:030 

3 

VIS.  01:002 

471 

ltPl.  01:005 

4 

COU.  10:011 

472 

WAS.  04:007 

5 

HAR.  06:010 

473 

WAS.  04:008 

6 

JHU.  06:001 

474 

AER.  02:006 

7 

PIT.  02:008 

474A 

PEN.  04:005 

8 

lOW.  02:001 

475 

AER.  02:007 

9 

COR.  10.002 

476 

RPI.  06:003 

10 

BMB.  02  003 

AIR  FORCE  SCIENTIFIC  RESEARCH 


OSR  Control  No.  Index 


AFOSR-TN-56- 


:: 

STA.  07:013 

AFOSR-TN-56-71 

MMU.  01:008 

12 

ROC.  05:015 

72 

MMU.  01:009 

13 

TEM.  01:001 

73 

STA.  07:014 

14 

STA.  09:001 

74 

DUK.  03:056 

15 

PRO.  01:001 

75 

DUK.  03:057 

16 

BAN.  01:003 

76 

DUK.  03:058 

17 

MIC.  09:001 

77 

TEX.  05:012 

18 

RCA.  01:001 

78 

WAU.  01:013 

19 

PRF.  01:001 

79 

CHI.  15:008 

20 

PRF.  01:002 

80 

CAR.  08:001 

21 

COU.  06:017 

81 

COU.  10:012 

22 

COR.  05:039 

82 

MUF.  01:005 

23 

YAL.  02:004 

83 

LOU.  01:001 

24 

CAL.  04:002 

84 

LOU.  01:002 

25 

NBS.  07:004 

85 

PIT.  02:009 

26 

HER.  02:002 

86 

CAR.  04:009 

27 

HER.  02:003 

87 

SOC.  02:004 

28 

NBS.  05:001 

88 

PUR.  05:019 

29 

OSl).  03:014 

89 

CHI.  13:002 

30 

CAL.  02:005 

90 

TEM.  01:002 

31 

COR.  10:003 

91 

n  r.  05:001 

32 

COR.  10:004 

92 

MIN.  12:009 

33 

COR.  10:005 

93 

PRI.  09:026 

34 

PUR.  06  :001 

94 

MIN.  07:005 

35 

PUR.  06:002 

95 

COU.  06:018 

36 

NCU.  05:017 

96 

CAR.  04:010 

37 

NCU.  05:018 

97 

TEX.  04:023 

38 

MDU.  10:005 

98 

BRO.  05:007 

39 

PR1.  09:025 

99 

TEX.  04:024 

40 

ARD.  01:001 

100 

BJO.  01:005 

41 

MDU.  09:042 

101 

WAU.  03:007 

42 

IAS.  05:006 

102 

PRI.  10:004 

43 

NCU.  04:026 

103 

BRO.  08:001 

44 

NCU.  04:027 

104 

TEM.  01:003 

45 

MIN.  07:004 

105 

PRI.  09:027 

46 

NBS.  07:005 

106 

NBS.  07:006 

47 

RR1.  01:003 

107 

COL.  02:004 

48 

STA.  03:028 

108 

MDU.  13:001 

49 

NYU.  07:001 

109 

MIT.  06:008 

50 

W1S.  02:004 

110 

NBS.  09:042 

51 

PR1.  08:006 

111 

NBS.  09  043 

52 

IAS.  05:007 

112 

POL.  01:005 

53 

IAS.  05:008 

113 

POL.  01:006 

54 

UTA.  01:003 

114 

T1H.  01:005 

55 

CHI.  11:005 

114,  Pt.  1 

T1H. 01:001 

56 

CHI.  11:006 

114,  Pt.  2 

T1H.  01:002 

57 

NCU.  02:004 

114,  Pt.  3 

T1H.  01:003 

58 

COR.  05:040 

111,  Pt.  4 

TIH. 01:004 

59 

ILL.  08:004 

115 

PRI.  04:010 

60 

UTA.  02:017 

116 

TOR.  01.003 

61 

UTA.  02:018 

117 

TOR.  01:004 

62 

UTA.  02:019 

118 

PSU.  06:005 

63 

OSU.  03:015 

119 

PRI.  08:007 

64 

Pill.  04:009 

120 

TEX.  04:025 

65 

PUR.  05:018 

121 

CIT.  05:007 

66 

NOR.  03:001 

122 

NBS.  15:001 

67 

MIN.  06:003 

123 

HAR. 06:011 

68 

TAM.  01:006 

124 

UTA.  02.020 

69 

STH.  01:001 

125 

ILL.  11:008 

70 

FRA.  05:001 

126 

SRI.  01.001 

•  •  J 


‘  '  .  *  S  v 

•  • 


•  • 


•  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 


OSR  Control  No.  Index 


AFOSR-TN-56-127 

PRI.  09:028 

128 

COL.  02:005 

129 

ILL.  14:003 

130 

PIB. 07:001 

131 

TEM.  01:004 

132 

PRI.  09:029 

133 

ANT.  02:001 

134 

MAR.  01:001 

135 

JHU.  16:001 

136 

MIN.  07:006 

137 

THB.  04:002 

138 

PSM.  01:002 

139 

NBS.  07:007 

140 

MDU.  09:043 

141 

STA.  01:006 

142 

NBS.  24:001 

143 

NBS.  12:003 

144 

IAS.  05:009 

145 

CAL.  02:006 

146 

PIB.  09:002 

147 

PRI.  09:030 

148 

PRI.  09:031 

149 

WAS.  04:011 

150 

MIC.  06:003 

151 

STA.  07:015 

152 

STA.  03:029 

153 

COR.  05:041 

154 

OSU.  08:018 

155 

MIT.  06:009 

156 

IIT.  04:003 

157 

PSU.  06:006 

158 

CIT. 03:002 

159 

PRI.  09:032 

160 

PRI.  04:011 

162 

STA.  03:030 

163 

TEX.  02:004 

164 

BRO.  08:002 

165 

TIH.  02:001 

166 

WAS.  05:001 

167 

PRI.  04:012 

168 

EAS.  01:001 

169 

TEX.  04:026 

170 

BMB.  02:004 

171 

JHU.  06:002 

172 

NYU.  06:019 

173 

BMP.  03:001 

174 

CHI.  13:003 

175 

COU.  10:013 

177 

UTA.  02:021 

178 

VIT. 01:001 

179 

VIT. 01:002 

180 

ROC.  05:016 

181 

ILL.  09:002 

182 

RUT.  03:001 

183 

NDS.  07:008 

184 

TOI.  02:002 

185 

ANT.  02:002 

186 

CAL.  04:003 

187 

OSU.  03:016 

148 

TEX.  02:005 

AFOSR-TN-56-189 

NCU.  05:019 

190 

NYU.  06:020 

191 

NCU.  05:020 

192 

NCU.  05:021 

193 

1ST.  01:008 

194 

PUR.  06:003 

195 

WAU.  01:014 

196 

OSU.  03:017 

197 

PUR.  05:020 

198 

WAS.  05:002 

199 

MDU.  02:010 

200 

MDU.  02:011 

201 

TEX.  04:027 

202 

DUK.  03:059 

203 

DUK.  03:060 

204 

DUK.  03:061 

205 

ATL.  01:001 

206 

ILL.  11:009 

207 

ILL.  11:010 

208 

MDU.  15:001 

209 

BCU.  01:003 

210 

BRO.  06:001 

211 

WAU.  02:001 

212 

PUR.  03:001 

213 

NCU.  01:006 

214 

UTA.  01:004 

215 

COR.  01:012 

216 

CHI.  11:007 

217 

POL.  01:007 

218 

COU.  04:002 

219 

COR.  13:011 

220 

COU.  06:019 

221 

PRI.  09:033 

222 

OSU.  06:004 

223 

PIB.  05:004 

224 

SYR.  06:002 

226 

WAS.  04:012 

227 

WAS.  04:013 

228 

WAS.  04:014 

230 

ATE.  01:003 

231 

ATE.  01:004 

232 

ATE.  01:005 

233 

ATE.  01:006 

234 

MDU.  03:008 

235 

OSU.  05:003 

236 

COA.  02:001 

237 

NYU.  05:001 

238 

BMP.  03:002 

239 

MDU.  09:044 

240 

WAS.  02.022 

241 

NBS.  26:001 

242 

COU.  10:014 

243 

BRI.  01:002 

244 

NDS.  08:002 

245 

HAR.  06:012 

246 

HAR.  06:013 

247 

JHU.  06:003 

248 

STR.  01:002 

249 

PRI.  09:034 

250 

WAS.  04:015 

998  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 

• 

AFOSR-TN-  56-251 

PSM.  01:003 

AFOSR-TN- 56 -31 3 

OSR  Control  No.  Index 

IAS.  05:010 

252 

PUR.  05:021 

314 

LEH.  01:001 

• 

253 

RP1. 06:004 

315 

IAS.  05:011 

254 

SOC.  03:001 

316 

T1H.  02:002 

255 

PR1.  08:008 

317 

PSU.  05:003 

kV-V-' 

256 

PEN.  10:001 

318 

NOR.  02:001 

•  -*-V' 

257 

UTA.  01:005 

319 

HAR.  05:001 

'*  w  ■  . 

258 

LIE.  02:001 

320 

BAN.  01:004 

260 

NBS.  20:001 

321 

COR.  05:045 

261 

MDU.  09:045 

325 

STA.  10:001 

— — - — - — 

262 

CAR.  04:011 

326 

PUR.  03:002 

• 

263 

HAR.  04:008 

327 

RRI.  01:005 

264 

COR.  05:042 

328 

NBS.  07:009 

265 

JHU.  16:002 

330 

ILL.  02:001 

266 

STA.  07:016 

331 

COR.  07:011 

267 

CHI.  04:001 

333 

C1T. 09:001 

268 

SOC.  03:002 

334 

CIT. 09:002 

_  *  _  . 

269 

NBS.  08:003 

335 

C1T. 09:003 

• 

270 

NYU.  06:021 

335a 

CIT. 09:004 

271 

POL.  01:008 

336 

TOR.  01-005 

272 

NBS.  08:004 

337 

COR.  07:012 

273 

NBS.  08:005 

338 

NCU.  03:001 

274 

YAL.  04:014 

339 

AER.  05:001 

275 

ROC.  04:004 

340 

1ST.  01:009 

276 

ROC.  04:005 

341 

BCU.  02:001 

• 

277 

MIT.  05:001 

342 

COA.01 :001 

278 

MIT.  05:002 

343 

COA.  01:002 

279 

W1S.  03:006 

344 

COA.  01:003 

280 

EXP.  01:001 

345 

COR.  05:046 

281 

MDU.  09:046 

346 

AER.  05:002 

282 

MIS. 01:006 

347 

»~E.  01:007 

283 

MDU.  09:047 

348 

?  7.01:001 

284 

JHU.  08:001 

349 

.01:002 

• 

235 

WAU. 01:015 

350 

CHI.  11:008 

286 

ARD.  01.002 

351 

11T.  04:004 

287 

COR.  12:001 

352 

OSU.  09:004 

288 

PEN.  10:002 

353 

NBS.  04:001 

•*  •*. 

289 

JHU.  19:001 

354 

MDU.  09:018 

/  V  \  '  ■. 

290 

C1N.  02:001 

355 

COR.  05:047 

.*-.*•* 

291 

NYU.  02:007 

356 

PRF.  01:003 

292 

KHl.  01:004 

357 

PRF.  01:004 

• 

»•  .  * 

293 

PSU.  01:005 

358 

PRF.  01:005 

295 

JHU.  04:003 

359 

HAR.  04:009 

296 

C1T.  06:004 

360 

YAL.  03:005 

297 

COR.  05:043 

301 

PIB.  06.002 

298 

OSU.  03:018 

302 

NBS.  07:010 

.*•  •• .  *\ 

299 

TEX.  04:028 

363 

NBS.  07:011 

-  . 

300 

NCU.  04:028 

304 

TEX.  04  029 

• 

301 

THB.  04:003 

305 

HAH.  06:014 

302 

PUR.  04:001 

300 

1ST.  01:010 

303 

POL.  01:009 

307 

PRO.  01:002 

304 

CA1  ,  02:007 

368 

TRG.  02:001 

305 

C<  Hi.  05:044 

309 

DUK.  03:002 

3UC 

J11U.  19:002 

370 

TAM.  01:007 

307 

DET.  01:001 

372 

BRO.  05:008 

*  ’ 

3ua 

RI’l.  05:00! 

374 

SOC.  04:001 

• 

309 

MDU.  11:007 

375 

SOC.  04:002 

310 

MIT  00  010 

370 

MDU.  10:006 

311 

HUT.  01:001 

377 

JHU.  04:004 

312 

NOR.  03:002 

378 

MDU  11:008 

AIR  FORCE  SCIENTIFIC  RESEARCH 


OSR  Control  No.  Index 


AFOSR-TN-58-379 

COR.  05:048 

AFOSR-TN- 56-439 

JHU.  11:001 

380 

NCU.  04:029 

440 

HAR.  04:010 

381 

MDU.  12:003 

441 

DUK.  02:002 

382 

STR.  01:003 

442 

DUK.  03:063 

383 

AMF.  02:001 

443 

WAS.  04:016 

334 

PRI.  10:005 

444 

1ST.  01:011 

385 

UTA.  01:006 

445 

MIT.  06:011 

386 

UTA.  01:007 

446 

ILL.  02:002 

387 

RPI.  07:001 

447 

HT.  07:001 

388 

COR.  07:013 

448 

LOU.  01:003 

389 

PRI.  10:006 

449 

INT.  01:001 

390 

HAM.  01:001 

450 

NBS.  08:006 

391 

MIS.  01:007 

451 

UTA.  02:022 

392 

ILL.  09:003 

452 

TEX.  04:030 

393 

NBS.  07:012 

453 

RUT.  01:002 

394 

ISG.  01:001 

454 

COR.  12:002 

395 

NBS.  08:002 

455 

PIB. 06:003 

396 

WAU.  02:002 

456 

PIB. 06:004 

397 

LAV.  01:011 

457 

PRF.  02:001 

398 

RPI.  07:002 

458 

LOC.  01:001 

399 

WAY.  02:006 

459 

STR.  01:004 

400 

MUF.  01:006 

460 

CHI.  03:005 

401 

COU.  06:020 

461 

OKA.  01:001 

402 

COU.  14:003 

462,  Pt.  1 

PIB.  02:001 

403 

RPI.  07:003 

462,  Pt.  2 

PIB.  02:002 

404 

HEI.  01:001 

463,  Pt.  1 

FLA.  01:002 

405 

ROC.  05:017 

463,  Pt.  2 

FLA.  01:003 

406 

MDU.  11:009 

463,  Pt.  3 

FLA.  01:004 

407 

STA.  03:031 

463,  Pt.  4 

FLA.  01:005 

408 

NCU.  01:007 

464 

MIC.  11:001 

409 

NCU.  01:008 

465 

WAU.  03:008 

410 

WAS.  06:001 

466 

INT.  01:002 

411 

CHI.  04:002 

467 

TR1.  01:001 

412 

ILL.  07:001 

468 

CHI.  13:004 

413 

ILL.  07:002 

469 

CHI.  13:005 

414 

CHI.  03:304 

470 

CHI.  06:001 

415 

MDU.  02:012 

470,  Pt.  1 

CHI.  06:002 

416 

PRI.  08:009 

470,  Pt.  2 

CHI.  06:003 

417 

FRE.  02:002 

470,  Pt.  3 

CHI.  03:004 

418 

PEN.  10:003 

471 

MMU.  01:010 

419 

PEN.  10:004 

472 

MMU. 01:011 

420 

MIS.  01:003 

473 

MMU.  01:012 

421 

WES.  01:001 

471 

IAS.  05:01? 

422 

COU.  08:001 

475 

JHU.  09:001 

423 

COU.  14:004 

476 

CAL.  04:008 

424 

HAR.  06:015 

477 

CIT.  02:003 

425 

COR.  02:002 

476 

ARD.  01:003 

426 

MPP. 01:001 

479 

PRF.  02:002 

427 

ILL.  08:005 

430 

PRF.  02:003 

428 

PIB.  04:003 

481 

HAR.  04:011 

429 

P1B. 04:004 

482 

JHU.  09.002 

430 

AER.  04:002 

483 

MIN.  02:001 

431 

PUR.  05:022 

484 

RPI.  05:002 

432 

IAS- 05:012 

485 

COU.  10:015 

433 

MIN.  03:001 

486 

MDU.  11:010 

434 

CHI.  07:001 

487 

MIN.  02:002 

435 

PRI.  10:007 

438 

CHI.  08:001 

436 

PIB.  05:005 

489 

NYU.  06.022 

437 

ILL.  03:001 

490 

FRA  .  05:002 

438 

CHI.  03:003 

491 

TEX.  04:031 

1000 


AIR  FORCE  SCIENTIFIC  RESEARCH 


OSR  Control  No.  Index 


AFOSR-TN- 56-492 

HAR.  06:016 

AFOSR-TN- 56- 552 

MIT.  02:001 

493 

TEX.  04:032 

554 

DUK.  02:003 

494 

JHU.  06:004 

555 

FRE.  03:001 

495 

DUK.  03:064 

557 

SOC.  04:003 

496 

PIB.  05:006 

558 

NCU.  04:031 

497 

PSM.  01:004 

559 

STA.  03:033 

498 

PSM.  01:005 

560 

STA.  03:034 

499 

CHI.  13:006 

561 

Cffl.  10:005 

500 

Cm.  06:005 

562 

COR.  07:014 

501 

NCU.  04:030 

562a 

COR.  07:015 

502 

TEX.  04:033 

563 

CLA.  01:004 

503 

UTA.  02:023 

564 

CAT.  02:001 

504 

OKA.  01:002 

565 

YAL.  04:016 

505 

NYU.  02:008 

566 

SYR.  04:011 

506 

NYU.  02:009 

567 

WAS.  04:017 

507 

MDU.  13:002 

568 

COU.  10:016 

508 

TEM.  01:005 

569 

MDU.  04:001 

509 

MDU.  11:011 

570 

MDU.  13:003 

510 

AMF.  02:002 

571 

PSU.  08:001 

511 

PSU.  04:002 

572 

TEX.  02:006 

512 

COR.  12:003 

573 

ILL.  06:001 

513 

COR.  05:049 

574 

MDU.  09:049 

514 

COR.  05:050 

575 

GIT.  02:001 

515 

COR.  05:051 

576 

NCU.  03:002 

516 

COR.  05:052 

577 

BKO.  01:001 

517 

COR.  05:053 

578 

ILL.  05:001 

518 

STA.  07:017 

579 

PIB. 04:006 

519 

DUK.  03:065 

580 

ANS.  01:001 

520 

SYR.  01:011 

581 

NOR.  03:003 

521 

SYR.  01:012 

582 

HAR.  04:012 

522 

SYR.  01:013 

583 

COR.  12:005 

523 

OD1.  01:001 

584 

TAM.  02:001 

524 

UT.  04:005 

585 

OSU.  08:019 

525 

MDU.  02:013 

586 

PUR.  02:001 

526 

SYR.  08:001 

587 

STR.  01:005 

527 

SYR.  03:006 

587a 

PUR.  03:003 

528 

SYR.  03:007 

588 

PUR.  03:004 

529 

NBS.  22:007 

589 

JHU.  09:003 

530 

OSU.  07:003 
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Yearlan,  H.  J. 
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RR1.  01:001,  002,  004-006 
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ROC.  03:020,  022,  023,  025,  026,  028 
Yen,  K.  -T. 
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VP1.  01:001,  002 
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STA.  03:004  ,  007-010,  012,  018,  022-024, 
032-034,  036;  STA. 08:001 
Yergln,  P.  F. 

COU.  01:029;  PEN.  06:009,  012-016,  018,  021, 
022 

Yngve,  V.  H. 

MIT.  12:140 


Yood,  B. 

COR.  05:015 
Young,  J.  E.  R. 

MIT.  12:087 
Young,  R.  D. 

PSU.  05:003 
Younglove,  J.  N. 

TEX.  01:003 
Yu,  S.  P. 

MIN. 03:001 
Yu,  Y.-Y. 

SYR.  08:001 
Yuan,  S.  W. 

PRI.  11:131,  137-140 
Yue,  A.  S. 

PUR.  05:009;  PUR.  06:001-003 

Zacharlas,  J.  R. 

MIT.  12:006 
Zahlan,  A. 

SYR.  03:009 
Zahn,  C.  T. 

NBS.  27:001 
Zechmelsler,  L. 

CIT.  04:001,  002 
Zelger,  H.  J. 

COU.  01:020,  046,  048 
Zendle,  B. 

NBS.  25:024 
Zlering,  S. 

SYR.  03:003  ,  006  ,  008 
Zlngery,  W.  L. 

TAM.  02:002,  003 
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CHI.  02:006,  009.  015,  023,  027 
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RR1. 01:006 
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Zwicky,  F. 

ZW1.  01:001 


Yoler,  Y.  A. 

CIT.  07:019,  025 


Zygmund,  A. 

06:001-004.  006-008 


-  t .  • 

*  1, 

«»  • 


>  1043  > 


AIR  FORCE  SCIENTIFIC  RESEARCH 


Subject  Index 


Absorbers  (Electromagnetic  waves)  -  Mathematical  analysis 
see  also  Electromagnetic  waves  -  Absorption 
Absorbers  (Electromagnetic  waves)  -  Mathematical  analysis 
MML.  01:002-004  ,  006 
Absorption 

see  also  Absorbers  (Electromagnetic  waves) 

SC£  as  a  subdivision,  e.  g. ,  Electromagnetic  waves  - 
Absorption 

see  the  subdivision  Absorptive  properties,  e.  g. , 
Aloms  -  Absorptive  properties 
Absorptive  properties 

see  Absorbers  (Electromagnetic  waves); 
Electromagnetic  waves  -  Absorption 
see  as  a  subdivision,  e.  g. ,  Atoms  -  Absorptive 
properties 
Abundance 

see  the  subdivision  Distribution,  e.  g. ,  Tritium  - 
Distribution 

Acceleration  -  Instrumentation 
UTA.  01:006 
Accelerators  -  Design 

UTA.  01:004  ,  006  ,  007 
Accelerators  -  Equipment 
NBS.  25:017 

Accelerometers  -  Applications 
NDS.  25:023 

Accelerometers  -  Calibration 
NDS.  25:010,  018,  021 
Accelerometers  -  Development 

NDS.  11:001;  NDS.  21:001,  013;  NDS.  25:013 
Accelerometers  -  Equipment 
NDS.  25:021 

Accelerometers  -  Frequency  measurement 
NDS.  25:020 

Accelerometers  -  Materials 

NBS.  23:001;  NDS.  25:010,  013,  022 
Accelerometers  -  Performance 

NDS.  23:001;  NDS.  25:010,  013,  023 
Accelerometers  -  Resonance 
NDS.  25:020 

Accelerometers  -  Test  methods 
NDS.  25:020 

Accelerometers  -  Test  results 
NDS.  25:021,  022 
Accelerometers  -  Theory 
NDS.  25:020 
Accuracy 

see  the  subdivision  Errors,  e.  g. ,  Approximate 
computation  -  Errors 

set  the  subdivision  Theoretical  corrections,  e.  g.  , 
Wind  tunnels  -  Theoretical  corrections 
Acetaldehyde  -  Thermal  decomposition 
CAT.  01.003 

Acetaldehyde  d  Thermal  decomposition 
CAT.  01:003,  006 

;i  Acetamlnoelhyl  ihloacetale  Chemical  reac lions 
1100.01:002 

y  Acetaminopropyl  thioacetate  •  Chemical  reactions 
HOC.  01:012 

>  Acetaminopropyl  Ihlou.ctale  Preparation 
HOC. 01012 

Acetic  aclu  Chemical  reactions 
W1S.  03  002 

Acetobacter  xylinum  Cultural  characteristics 
i  ll’.  01:001;  OltL.  01:001  003 


Acetone  -  Chemical  reactions 
CAT.  01:004 

Acetone  -  Solvent  action 
ROC. 01:005 

Acetonitrile  -  Ionization 
RPI.  06:006 

Acetyl  radicals  -  Determination 
LOU.  01:001 

Acetylene-ethylene  oxide  system  -  Combustion 
TSX  04:033 

Acetylene -oxygen  flames  -  Spectra 
NDS. 07:005,  Oil,  016 
Acetylenes 

see  also  specific  acetylenic  compounds,  e.  g. , 
Propyne 

Acetylenes  -  Combustion 

LOU. 01:001;  MIC.  07:001;  NBS.  02:001; 

NDS.  07:005,  011,  016;  PRI.  11:015;  TEX  03:001- 
006,  008,  009;  TEX.04:001,  003,  004  ,  006-01(\ 
017,  021,  027,  028,  032-036 
Acetylenes  -  Decomposition 

CIT.  09:001,  004  ,  005;  TEX  04:031,  032 
Acetylenes  -  Ionization  potentials 
TEX  04:012  ,  019,  026  ,  029 
Acetylenes  -  Preparation 

TEX  03:002;  TEX  04:013,  014 
Acetylenes  -  Properties 

TEX  03:002;  TEX  04:013,  014 
Acetylenes  -  Spectra 

TEX  03:001,  008;  TEX  04:006,  009,  010 
Acetylenes  -  Spectrographlc  analysis 

LOU.  61:001;  NDS.  07:005,  011;  TEX  04:003 
Acetylenes  -  Thermodynamic  properties 
TEX 04:019,  029 
Acetylenic  alcohols  -  Preparation 
TEX  03:005 

Acetylenic  alcohols  -  Properties 
TEX  03:005 

Acetylenic  compounds  -  Preparation 
TEX  03:002 

Acetylenic  compounds  -  Properties 
TEX  03:002 
Acids  •  Ionization 
PSU.  02:001 
Acoustic  factors 

Sue  as  a  subdivision,  e.  g. ,  Metallic  crystals  - 
Acoustic  factors 

Acoustic  filters  -  Mathematical  analysts 
CIT.  12:004 

Acoustic  filters  Theory 
CIT.  12:003,  004 
Acoustic  Impedance 

PeSAlfiSi  the  subdivision  Impedance,  e.  g. ,  Cavity 
resonators  Impedance 
Acoustic  impedance  Measuremeu. 

SOU. 01:001,  002 
Acoustics  Applications 
Clll.  03:001 

Acoustics  Hook  reviews 
MIT.  12:103 
Acoustics  Theory 
MIT.  12:125 

Acrylic  resins  Dec anipost'lun 
AEH.  Cl  . 001 
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Adhesion  -  Theory 
FOR.  01:001 

Adiabatic  gas  flow  -  Mathematical  analysis 
JHU.  04:004 
Adsorption 

see  also  as  a  subdivision,  e.  g. ,  Carbon  - 
Adsoprtlon 

Adsorption  -  Oxygen- silver 
CAR.  08:002 

Adsorption  -  Temperature  factors 
WAU.  02:002 
Adsorption  -  Theory 
PSU.  05:003 
Adsorptive  properties 

see  as  a  subdivision,  e.  g. ,  Tungsten  - 
Adsorptive  properties 

Aerial  reconnaissance  -  Infrared  techniques 
CHI.  02:010,  011,  035 
Aerodynamic  characteristics 

see  as  a  subdivision,  e.  g. ,  Airfoils  -  Aerodynamic 
characteristics 

see  ths  subdivisions  Supersonic  characteristics; 
Transonic  characteristics,  s.  g. ,  Bodies  of 
revolution  -  Supersonic  characteristics;  Bodies  of 
revolution  -  Transonic  characteristics 
Aerodynamic  data  -  Tablss 
CIT.  07:016 
Aerodynamic  heating 

see  alan  as  a  subdivision  under  structures  subject 
to  aerodynamic  hsallng,  s.  g. ,  Wind  tunns  1  models  - 
Aerodynamic  heating 
Aerodynamic  hsatlng 
MIN.  11:002 

Aerodynamic  hsatlng  -  Applications 
OD1. 01:001 

Aerodynamics  -  Germany 
KUE.  01:001 

Aerodynamics  •  Mathematical  analysis 

CIT.  07:030;  PRI.  12:001;  RPI.  01:001,  005  ,  007 
Aerodynamics  -  Stream  functions 
BRO.  04:004,  010 
Aerodynamics  -  Theory 
PRI.  12:001-004 
Aeronautics  -  Abstracting 
INS.  01:001 

Aeronautics  -  Bibliography 
INS.  01:001 

Aeronautics  -  Periodicals 
INS.  01:001 

Aerosol  generators  -  Calibration 
JHU.  16:001 

Aerosol  generators  -  Performance 
JHU.  16:001 
Aerosols 

PRI.  11:127 

Aero  thermochemistry  •  Symposium 
NOR.  01:001 

Aero  thermodynamic  propulsion  methods 
OOl.  01:001 
Air 

see  also  Nitrogen-oxygen  systems 
Air  -  Physical  properties 
TIH. 01:005  ,  006 

Air  -  Thermodynamic  properties 

CAL.  06:034:  COA.  01:001-  003 


Air  -  Viscosity 

BRO.  05:001,  007;  TIH. 01:002-006 
Air-hydrogen  systems  -  Ignition 
COR.  11:002 

Air- propane  systems  -  Ignition 
COR.  11:001 
Air  traffic  -  Scheduling 
MIT.  12:031 

Air  traffic  control  systems  -  Mathematical  analysis 
MIT.  10:048  ,  063;  MIT.  12:031 
Air  traffic  control  systems  -  Pitched  card  methods 
MIT.  10:046  ,  063;  MIT.  11:0.1 
Air  traffic  control  systems  -  Theory 
MIT.  12:031 
Aircraft  -  Fatigue 
COU.  12:001 

Aircraft  -  Jst  propulsion 
ESC.  01:001,  002 
Aircraft  -  Materials 
MIT.  08:058 

A'rcraft  -  Rocks  1  propulsion 
PUR.  04:001 

Aircraft  -  Structural  analysis 
ROM.  01:002 

Aircraft  -  Supersonic  characteristics 
PIB.  05:004 

Airfoil  theory  -  Mathematical  analysis 
COR.  09:010,  018 
Airfoils 

■ee  also  Curved  profiles;  Supersonic  airfoils 
Airfoils  -  Aerodynamic  characteristics 

CIT.  05:004;  CAL.  06:030;  MDU.  08:004; 

MPS.  02:003-005;  MED.  01:001;  MIC.  12:001; 
PIS.  01:001 

Airfoils  -  Aspect  ratio 
BRO.  04:003 

Alrf  11s  -  Boundary  layer 
COR.  08.010 
Airfoils  -  Deformation 
COR.  10:002,  004 
Airfoils  -  Flutter 
COR.  08:015 

Airfoils  -  Hypersonic  characteristics 
CIT.  07:017 

Airfoils  -  Interference 

MDU.  08:004  ,  005;  PIB.  05:001,  002,  004 
Airfoils  -  Laminar  boundary  layer 
CIT.  08:002,  005 
Alrf  ells  •  Lift 

CIT.  05:004;  MPS.  01:001 
Airfoils  -  Mach  number  effects 
CAL.  06:007 
Airfoils  -  Oscillation 

JHU. 02:003;  MDU.  08:004  ,  005;  MPS.  01:001; 
NYU.  03:001 

Airfoils  -  Pressure  distribution 
VPI.  02:001,  007,  008 

Airfoils  -  Rarefied  supersonic  characteristics 
CAL.  06:030 

Airfoils  -  Reynolds  number  effects 
CAL.  06:030 
Airfoils  -  Stalling 
COR.  08:015 

Airfoils  -  Subsonic  characteristics 
CIT.  05:004;  MPS.  01:001 
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Airfoils  -  Supersonic  characteristics 
CAL.  06:007;  CLA.  03:001 
Airfoils  -  Theoretical  aerodynamics 
CAL.  06:007 
Airfoils  -  Theory 

COR.  09:011;  JHU.  02:005 
Airfoils  -  Transonic  characteristics 

BRO.  04  G02-004,  010,  012;  CIT.05:005 
Airfoils  -  Turbulent  boundary  layer 
COR.  09:028 
Airfoils  -  Vibration 
NBS.  11:003 
Airfoils  -  Yaw 

COR.  00:028 
Alrframss  -  Analysis 

err.  01:004 

Airframes  -  Mathematical  analysis 
CIT.  0l:003 

Alrframss  -  Transonic  characteristics 
CIT.  05:003,  006 
Airframes  -  Vibration 
CIT. 01:001,  003 
Airplane  models  -  Test  methods 
PIB.  04:005 

Airplanes  -  Configuration 
PIB. 04:004 
Alanlnss  -  Synthesis 
COL.  01:003 

Alcohols  -  Chemical  reactions 
SOC.  02:001,  002 
Alcohols  -  Combustion 
PRI.  11:126 
Aldehyde  -  Oxidation 
UT  A.  02:002 
Algsbra  set  separate 

Mathematical  Subject  Classification  p.  114? 
Ali-pimsnt  charts 

SC£  the  subdivision  Nomographs,  s.  g.  ,  Gas 
Ionization  -  Nomographs 
Aliphatic  acids  -  Microwave  spectra 
COU.  03:003 

Aliphatic  compounds  -  Decomposition 
PRI.  09:017 

Aliphatic  compounds  -  Preparation 
PUR. 05:014,  016 

Alkali  borohydrldss  -  Crystal  structure 
MIT.  08:037 

Alkali  chloride  crystals  -  Band  structure 
COR.  07:006 

Alkali  chloride  crystals  Electron  transitions 
COP.  07:008 

Alkali  chloride  crystals  -  Energy  levels 
COR.  07:008 

Alkali  chloride  crystals  -  K- spectra 
COR.  C;:006  ,  008 

Alkali  chloride  crystals  -  Speclrographlc  analysis 
COR.  07.008 

Alkali  chloride  crystals  -  X-  ray  analysis 
COR.  07:006 
Alkali  hallae  crystals 

see  also  specific  alkali  halide  crystals,  e.  g. , 
lithium  fluoride  crystals 
Alkali  halide  crystals  -  Absorptive  properties 
MIT.  0^:o2ti 


Alkali  halide  crystals  -  Color 

OSU.  09:002  ,  004;  ROC.  05:002,  008,  013 
Alkali  halide  crystals  -  Crystal  structurs 
ARK.  01:008 

Alkali  halide  crystals  -  Dielectric  properties 
ROC.  05:008 

Alkali  halide  crystals  -  Effects  of  radiation 

MIT. 08:008,  026;  PEN.08:004  ,  006;  PIT. 02:007; 
ROC.  05:002,  008;  YAL.  03:003 
Alkali  halide  crystals  -  Electrical  properties 
MIT.  08:008,  047 

Alkali  halide  crystals  •  Electron  transitions 

PIT.  02:006  ,  007,  010;  ROC.  05:002,  008,  013 
Alkali  halide  crystals  -  Low  tsmperature  properties 

OSU.  09:002-004 

Alkali  halide  crystals  -  Microwave  spectra 
HAR.  03:011 

Alkali  halide  crystals  -  Photoconductivity 
MIT.  08:008,  057 
Alkali  halide  crystals  -  Spsctra 

PIT.  02:007 

Alkali  halide  crystals  -  Thermal  expansion 
PEN.  08:002 

Alkali  halide  films  -  Optical  properties 
ROC.  04:005 

Alkali  halides  -  Electron  transitions 
ROC.  05:001,  010 
Alkali  halidss  -  Impurities 
ROC.  05:0x0 

Alkali  halides  -  Luminescence 
ROC.  0S:>  .0 

.Alkali  halides  -  Magnetic  properties 

OSU.  09.001-003 

Alkali  halides  -  Microwave  spectra 
COU.  01:002,  016 

Alkali  halides  -  Molecular  structure 
COU.  01:016 

Alkali  halides  -  Optical  properties 
ROC.  04:005 

Alkali  halides  -  Photoconductivity 
MIT.  08:002 

Alkali  halidss  -  Physical  properties 
HAR.  07:035 

Alkali  halidss  -  Thermodynamic  properties 
OSU.  09:001,  002 

Alkali  metal  crystals  -  Crystal  structurs 
WAU. 05:005,  011 

Alkali  mstals  -  Exchange  reactions 
HAR.  07:019 

Alkali  nitrates  -  Freezing-point  depression 
HT.  05:001 

Alkaline  earths  -  Conductivity 
MIT.  10:075 

Alkallns  earth  tltanates  -  Conductivity 
ILL.  11:001,  003  ,  008 
Alkaline  earth  tltanates  -  Hall  effect 
ILL.  11:001 

Alkaline  earths  -  Ezchangs  reactions 
HAR.  07:019 
Alkyl  halides 

see  also  specific  alkyl  halides,  e.  g. ,  Methyl 
bromides 

Alkyl  halides  -  Chemical  reactions 

PUR.  05:002  ,  005,  006  ,  008  ,  014  ,  016  ,  018 
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Alkyl  halides  •  Preparation 
PUR.  05:012 

Alkyl  hydroperoxides  •  Determination 
OSU.  02:002 

Allenes 

see  also  specific  allenlc  compounds,  e.  g. , 
Phenoxypropadiene 

Allenes  -  Microwave  specira 
DUK.  03:014 

Allenes  -  Molecular  structure 
DUK.  03:014 

Allenes  -  Preparation 
TEX.  04:014 

Alloys 

see  also  Inlermetalllc  compounds;  Melals 

see  also  specific  alloys,  e.  g. ,  Chromium  -  Iron  - 

nickel  alloys 

Alloys  -  Crystal  structure 
MIC.  05:003 

Alloys  -  Electrical  properties 

HOR.  02:001;  ROC.  05:009 

Alloys  -  Magnetic  moments 
HAR.  02:045 

Alloys  -  Magnetostrictlve  properties 

see  also  Magnetostrictlve  materials 

Alloys  -  Magnetostrictlve  properties 
FRA  03:002,  003 

Alloys  -  Oxidation 

CAR.  08:003;  PRI.  10:004 

Alloys  -  Phase  studies 

GIT.  01:001;  llT.  02:001,  002;  HT.  03:001; 

MIC.  05:003 

Alloys  -  Physical  factors 
GIT.  01:001 

Alloys  -  Physical  properties 
PRI.  10:004 

Alloys  -  Self -diffusion 
CAR.  08:003 

Allyl  compounds  -  Molecular  structure 
WAU.  01:015 

Allyl  compounds  -  Spectra 
WAU.  01:015 

Allyl  compounds  -  Synthesis 
OSU.  03:009 

Allyl  n- hexyl  sulfide  -  Isomerization 
HOC.  01:011 

Allyl- 1  butyl  sulfide  -  Isomerization 
HOC.  01:011 

Allylamlne  droplet- nitric  acid  vapor  systems  ■  Ignition 
P1U. 11:185 

Alpha  particles  -  Disintegration 
ST  A.  07.020 

Alpha  particles  Measurement 
ST  A.  07:020 

Alpha  particles  Production 
PEN.  05:010 

Alpha  particles  Spectra 
ST  A.  07.020 

Altimeters  Development 
NDS.  21000 

Aluminum  Bombardment 
NDS.  18:013 

Aluminum  Crystal  structure 

see  also  Aluminum  crystals  -  Physical  proi«ertles 


Aluminum  -  Crysial  struciure 

JHU.  16:001,  002;  JHU.  17:001 

Aluminum  -  Impurities 
BRO.  08:001 

Aluminum  -  Magnetic  resonance  absorption 
OSU.  08:010 

Aluminum  -  Neutron  cross  sections 
TEX.  05:006 

Aluminum  -  Reerystallizatlon 
BRO.  08:001 

Aluminum  -  Reflection  coefficient 
CAL.  05:001 

Aluminum  -  Scattering  effects 
NBS.  18:013 

Aluminum  -  X-ray  analysis 
WIS.  04:002,  003 

Aluminum27  -  Bombardment 
BOS.  02:007 

Aluminum  alloys  -  Deformation 
CLA.  04:001,  003 

Aluminum  alloys  -  Elecirical  properties 
HOR.  02:001 

Aluminum  alloys  -  X-  ray  analysis 
CLA.  04:001 

Aluminum  horohydrlde  -  Decomposition 
PRI.  11:162 

Aluminum  borohydrlde  -  Chemical  reactions 
PRI.  11:143 

Aluminum  borohydrlde- ethylene  systems  -  Reaction 
kinetics 
PRI.  11:143 

Aluminum-copper  alloys  -  Inlernal  friction 
COU.  17:004 

Aluminum-copper  alloys  -  Microstructure 
NOR.  03:003 

Aluminum-copper  alloys  -  Microwave  spectra 
HAR.  02:076 

Alumlnum-copper-nlckel  alloys  -  Electrical  properties 
HOR.  02:001 

Aluminum  crystals  -  Physical  properties 
JHU.  15:001,  002;  JHU.  17:001 

Aluminum  electrodes 

see  also  Electrodes 

Aluminum  electrodes  -  Electrochemistry 
POL  01:007 

Aluminum  electrodes  -  Overvoltage 
POL.  01:007 

Aluminum  foils  -  X-ray  analysis 
PRI.  10:008 

Aluminum  Isotopes  ■  Bombardment 
FRA.  01:002 

Aluminum  Isotopes  -  Microwave  spectra 
HAH.  02:070,  099 

Aluminum  Isotopes  Nuclear  dlslnlegrailon  energy 
FRA  01:002 

Aluminum  Isotopes  -  Spectrographlc  analysis 
FRA  01:002 

Aluminum  nickel  alloys  -  Electrical  properties 
HOH.  02:001 

Aluminum- silver  alloys  Microstructure 
NOR.  03:003 

Aluminum  water  systems  Propellant  properties 
C  Ell. 01:001 

Aluminum- zinc  alloys  Biase  studies 
GIT.  01:001 
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Alums 

see  also  names  of  specific  alums,  e.  g. , 
Chromium  alum 
Alums  -  Crystal  structure 
PSU.  08:004,  007 
Alums  -  Dielectric  properties 

PSU.  07:002;  PSU.  08:004  ,  007 
Alums  -  Ferroelectric  properties 

PSU.  07:002;  PSU.  08:004,  007 
Alums  -  Magnetic  moments 

MIT.  11:035;  MIT.  12:129 
Alums  -  Microwave  spectra 
DUK.  03:052 
Alums  -  Spectra 

MIT.  11:035;  MIT.  12:129 
Amalgam  electrodes 

see  also  Mercury  electrodes 
Amalgam  electrodes  -  Decomposition 
CCR.  01:007 

Amides  -  Hydrogenation 
BRI.  01:003 

Amides  -  Molecular  structure 
WAU.  01:009 

Amides  -  Ultraviolet  spectra 
WAU.  01:002 

Amine  nitrates  -  Decomposition 
PRL  09:017 
Amino  acids 

see  also  Organic  acids 
Amino  acids  -  Chromatographic  analysis 
BJO.  01:001 

Amino  acids  -  Dielectric  properties 
PRI.  08:005 

Amino  acids  -  Effects  of  radiation 
DUK.  03:009 

Amino  acids  •  Elec  Iron- spin  resonance 
DUK.  03:069 

Amt  no  actds  -  Microwave  spectra 
DUK.  03:048,  069 

Amino  acids  -  Paramagnetic  resonance 
DUK.  03:048,  069 
Amino  acids  -  Separation 
BJO.  01:001,  005 

Aminobenzolc  acids  -  Metabolism 
GEO.  02:001 

Ammonia  -  Electron  transitions 
DEL.  01:005 

Ammonia  -  Hyperflne  structure 

COU.  01:020,  049;  COU.  02:005 
Ammonia  -  Microwave  spectrum 

COU.  01:020,  049;  DEL.  01:005;  JHU.  19.003; 
MIT.  11-023 
Ammonta  -  Oxidation 
PRI.  11:154 

Ammonia -d  •  Microwave  spectrum 

MIT.  10:032,  038;  NYU.  02:007 
Ammonium  cadmium  sulfate  -  Crystal  structure 
PSU. 08:005 

Ammonium  cadmium  sulfate  -  Dielectric  properties 
PSU.  08:005 

Ammonium  cadmium  sulfate  -  Ferroelectric  properties 
PSU.  08:005 

Ammonium  chloride  -  Decomposition 
AER.  01:001,  006  ,  006 


Ammonium  chloride  -  Exchange  reactions 
AER.  01:006 

Ammonium  chloride  -  Vaporization 
AER.  01:004 

Ammonium  chrome  alum  crystals  -  Spectrum 
MIT.  11:035 

Ammonium  chromium  alum  -  Spectrum 
MIT.  12:129 

Ammonium  fluoberyllate  -  Ferroelectric  properties 
PSU.  08:001 

Ammonium  nitrate  -  Decomposition 
DT.  05:001;  PRI.  09:016 
Ammonium  nitrate  -  Heat  of  fusion 
DT.  05:001 

Ammonium  perchlorate  -  Decomposition 

AER.  01:007;  AER.  02:003;  ATL.  01:001 
Ammonium  relneclcate  -  Crystal  structure 
PSU.  07:003 

Ammonium  salts  -  Magnetic  resonance  spectra 
OSU.  08:007 

Ammonium  salts  -  Microwave  spectra 
OSU.  08:007 

Ammonium  sulfate  -  Ferroelectric  properties 
PSU.  08:001 

Amperometrlc  titration 

see  Titrating  agents 

see  the  subdivision  Electrochemistry,  e.  g. ,  Iron  - 
Electrochemistry 

see  the  subdivision  Volumetric  analysis,  e.  g. , 

Metal  Ions  -  Volumetric  analysis 
Amplifiers 

see  also  Backward -wave  amplifiers;  Distributed 
amplifiers;  Feedback  amplifiers;  Linear 
amplifiers;  Microwave  amplifiers;  Video  amplifiers 
Amplifiers  -  Design 

MIT.  10:009;  SOU.  01:001;  ST  A.  05:053,  058,  060,  061 
Amplifiers  -  Mathematical  analysis 
ST  A.  05:060 

Amplifiers  -  Signal  to  noise  ratio 

MIT.  11:042;  MIT.  12:055,  125 
Amplifiers  -  Stability 
ST  A.  05:060 

Amplitude  limiters  -  Investigations 
MIT.  12:132 
Amplitude  modulation 
MIT.  10:011 
Analog  computers 

see  also  Mathematical  computers 
Analog  computers  -  Applications 

C1T.  01:001-004;  HAR.  02:011,  024;  MIT.  10:007,  085, 
129;  NBS.  25:025;  RPI.01:001,  002  ,  004  ,  005,  007 
Analog  computers  -  Circuits 

C1T.  01:003;  HAR.  02:024 
Analog  computers  -  Design 

COU.  11:001-003;  HAR. 02:011,  024;  RPI. 01:007 
Analog  computers  -  Operation 
COU.  11:002  ,  003 
Analysis 

tut  specific  methods  of  analysis,  e.  g. , 

Wave  analysis 

t£fi  as  a  subdtvtston  under  subjects  capable  of  being 
analyzed,  e.  g. ,  Airframes  -  Analysis 

the  subdivision  Determination  under  substances 
detected  and  measured,  e.  g. ,  Carbon  dioxide  - 
Determination 
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Analysis  (conl’d) 

see  the  subdivision  Mlcroanalysls,  e.  g. ,  Surfaces  - 
Microanalysis 

see  the  subdivision  Speclrographlc  analysis,  e.  g. , 
Gases  -  Speclrographlc  analysis 
see  the  subdivision  Volumetric  analysis,  e.  g. , 
Metal  Ions  -  Volumetric  analysis 
Anecholc  chambers  -  Applications 
MIT.  10:096 

Anemometers  -  Applications 

HER.  02:002;  JHU.  04:0  3,  006;  JHU.  14:001,  002; 
PRI.  11:081,  083,  084 
Anemometers  -  Calibration 
TOR.  01:003 
Anemometers  -  Design 
HER.  01:001,  002 
Anemometers  -  Effectiveness 
MDU.  06:006 
Anemometers  -  Theory 

JHU.  04:003;  PRI.  11:081;  TOR.  01:001 
Aniline  vapor  -  Decomposition 
PRI.  09:028 

Anilines  -  Chemical  reactions 
ROC.  01:003 

Anilines  -  Decomposition 
PRI.  09:028 
Anisotropic  effects 

see  as  a  subdivision,  e.  g.  ,  Crystals  -  Anisotropic 
effects 

Anodes  -  Electrical  effects 
VIT.  01:001,  002 
Anoxia  -  Biochemical  effects 
H El.  01:001 

Antenna  couplers  -  Design 
HAR.  02:065,  056 

Antenna  radiation  patterns  -  Mathematical  analysis 
HAR.  02:034,  057 

Antenna  radiation  patterns  -  Measurement 
HAR.  02:012,  019 
Antennas 

see  also  Coupled  antennas;  Dipole  antennas'. 

High  frequency  amennas;  Loop  antennas;  Slot 
antennas;  Ultra  high  frequency  antennas 
Antennas  •  Cylindrical 
CIT.  02:001,  002 
Antennas  -  Design 
MIT. 10:122 

Antennas  Electrical  properties 
HAR.  02:068 

Antennas  -  Electromagnetic  properties 
HAR.  02:0t0,  022,  031 
Antennas  •  Electromagnetic  theory 

CIT.  02:002.  003;  HAR.  02:012,  013,  022,  031, 

034,  Cl j 2  ,  054  ,  060,  069,  082  ,  083,  101 
Antennas  Impedance 

HAR.  02:031,  036  ,  068  ,  069 
Antennas  Joints 
H  Alt.  02:052 

Antennas  Mathematical  analysis 

CIT.  02:002;  11  Alt.  02:022,  03t,  068  ,  069 
Antennas  Radiation 

HAR.  02:0t2,  057  ,  069;  MIT.  tO:  122 
Antennas  Reflective  effects 
CIT.  02.002 


Antennas  -  Theory 
HAR.  02:010 

Anthracene  crystals  -  Electrical  properties 
NYU.  07:002 

Anthracenes  -  Chemical  reactions 
COL.  01:002 

Anthracenes  -  Magnetic  resonance  spectra 
WAS.  04:017 

Anthraldoximes  -  Preparation 
COL.  01:002 
Antiferromagnetism 

&££.  also  Antlferromagneis 
Antiferromagnetism  -  Theory 

HAR.  02:061;  MIT.  10:021;  MIT.  12:004 
Antlferromagneis  -  Anisotropic  effects 
PIT.  02:002 

AntHerromagnels  -  Thermodynamic  properties 
PIT.  02:002 
Antlfogglng  agents 

see  Photographic  film  -  Antlfogglng  agents 
Antlmonous  hydrides 

see  Stibtne;  Stiblne-d 
Antimony  -  Bombardment 
ST  A  07:010 

Antimony  -  Purification 
FRA  04:004 

Antimony-gallium  alloys  -  Electrical  properties 
FRA  04:006 

Antimony- gallium  alloys  -  Phase  studies 
FRA  04:001 

Antimony-gallium  alloys  -  Thermal  analysis 
FRA  04:001 

Antimony-indium  crystals  -  Structure 
ILL.  14:002 

Antimony  isotopes  -  Isomerism 
COU.  01:021 

Antimony  isotopes  -  Resonance 
COU.  01:035 

Antimony  Isotopes  -  Spectrographlc  analysis 
COU.  01:035 

Aortic  regurgitation  -  Hufnagel  operation 
JHU.  10:003 
Applications 

see  as  a  subdivision  under  procedures, 
substances,  or  tilings,  e.  g. ,  Sampling 
(Statistics)  -  Applications;  Dllhtrone- 
Appltcatlons:  Electron  microscopes  - 
Applications 

Applied  mechanics  -  Bibliography 
ASM.  01:001 

Approximate  computation  -  Applications 

MIT.  10:144;  MIT.  11:055;  MIT.  12:081,  085, 

NBS.  15:001;  PIB.  03:004;  PIU.  04:007; 

PRI.  11:197  202  ,  204;  STA  03:030,  03t,  035. 

STA  04:001;  STA.  05:016;  SYR.  03:003:  SYR.  04:008, 
THB. 03:001;  TEX. 05:007;  WAL.Ol'.OOt; 

YAL.  04:004,  012 

Approximate  compulation  Errors 

CIT.  0t:004;  MDU.  02:012;  SYR.  02:006 
Area  suction  -  Effectiveness 

PSU.  01:004  ,  006;  PIU.  It:  137 
Area  suction  ■  Theory 
PSU.  Ot'.OOt 
Argon  -  Adsorption 
WAU  02:002 
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Argon  -  Applications 
HAR.  07:002 
Argon  -  Bombardment 
PEN.  06:011 

Argon  -  Electrical  propertlss 
HAR.  07:038 
Argon  -  Luminescence 
MIC.  06:001 

Argon  -  Neutron  cross  sections 
PEN.  06:011 

Argon  -  Nuclear  photoeffects 
PEN.  06:011 

Argon  -  Nuclear  reactions 
PEN.  06:011 

Argon  -  Temperature  factors 
WAS.  05:002 

Argon  -  Thermodynamic  properties 
CAL.  06:034 
Argon  -  Viscosity 

BRO.  05:001.  007 
Argon-*9  -  Nuclear  photoeffects 
PEN.  06:012 

Argon39  -  Nuclear  reactions 
PEN.  06:012 

Argon39  -  Speclrographlc  analysis 
PEN.  06:012 

Argon40  -  Nuclear  photoeffects 
PEN.  06:012 

Argon40  Nuclear  reactions 
PEN.  06:012 

Argon40  -  Speclrographlc  analysis 
PEN.  06:012 

Argon  isotopes  ■  Masses 
PEN.  06:012 
Aromatic  hydrocarbons 

U£  Cyclic  compounds 
Arsenic  -  Nuclear  photoeffecls 
PEN.  06.004 

Arsenic  Isotopes  -  Mass  speclra 
MMU.  01:002,  003 
Arsenic  Isotopes  -  Massss 
MMU.  01:003 
Arsenous  hydrlds 

see  Arsine:  Arslne-d 
Arsine  -  Microwave  speclrum 
DUK.  03:027,  035 
Arsine  -  Molecular  rotation 
DUK.  03:027 

Arsine  -  Molecular  structure 
DUK.  03:027,  035 
Arslne-d  -  Microwave  spectrum 
DUK.  03:027;  MIT.  10:012 
Arsine  -d  -  Molecular  rotation 
DUK.  03:027 

Arslne-d  -  Molecular  structure 
DUK.  OJ.027 
Arteries  -  Surgery 
JHU.  10:003 

Arteriosclerosis  -  Histology 
B-tO.  01:003,  004 
Arteriosclerosis  -  Theoretical 
B JO.  01.002 
Aspect  ratio 

g££  as  a  subdivision,  e.  g.  ,  Wings  Aspect 
ratio 
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Astronomical  data  -  Analysis 
PIT. 03:004 

Atmosphere  -  Light  transmission 
ZWI.  01:001 

Atmosphere  -  Turbulence 

MIT.  12:047;  PRI.  11:092;  ZWI.  01:001 
Atomic  mass  -  Measurement 

FRA.  01:001;  MMU.  01:001-004,  006,  007,  015 
Atomic  orbitals 

see  Wave  mechanics  -  Orbital  functions 
Atomic  physics  -  Theory 
CAP.  03:001,  002 
Atomic  spectra  -  Theory 

MIT.  12:016;  NBS.  06:002 
Atomic  structure 

see  also  Nuclear  structure;  Nuclei 

see  also  as  a  subdivision,  e.  g. ,  Chemical 

slements  -  Atomic  structure 

see  also  the  subdivision  Hyperflns  structure,  e.  g. 
Free  radicals  -  Hyperflne  structure 
Atomic  structure  -  Mathematical  analysis 
PEN.  01:003;  ST  A.  03:015 
Atomic  structure  -  Quantum  electrodynamics 
COU.  01:038 

Atomic  structure  -  Tables 
DUK.  03:045 
Atomization 

PRI.  11:127 

Atomization,  sprays,  and  droplets  -  Symposium 
PRI.  11:127 

Atoms  -  Absorptive  properties 
ROC.  05:011 
Atoms  -  Energy 

MIT.  10:076 
Atoms  -  Excitation 

NBS.  06:002-004 
Atoms  -  Ionization  potentials 
PRI.  09:034 
Atoms  -  Masses 

MMU.  01:007 

Auditory  eledrophyslology  -  In  ilrumentatlon 
MIT.  12:136 

Auditory  perception  -  Elsclrlca.  factors 
MIT.  12:141 

Auditory  perception  -  Recording  devices 
MIT.  11:007;  MIT.  12:052 
Auditory  perception  -  Sensitivity 
INN.  02:001 

Auditory  psychophysics  -  Instrumentation 
MIT.  12:136,  137 
Auditory  signals  -  Applications 
INN.  02:001;  UTT.  12:076 
Auditory  signals  -  Detection 
MIT.  12:137 

Auditory  signals  -  Theory 
MIT. 12:137 

Auditory  stimuli  -  Dtfrequency  analysis 
MIT.  12:064 
Aurorae  -  Radiation 
MDU.  03:019 

Aurorae  -  Reflective  effects 
ST  A.  05:052 
Aurorae  •  Theory 
MDU.  03:023 
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Auscultation  -  Recording 

JHU.  10:001,  002,  005-007,  010-014 
Auscultation  -  Spectrography 

JHU.  10:001,  002,  005-007,  009-014 
Austenite  -  Crystal  structure 
COU.  16:003 

Austenite  -  martensite  transformation  -  Theory 
COU.  16:001-003 
Automatic  gain  control 

see  Automatic  volume  control 
Automatic  volume  control  -  Circuits 
MIT.  12:030 

A':-‘.lia:  _  power  plants  .  Cooling 
ESC.  01:005 

Auxiliary  power  plants  -  Design 
ESC.  01:001 

Aviation  medicine  -  Europe 
GEO.  01:002 

AVIDAC  computer  -  Applications 
CHI.  12:023 

Axial  flow  compressor  blades  -  Aerodynamic 
characteristics 

COR.  09:017,  THB.  02:002;  THD.  04:001-004 
Axial  flow  compressor  blades  -  Boundary  layer 
C1T.  08:002 

Axial  flow  compressor  blades  -  Stalling 
C1T.  08:004 

Axial  flow  compressors  -  Aerodynamic  characteristics 
C1T.  08:003,  004,  008;  COR.  09:017,  032; 

MAR.  01:001,  002 
Axial  flow  compressors  -  Analysis 
THD.  02:002 

Axial  flow  compressors  -  Boundary  layer 

C1T.  08:006;  THB.  02:002;  THD.  04:001,  004 
Axial  flow  compressors  -  Design 
MAR.  01:001,  002 

Axial  flow  compressors  -  Pressure  distribution 
THD.  02:002;  THB.  04:001  004 
Axial  flow  compressors  -  Stalling 

C1T.  08:004  ,  008;  COR.  09:019,  025;  COR.  12:003; 
NYU.  03:001 

Axial  flow  compressors  -  Supersonic  characteristics 
PRO.  01:001,  002 

Axial  flow  compressors  -  Theoretical  aerodynamics 
C1T.  08:002;  COR.  09:025;  COR.  12:003 
Axial  flow  turbine  rotors  -  Boundary  layer 
CIT.  08:002 

Axially  symmetric  flow  -  Analysis 
MIC.  04:001 

Axially  symmetric  flow  -  Laminar  boundary  layer 
PR1.  03:008,  009 

Axially  symmetric  flow  -  Mathematical  analysis 
MDU.  06:005;  MDU.  09:025;  PIB.  04:002: 

PRI.  11:174:  RJU.  01:006;  THB.  04:001,  002 
Axially  symmetric  flow  Stability 
MIC.  04:001 

Axially  symmetric  flow  -  Turbulence 
PfU.  11:087,  088 

Azo  dyes  Polaro graphic  analysis 
DUK.  01:001 

Azo  dyes  -  Sterlc  effects 
NBS.  05:001 

Azo  metal  complexes  -  Chemical  reactions 
DUK.  01:001 


Azobenzenes  -  Polarographic  analysis 
DUK.  01:001 

Azulene  -  Molecular  structure 
WAU.  01:016 


Backward- wave  amplifiers  -  Applications 
ST  A.  05:025 

Backward- wave  amplifiers  -  Transients 
ST  A.  06:006 

Backward-wave  oscillators  -  Design 
ST  A.  05:035 

Backward-wave  oscillators  -  Mathematical  analysis 
ST  A.  05:035 
Bacteria 

see  nlso  specific  genera,  e.  g. ,  Acetobacter 
xyllnum 

Bacteria  -  Growth 

FLU.  01:001;  ORL.  01:001-003 
Balances 

see  also  Microbalances 
Balances 

MIN.  09:008 

Ballistic  missile  trajectories  -  Analysis 
MDU.  03:018 

Ballistic  missiles  -  Meteorological  factors 
MDU.  03:018 
Ballistics 

Me  Terminal  ballistics 

M£  as  a  subdivision,  e.  g. ,  Pellets  -  Terminal 
ballistics 

Ballistocardiography  -  Errors 
JHU.  11:001 

Ballistocardiography  -  Instrumentation 
NBS.  21:013;  NBS.  25:014 
Ballistocardiography  -  Test  results 
JHU.  11:001 

Balloon- launched  rockets 
ANS.  01:001 

Band- pass  amplifiers  -  Design 
STA  05:001,  013,  050 
Dand  pass  amplifiers  -  Transients 
STA.  05:013 

Band  pass  filters  -  Effectiveness 
MIT.  10:102 

Dand-pass  inters  -  Synthesis 
MIT. 12:032 

Darium  -  Bombardment 
PEN.  05:004 

Darium  -  Electronic  work  functions 
WSC.  01:002 

Barium  •  Nuclear  pt.otoeffects 
PEN.  05:004 

Barium  -  Nuclear  reactions 
PEN.  05.004 

Darium  carbonate  -  Bombardment 
TEX.  05:005 

Darium  ions  -  Separation 
PSU.  06:001 

Darium- lead  Potential  difference 
WSC.  01:003 

Barium  oxide  -  Vacuum  sublimation  rates 
A  ER.  01:005 

Barium  peroxide  Crystal  structure 
MIT.  08:038 
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Bartum  suLftdes  -  Crystal  structure 
MIT.  08:022 

Bartum  titanate  accelerometers  -  Symposium 
NBS.  25:013 

Bartum  titanate  crystals  -  Applications 

NBS.  21:001,  013;  NBS.  25:010,  022,  023 
Bartum  titanate  crystals  -  Dielectric  properties 
PSU.  08:006,  009 

Bartum  titanate  crystals  -  Growth 
MIT.  08:044 

Bartum  titanate  crystals  -  Temperature  (actors 
MIT.  08:027;  NBS.  21:001 
Barium  titanate  crystals  -  X-ray  analysts 
PSU.  08:006,  009 
Bartum  titanates  -  Applications 
NBS.  23:001;  NBS.  25:003 
Barium  titanates  -  Conductivity 
ILL.  11:001,  003,  008 
Barium  titanates  -  Crystal  structure 
MIT.  08:007;  PSU.  08:006 
Barium  titanates  -  Hall  effect 
ILL.  11:001 

Bartum  titanates  -  Infrared  spectra 
MIT.  08:064 

Barium  titanates  -  Properties 
NBS.  25:013 

Dartum  titanates  -  Resistivity 
ILL.  11:010 

Bartum  titanates  -  Slntertng 
ILL.  11:010 

Barometers  -  Applications 
MIN.  09:003 

Deams 

see  also  Cantilever  beams;  Structures 
Beams  -  Deformation 

C1T.  06:001;  RR1. 01:004;  WAS.  02:011 
Beams  -  Load  distribution 
RP1. 07:002 
Beams  -  Stresses 
MDU.  09:004 
Deams  -  Vibration 

CIT.  06:001;  CAR.  05:003  ,  004;  11  PI.  07:002: 
WAS.  02:011 

Beams  •  Wave  propagation 
CAR.  05:003 

Denzenes  -  Chemical  reactions 
COU.  03:015 
Denzenes  -  Combustion 

INT.  01:001,  003;  PRI.  11:065,  067 
Denzenes  -  Electron  densities 
COU.  03:006 

Benzenes  -  Electron  transitions 
COU.  03:006;  FLA.  01:004 
Benzenes  Microwave  spectra 
COU.  03:015 

Benzenes  Molecular  structure 

WAU.  01:001,  008,  010,  Oil,  016,  017 
Benzenes  Ring  cleavage 
CIT.  04:001 
Benzenes  Spectra 

COU.  03.006;  FLA.  01.004 
Denzenes  -  Sublimation 
AER.  01:002 

Benzenes  -  Ultraviolet  spectra 
TEX.  04:022,  025 


Subject  Index 


Benzotc  actds  -  lontzatlon 
NBS.  04:001-003 

Beryl  crystals  -  Magnetic  resonance  spectrum 
OSU.  08:010,  011 

Beryl  crystals  -  Microwave  spectrum 
OSU.  08:010,  011 

Beryl  crystals  -  Phystcal  properties 
OSU.  08:011 

Beryllium  -  Bombardment 

NBS.  18:013;  PEN.  06:020;  PEN.  09:007; 

ST  A. 07:001,  003 

Derylllum  -  Deuteron  bombardment 
CHI.  11:005 

Berylltum  -  Disintegration 
PEN.  06:006 

Beryllium  -  Magnetic  resonance  spectrum 
OSU.  08:010 

Beryllium  -  Nuclear  photoeffects 

PEN.  06:006,  020;  PEN.  09:007 
Berylltum  -  Nuclear  reactions 
PEN.  06:020;  PEN.  09:007 
Berylltum  -  Scattering  effects 
NBS.  18:013 

Beryllium  -  Wave  functions 
PEN.  01:002 

Beryllium  oxide  -  Vacuum  sublimation  rates 
AER.  01:005 
Beta  brass  -  Diffusion 
CHI.  13:007 

Beta  ray  spectrum  .  Analysis 
CHI.  11:004 
Beta  rays  -  Detection 
CHI.  09:002 

Btacetyl  vapor  -  Fluorescence 
ROC.  02:002 

Diacetyl  vapor  -  Phosphorescence 
ROC.  02:002 
Bibliography 

see  also  Literature  survey 
see  also  as  a  subdivision,  e.  g  ,  Resonance 
absorption  (RF)  -  Bibliography 
Bibliography  .  Applied  mechanics 
ASM. 01-001 

Bibliography  -  Chemical  reactions 
CHA.  01:003 

Bibliography  -  Combustion 

PRI.  11:179,  190;  TEX.  03:001-006;  TEX. 04:035 
Dlbllography  -  Communication  systems 
MIT.  10:132 

Bibliography  -  Cosmic  rays 
MDU.  03:001,  008 
Dlbllography  -  Cybernetics 
MIT. 10:132 

Bibliography  -  Cytology 
NRC.  01:003 

Bibliography  -  Dielectrics 
PRI.  08:001 

Dlbllography  -  Embryonic  nutrition 
NRC.  01:001 
Bibliography  -  Flames 

MIN.  05:001;  TEX.  03:001  006 
Bibliography  -  Fluid  flow 
P1U.  11:179 

Bibliography  -  Heat  transfer 

PRI.  09:036;  P1U.  11:179 
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Bibliography  -  Information  theory 
MIT.  10:132 

Bibliography  -  Instrumentation 
NBS.  25:005 

Bibliography  -  Jet  propulsion 
PRI.  11:179 
Bibliography  -  Jets 
PRI.  11:160 

Bibliography  -  Mathematics 
AMS.  01:001 

Bibliography  -  Molecular  engineering 
MIT.  08:058 

Bibliography  -  Nuclear  energy  levels 
BOS.  02:003 

Bibliography  -  Nuclear  physics 
BOS.  02:005 

Bibliography  -  Photographic  theory 
TOI.  01:001 

Bibliography  -  Pressure  measurement 
NBS.  21:009 

Bibliography  -  Project  Squid 
PRI.  11:179 

Bibliography  -  Reliability 
ST  A.  06:012 

Bibliography  -  Resonance  abso-ption  (RF) 

MIN.  12:001 

Bibliography  -  Rocket  research 
PRI.  11:142 

Bibliography  -  Shock  waves 
MIT.  06:010 

Bibliography  -  Surfaces 
NRC.  02:001 

bibliography  -  Theoretical  mechanics 
ASM.  01:001 
Bibliography  -  Wounds 
NRC.  01:010 

Biological  mechanisms  -  Mathematical  analysis 
CHI.  04:002 
Biological  substances 

gee  Amino  acids;  Fatty  acids;  Gelatin;  Organic 
compounds;  Organic  materials;  Plants;  Proteins 
Biological  transport  -  Theory 
CHI.  04:002 

Biophysics  -  Instrumentation 
CHI.  14:001 
Biosynthesis 

see  as  a  subdivision,  e.  g  ,  Cellulose  - 
Biosynthesis 

see  also  the  subdivision  Preparation 
Bismuth  -  Bombardment 

PEN.  05:001,  004  ,  005,  010;  ST  A.  07:010 
Bismuth  -  Colorimetric  analysis 
ARK.  01:003 

Bismuth  -  Nuclear  photoeffects 

PEN.  05:001,  004  ,  005,  008  ,  010,  Oil;  PEN.  06:004 
Bismuth  Nuclear  reactions 

PEN.  05:001,  004  ,  005  ,  010;  PEN.  06:001 
Bismuth  -  Photon  cross  sections 
PEN.  00:001 

Bismuth  Polarographlc  analysis 
COR.  01:001,  003 

Bismuth  chlorides  Microwave  spectra 
DUK.  03:051 

Bismuth  chlorides  -  Molecular  structure 
DUK.  03:0M 


Bismuth  trichloride  -  Microwave  spectrum 
DUK.  03:055 

Bismuth  trichloride  -  Molecular  structure 
DUK.  03:055 

Bltolyls  -  Crystal  structure 
MIT.  08:031-033 

Blvlnyl 

see  Butadienes 

Blind  orientation  -  Auditory  factors 
INN.  02:001 

Blindness  -  Safety  devices 
INN.  02:001 

Blindness  -  Training  devices 
MIT.  12:023,  076 
Blood  -  Fractionation 
HAR.  07:006 

Blood  pressure  -  Measurement 
JHU.  10:003 

Bluff  bodies  -  Hypersonic  characteristics 
CIT.  07:015,  027,  032 
Bodies  of  revolution 

see  also  Conical  bodies 

Bodies  of  revolution  -  Aerodynamic  characteristics 
CAL.  06:025;  MED.  01:001 
Bodies  of  revolution  -  Boundary  layer 

CIT.  05:006;  MDU.  11:015,  PSU.  01:004 
Bodies  of  revolution  -  Configuration 
ROY.  01:001 

Bodies  of  revolution  -  Drag 

CAL.  06:009;  PIB.  05:006;  ROY.  01:001 
Bodies  of  revolution  -  Fluid  mechanics 
CAL.  06:001 

Bodies  of  revolution  -  Hydrodynamic  characteristics 
BRO.  05:004  ,  008;  MDU.  09:004 
Bodies  of  revolution  -  Hypersonic  characteristics 
CIT.  07:022,  027,  032;  MDU.  11:015 
Bodies  of  revolution  -  Interference 
MIC.  01:002,  004;  PRI.  04:006 
Bodies  of  revolution  -  Laminar  boundary  layer 
CIT.  07:022;  CAL.  06:009;  COR.  09:008; 

COR.  12:004;  MIN.  09:005 
Bodies  of  revolution  -  Mathematical  analysis 
PIB.  04:002 

Bodies  of  revolution  -  Oscillation 
BRO.  05:004,  008 

Bodies  of  revolution  -  Pressure  distribution 
PRI.  04:006;  RPI.  01:006;  ROY.  01:001 
Bodies  of  revolution  -  Reynolds  number  effects 

CAL.  06:009;  MIC.  01:002;  PRI.  03:001;  PRI.  04:006 
Bodies  of  revolution  -  Supersonic  characteristics 

COR.  12:004;  JHU. 02:008;  MIC. 01:001,  002  ,  004; 
PIB.  04:002;  PIB.  05:006;  PRI.  03:001 
Bodies  of  revolution  -  Transonic  characteristics 

BRO.  04:002,  010;  CIT.  05:002,  003,  005,  006; 
ROY.  01:001 
Body  -  Anthropometry 
ANT.  02:001-003 

Body  mass  -  Volumetric  analysis 
ANT.  02:003 

Dolomelers  -  Applications 
DUK.  03:056,  057 
Bombardment 

see  Deuteron  bombardment:  Meson  bombardment; 
Proton  bombard  men  1 
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Bombardment  (conl’d) 

see  as  a  subdivision  under  substances  subjected  lo 
bombardment,  e.  g. ,  Zinc  oxides  -  Bombardment 

Bonding 

see  also  Molecular  association 
Bonding  -  Resonance  absorption  (RF) 

MIN.  12:010 
Bone  -  Biophysics 
KAR.  01:001 

Bons  -  Chemical  analysis 

LIE.  01:001-004;  LIE.  02:001 
Bone  -  Radloactlvatlon  analysis 

KAR.  01:001;  LIE.  01:001,  003,  004;  LIE. 02:001 
Borlne  carbonyl  -  Molecular  structure 
HAR.  06:012 

Borlne  carbonyl  -  Infrared  spectrum 
HAR.  06:012 

Borlne  carbonyl  -  Raman  spectrum 
HAR.  06:012 
Born  approximation 

COU.  01:036;  STA.  03:001,  004  ,  008,  010,  Oil, 

016,  018,  022,  024,  028,  030,  035;  STA.  07:001, 
004,  013,  016,  020 
Boron  -  Adsorption 
PSU.  05:003 

Boron  -  Wave  functions 
PEN.  01:002 

Boron10  -  Bombardment 
BOS.  02:002 

Boron10  -  Determination 
JHU.  06:001 

Boron11  -  Bombardment 
BOS.  02:006 

Boron11  -  Nuclear  reactions 
PEN.  05:013 

Boron  chlorides  •  Molecular  structure 
NBS.  08:006 

Boron  chlorides  •  Spectra 
NBS.  08:006 

Boron  compounds  -  Crystal  structure 
WAU.  03:002 

Boron  compounds  -  Spectra 
NBS.  08:006 

Boron  compounds  (Polymerized)  -  Preparation 
PSU.  04:002 

Boron  compounds  (Polymerized)  -  Properties 
PSU.  04:002 

Boron  hydride  explosive  mixtures  Spectra 
NBS.  07:008 

Boron  hydride  vapor  -  Photolysis 
PRI.  11:172 

Boron  hydrides  -  Chemical  reactions 
PRI.  11:163 

Doron  hydrides  -  Combustion 
NBS.  07:008 

Boron  hydrides  -  Decomposition 
PRI.  11:144,  102 
Boron  hydrides  -  Detonation 
PRI.  11:164 

Boron  hydrides  -  Exchange  reactions 
JHU.  06:001,  004 
Boron  hydrides  -  Preparation 
PUR.  05:001 
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Boron  hydrides  -  Separation 
JHU.  06:005 

Boron  hydrides  -  Spectroscopic  analysis 
NBS.  07:008 

Boron  hydrldes-d  -  Infrared  spectra 
JHU.  06:003 

Boron  Isotopes  -  Bombardment 
BOS.  02:002,  006 
Boron  Isotopes  -  Determination 
JHU.  06:001 

Boron  Isotopes  -  Nuclear  reactions 
PEN.  05:013 

Boron  lrlethyl  -  Chemical  reactions 
PRI.  11:143 
Boundary  layer 

see  also  the  subdivision  Boundary  layer,  e.  g. , 
Supersonic  flow  -  Boundary  layer 
Boundary  layer  -  Aerodynamic  characteristics 
COR.  09:010 

Boundary  layer  -  Analysis 

MIN.  07:001;  RPI.  05:003 
Boundary  layer  -  Energy  balance 
RPI.  03:004 

Boundary  layer  -  Flow  compressibility 
CAL.  06:005 

Boundary  layer  -  Heal  transfer 

CAL.  06:018;  NAA. 01:001,  002;  ODI.  01:001; 
TEX.  02:001 

Boundary  layer  -  Mathematical  analysis 

MDU.  11:015;  MIN.  07:006,  008,  009; 

PSU.  01:001,  004;  PRI.  01:002;  PRI.  04:007; 
WAL.  01:001 

Boundary  layer  -  Measurement 
MIT.  07:001;  MIN.  09:002 
Boundary  layer  -  Optical  properties 
PRI.  07:004 

Boundary  layer  -  Physical  factors 
MIN. 07:004 

Boundary  layer  ■  Pressure  distribution 
PRI.  03:005 

Boundary  layer  -  Rarefied  gas  dynamics 
CAL.  06:023 

Boundary  layer  -  Separation 

MIN.  09:005-007;  PRI.  03:005 
Boundary  layer  -  Skin  friction  coefficients 
MIN.  09:002 

Boundary  layer  -  Stability 

JHU.  01:001;  NAA.01:007 
Boundary  layer  ■  Supersonic  characteristics 
CAL.  06:026;  MIN.  09:002;  PRI.  03:006; 

ROM.  03:001;  OCX:.  05:001;  TEX.  02:001 
Boundary  layer  -  Theoretical  aerodynamics 
C1T.  08:006;  CAR.  06:001,  002 
Boundary  layer  -  Theory 
CAL.  06:003 

Boundary  layer  -  Thickness 
PRI.  11:104 

Boundary  layer  •  Transition 
MIC.  12:001 

Boundary  layer  •  Transition  point 
CAL.  00:005 

Boundary  layer  -  Turbulence 
MIC.  12:001 

Boundary  layer  •  Velocity  distribution 
CAL.  06:005 
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Boundary  layer  control 

see  also  Area  suction  -  Theory;  Suction  slots 

Boundary  layer  control  -  Effectiveness 
PSU.  01:002,  003;  PIB.  05:003 

Boundary  layer  control  Physical  effects 
PRI.  11:104 

Boundary  layer  control  -  Physical  factors 
CAL.  06:004 

Boundary  layer  contio!  -  Theory 

BRO.  04:001,  UJ5,  007;  BRO.  07:003,  008,  009; 
PSU.  01:001 

Brain  -  Blood  circulation 
HEI.  01:001 

Brain  -  Electrical  properties 
MIT.  12:135 

Broadband  circuits  -  Design 
ST  A.  05:050,  053 

Bromine  -  Chemical  reactions 
PRI.  09:020 

Bromlie  -  Excitation 
CHI.  09:001 

Bromine  -  Meson  bombardment 
CHI.  09:001 

Bromine  -  Neutron  cross  sections 
TEX.  05:002 

Bromine  -  Plon  activation 
CHI.  09:001 

Bromine79  -  Hyperflne  structure 
MIT.  10:135 

Bromine79  -  Magnetic  moments 
MIT.  10:135 

Bromine81  -  Hyperflne  structure 
MIT.  10:135 

Bromine81  -  Magnetic  moments 
MIT.  10:135 

Bromine  Isotopes  -  Hyperflne  structure 
MIT.  10:135 

Bromine  Isotopes  -  Magnetic  moments 
MIT. 10:135 

Bromine  Isotopes  -  Mass  spectra 
MMU.  01:003 

Bromine  Isotopes  -  Masses 

COU.  01:008;  MMU.  01:003 

Bromine  Isotopes  -  Microwave  spectra 
COU.  01:008 

Bromine  Isotopes  -  Spec lrographlc  analysis 
DUK.  03:011 

1  Dromo-  1-propyne  -  Infrared  spectrum 
TEX.  03:007 

1- Bromo- 1-propyne  -  Preparation 
TEX.  04:015 

1-Bromo- 3-chloro- 1-propyue  -  Preparation 
TEX.  04:015 

3  Bromo  - 1-  lodopropyne  -  Preparation 
TEX.  04:011 

1-Bromo- 1  phenoxy  ■  1  -  propyne  Preparation 
TEX.  04:030 

Bromolorm  -  Rotational  constants 
NYU.  02:003 

Bronze  -  Thermal  expansion 
PIB.  02:001 

Bruci'e  crystals  -  Magnetic  resonance  spectrum 
OSU.  08:014 


Brucite  crystals  Structural  analysis 
OSU.  08:014 
Buckling 

see  the  subdivision  Deformation,  e.  g. ,  Sheets  - 
Deformation 
Burning  characteristics 

see  the  subdivision  Combustion,  e.  g. ,  Acetylenes  - 
Combustion 

Butadiene  cyclic  sulfone  -  Chemical  reactions 
VPI.  01:003 
Butadienes 

see  also  Cydobuiadlenes 
Butadienes  -  Chemical  reactions 
VPI.  01:001 

Butanes  -  Combustion 

OSU.  03:005,  007,  010;  PRI.  11:011,  040 
Butanes  -  Thermochemistry 
CAT.  01:006 

Butyl  sulfide  -  Polymerization 
PIB.  08:002,  003 

n-Butylamlne  -  Chemical  reactions 
ROC.  01:002,  012 
2-Butyne  -  Ionization  potentials 
TEX.  04:012 


Cables 

see  also  Coaxial  cables 

Cables  -  Motion 

NBS.  21:002 

Cables  -  Stresses 

NBS.  21:002,  010;  NBS.  25:004 

Cadmium  -  Cryslal  structure 
POL.  01:009 

Cadmium  -  Electrochemistry 
POL.  01:009 

Cadmium  Electronic  work  functions 
WSC.  01:001,  002 

Cadmium  -  Polarographtc  analysis 
COR.  01:001,  003 

Cadmium-barium  -  Potential  difference 
WSC.  01:001 

Cadmium-gold  crystals  -  Transformations 
ILL.  07:001 

Cadmium  oxide  -  Vacuum  sublimation  rates 
AER.  01:005 

Cadmium  sulfide  -  Bombardment 
BOS.  02:004 

Cadmium  sulfide  crystals  -  Effects  of  radiation 
ltOC.  05:012 

Cadmium  sulfide  crystals  -  Photoconductivity 
ROC. 05:012 

Calcium  -  Bombardment 
ST  A.  07:010 

Calcium  -  Spectrogra|>hlc  analysis 

MIT.  10:047  ,  064;  MIC.  06:001 

Calcium  -  Spectrum 
MIT.  00:002 

Calcium  -  Volumetric  analysis 
NCU.  01:007  ,  008 

Calcium  chloride- sodium  chloride  crystals  -  Conductivity 
ILL.  08:004 

Calcium  chloride- sodium  chloride  crystals  -  Electrical 
properties 
ILL.  08:004 
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Calcium  fluoride  crystals  -  Absorptive  properties 
MIT. 08:026 

Calcium  fluoride  crystals  -  Color 
MIT.  08:043 

Calcium  fluoride  crystals  -  Effects  of  radiation 
MIT. 08:026 

Calcium  fluoride  crystals  -  Spectrum 
MIT.  08:043 

Calcium  hydroxide  crystals  -  Infrared  spectrum 
YAL.  05:002 

Calcium  hydroxide  crystals  -  Rju-^n  spectrum 
YAL.  05:002 

Calcium  nitrate  -  Chemical  reactions 
PSU.  03:001 

Calcium  oxide  -  Vacuum  sublimation  rates 
AER.  01:005 

Calcium  tilanales  -  Conductivity 
ILL.  11:001,  003,  008 
Calcium  titanales  -  Hall  effect 
ILL.  11:001 

Calcium  tilanales  -  Resistivity 
ILL.  11:010 

Calcium  titanales  -  Sintering. 

ILL  11:010 

Calipers  -  Performance 
ANT.  02:001,  002 
Calorimeters  -  Applications 

BMB.  02:003;  COL  02:003,  005;  HAR.  02:098; 
LAV.  01:010 

Calorimeters  -  Calibration 
NBS.  25:024 
Calorimeters  -  Design 
NDS.  25:024 

Calorimeters  -  Performance 
HAR.  02:098 
Cameras 

Electron  diffraction  cameras;  Photography; 
Rotating  drum  cameras 
Cantilever  beams  -  Stresses 
CIT. 01:004 

Cantilever  beams  -  Vibration 
CIT. 01:004 

Carbohydrates  -  Effects  of  radiation 
DUK.  03:067 

Carbohydrates  -  Electron- spin  resonance 
DUK.  03:067 

Carbohydrates  -  Microwave  spectra 
DUK.  03:067 

Carbon 

see  also  Carbon  black;  Graphite 
Carbon  -  Adsorption 
PRi  11:012 

Carbon  •  Bombardment 

PEN.  06:020;  PEN.  09:007.  ST  A.  07:005,  017.  022 
Carbon  Chemical  reactions 
PUR.  05:008 
Carbon  -  Formation 

CIT.  09:001.  004  006 
Carbon  -  Migration 
P1U.  13:012 

Carbon  -  Neutron  cross  sections 
TEX  05:006 

Carbon  -  Nuclear  pholoeffects 

PEN.  06:004  ,  020;  PEN.  09:007 
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Carbon  -  Nuclear  reactions 

PEN.  06:020;  PEN.  09:007 
Carbon  -  Oxidation 

UT A.  02:001,  007,  012  ,  014  ,  015 
Carbon  -  Production 

TEX  04:001,  004  ,  007  ,  027 
Carbon  -  Spectrum 

MIC.  06:002;  NDS.  07:011 
Carbon  -  Thermochemistry 
TEM.  01:002 

Carbon  -  Thermodynamic  properties 
UT  A.  02:014,  017 
Carbon  -  Wave  functions 
PEN.  01:002 

Carbon  -  X-ray  analysis 
NBS.  18:005 
Carbon1®  -  Excitation 
BOS.  02:002 
Carbon11  -  Excitation 
BOS.  02:006 

Carbon1 2  -  Bombardment 

PEN. 05:003  ,  012;  PEN.  06:017;  PEN.  09:001,  003; 
ST  A.  07:009  ,  016 
Carbon12  -  Electron  transitions 
ST  A.  03:014,  029 
Carbon12  -  Excitation 

NBS.  18:010,  016;  NBS.  20:003;  ST  A.  03:020,  029; 
ST  A.  07:009 

Carbon12  -  Gamma  ray  spectrum 
NBS.  18:010 

Carbon12  -  Nuclear  photoeffecls 

PEN. 05:003,  012;  PEN.  06:017;  PEN.  09:001,  003 
Carbon12  -  Nuclear  reactions 

PEN.  05:003,  012,  013;  PEN.  06:017;  PEN.  09:001, 
003 

Carbon1*  -  Bombardment 
TEX  05:005 

Carbon1*  -  Chemical  reactions 

CHI.  11:003  ,  002  ,  007,  009 
Carbon1*  -  Excitation 
TEX  05:003 
Carbon1®  -  Excitation 
TEX  05:003 

Carbon15  -  Gamma  ray  spectrum 
TEX  05:005 

Carbon  arcs  -  Performance 
HAR.  07:034,  035 
Carbon  arcs  -  Physical  factors 
HAR.  07:034,  035 

Carbon  black  -  Adsorptive  properties 
WAU.  02:002 

Carbon  black  -  X-ray  analysts 
TEX  04:020 

Carbon  black- renon  -  Adsorptive  properties 
WAU.  02:002 

Carbon  deposits  -  Analysis 

TEX 04:001,  007  ,  027 
Carbon  dioxide  -  Absorption 
WAR.  01:001 

Carbon  dioxide  -  Applications 
NBS.  21:006 

Carbon  dioxide  -  Determination 
CIT.  07:010;  PRI.  09:010 
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Carbon  dioxide  -  Infrared  spectrum 
WAR.  01:001 

Carbon  dioxide  -  Plant  metabolism 
OXF.  01:001 

Carbon  dioxide  -  Spectrum 
NBS.  07:012 

Carbon-hydrogen  bond  -  Ene.  py 
PRI.  11:014 

Carbon-hydrogen  radicals  -  Spectra 
NBS.  07:001 

Carbon-hydrogen  radicals  -  Speclrographlc  analysis 
NBS.  07:001,  005,  016 
Carbon  Isotopes 

see  also  specific  carbon  isolopes,  e.  g. ,  Carbon14 
Carbon  Isotopes  -  Bombardment 

PEN.  05:003,  012;  PEN.  06:017;  PEN.  09:001,  003; 
ST  A.  07:009,  016 

Carbon  Isotopes  -  Electron  transitions 
ST  A.  03:014,  029 
Carbon  lsutoDes  -  Excitation 

NBS."l8:0l0,  016;  NBS.  20:003;  STA.  03:020,  029; 
ST  A.  07:009 

Carbon  Isotopes  -  Gamma  ray  spectra 
NBS.  18:010 

Carbon  Isotopes  -  Masses 
COU.  01:008 

Carbon  Isotopes  •  Microwave  spectra 
COU.  01:008 

Carbon  isotopes  -  Nuclear  photoeffects 

PEN.  05:003,  012;  PEN.  06:017;  PEN.09;001,  003 
Carbon  lsolopes  -  Nuclear  reactions 

PEN.  05:003,  012,  013;  PEN.  06:017;  PEN. 09:001, 
003 

Carbon  Isotopes  (Radioactive)  -  Bombardment 
TEX.  05:005 

Carbon  isotopes  (Radioactive)  -  Chemical  reactions 
CHI.  11:001,  002,  007,  009 
Carbon  Isotopes  (Radioactive)  Excitation 
BOS.  02:002,  006;  TEX.  O'  .003 
Carbon  Isotopes  (Radioactive)  -  Gamma  ray  spectra 
TEX.  05:005 

Carbon  measurement  -  Determination 
COU.  02:022 

Carbon  monoxide  -  Chemical  reactions 
PRI.  09:003 

Carbon  monoxide  -  Infrared  spectrum 
NBS.  02:003;  NBS.  07:014,  015 
Carbon  monoxide  -  Microwave  spectrum 
DUK.  03:032 

Carbon  monoxide  -  Oxidation 
PRI.  09:006,  010 

Carbon  monoxide  -  Spec  trographtc  analysis 
NBS.  07:014,  015 
Carbon  monoxide  -  Spectrum 
NBS.  07:014.  015 

Carbon- steam  •  Chemical  reactions 
UT A.  01:011,  014,  017 
Carbon  subnitride  -  Combustion 
TEM.  01:001 

Carbon  tetrachloride  -  Phase  studies 
FRS.  01:001 

Carbonates  Preparation 
ROC.  01  007,  009 

Carbonyl  compound  derivatives  Determination 
OSU.  02-003 


Carbonyl  hydrogen  peroxide  derivatives  -  Determination 
OSU.  02:002 

Carbonyl  selenlde  •  Molecular  structure 
COU.  01.013 

Carbonyl  selenlde  -  Speclrographlc  analysis 
COU.  01:013 

Carbonyl  sulfide  -  Microwave  spectrum 

COU.  01:038;  DEL.  01:001,  003  ,  005; 

DUK.  03:010,  012,  022,  042;  MIT.11:034 
Carbonyl  sulfide  -  Molecular  reactions 
DEL.  01:005 

Carbonyl  sulfide  -  Molecular  rotation 
DUK.  03:010 

Carbonyl  sulfide  -  Molecular  structure 
COU.  01:013;  DUK.  03:042 
Carbonyl  sulfide  -  Speclrographlc  analysis 
COU. 01:013 

Carbonyls  -  Determination 

OSU.  02:002;  OSU.  03:001,  007 
Carboxylic  acids  -  Hydrogenation 
BRI.  01:003 
Cardiography 

see  Ballistocardiography;  Electrocardiography; 
Phonocardiography 
Cardiovascular  sound 

JHU.  10:005,  006 

Cardiovascular  sound  -  Musical  murmurs 
JHU.  10:008 

Carotenoids  -  Molecular  structure 
WAU.  01:012 
Carolenolds  -  Spectra 
WAU.  01:012 
Catalysis  -  Combustion 
ATL.  01:001 
Catalysts 

see  also  Grlgnard  reagents  -  Silver  catalysts 
see  also  the  subdivision  Catalytic  properties,  e.  g. , 
Pyrldlnes  -  Catalytic  properties 
Catalysis  -  Effectiveness 
PIB.  08:001,  003 

Catalysts  -  Hydrogenation  effects 
BRI.  01:001 
Catalytic  properties 

see  as  a  subdivision,  e.  g. ,  Rhenium  compounds  - 
Catalytic  properties 
Catenary  film  -  Construction 
MIT. 08:018 

Cathode  ray  oscillographs  ■  Performance 
NBS.  25:008,  015 

Cathode  ray  oscilloscopes  -  Applications 
ATE.  01:004  ,  005,  007- 009 
Cathode  ray  tubes 

see  also  Storage  tubes 
Cathode  ray  tubes  -  Applications 
NBS.  25:009,  017 
Cavity  resonators  Applications 

HAR.  02:085:  HAR.  03:008;  PRI.  11:121 
Cavity  resonators  -  Design 
NBS.  27:001 

Cavity  resonators  -  Electromagnetic  properties 
MIT.  10:054 

Cavity  resonators  -  Excitation 
MIT.  11:050;  NBS.  27:001 
Cavity  resonators  -  Impedance 
SOU.  01:001,  002 
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Cavity  resonators  -  Mathematical  analysis 
MIT.  13:002 

Cells  (Biology)  -  Biochemistry 
HAR.  07:024 

Cells  (Biology)  -  Mitochondria 
HAR.  07:024 

Cellulose  -  Effects  of  radiation 
DUK.  03:067 

CeUuIose  -  Electron-spin  resonance 
DUK.  03:067 

Cellulose  -  Microwave  spectrum 
DUK.  03:067 

Cellulose  (Labeled)  -  Biosynthesis 

FLU.  01:001;  ORL.  01:001-003 
Cellulose  (Labeled)  -  Decomposition 
FLU.  01:001 

CeUuIose  (Labeled)  -  Preparation 
ORL.  01.003 

Centripetal  alrpump  -  Design 
TIH.  01:006 

Centripetal  almimp  -  0~«ratlon 
TIH.  01:004  ,  00‘" 

Ceramic  coatings  -  Analysis 
ILL.  02:002,  003 

Ceramic  coatings  -  Crystallization 
ILL.  02:001,  002 

Ceramic  coatings  -  Temperature  factors 
ILL.  02:001 

Ceramic  materials  -  Applications 
ST  A.  11:006 

Ceramic  materials  -  Diffusion  properties 
ALF.  01:001 

Ceramic  materials  -  Magnetic  properties 
MIT.  08:034 

Ceramic  materials  -  Preparation 
MIT.  08:034 
Cerenkov  counters 

OTA.  07:021,  024 

Cerenkov  radiation  -  Applications 
COU.  01:01# 

Cerenkov  radiation  Detection 
COU.  01.002,  007 
Cerenkov  radiation  -  Theo.-y 

COU.  01:007,  028;  COU.  02:007;  OTA.  11:010 
Cerium  -  Bombardment 

PEN. 05:004,  005,  010 
Cerium  -  Nuclear  )*ioloeffecls 
PEN.  05:004,  005,  010 
Cerium  -  Nuclear  reactions 

PEN.  05.004,  005,  010 
Cesium133  Microwave  spectrum 
WAU.  03  011 

Cesium*3'4  Uyperftnr  structure 

urr.  10:108;  urr.  12.116 

Cesium*3*  Magnetic  moments 
MIT.  10:108:  MIT.  12:1 1C 
Cesium*3-*  llyperfine  structure 
MIT.  12:  >  >6 

Cesium133  Magnetic  moments 
MIT.  12:116 

Cesium*3^  llyperfine  structure 
MIT.  12:116 

Cesium*3^  Magnetic  moments 
MIT.  12:116 


Subject  Index 


Cesium- anti monide  -  Secondary  emission  properties 
CHI.  03:006 

Cesium  blfluorldes  -  Crystal  structure 
ARK.  01:008 

Cesium  borohydrlde  -  Crystal  structure 
MIT.  08:037 

Cesium  bromide  -  Microwave  spectrum 
COU.  01:002 

Cesium  bromide  -  Vacuum  sublimation  rates 
AER.  01:005 

Cesium  chloride  -  Microwave  cpectrum 
COU.  01:002 

Cesium  chloride  -  Vacuum  sublimation  rates 
AER.  01:005 

Cesium  fluoride  -  Microwave  spectrum 
COU.  01:002 

Cesium  halides  -  Microwave  spectra 
COU.  01:002 

Cesium  Iodide  -  Vacuum  sublimation  rates 
AER.  01:005 

Cesium  Isotopes  -  Microwave  spectra 
WAU.  03:011 

Cesium  Isotopes  (Radioactive)  -  Hyperflne  structure 
MIT.  10:108;  MIT.  12:006,  116 
Cesium  Isotopes  (Radioactive)  -  Magnetic  moments 
MIT.  10:108;  MIT.  12:116 
Chain  reactions  -  Chemical 
CAT.  01:001 

Chain  reactions  -  Mathematical  analysis 

INT. 01:002;  PRI.  11:199,  202,  203,  2C5 
Chelate  compounds  -  Electrochemistry 
NCU.  01:006 

Chelate  compounds  -  Stability 
NCU.  01:006 
Chemical  apparatus 
UT  A.  02:017 
Chemical  bonding 

BCE  Molecular  association 
Chemical  bonds 

see  also  Valence  bonds 
Chemical  bonds  -  Mathematical  analysis 
WAU.  01:006,  013 
Chemical  effects 

see  as  a  subdivision  under  the  agents  producing 
these  effects,  e  g.  ,  Ethylene  oxide  -  Chemical 
effects 

Chemical  elements 

see  also  Heavy  elements 
Chemical  elements  -  Atomic  structure 
DUK.  03.04  5 

Chemical  elements  -  Atomic  weight 
MMU.  01:005  ,  006 

Chemical  elements  -  Electrical  properties 
DUK.  03:045;  ItPI.  06:005 
Chemical  elements  Nuclear  reactions 
BOS.  02:003 
Chemical  engineering 
P1U.  11:127 

Chemical  equilibrium  Equipment 
NDS.  13:004 

Chemical  equilibrium  Statistical  analysis 
MDU.  02:001 
Chemical  indicators 
ARK.  01:003 
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Subject  Index 


Chemical  kinetics  -  Mathematical  analysis 
ARD.  01:001 
Chemical  reactions 

see  also  as  a  subdivision,  e.  g. ,  Grlgnard 
reagents  -  Chemical  reactions 
Chemical  reactions  -  Analysis 
CHA.  01:003 

Chemical  reactions  -  Bibliography 
CHA.  01:003 

Chemical  reactions  -  Electrical  properties 
COU.  03:007 

Chemical  reactions  -  Equipment 

see  also  Reactors;  Towers  (Chemistry)  -  Design 
Chemical  reactions  -  Equipment 
TEX.  04:018 

Chemical  reactions  -  Inhibition 
UT A.  02:018,  020 
Chemical  reactions  -  Kinetics 

AER.  01:008;  MDU.  02:005;  PRI.  09:007,  015-017, 
029,  030,  035;  ROC.  01:002,  003,  005  ,  009,  012; 
SOC.  02:001,  002,  004,  005;  TEX.  04:018,  022, 

035;  UT  A.  02:006,  008,  010,  Oil,  014,  015,  017, 
020,  023 

Chemical  reactions  -  Luminescence 
PRI.  09:026 

Chemical  reactions  -  Mathematical  analysis 

MDU.  02:005;  MDU.  13:001;  MIT.  08:028;  PRI.  09:004 
Chemical  reactions  -  Recording  devices 
LAV.  01:006 

Chemical  reactions  -  Temperature  factors 

PRI. 09:015-017,  020;  PRI.  11:057;  TEM.01:002; 

UT  A.  02:015 

Chemical  reactions  -  Theory 
TEX.  04.005 

Chemical  reactions  -  Thermal  effecls 
PRI.  11:053 

Chemical  reactions  -  Veloclly 

CER.  01:001;  UT  A.  02:003 
Chlorinated  alcohols  -  Chemical  reactions 
SOC.  02:004  ,  005 
Chlorination 

UCB  as  a  subdivision  under  the  names  of  substances 
being  chlorinated,  e.  g. ,  Ethylenes  -  Chlorination 
Chlorine  -  Magnetic  moments 
WAU.  03:004 

Chlorine  -  Neutron  cross  sections 
TEX  05:002 

Chlorine  -  Nuclear  quadrupole  resonance 
OSU.  08.001  003 

Chlorine3®  -  Hyperflne  structure 
MIT.  10:109 

Chlorine'*  Nuclear  spin  resonance 
MIN.  12.007 

Chlorine3®  Resonance 

JltU.  06:002  ,  006;  PIT.  02:004 
Chlorine30  Hyperflne  structure 
COU.  01:044 

Chlorine30  Magnetic  moments 
COU.  01:032,  044 
Chlorine3®  Mass 

COU.  01:032,  044 
Chlorine3^  Resonance 
JltU.  06:006 

Chlorine  compounds  Hyperflne  structure 
COU.  01:035 


Chlorine  compounds  -  Thermodynamic  properties 
COU.  01:035;  WAU.  03:009 
Chlorine  compounds  (Organic)  -  Hydrogenation 
COL.  02:005 

Chlorine  compounds  (Organic)  -  Thermochemistry 
COL.  02:005 
Chlorine  Isotopes 

see  also  specific  chlorine  Isotopes,  e.g.,  Chlorine3** 
Chlorine  isotopes  -  Bombardment 
FRA.  01:002,  003 

Chlorine  Isotopes  -  Hyporflne  structure 
MIT.  10:067,  109 
Chlorine  Isotopes  -  Isomerism 
COU.  01:021 

Chlorine  Isotopes  -  Magnetic  moments 
MIT.  10:067 

Chlorine  Isotopes  -  Masses 
COU.  01:008,  032 

Chlorine  Isotopes  -  Microwave  spectra 
COU.OLOC8 

Chlorine  Isotopes  -  Nuclear  disintegration  energy 
FRA.  01:002,  003 

Chlorine  Isotopes  -  Nuclear  spin  resonance 
MIN.  12:007 

Chlorine  lsolopes  -  Resonance 

COU.  01:035;  JHU.  06:002,  006;  PIT.  02:004 
Chlorine  Isotopes  -  Spec Iro graphic  analysis 
COU.  01:035;  FRA. 01:002,  003 
Chlorine  Isotopes  (Radioactive)  -  Hyperflne  structure 
COU.  01:032,  044 

Chlorine  Isotopes  (Radioactive)  -  Magnetic  moments 
COU.  01:032,  044 

Chlorine  isotopes  (Radioactive)  -  Masses 
COU. 01:008,  032,  044 

Chlorine  Isotopes  (Radioactive)  -  Microwave  Bpeclra 
COU.  01:008,  032 

Chlorine  Isotopes  (Radioactive)  -  Moments 
COU.  01:044 

Chlorine  oxides  -  Properties 
TAM. 01:004 

Chlorine  oxldeB  -  Spectra 
TAM.  01:005 

3-Chloro-l-iodopropyne  -  Preparation 
TEX  04:011 

3-Chloro-2-phenyl-l-propene  -  Preparation 
TEX  04:016 

Chloroacetylene-d  -  Hyperflne  structure 
COU.  01:012,  043 

Chloroacelylene-jJ  -  Molecular  structure 
COU.  01:012,  043 

Chlorobenzenes  -  Crystal  structure 
PIT.  02:009 

Chlorobenzenes  -  Polymorphism 

PIT.  02:009 

Chloroform  -  Microwave  spectrum 

OSU.  08:015 

Chloroform  -  Solvent  action 
ARK.  01:004 

Chlorogermane  Molecular  structure 
COU.  01:013 

Chlorogermane  -  Spectrogrrphtc  analysis 
COU.  01:013 

bis  (4  Chiorophenyl)  thloncarbonate  Chemical  reactions 
HOC.  01:009 
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Chlorophylls  -  Microwave  spectra 
lXJK.  03:068 

Chloroplasts  -  Paramagnetic  resonance  absorption 
WAS.  06:001 

Chloroplasts  -  Photochemical  effects 
WAS.  06:001 

Chlorosllane  -  Molecular  structure 
COU.  01:013 

Chlorosllane  -  Spec  tro graphic  analysis 
COU.  01:013 

Chloroslllcanes  -  Microwave  spectra 
DUK.  03:017 

Chloroslllcanes  -  Molecular  structure 
DUK.  03:017 

Cholesterol  -  Biochemical  effects 
BJO.  01:003 

Cholesterol  -  Precipitation 
LWa  01:002 

Choline  reineckate  -  Crystal  structure 
PSU.  07:0*13 

Chromatographic  analysis  -  Applications 
J11U.  06:035 

Chromic  chloride  -  Paramagnetic  resonance  absorption 
OSU.  08:004 

Chromium  -  Magnetic  properties 
MDU.  02:013 

Chromium  -  Magnetic  resonance  spectrum 
OSU.  08:018 

Chromium  -  Spec  lrographic  analysis 
MIT. 10:115 

Chromium  -  Transition  temperature 
MDU.  02:013 

Chromium52  Bombardment 
WAS.  03:004 

Chromium53  -  Bombardment 
WAS.  03:004 

Chromium  alloys  -  Scale 
P1U.  11:188 

Chromium  alum  -  Microwave  spectrum 
DUK.  03:052 

Chromium  alum  -  Molecular  struclure 
DUK.  03:052 

Chromium  alum  -  Thermodynamic  properties 
MIT.  12:042 

Chromium  germanium  group  elements  -  Masses 
MMU.  01:009 

Chromium  Ions  Speclra 
OSU.  08:018 

Chromium  Iron  nickel  alloys  ■  Surface  temperatures 
P1U.  09:023 

Chromium  Isotopes  Bombardment 
WAS.  03:004 

Chromium  nickel  alloys  Oxidation 
1’IU.  11:189 

Chromium  nickel  alloys  Scale 
P1U.  11:189 

Circuits 

ace  specific  types  of  circuits,  e.g.  ,  Electronic 
circuits 

sec  as  a  subdivision  under  specific  equipment, 
e  g. .  Mathematical  computers  •  Circuits 

Circulatory  system  Physiological  factors 
J11U.  10:005 

Cirrhosis  Diagnosis 

UAlt.  07:045  ,  049 


Subject  Index 


Co  and  a  effect  -  Theory 

ODI.  02:031;  PK).  01:001;  RPI.  03:002 
Co  and  a  nozzles  -  Design 

PIO.  01:001;  RPI.  03:003 
Coaxial  cables  -  Electromagnetic  effects 
NBS.  21:010;  NBS.  25:003 
Coaxial  cables  -  Electromagnetic  properties 
HAR.  02:036 

Coaxial  cables  -  Junction 
HAR.  02:026,  055 
Coaxial  cables  -  Test  methods 
NBS.  21:010 
Cobalt  -  Bombardment 

PEN.  05:002;  ST  A.  07:010 
Cobalt  -  Microwave  spectrum 
HAR.  02:046 

Cobalt  -  Nuclear  photoeffects 

PEN.  05:002;  PEN.  06:004 
Cobalt  -  Nuclear  reactions 
PEN.  05:002 
Cobalt  -  Potentials 
ARK.  01:001 

Cobalt  -  Resonance  absorption 
HAR.  02:046 
Cobalt60  -  Decay 

AER.  05:001 

Cobalt-ferrlle  crystals  -  Preparation 
MIT.  08:046 

Coball  Isotopes  (Radioactive)  -  Decay 
AER.  05:001 

Coding 

see  Cryptography;  Machine  translation 
Coenzyme  A  -  Model  compounds 
ROC.  01:002,  012 

Coincidence  counting  -  Applications 
MIT.  12:101 

Colliculus  (Frog)  -  Action  potentials 
MIT.  12:050 

Collidine  -  Microwave  Spectrum 
PHI.  08:006 

Collidine  -  Molecular  struclure 
PRJ.  08:002,  006 
Colloquium 

sec  Symposia 

Color 

&££  as  a  subdivision  under  things  having  color, 
e.  g. ,  Alkali  halide  crystals  -  Color 
Color  vision  Physiological  factors 
CHI.  04:001 

Color  vision  -  Theory 
Clll.  04:001 
Colorimelry 

see  also  Spectrophotometers 
Colo  rime  try 

NCU.  01:001 
C  iiuu:!inn 

see  also  Flames 

see  also  as  a  subdivision  under  things  subject  to 
combustion,  e.  g. ,  Acetylenes  -  Combustion 
Combustion  Analysis 

C1T.  09:002;  MIC.  07  001;  OSU.  02:003;  l’Hl.  11:107. 
108,  17t ,  175;  Pltl.  12:002;  KOS.  01:002; 

UTA.  02:023 

Combustion  -  Applications 
CllA.  01:00t 
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Subject  Index 


Combustion  -  Bibliography 

PRI.  11:179,  190;  TEX.  03:001-006;  TEX.  04:035 
Combustion  -  Mathematical  analysis 

INT.  01:001;  LOC.  01:00:.;  PRI.  11:006,  079 
Combustion  -  Physical  (actors 
IN'7'  01:003,  004 

Combustion  Physical  measurements 
PRI.  12:002 

Combustion  -  Spectro graphic  analysis 
PRI.  11:040;  TEX.  04:003 
Combustion  -  Stability 

AER.  02:006;  MIN.  05:001;  PRI.  04:013;  PRI.  11:006; 
ROS.  01:001 

Combustion  -Symposium 

CHA.  01:001;  PIT.  01:001;  PRI.  11:175 
Combustion  Temperature 
UTA.  02:005 

Combustion  -  Test  methods 
PRI.  11:051,  150 
Combustion  -  Test  results 

OSU.  03:004:  PRI.  11:046 
Combustion  -  Testing  equipment 

AER.  02:006;  BMB.  02:003;  EXP.  01:001 
Combustion  -  Theoretical  mechanics 

AER.  02:001,  005,  007,  008,  Oil;  AMF.  01:001. 
ARD.  01001 
Combustion  -  Theory 

GEC.  01:001;  PIU.  11:002,  Oil,  PRI.  12:004; 

UTA.  02.024 

Combustion  -  Thermodynamic  properties 

PRI.  12:004;  TEX. 04  004;  UTA. 02:001,  005 
Combustion  Turbulence 
ARD.  01:004 
Combustion  -  Velocity 

PRI.  11:004  ,  005  ,  011 
Combustion  Wave  characteristics 
PIU.  11:045  ;  050 

Combustion  (Spark  Ignition)  -  Mathematical  analysis 
PIU. 11:008 

Combustion  (Spark  Ignition)  -  Temperature  (actors 
PRI.  11:078 

Combustlor.  (Spark  Ignition)  -  Theory 
PIU.  11:008 

Combustion  chamber  Uames  Spectra 
P1U.  11:126 

Combustion  chamber  (lames  Temperature 
PRI.  11:126 

Combustion  chamber  gasei  Analysis 
OSU.  03:004  .  006;  PIU.  lt:034 
Combustion  chamber  gases  Mathematical  analysi- 
MDU.  11:005 

Combustion  chamber  gases  -  Pressure 

AER.  02:006;  PIU.  11:052,  05G,  150 
Combustlor.  chamber  gases  Recirculation 
AMF. 01:001 

Combustion  chamber  gases  Sampling 
PIU.  11:009 

Combustion  chamber  gases  Thermodynamic  properties 
PIU.  11:015 

Combustion  chamber  gases  Turbulence 
AMF.  01:001 

Combustion  chambers  Deal  in 
PIU. 11:099 

Combustion  chambers  Real  transler 
rtltU.0t.003 


Combustion  chambers  -  Materials 
PRI.  11:046 

Combustion  chambers  -  Performance 

ARD.  01:001,  005;  PRI.  11:099,  107 
Combustion  waves  -  Instability 
PRI.  11:045,  050,  051 
Combustion  waves  -  Propagation 
PRI.  11:045,  050 

Communication  systems  -  Bibliography 
MIT.  10:132 

Communication  systems  -  Coding 
MIT.  12:007,  009,  051 
Communication  systems  -  Design 
HAR.  02:078 

Communication  systems  -  Effectiveness 
MIT.  12:092,  093,  138 

CommunicaUon  systems  -  Human  engineering 
MIT.  10:157;  MIT.  12:069,  079 
Communication  systems  -  Interference 
NBS.  25:003 

Communication  systems  -  Pulse  modulation 
HAR.  02:079 

Communication  systems  -  Sgnal  to  noise  ratio 
HAR.  02:011,  016,  077,  078 
Communication  systems  -  Statistical  analysis 

HAR.  02:087,  088,  091;  MIT.  10:017  ,  022,  093,  095 
CommunicaUon  systems  -  Theory 

HAR.  02.077,  090,  MIT.  10:022,  040,  091,  095, 

133,  143;  MIT.  11:017,  058;  MIT.  12:007,  009,  029, 
044  ,  051,  084  ,  092,  093,  104,  138;  ST  A.  05:042; 

ST  A.  06:009 

CommunicaUon  systems  (Blind)  -  AppUcaUons 
MIT.  12:068 

CommunicaUon  theory  -  Decision  functions 
HAR.  02:088,  091 

CommunicaUon  theory  -  Sequential  analysis 
HAR.  02:087 
Complex  cor  -zounds 

see  also  specific  complex  compounds;  e.  g. , 

Silver  perchlorate -dtoxane  complex;  Aao 
metal  complexes 

Complex  compounds  -  Crystal  structure 
PSU.  07:004  ,  005 

Complex  compounds  -  Microwave  spectra 
WAS.  04:004 

Complex  compounds  -  Preparation 
PSU. 07:004  ,  007 

Complex  Ions  -  Crystal  structure 
PSU. 07:004  ,  007 

Complex  tons  -  Mlcrcwave  spectra 
MIN.  08:002 

Complex  plane  scanner  -  Design 
COU.  11:003 
Comp’lance  constants 

ggc  the  subdivision  Elastic  constants,  e.  g.  , 

Indium  antlmonlde  -  Elastic  constants 
Compressible  llow  -  Analysis 

J11U.  02:004  ,  006;  MIN.  09:010 
Compressible  flow  Boundary  layer 

C1T.  07:026;  C1T.  08:006;  CAU  06:003;  COR.  09:013; 
MDU.  11:002;  PIU.  04: 008;  WAU  01:001 
Compressible  flow  Fluctuations 
J11U.  04:003 

Compressible  llow  -  laminar  boundary  layer 

MIN. 09:001;  PIU.  It:t33;  ST  A.  02:001;  ST  A.  04:001 
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Compressible  (low  -  Mathematical  analysis 

COR.  09:018,  019;  ILL.  15:001,  003;  JHU.  02:001, 
002;  KUE. 02:001;  MDU. 06:001,  002  ,  005; 

MDU.  08:002;  MDU.  11:005,  010;  MIN.  09:001; 

PIS. 01:001;  PRI.03:008,  009;  PRI.  11:054,  059, 
174;  RPI.  03:001;  SCL. 01:002;  VPI.  02:002; 

WAY.  02:001 

Compressible  flow  -  Optical  analysis 
MDU.  06:003 

Compressible  flow  -  Oscillation 
PRI.  11:060 

Compressible  flow  -  Pressure 
PRI.  11:178 

Compressible  flow  -  Shock  waves 
KOF.  01:001 

Compressible  flow  -  Stability 

CAL.  06:001;  IAS.  09:003;  JHU.  04:004 
Compressible  flow  -  Tables 
CIT.  07:016 

Compressible  flow  -  Testing  equipment 
MIN.  09:010 

Compressible  flow  -  Theory 

COR.  09:030;  JHU.  02:002 
Compressible  flow  -  Thermodynamic  properties 
jHU.  04:004 

Compressible  flow  -  Turbulence 
PRI.  11:085 
Compressor  blades 

see  also  Axial  flow  compressor  blades 
Compressor  blades  -  Aerodynamic  characteristics 
MPS.  02:004  ,  005 
Compressor  blades  -  Failure 
MDU.  08:004 

Compressor  blades  -  Flutter 

MDU.  08:004  ,  005;  NYU.  03:001,  002 
Compressor  rotors  -  Supersonic  characteristics 
PRO.  01:002 
Compressor  stators 

sec  Axial  flo  ssors 

Compton  effect  -  Theory 
PEN.  09:006 
Computers 

see  also  Mathematical  computers 
Computers  (SWAC)  -  Design 
NBS.  25:001,  012 
Computers  (SWAC)  -  Operation 
NBS.  25:012 

Concentric  cylinders  •  Boundary  layer 
CAL.  06:034 

Concentric  cylinders  -  Stator  drag 
CAL.  06:034 

Condensation  trails  -  Optical  effects 
ZWI.  01:001 
Conductivity 

we  also  as  a  subdivision  under  names  of  conduc¬ 
tors,  e.  g. ,  Metals  -  Conductivity 
Conductivity  -  Measurement 
1IAH.  02:085 
Conductors 

see  also  Semiconductors 
Conductors  Applications 
ltPl.  01:001,  002 

Conductors  -  Electromagnetic  properties 
11  Alt.  02:020 


Subject  Index 

Conferences 

see  Symposia 
Configuration 

see  as  a  subdivision,  e.  g  ,  Bodies  of 
revolution  -  Configuration 
Conical  bodies  -  Boundary  layer 
CAL.  06:008,  017 
Conical  bodies  -  Drag 

CAL.  06:017,  028 
Conical  bodies  -  Heat  transfer 
CAL.  06:008 

Conical  bodies  -  Hypersonic  characteristics 
CIT.  07:013,  020,  027,  029 
Conical  bodies  Laminar  boundary  layer 
COR.  12:004;  MIN.  09:001,  007,  009; 

NAA.  01:005,  007 

Conical  bodies  -  Mathematical  analysis 
MIN.  09:001;  ST  A.  01:004 
Conical  bodies  -  Pressure  distribution 
CIT.  07:020;  CAL.  06:027 
Conical  bodies  -  Reynolds  number  effects 
CAL.  06:019;  NAA. 01:006 
Conical  bodies  -  Supersonic  characteristics 

CAL. 06:008,  017,  019,  027;  COR.  09:024; 

COR.  12:004;  JHU.  02:007;  MIN.  09:007,  009; 
NAA.  005-007;  PIB.  03:001,  002,  004  ,  005; 

PIB.  04:001 

Conical  bodies  -  Transonic  characteristics 
CIT.  05:002,  007,  PIB.  03:003 
Conical  flow  -  Mathematical  analysis 
COR.  09:004,  024 
Conical  wings  -  Drag 
COR.  09:021 

Conical  wings  -  Supersonic  characteristics 
COR.  09:004  ,  021 

Conjugated  alkadienes  -  Preparation 
VPI.  01:001 
Construction 

S££  as  a  subdivision  under  things  constructed, 
e.  g. ,  Wind-tunnel  models  -  Construction 
Containers 

see  also  as  a  subdivision  under  objects  held  In 
containers,  e.  g. ,  Liquids  -  Containers 
Control  systems 

SC*  also  Sampled  data  control  systems; 
Servomechanisms 
Control  systems  -  Design 

COU.  11:003;  MIT.  12:123 
Control  systems  -  Mathematical  analysis 

MIT.  10:133;  MIT.  12:044,  123;  P1U.  05:001-004 
Control  systems  -  Stability 
NBS.  25:019 

Control  systems  -  Statistical  analysis 
MIT.  12:074 

Control  syslems  -  Theory 

MIT.  12:123;  PID. 09:006 
Convex  bodies  -  Mathematical  analysis 
ST  A.  01:004 

Convulsions  -  Analysis 
MIT.  12:057 

Coolants  -  Heat  transfer 
OD1. 01:001 
Copolymer!  ration 

Pill.  08:001,  003 
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Copper  -  Biochemical  effects 
HAR.  07:044,  048 
Copper  -  Bombardment 

PEN.  05:002;  PEN.  06:009 
Copper  -  Cohesive  energy 
HAR.  02:081 

Copper  -  Crystal  structure 
ROC.  05:015 

Copper  -  Electrical  properties 
ROC.  05:015,  019 
Copper  -  Electroforming 
ST  A.  11:005 

Copper  -  Electromagnetic  properties 
CAL.  03:007 

Copper  -  Electronic  work  functions 
WSC.  01:002 

Copper  -  Nuclear  photoeffects 

PEN.  05:002;  PEN.  06:009 
Copper  -  Nuclear  reactions 

PEN.  05:002;  PEN.  06:009 
Copper  -  Physical  properties 
ROC.  05:019 

Copper  -  Polaro graphic  analysis 
COR.  01:001,  003 
Copper  -  Resistivity 

ROC.  15:015,  019 
Copper  -  Spectrographlc  analysis 

FRE.  03:001,  002;  MIT.  10: 115 
Copper  -  Vaporization 

FRE.  03:001,  002 
Copper  -  X-ray  analysis 

NBS.  18:005;  WIS.  04:002,  003 
Copper®3  -  Bombardment 
TEX.  05:011,  012 
Copper63  -  Gamma  ray  spectrum 
TEX.  05:011,  012 
Copper65  -  Bombardment 
TEX.  05:011 

Copper65  -  Gamma  ray  spectrum 
TEX.  05:011 

Copper  alloys  -  Crystal  structure 
COU.  17:001 

Copper  alloys  -  Dislocation 
COG.  17:003 

Copper  alloys  -  Electrical  properties 
1IOR.  02:001 

Copper  alloys  -  Grain  boundary  relaxation 
COU.  17:001 

Copper  alloys  -  Internal  friction 
COU.  17:001,  003,  004 
Copper  compounds  -  Crystal  structure 
ARK.  01:002,  007 

Copper  crystals  -  Internal  friction 
COR.  02:001  -003 

Copper  crystals  Mechanical  properties 
COIt.  02:002,  003 

Copper  crystals  -  Thermal  etching 
CAlt.  08:001 

Copper  films  Atomic  structure 
COIt.  08.003 

Copper  flints  Structural  analysis 

COR.  07:004  ,  010.  016;  COU.  08:002  ,  003 
Copper  films  Surface  properties 

COIt.  07:004  ,  010,  OtC;  COU.  08:001  003 


Copper  films  -  X-ray  analysis 
COR.  07:004  ,  010,  016 
Copper  films  -  X-ray  diffraction  analysis 
COR.  08:001 -003 
Copper- gold  alloys  -  Structure 
PEN.  05:009 

Copper-gold  alloys  -  Thermal  expansion 
PEN.  05:007 

Copper- gold  alloys  -  Transformations 
NOR.  03:001;  PEN.  05:007 
Copper-gold  alloys  -  X-ray  analysis 
PEN.  05:009 

Copper  1  so  to  pea  -  Bombardment 
TEX.  05:011,  012 

Copper  Iso  tope  8  -  Gamma  ray  spectra 
TEX.  05:011,  012 

Copper  Isotopes  -  Microwave  spectra 
HAR.  02:076,  099 

Copper- magnesium  alloys  -  Electromagnetic  properties 
CHI.  02:015 

Copper- manganese  alloys  -  Electromagnetic,  properties 
CAL.  03:003 

Copper- manganese  alloys  -  Electron  transitions 
CAL  03:003 

Copper- manganese  alloys  -  Spectrographlc  analysis 
CAL  03:003 

Copper  mercuric  Iodide  crystals  -  Structure 
OSU.  05:002 

Copper  nickel  alloys  -  Electromagnetic  properties 
HAR.  02: 103 

Copper  oxides  -  Sulfation 
CAR.  07:001 

Copper- silicon  alloys  -  Internal  frictions 
COU.  17:004 

Copper  sulfides  -  Oxidation 
CAR.  07:001 

Copper- zinc  alloys  -  Crystal  structure 
CHI.  13:007 

Cores 

see  as  a  subdivision,  e.  g. ,  Vortices  -  Cores 
Correlation  functions  -  Applications 

MIT.  10:035,  043,  085,  093,  127,  146; 

MIT.  11:016;  PIU. 11:092;  PUR.  03:003 
Correlation  functions  -  Computation 
HAR.  02:011,  016,  024 
Correlation  functions  -  Measurement 

MIT.  10:129;  MIT.  12:037;  PRI.  11:087 
Cosmic  neutrons  -  Secular  variation 
Clll.  12:001,  003 

Cosmic  ray  research  -  United  States 
MDU.  03:001 

Cosmic  ray  showers  -  Energy 
ROC.  03:021,  024 

Cosmic  ray  showers  -  Measurement 
ItOC.  03:007 

Cosmic  ray  showers  -  Photographic  analysis 
ROC.  03:014,  018,  021,  024 
Cosmic  ray  showers  -  Production 
ROC.  03:007,  018 
Cosmic  ray  showerB  -  Theory 
ROC.  03:007 

Cosmic  rays  Absorption 

Clll.  12:005;  MDU. 03:006 
Cosmic  rays  Analysis 

Clll.  12:017,  025;  ROC. 03:024 
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Cosmic  rays  -  Bibliography 
MDU.  03:001,  008 
Cosmic  rays  -  Decay 
ROC.  03:008 

Cosmic  rays  -  Detection 

ANS.  01:002;  CHI.  12:002 
Cosmic  rays  -  Energy 

CHI.  12:003;  ROC.  03:001-003 
Cosmic  rays  -  Geophysical  factors 

CHI.  12:001,  002,  004,  005,  011,  014,  015, 
019-023,  025,  026;  MDU.03:001,  004-006; 

ROC.  03:014;  SYR.  05:001 
Cosmic  rays  -  Intensity 

CHI.  12:011,  014,  015,  018-023,  026; 

MDU.  03:005,  015 
Cosmic  rays  -  Inlensily  variations 

CHI.  12:001-003  ,  006-010,  013  ,  016, 

107,  024;  MDU. 03:008 
Cosmic  rays  -  Ionizing  effects 
CHI.  12:014,  022 
Cosmic  rays  -  Magnetic  factors 
CHI.  12:026;  MDU.  03:006 
Cosmic  rays  -  Mathematical  analysis 
ROC.  03:010 

Cosmic  rays  -  Measurement 

CHI.  12:005,  018,  021,  025;  MDU.  03:004  ,  005; 
ROC.  03:008,  017 
Cosmic  rays  -  Nuclear  reactions 

CHI.  11:006;  CHI.  12:004  ,  005;  MDU.  03:013; 

ROC.  03:001,  002,  005-007,  009,  010,  012,  014, 
016,  019 

Cosmic  rays  -  Photographic  analysis 

ROC.  03:001,  009,  012,  014,  106  ,  027 
Cosmic  rays  -  Physical  factors 
CHI.  12:017 

Cosmic  rays  -  Physiological  effects 
ZUH.  01:001 

Cosmic  rays  -  Recording  devices 
ANS.  01:002;  ROC.  03:027 
Cosmic  rays  -  Shielding 
MDU.  03:013 

Cosmic  rays  Solar  factors 

CHI.  12:006-008,  011,  012,  024 
Cosmic  rays  -  Sources 

CHI.  12:012,  017,  026;  MDU.  03:015;  ROC.  03  017 
Cosmic  rays  -  Spectra 

CHI.  12.018;  MDU.  03:004  ,  005 
Cosmic  rays  -  Theory 

CHI.  12:010,  012,  016,  018;  MDU.  03:008 
Cosmotron  -  Operation 
ROC.  03:028 
Couette  flow 

see  also  Low-density  gas  flow 
Couette  flow  -  Kinetic  theory 
SYR.  03:008 
Coulometric  titration 

see  Ttlrating  agents 

see  the  subdivision  Electrochemistry,  e.  g. ,  Iron 
Electrochemistry 

see  the  subdivision  Volumelric  analysis,  e.  g.  , 
Metal  ions  -  Volumetric  analysis 
Coupled  antennas  Electromagnetic  effects 
lirtlt.  02:007,  018 

Coupled  antennas  ■  Electromagnetic  theory 
11  Ait.  02:018 
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Coupled  antennas  -  Radiation 
HAR.  02:007,  019,  060 
Coupled  antennas  -  Tesl  methods 
HAR. 02:008,  019 

Coupled  anlennas  -  Testing  equipment 
HAR.  02:008 

Coupled  antennas  -  Theory 
HAR.  02:007  ,  060 
Coupling  circuits  -  Design 
ST  A.  05:059 
Cralering 

see  Pellels  -  Terminal  ballistics;  Targets  - 
Penetration 

Creep 

see  Plastic  flow 

see  as  a  subdivision,  e. ;;  ,  Metals  -  Creep 
see  the  subdivision  Deformation  under  materials 
and  structures  subjecl  to  deformation,  e.  g. , 
Structures  -  Deformation 
S-  Crolylthiosalicylic  acid  -  Chemical  reactions 
ROC.  01:001 

Cryogenic  spectroscopy 
HAR.  07:028 

Cryotron  -  Construction 
MIT.  12:100 

Cryptography  -  Errors 
MIT.  11:045 

Crystal  fillers  -  Synthesis 
MIT.  12:032 

Crystal  growth  -  Vapor  phase 
CHI.  02:005 

Crystal  limllers  -  Design 
MIT.  10:137 

Crystal  oscillators  -  Frequency  measurement 
HAR.  03:011 

Crystal  phosphors  -  Luminescence 
ROC.  05:003 

Crystal  structure 

see  also  as  a  subdivision,  e.  g. , 

Tungslen  -  Crystal  structure 

see  also  the  subdivision  Lattices,  e.  g. , 

Germanium  crystals  -  Laltlces 
Crystal  structure  -  Analysis 

CLA.  01:004;  CAR.  08:001;  GEN.  01:001;  WAU.  01:014 
Crystal  slructure  -  Control 
PSU. 07:004  ,  006  ,  007 
Crystal  structure  -  Deformation 
COU.  14:002 

Crystal  structure  Determination 

CLA.  01:002;  UT.  04:003,  005 
Crystal  structure  -  Electrical  effects 
MIT. 08:001 

Crystal  structure  -  Errors 
PEN.  08:001,  003 

Crystal  structure  Mathematical  analysis 

CLA.  01:001;  MDU.  02:007,  009;  MDU.  13:006; 

MIT.  08:014,  020,  023;  MIT.  11:028;  PEN.08:u01, 
003 

Crystal  structure  -  Tables 
CLA.  01.003 

Crystal  structure  -  Temper,  lure  factors 
CLA.  01:003;  C1.A.  04:00? 

Crystal  structure  •  Theory 

GEN.0L001;  llAlt.  02:063.  1LU  14:001 
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Crystal  structure  -  X-ray  analysis 

CLA.  04:002;  IIT.  04:001-003,  005;  MIT.  08:015 
Crystal  violet  -  Molecular  structure 
WAU.  01:003-004 

Crystallization  , 

see  as  a  subdivision,  e.  g. ,  Ceramic  coatings  - 
Crystallization 
Crystals 

see  also  Metallic  crystals;  Single  crystals 
see  also  names  of  specific  crystals,  e.  g. , 

Zinc  crystals 

Crystals  -  Anisotropic  effects 
PIT.  02:005 

Crystals  -  Deformation 

DET.  01:001,  002;  MIN.  12:008 
Crystals  -  Dielectric  properties 
MIT.  08:068;  PSU.  08:008 
Crystals  -  Diffusion 
ALF.  01:001 

Crystals  -  Dislocations 
GEN.  01:001 

Crystals  -  Effects  of  radiation 

ILL*  08:001;  PEN.  08:004  007 
Crystals  -  Electron  transitions 
CHI.  13:003;  OSU.  09:003 
Crystals  -  Energy 

FRE.  01:009;  MIT.  11:028;  SYR.  02:006;  WAU.  01:014 
Crystals  -  Excitation 

NDS.  06:003  ,  004;  NDS.  07.013 
Crystals  -  Growth 
PSU.  07:006 
Crystals  -  Impurities 

HAR.  02:063;  MIT.  11:041,  053;  OSU.  09:003 
Crystals  -  Insulation 
ILL*  08:002 
Crystals  -  Lattices 

FRE.  01:005;  HAR.  02:063;  HAR.03:C35; 

MDU.  02:002  ,  004  ,  006  ,  008  ,  009,  014  ,  015; 

MDU.  13:006;  MIT.  08:056;  MIT.  11:041,  043,  053; 
PEN.  08:001,  003;  ROC.  05:006,  007;  SYR.02:00t, 
003,  006 

Crystals  -  Magnetic  properties 

11  Alt.  02:063;  OSU.  09:003;  PIT.  02:005 
Crystals  -  Mathematical  analysis 
MIT.  11:041,  043  ,  053 
Crystals  -  Mechanical  properties 
GEN.  0t:00t 

Crystals  -  Phase  studies 

FRE.  0t:009;  PSU.  08:008 
Crystals  Photoconductivity 
ILL  08:002 

Crystals  Physical  properties 
MIT.  08:004;  PSU.  08:008 
Crystals  ■  Polarization 
ILL  08:002 
Crystals  Resonance 
HAR.  02:063 

Crystals  Sheer  stresses 
DET.  01  OOt,  002 
Crystals  Spectra 

MDU.  02:002;  ROC.  05:006  ,  007;  SYR.  02:001; 
WAU.0t:0t4 
Crys  ats  Sublimation 

AElt.  0t:002  ,  003  ,  005 


Crystals  -  Surface  conditions 
IIT.  06:001,  002 

Crystals  -  Thermal  conductivity 
FRE.02-.011 

Crystals  -  Thermodynamic  properties 
FRE.  01:005;  FRE.  02:011 
Crystals  -  Transformations 
CLA.  01:003 
Crystals  -  Vibration 

MDU.  02:002,  004  ,  006  ,  008,  009,  014  ,  015 
SYR.  02:003 

Crystals  -  X-ray  analysis 
PEN.  08:001,  003 

Cuprite  crystal  -  Magnetic  resonance  spectrum 
OSU.  08:019 

Cuprous  chloride  crystals  -  Band  structure 
COR.  07  :006 

Cuprous  chloride  crystals  -  K-spectra 
COR.  07:006 

Cuprous  chloride  crystals  -  X-ray  analysis 
COR.  07:006 

Cuprous  oxides  -  Crystal  structure 
WAY.  01:001 

Cuprous  oxides  -  Photosensitivity 
WAY.  01:001 

Current  limiters  -  Operation 
MIT.  12:072 

Curved  mirrors  -  Reflective  effects 
HAR.  02:035 

Curved  profiles  -  Aerodynamic  characteristics 
MPS.  02:001,  002 
Cyanides  -  Microwave  spectra 
WAS.  04:011 

Cyanine  dyes  -  Dipole  moments 
PIG. 08:004 

Cyanine  dyes  -  Molecular  structure 
PRI.  08:004 

Cyanogen  -  Combustion 

HAR.  07:016,  027,  051;  PRI.  11:158 
Cyanogen  -  Flame  velocities 
PRI.  11:158 

Cyanogen  bromide  -  Hyperflne  structure 
DEL  01:004 

Cyanogen  bromide  -  Microwave  spectrum 
DEL01:003,  004 

Cyanogen  chloride  -  Microwave  spectrum 
NYU.  02:008 

Cyanogen  chloride  -  Molecular  parameters 
NYU.  02:008 

Cyanogen  chloride  -  Molecular  structure 
COU.  01:013 

Cyanogen  chloride  -  Spec trographic  analysts 
COU. 01:013 
Cybernetics 

MIT.  1 0:048;  MIT.  12:056 
Cybernetics  Bibliography 
MIT.  tO:  1 32 

Cyclic  compounds  Chemical  reactions 

tSG.  Ot  OOt ;  VPI.  0t:00t;  WAS.  04:003 
Cyclic  compounds  Dielectric  properties 
PRI.  08:002  ,  006  ,  008 
Cyclic  compounds  Molecular  structure 
Pill.  08:002,  006  ,  008 
Cyclic  compounds  Preparation 

COL  01:001;  M AS. Ot :00l ;  VPt.Ol.OOt 
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Cyclic  compounds  -  Ring  cleavage 
CIT.  04:001,  002 
Cyclobutadlenes 

see  also  Butadienes 
Cyclobutadlenes  -  Preparation 
VPI.  01:001 

Cyclohexanes  -  Combustion 
OSU.  03:005,  007 
Cyclohexanes  -  Dehydrogenation 
WIS.  03:005 

Cyclohexanes  -  Dipole  moments 
WIS.  03:001 

Cyclohexanes  -  Electrical  properties 
MIT.  08:050,  060 
Cyclohexanes  -  Halogenatlon 
WIS.  03:005 

Cyclohexanes  -  Isomerism 
WIS.  03:004  ,  005 

Cyclohexanes  -  Molecular  structure 
WIS.  03:001 

Cyclohexanes  -  Oxidation 
OSU.  03:002 

Cyclohexene  droplet-nitric  acid  vapor  systems  -  Ignition 
PRI.  11:185 

Cyclohexenes  -  Chemical  reactions 
WIS.  03:002,  003 
Cyclohexenes  -  Oxidation 

OSU.  02:004;  OSU.  03:018;  PRI.  09:007 
Cyclohexenes  -  Ring  cleavage 
CIN.  01:001 

Cyclopentadlenyl  radicals  -  Resonance  absorption  (RF) 
MIN.  12:005 

Cyllnder-oglve  body  configuration 
see  Bodies  of  revolution 
Cylinders 

see  also  Bodies  of  revolution 
Cylinders  -  Aerodynamic  characteristics 
CAL.  06:009,  013,  025 
Cylinders  -  Boundary  layer 

CAL.  06:018;  PSU. 01:004-006 
Cylinders  -  Drag 

CAL.  06:009 

Cylinders  -  Heal  transfer 
CAL.  06:018,  032 

Cylinders  -  Hypersonic  characteristics 
CIT.  07:027 

Cylinders  -  Interference 
PIB.  04:003,  004 

Cylinders  -  Laminar  boundary  layer 
COR.  09:027;  FRB.  01:002 
Cylinders  -  Rarefied  gas  dynamics 
CAL.  06:032 

Cylinders  Reflective  effects 
llAlt.  02:032,  035 

Cylinders  -  Theoretical  aerodynamics 
CAL.  06:018,  032 
Cylinders  Vibration 
COU.  13:001 
Cylinders  Yaw 

COR.  09:027 

Cylindrical  shells  Deformallon 
GIT.  02:001 

Cylindrical  shells  -  Elasticity 

COU.  13  001,  002;  GIT.  02:001 
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Cylindrical  shells  -  Mathematical  analysis 
GIT.  02:001 

Cylindrical  shells  -  Motion 
COU.  13:001-003 
Cylindrical  shells  -  Vibration 

COU.  13:001;  SYR.  08:001 
Cylindrical  shells  -  Wave  propagation 
COU.  13:001-003 
Cytodlfferentl2tlon  -  Symposium 
NRC.  01:003 

Cytology  -  Bibliography 
NRC.  01:003 


Damping  -  Applications 
NBS.  11:001 

Damping  -  Mathematical  analysis 
CIT.  01:002;  NBS.  25:025 
Dark  adaptation  -  Measurement 
1ST.  01:009 
Data  -  Coding 

NBS.  21:018 
Data  -  Correlation 
MIT.  10:039 
Data  -  Processing 
NBS.  21:015 
Data  -  Transmission 
MIT.  10:132 

Data-processlng  systems 

wee  also  Electronic  systems;  Mathematical 
computers;  Sampled-data  control  systems 
Data-processlng  systems  -  Analysis 
NBS.  21:015 

Data  storage  systems  -  Effectiveness 
NBS.  25:009 

Data  storage  systems  -  Operation 
NBS.  25:009 

Data  lransmlssion  systems  -  Theory 
MTT.  11:014 
D— ton  method 

IIT.  04:004 

rtecay 

see  Phosphorescent  decay 
see  as  a  subdivision,  c.g. ,  Coball  Isotopes 
(Radioacllve)  -  Decay 
Decomposition 

see  as  a  subdivision,  e  g..  Acrylic  resins  - 
Decomposition 
Deflection 

6C£  Diffraction 

Kg  as  a  subdivision,  e.g. ,  Flaps  -  Deflection 
Deformation 

see  Plastic  flow 

&££  as  a  subdivision  under  materials  and  siruc lures 
subjecl  to  deformallon,  e.  g. ,  Structures  - 
Deformation 

Deformed  meials  -  Crystal  structure 
CLA.  04:001 -003 

Deformed  metals  -  X-ray  analysis 
CLA.  04:001 
Dehalogenation 

see  Halogens  -  Removal 
Dehydrogenases  Activation 
11  All.  07:044  ,  050 
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Dehydrogenases  -  Analysis 
HAR.  07:010 

Dehydrogenases  -  Biochemistry 

HAR.  07.011,  020,  021,  042,  047,  053 
Dehydrogenases  -  Inhibition 

HAR.  07:011,  020,  021,  023,  025,  026,  029,  039, 
040,  042,  043,  047,  053 
Dehydrogenases  -  Molecular  structure 
HAR.  07:023 
Delta  wings 

see  Triangular  wings 
Densitometers  -  Performance 
HAR.  07:015 

Density 

see  as  a  subdivision,  e.  g..,  Electrons  -  Density 
Density  sensitive  Indicators  -  Design 
PSM.  01:004 

Desensitization 

see  as  a  subdivision,  e.  g.  ,  Photographic 
emulsions  -  Desensitization 
see  the  subdivision  Desensitizing  agents,  e.  g.  , 
Photographic  film  -  Desensitizing  agents 
Desensitizing  agents 

see  as  a  subdivision,  e.  g.  ,  Photographic  film  - 
Desensitizing  agents 

see  the  subdivision  Desensitization,  e.  g.  , 
Photographic  emulsions  -  Desensitization 

Design 

see  as  a  subdivision,  e.  g.  ,  Electrometers  - 
Design 

Detection  (RF)  -  Errors 
HAR.  02:078 

Detection  (RF)  -  Mathematical  analysis 
HAR.  02:090 

Detection  (RF)  -  Signal  to  noise  ratio 
MIT.  10.069 

Detection  (RF)  -  Statistical  analysis 
HAR.  02:078;  ST  A.  05:042 
Detection  (RF)  -  Theory 
HAR.  02:062,  079 
Detectors  -  Signal  to  noise  ratio 
HAR.  02:044,  MIT.  10:037 
Detectors  (FM)  -  Design 
MIT.  10:136 

Detectors  (RF)  -  Applications 
NB&  21:007 

Detectors  (RF)  -  Design 
ST  A.  05:042 

Detectors  (RF)  -  Mathematical  analysis 
MIT.  11:001 

Detectors  (RF)  -  Performance 
MIT.  11:001 

Detectors  (RF)  -  Signal  to  noise  ratio 
ST  A.  05:042 

Detectors  (RF)  -  Statistical  analysis 

HAH.  02:088,  091;  MIT.  10:037;  ST  A.  05:056 
Determination 

see  as  a  subdivision  under  substances  or  things 
determined,  e.  g. ,  Carbon  dioxide  -  Determination 
Detonation  waves  -  Classification 
PR1. 11:111 

Detonation  waves  -  Mathematical  analysis 
MIC.  08:001 

Detonation  waves  -  Measurements 
P1U.  11:110 


Detonation  waves  -  Propagation 
MIC.  08:001;  PRI.  12:004 
Detonation  waves  -  Reflection 
PRI.  11:112 

Deuterated  aldehydes  -  Decomposition 
CAT.  01:003 

Deuterated  compounds  -  Microwave  spectra 
MIT.  10:138 

Deuterated  compounds  -  Preparation 
CAT.  01:008 

Deuterated  hydrocarbons  -  Mass  spectra 
CAT.  01:002 

Deuterated  hydrocarbons  -  Thermochemistry 
CAT.  01:001,  002,  006 

Deuterated  methyl  radicals  -  Chemical  reactions 
CAT.  01:004 

Deuterium  -  Bombardment 

PEN.  06:019;  ST  A.  07:005,  008 
Deuterium  -  Chemical  reactions 

CAT. 01:002,  008;  PRI.  11:017 
Deuterium  -  Exchange  reactions 

JHU. 06:003  ,  004;  PRI.  11:017 
Deuterium  -  Hyperfine  structure 
COU.  01:037;  COU.  02:012 
Deuterium  -  Nuclear  photoeffects 
PEN.  06:019 

Deuterium  -  Nuclear  reactions 
PEN.  06:019 

Deuterium  -  Thermochemistry 
CAT.  01:008 

Deuterium  cyanide  -  Molecular  structure 
OSU.  08:009 

Deuterium  iodide  -  Hyperfine  structure 
DUK.  03.009 

Deuterium  Iodide  -  Microwave  spectrum 
DUX.  03.009 
Deuterium  oxide 

see  H;  uvy  water 

Deuterium  oxide  radicals  -  Hyperfine  structure 
COU.  01.017 

Deuterium  oxide  radicals  -  Microwave  spectra 
COU.  01:017;  COU.  02:003 
Deuteron  bombardment 

BOS.  02:007;  CHI.  11:005;  ST  A.  07:019; 

TEX. 05:005,  009,  013:  WAS. 03:001-004 
Deuteron  cross  sections  -  Measurement 

CHI.  11:005;  PEN.  06:003;  ST  A.  03:028 
Deuterons  -  Disintegration 

PEN.  06:003;  ST  A.  03:019 
Deuterons  -  Nuclear  photoeffects 
PEN.  06. 003 

Deuterons  -  Nuclear  reactions 
INN.  01:006 

Deuterons  -  Production 
PEN.  05:010 
Deuterons  -  Scattering 

ST  A.  03:028,  ST  A.  07:019;  WAS.  03:005 
Development 

see  as  a  subdivision,  e.  g. ,  Mass  spectrum 
analyzers  -  Development 
Devitrification 

see  the  subdivision  Crystallization,  e.  g.  , 
Ceramic  coatings  -  Crystallization 
N,  S-  Diacetylalethetne  -  Chemicals  reactions 
ROC.  01:012 
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Dlallyl  sulfide  -  Isomerization 
ROC.  01-.011 

Diamonds  -  Crystal  structure 

MIT.  11:028;  OKA.  01:001,  002 
Diamonds  -  Optical  properties 
OKA.  01:001 

Diamonds  -  Photoconductivity 
OKA.  01:002 

Diamonds  -  Physical  properties 
OKA.  01:001 

Diamonds  -  Refractive  properties 
OKA.  01:001 

Diamonds  -  Semiconducting  properties 
OKA.  01:001,  002 
Diaphragms  (Mechanics)  -  Design 
NBS.  11:002 

Diaphragms  (Mechanics)  -  Mathematical  analysis 
NBS.  11:002 

Diaphragms  (Mechanics)  -  Properties 
NBS.  11:002 

Diaryl  thlolcar  bo  nates  -  Chemical  reactions 
ROC.  01:007 

Diaryl  thlolcarbonates  -  Preparation 
ROC.  01:007 

Diatomic  molecules  -  Bonding 
COU.  03:008 

Diatomic  molecules  -  Mathematical  analysis 
CAT.  01:010 

Dibenzyls  -  Preparation 
MAS.  01:001 
Dibenzyls  -  Synthesis 
MAS.  01:001 

Dlborane  -  Decomposition 
PRI.  11:144 

Diborane  -  Preparation 
PUR.  05:001 

Diboron  tetrachloride  -  Infrared  spectrum 
NBS.  08:006 

Diboron  tetrachloride  -  Raman  spectrum 
NBS.  08- 006 

1,  3-Dibromo-propyne  -  Preparation 
TEX.  04:015 

Dlchloroethylene  -  Properties 
PRI.  09:001 

Dielectric  films  -  Electrical  properties 
MIT.  08:069 
Dielectric  properties 

see  also  as  a  subdivision,  e.  g. ,  Nttro  compounds 
(Organic)  -  Dielectric  properl  «s 
Dielectric  properties  -  Determination 
CIT.  02:004 

Dielectric  properties  -  Measurement 

CIT.  02:004;  HAR.  02:051,  085;  MIT.  08:067,  068; 
PRI.  08:001,  005 

Dielectric  relaxation  -  Quantum  theory 
SYR.  03:007 

Dielectrics  -  Bibliography 
P1U. 08:001 

Dielectrics  -  Electromagnetic  properties 
CIT.  02:004;  BAR.  02:093 
Dielectrics  Mathematical  analysis 
CIT.  02:004,  SYR.  03:007 
Dielectrics  -  Optical  properties 
CIT. 02:003 
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Dielectrics  -  Properties 

MML.  01:002-006;  MIT. 08:050;  PRI. 08:005,  007, 
009 

Dielectrics  -  Statistical  mechanics 
LEY.  01:002 
Dielectrics  -  Tables 
MIT. 08:006 

Dielectrics  -  Wave  transmission 
CIT. 02:003 

Diethyl  ketone  -  Photochemical  reaction 
ROC.  02:004 

1,  l'-Diethyl-2,  2'-pyrldocyanina  iodine  -  Crystal  structure 
WAU.  01:007 

1,  l’-Diethyl-2, 2'-pyrldocyanina  Iodine  -  X-ray  analysis 
WAU.  01:007 
Differential  equations 

see  separate  Mathematical  Subject  Classification, 
p.  1143 

Differential  equations  -  Symposia 
MDU.  14:001 
Diffraction 

see  also  as  a  subdivision,  e.  g. ,  X-rays  - 
Diffraction 

see  also  the  subdivision  Siock-wave  diffraction, 
e.  g. ,  Wedges  -  Siock-wave  diffraction 
Diffraction  -  Electromagnetic  theory 

HAR.  02:002,  027,  038  ,  040,  053  ,  039; 

HAR.  03:003  ,  004 

Diffraction  -  Mathematical  analysis 
NYU.  06:016  ,  022 

Dlffraf  tion  gratings  -  Mathematical  analysis 
JRC.  01:001 

Diffractometers  -  Adapters 
MIT.  08:024 

Diffractometers  -  Applications 
MIT.  08:049 

Diffusers  -  Supersonic  characteristics 
PRO.  01: 001 

Diffusers  -  Turbulent  boundary  layer 
JHU.  01:003 
Diffusion 

see  aim  Gas  diffusion 
see  also  as  a  subdivision  under  names  of 
substances,  e  g. ,  Ceramic  materials  -  Diffusion 
Diffusion  -  Analysis 
PRI.  11:092 

Diffusion  -  Biometrics 
CHI.  04:002 

Diffusion  -  Hydrodynamic  factors 
CIT.  10:001 

Diffusion  -  Mathematical  analysis 

AIA.  01:001,  003-010;  BOS.  03:002,  003; 

MIT.  10:161;  PUR. 06:002,  003 
Diffusion  -  Photographic  analysis 
CIT.  11:002 

Diffusion  -  Physical  factors 
CHf.  13:003 

Diffusion  -  Statistical  mechanics 
AIA.  01:001,  003  010 
Diffusion  -  Temperature  factors 
CHI.  13:001 
Diffusion  -  Theory 
RUT.  02:001 

Digital  computer  data  -  Storage 
NBS.  25:009 
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Digital  computers  -  Applications 

COU.  10:009;  JHU.  05:001;  MIT.  12:140 
Dtgital  computers  -  Crystallographic  applications 
CLA.  01:001 

Digital  computers  -  Design 
NBS.  25:001,  012 
Digital  computers  -  Operation 

CLA.  01:001;  IAS.  09:001,  002 
Dihalotetraalkylditin  compounds  -  Chemical  reactions 
MIN.  13:001 

Dihalotetraalkylditin  compounds  -  Preparation 
MIN.  13:001 

Dilatometers  Applications 
PEN.  08:002 

p-Dimethoxybenzene  crysials  -  Ultraviolet  spectrum 
WAU.  01:001,  010 

Dimethyl  ether  -  Chemical  reactions 
CAT.  01:004 

Dimethylformamlde  -  Chemtcal  reactions 
PUR.  05:018 

Dimethylformamlde  Solvent  action 
ILL.  03:001;  PUR.  05:004  ,  016 
Dimethylformamlde  -  Ultraviolet  spectrum 
WaU.  01:002 

2.4- Dlnlirobenzenesulfenyl  chloride  -  Chemi.al  reactions 

SOC.  02:002-005 

2.4- Dlnilrobenzenesulfenyl  chloride  -  Preparation 

OSU.  03:012 

2.4- Dlnitrobenzenesulfenyl  chloride  -  Properties 

OSU.  03:012 

2.4- Dlnltrophenylsulfenyl  chloride  Chemical  reactions 

SOC.  02:001 
Diodes  -  Applications 

MDU.  12:002;  NDS.  21:007 
Diodes  -  Electrical  properties 
MIT.  10:058 
Dtodes  -  Transients 
ST  A.  06:008 

Dlopropenyl  sulfide  -  Preparation 
ROC.0t:01t 

Dloxane- silver  perchlorate  complex 

see  Silver-perchlorate-dloxane  complex 
Diphenyl  phosphates  -  Chemical  properties 
NBS.  03:001;  NBS.  04:003 
Diphenyl  sulfoxide  -  Crystal  structure 
MIT.  08:063 
Dlphenylthloc  arbazone 
see  Dtthizone 

Dipole  antennas  Electromagnetic  theory 
HAlt.  02:043 

Dipole  antennas  Impedance 
UAll.  02:043  ,  054 
Dipole  antennas  -  Radiation 
HAlt.  02:034,  060 
Dipole  antennas  Theory 
11AR.  02:060 
Dipole  moments 

sec  as  a  subdivision,  e.g. ,  Gases  -  Dipole 
moments 
Discharge  tubes 

RCA.  0t:002 

Discharge  tubes  Development 
COU.  02:014 

Discharge  tubes  Gas  discharge  oscillations 
ATE.  Ot. 009 


Discharge  tubes  -  Interference 
PEN.  07:001 

Discharge  tubes  -  Noise 
PEN.  07:001 

Discharge  tubes  -  Operation 
COU.  02:014 

Discharge  tubes  -  Theory 
ATE.  01:006,  009 

Disks  -  Aerodynamic  characteristics 
RRI.  01:006 
Disks  -  Oscillation 
BRO.  05:002 
Dislocations 

see  also  as  a  subdivision,  e.  g. ,  Silver  crystals  - 
Dislocations 

Dislocations  -  Internal  friction  factors 

BRO.  08:003;  COU.  17:003;  COR.  02:002 
Dislocations  and  Mechanical  Properties  of  Crystals  - 
Symposium 
GEN. 01:001 

Displacement  gages  -  Design 
NBS.  21:008 

Distributed  amplifiers  -  Analysis 
ST  A.  05:024 

Distributed  amplifiers  -  Synthesis 
ST  A.  05:008,  032 
Di  stribution 

see  as  a  subdivision,  e.  g. ,  Gamma  rays  - 
Distribution 

see  the  subdivision  Pressure  distribution,  e.  g. , 
Airfotls  -  Pressure  distribution 
Dithtzone  -  Applications 
ARK.  01:003 

Dithtzone  -  Chemical  reactions 
ARK.  01:004 

Documentation  -  Punched  card  methods 

NBS.  25:016;  ST  A.  06:012;  TOI.  01:001 

Drag 

see  also  as  a  subdivision  under  objects  subject 
to  drag,  e.  g. ,  Sheets  -  Drag 
Drag  -  Mach  number  effects 
CAL.  06:028 
Drag  -  Reductton 

PIB.  05:001,  002  ,  004  ,  005 
Drag  -  Slip  flow  factors 
CAL.  06:017,  021 
Drag  -  Theoretical  aerodynamics 
CAL.  06:009 
Drops  -  Combustion 

INT.  01:00t,  003  ,  004 
Drops  -  Ignition 

PR1. 1 1 : 1 85 

Drops  -  Measurement 
PRI.  11:128,  130 
Drops  Physical  properties 
P1U. It .190 

Duct  bends  -  Aerodynamic  characteristics 
llPI.  03:003;  RP1.  04:002 
Duct  bends  -  Pressure  distribution 
RPl.Of.OOt 

Duel  inlets  -  Interference 
PtB. 05:005 

Duct  inlets  -  Supersonic  characteristics 
Pit*.  05:005 
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Ducted  rockets  -  Applications 
PRI.  11:161,  173 
Ducted  rockets  -  Design 
PRI.  11:176 

Ducted  rockets  -  Effectiveness 
PRI.  11:153 

Ducted  rockets  -  Performance 
PRI.  11:151,  161 
Ducts  -  Pressure  distribution 

PRI.  11:054  ,  059,  061,  062,  100,  159 
Dust  particles  -  Combustion 
EXP.  01:001 

Dust  particles  Ferromagnetic  factors 
CAL.  03:008 

Dust  particles  -  Ignition 
EXP.  01:001 
Dyes  -  Applications 

NBS.  03:001;  NCU.  01:007 
Dyes  Molecular  structure 
NDS.  05:001 


EDTA 

see  Ethylenedlamine  tetraacetates 
Effects  of  radiation 

see  as  a  subdivision,  e.  g. ,  .Alkali  halide  crystals  - 
Effects  of  radiation 
Elastic  modulus 

see  the  subdivision  Deformation,  e.  g. , 

Sodium  chloride  crystals  -  Deformation 
Elastic  shells  -  Mathematical  analysis 
MDU.  09:034 

Elastic  shells  -  Stresses 
MDU.  09:034 
Elasticity 

see  also  as  a  subdivision,  e.  g. ,  Sodium 
chloride  crystals  Elasticity 
Elasticity  -  Mathematical  analysis 

MDU.  09:002,  010,  022,  039;  NDS.  15:001; 

WAS.  02:014 

Elasticity  •  Test  equipment 
NDS.  14:003 

Elasticity  -  Theoretical  mechanics 
CAR.  04:005 
Elasticity  Theory 

COU.  13:001,  002;  MDU.  08:003 
Elasticity  •  Three-dimensional  problems 
COU.  13:001,  002 
Electric  arcs 

see  also  Carbon  arcs 
Electric  arcs  -  Magnetic  fields 
ATE.  01:001 

Electric  arcs  Physical  factors 

11AR.  07:001,  002,  013,  014,  018,  038; 

MIT.  10:080 

Electric  arcs  Production 
V1T. 0t:00t,  002 
Electric  arcs  Temperature 
UAH.  07:014 

Electric  bridges  -  Imped. uice 
Unit.  02:074 

Electric  bridges  Voltage  changes 
HAH.  02:074 

Electric  currents  Electromagnetic  effects 
MtT.  08:048  ,  062 
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Electric  currents  -  Measurement 

MIT.  11:007;  RP1. 01:001,  002 
Electric  discharges 

see  also  Sparks 

spp  also  the  subdivision  Discharge,  e.  g. , 

Mercury  arcs  -  Discharge 
Electric  discharges  -  Analysis 

RCA.  01:001 ;  WHE. 01:001,  002 
Electric  discharges  -  Chemical  effects 
NDS.  06:002 

Electric  discharges  -  Electromagnetic  effects 
MIT.  11:036;  MIT.  12:021 
Electric  discharges  -  Physical  effects 
NDS.  07:010 

Electric  discharges  -  Spectra 

NDS.  06:003  ,  004;  NDS.  07:013 
Electric  discharges  -  Statistical  analysis 
MIT.  11:025;  MIT.  12:126 
Electric  discharges  -  Theory 

ATE.  01:006;  NDS.  06:003  ,  004;  WHE.  01:001,  002 
Electric  fields 

see  also  Electromagnetic  fields 
Electric  fields  -  Applications 
ST  A.  05:049 

Electric  fields  -  Direction 
MIT.  08:047 

Electric  fields  -  Ionizing  effects 
sep  also  Field  emission 
Electric  fields  -  Ionizing  effects 
PSU.  06:002  ,  003 
Electric  fields  -  Measurement 

MIT. 10:053,  062,  083,  103 
Electric  fields  -  Physical  effects 
SYR.  03:001 

Electric  filters  -  Design 
SI' A.  06:002 

Electric  filters  Mathematical  analysis 
MIT.  10:159;  ST  A.  06:002 
Electric  filters  Performance 
MIT.  12:121 

Electric  guns  -  Interior  ballistics 
UT  A.  01:004  ,  007 

Electric  ootentla.'  -  Mathematical  analysis 
HAIL  03:003 

Electrical  ce  m  ictai.c’  -  Measurement 

MIT.  10:517;  Mil.  31:021;  MIT.  12:043 
Electrical  conduction  -  Theoretical  mechanics 
COU.  09:001;  MDU.  02:003 
Electrical  effects 

&££  as  a  subdivision  under  the  agents  producing 
these  effects,  e.  g. ,  Gas  discharges  -  Electrical 
effects 

Electrical  networks  -  Applications 

err.  01:001,  002;  MDU.  06:006;  MDU.  07.007; 

RP1.  01:001,  002  ,  004  ,  005 
Electrical  networks  Design 
PID.  00:006 

Electrical  networks  Impedance 
MIT.  12:013,  072,  091 

Electrical  networks  Mathematical  analysis 

MIT.  10:007,  034,  073,  085,  089,  097,  106,  127, 
129,  133.  134,  159;  MIT.  11:055;  MIT.  12:008  ,  010, 
013,  044  ,  070,  071,  075,  077,  114,  115; 

PID.  10:001,  ST  A.  05:010 
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Electrtcal  networks  -  Nomographs 
MIT.  1 2: 1 1 5 

Electrical  networks  -  Symposium 
PIB. 09:003 

Electrtcal  networks  -  Synthesis 

err.  01:003;  HAR.  02:041;  MIT.  10:007,  066  ,  073, 
089,  097,  113,  131,  134,  1 55;  MIT.  11:003,  013, 
013,  015,  062;  MIT.  12:008,  010,  013,  046  ,  060, 
062,  070,  073,  075,  081,  091,  109;  PIB.  09:003, 
005,  007,  009;  PIB.  10:001,  002;  ST  A.  05:010, 

016  ,  030,  048;  ST  A.  06:003 
Etectrtcal  networks  -  Theory 

MIT.  10:048,  106;  MIT.  11:015,  017;  MIT.  12:062, 
111;  PIB. 09:006;  PIB.  10:001 
Electrical  networks  -  Transients 

MIT.  10:097,  155;  MIT.  11:062 
Electrical  properties 

see  as  a  subdivision  under  objects  exhibiting 
these  properties,  e.  g. ,  Electrolytes  -  Electrical 
properties 

Electrocardiography  -  Applications 
MIT.  10:031 
Electrochemistry 

see  also  as  a  subdivision,  e.  g. ,  Gold  - 
Electrochemistry 
Electrochemistry  -  Applications 
POL.  01:001,  005 
Electrodes 

see  also  Aluminum  etectrodes;  Amalgam 
electrodes;  Mercury  electrodes;  Sitver- stiver 
halide  etectrodes 

Electrodes  -  Electrtcal  properties 

POL.  01:002,  003,  005,  007,  013,  014 
Electrodes  -  Materials 

ARK.  01:001;  RH.  06:001 
Electrodes  -  Theory 
RP1. 06:004 

Electroencephalography  -  Equipment 
MIT.  12:037,  135 

Electroencephalography  -  Mathematical  analysts 
HT.  07:001 

Electrolytes  -  Conductivity 
MIT.  08:055 

Electrolytes  -  Electrical  properties 
POL.  01:003,  014,  015 
Electrolytic  tanks  -  Applications 

HaR.  03:002;  ltPl.  01:004  ,  005 
Etectrolytic  tanks  -  Design 

HAR.  03:002;  UP1. 01:004 
Klectrotytlc  tanks  -  Theory 
HAH.  03:002 

Electrotytic  titration  -  Applications 
COll.  01:010,  011 
Electromagnetic  equipment 
MIN.  12:003 

Electromagnetic  factors 

ge£  as  a  subdivision  under  names  of  things 
affected  by  electromagnetic  waves,  e.  g. .  Fluid 
flow  Electromagnetic  factors 
Electromagnetic  fields 

UCC  also  Electric  fields 

Electromagnetic  fields  Mathematical  analysis 
II  Alt.  02:040,  089.  093;  MDU.02:012; 

MIT.  10:141;  MIT.  12:002;  NY'J.  06:010;  YAK  04:009 


Electromagnetic  fields  -  Optical  properties 
LEY.  01:003 

Electromagnetic  fields  -  Physical  effects 
SYR.  03:004 

Electromagnetic  ftelds  -  Statistical  mechanics 
LEY.  01:002,  004 
Electromagnetic  properties 

see  as  a  subdtvtsion,  e.  g. ,  Metals  -  Electro¬ 
magnetic  properties 
Electromagnetic  theory 
CAR.  03:001,  002 

Electromagnetic  theory  -  Mathematical  analysts 
CIT.  02:001 

Etectromagnetic  wave  propagation  -  Mathematical 
analysts 

HAR.  02:006  ,  021,  025,  027,  032 
Etectromagnetic  wave  reflections  -  Mathematical 
analysis 
HAR.  02:089 

Electromagnetic  waves  -  Absorption 

see  also  Absorbers  (Etectromagnetic  waves)  - 
Mathematical  analysis 
Electromagnetic  waves  -  Absorption 
MML.  01:002;  MIT.  10:086,  105 
Electromagnetic  waves  -  Diffraction 

CIT.  02:003;  HAR.  02:002,  017,  027,  038,  040, 
053,  089;  HAR.  03:004 

Electromagnetic  waves  -  Frequency  measurement 
ST  A.  11:002 

Electromagnetic  waves  -  Mathematical  analysis 
HAR.  02:014,  073,  080;  MML.  01:001-006; 

MIT.  10:125;  MIT.  12:078,  098;  NYU.06:021 
Electromagnetic  waves  -  Propagation 

HAR.  02:014,  G93;  MIT.  10:050,  101,  125; 

MIT.  11:036;  MIT.  12:021 
Electromagnetic  waves  -  Reflection 

MML.  01:001,  003-006;  ST  A.  05:009 
Electromagnetic  waves  -  Scattering 

HAR. 02:013,  015,  018,  019,  023,  028,  032,  035, 
039,  047,  089;  YAL.  04:003 
Electromagnetism  -  Mathematical  analysis 
CAR.  03:002;  NBS.  1 5:001 
Electromagnets  -  Control  systems 
MIT. 08:025 

Electromagnets  -  Design 
MIT.  10:026 

Electromagnets  -  Performance 
MIT.  10:026 
Electrometers 

see  al«o  Voltage  -  Measurement 
Electrometers  Design 
ILL.  11.004 

Electron  beams  Applications 
NBS.  21:003 

Electron  beams  •  Deflection 
ST  A.  05:019 

Electron  beams  Density 
OSL.  06:004 

Electron  beams  Distortion 
ST  A.  06:006 

Electron  beams  Electromagnetic  effects 

MIT.  I  .  >42.  052;  MIT.  12:049;  ST  A.  05:029 
Electron  Imams  Focusing 

MtT.  10:019,  MIN.  01:001.  002;  OSD.  07:001; 
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Electron  beams  -  Intensity 
NBS.  25:008 

Electron  beams  -  Interference 
MIT.  12:020,  024,  055 
Electron  beams  -  Magnetic  factors 
ST  A.  11:007 

Electron  beams  -  Mathematical  analysis 
MIT.  12:055;  OSU.  06:001-008 
Electron  beams  -  Noise 

MIT.  11:052;  MIT.  12:024  ,  049,  055 
Electron  beams  -  Photographic  analysis 
OSU.  06:004 

Electron  beams  -  Physical  effects 
MIT.  10:118,  119 
Electron  beams  -  Production 
MIN.  01:002 

Electron  beams  -  Radiation 

COU.  01:002,  028;  ST  A.  05:023 
Electron  beams  -  Signal  to  noise  ratio 
MIT.  12:049,  055 
Electron  beams  -  Theory 
MIT.  10:058 

Electron  bombardment  -  Ionizing  effects 
TEX.  04:002,  012,  026,  029 
Electron  capture  -  Analysis 
YAL.  04:002 

Electron  capture  -  Mathematical  analysis 
SYR.  02:004  ,  008;  YAU  04:002 
Electron  capture  -  Measurement 
MIT.  08:004;  YAU  04:005 
Electron  diffraction  analysis 

see  also  as  a  subdivision,  e.  g. ,  Surfaces  - 
Electron  diffraction  analysis 
Electron  diffraction  analysis  -  Applications 
UT.  06:001;  MIC.  03:001 

Electron  diffraction  analysis  -  Instrumentation 
COR.  08:005 

Electron  diffraction  cameras  -  Design 
COR.  08:005 

Electron  emission  -  Theory 
MIT.  12:145 

Electron  gas  -  Containers 
HAH.  02:029 

Electron  gas  -  Magnetic  properties 
HAR.  02:029 

Electron  gas  -  Reflective  effects 
ST  A.  05:026 
Electron  guns  Design 

MIN.  01:002;  OSU.  06:001,  002 
Electron  guns  -  Electrodes 
C1U. 14:003 

Electron  guns  •  r'ocusing 
MIT.  10:118,  119 

Electron  guns  Mathematical  analysis 
CHI.  14:003;  OSU. 06:003 
Electron  guns  Testing  equipment 
OSU.  06:004 

Electron  microscopes  -  Applications 

COR.  08:004;  HAH.  02:095;  MIC.  03:001; 
PSU.  05:001-004;  PSU.  06:002  00G 
Electron  microscopes  Design 

NBS.  26:002,  003;  PSU.  06:001 
Electron  microscopes  Optical  properties 
PSO.OG  M 


Electron  multipliers  -  Applications 
MIT.  10:121 

Electron  optics  -  Mathematical  analysis 
CHI.  14:003 

Electron  scattering  -  Mathematical  analysis 

COU. 01:036;  ST  A.  03:001,  004,  007-011,  016,  018, 
022-024,  030 

Electron  spins  -  Resonance  effects 
CAL.  03:003 
Electron  transitions 

see  as  a  subdivision  under  chemical  substances, 
e.  g. ,  Alkali  halide  crystals  -  Electron  transitions 
Electron  tube  oscillators  -  Design 
ETTA.  05:035 

Electron  tube  osciUators  -  Mathematical  analysis 
ST  A.  05:035 

Electron  tubes  -  Interference 

MIT.  12:024;  ST  A.  05:031 
Electron  tubes  -  Materials 
MIT. 12:082 

Electron  tubes  -  Processing 
MIT.  12:082 

Electron  tubes  -  Production 
ST  A.  11:005 

Electron  tubes  -  Testing  equipment 
NBS.  21:005 

Electronic  circuits  -  Applications 
MDU.  12:002;  NBS.  21:019 
Electronic  circuits  -  Design 
MIT.  12:121 

Electronic  circuits  -  Impedance 
HAR.  02:041;  MIT.  12:121 
Electronic  circuits  -  Mathematical  analysis 

HAR.  02:016;  MIT.  12:019;  ETTA. 05:079;  ETTA.  06:011 
Electronic  circuits  -  Stability 
ST  A.  06:011 

Electronic  correlator  -  Applications 
MIT.  10:043 

Electronic  equipment  -  Reliability 

STA.  05  044,  045;  ST  A.  06:012 
Electronic  equipment  -  S»ck 
NBS.  21:002 

Electronic  equipment  -  Vibration 
NBS.  21:002 

Electronic  noise  filters  -  Theory 
CHI.  02:034 

Electronic  scanners  -  Applications 
NBS.  21:012 

Electronic  work  functions  -  Measurement 
WSC.  01:001-003 

Electronics  laboratortes  -  Handbooks 
MIT.  12:082 
Electrons 

see  also  the  subdivision  Electron  transitions, 
e.  g.  ,  Alkali  halide  crystals  -  Electron  transitions 
Electrons  -  Absorption 
HOC.  05:006  ,  007 
Electrons  -  Density 

COU.  03:006;  WAS.  04:014 
Electrons  -  Electrical  properties 
MIT.  12:058 
Electrons  -  Energy 

MDU. 02:012;  MIT.  10:004  ,  060;  MIT.  11:019, 

MIC.  05:003;  NBS.  18:015;  HOC.  05:C01; 

ST  A.  03:004  ,  008 
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Electrons  -  Energy  levels 
WAU.  01:016 

Electrons  -  Hyperflne  splitting 
WAS.  04:013 
Electrons  -  Ionization 
SYR.  02:004 

Electrons  -  Ionizing  effects 
MIT.  08:048  ,  062 
Electrons  -  Magnetic  moments 

MIT.  10:109;  MIN.  12:001;  WAS.  04:012;  YAL.  04:007 
Electrons  -  Masses 
MIT.  08:004 
Electrons  -  Motion 

MIT.  10:027,  052;  MIT.  11:056;  MIT.  12:110; 

SYR.  03:004 

Electrons  -  Properties 
WAU.  01:015 
Electrons  -  Resonance 
MIN.  12:001 
Electrons  -  Scattering 

MIT.  11:008,  039;  MIT.  12:118;  NBS.  18:015; 

NYU. 01:001;  P1T.03:001,  002;  ROC. 05:015; 
£>TA.03;001,  004,  006-013,  016  ,  018  ,  021,  022, 
024-028,  032,  034,  036;  ST  A.  07:001,  003-015, 
017-020,  022-024;  WAS.  03:005 
Electrons  -  Sources 

NBS.  26:002,  003 
Electrons  -  Spectra 
WAU.  01:003 
Electrons  -  Velocity 
MIT.  11:060 

Electrostatic  capacitance  -  Mathematical  analysis 
NYU.  06:007 
Electrostatic  focusing 
ST  A.  05:049 
Elementary  particles 

S££_a!sQ  Electrons;  Mesons;  Neutrons;  Protons 
Elementary  particles  -  Spinor  theory 
INN.  01:001 

Embryonic  nutrition  -  Bibliography 
NRC.  01:001 

Embryonic  nutrition  -  Symposium 
NRC.  01:001 

Embryos  -  Development 
NRC.  01:004 
Embryos  -  Nutrition 
NRC.  01:001 

Endocrinology  -  Symposium 
NRC.  01:008 

Energy 

sec  as  a  subdivision,  e.  g. ,  Crystals  -  Energy 
Entomology  -  Symposium 
NRC.  01:606 
Entropy  -  Theory 

FHE.  02:001,  006  ,  008 
Enzymes  Activation 
HAR.  07.009 

Enzymes  Bibliography 
HAH.  07:012 

Enzymes  Chemical  analysis 
ltAlt.  07:020,  021,  030 
Enzymes  Inhibition 

11AR.  07:009,  010.  024  026,  030 
Enzymes  Separation 
OKU  01:003 


Enzymes  -  Theory 
HAR.  07:009 
Eosln  -  Photoreduction 
PIB. 07:002,  005 
Epoxides  -  Chemical  reactions 
SOC.  02:004  ,  005 
Erosln  -  Determination 
MDU.  03:017 

Erythrocytes  -  Centrifugal  separation 
HAR.  07:006 

Erythrocytes  -  Physiology 
HE1. 01:001 

Escherichia  coll  -  Growth  factors 
GEO.  02:001 

Esters  -  Chemical  reactions 
PUR. 05:010,  Oil,  015 
Esters  -  Properties 
SOC.  02:001 

Ethanes  -  Chemical  reactions 
CAT.  01:004 
Ethanes  -  Combustion 
MIC.  07:001 

Ethanes  -  Molecular  rotation 
CHI.  02:016 
Ethanes  -  Spectra 
NBS.  08:001 

Ethanes  -  Temperature  factors 
CAT.  01:009 

Ethanes  -  Thermal  decomposition 
CAT. 01:009,  011 

Ethanes-d  -  Thermal  decomposition 
CAT.  01:001,  003,  009 

Ethanol-water  systems  -  Magnetic  resonance  spectra 
TAM.  02:002,  003 
Ethers  -  Chemical  reactions 
TAI.01:001-006 
Ethers  -  Microwave  spectra 
P1U. 08:003 
Ethero  -  Preparation 

TUS.  01:001,  002 
Ethers  -  Properties 

TUS.  01:001,  002 

Ethyl  bromide  -  Hyperflne  structure 
COU.  03:013 

Ethyl  bromide  -  Microwave  spectrum 
COU.  03:001,  013 

Ethyl  bromide  -  Molecular  structure 
COU.  03:001 

Ethyl  u -butyrate  -  Preparation 
PUR.  05:013 

Ethyl  u  - butyrate  -  Properties 
PUR. 05:013 

Ethyl  chloride  -  Hyperflne  structure 
COU.  03:014 

E-iyl  chloride  -  Microwave  spectrum 
COU.  03:002,  005,  014 
Ethyi  chloride  -  Molecular  structure 
COU.  03:002,  005,  014 
Ethyl  u -nitrobulyrate  Preparation 
PUR.  05:013 

Ethyl  thioacetate  Chemical  reactions 
HOC.  01:002 

Etliylcyclohexanes  Oxidation 
OSU.  03:002.  017 
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Ethylene  oxide  -  Chemical  effects 
TEX  04:021 

Ethylene  oxide  -  Combustion 
TEX  04:033 

Ethylenedl amine  -  Solvent  action 
ILL.  03:001 

Ethylenedlamlnctetraacetates  -  Applications 
NCU.  01:003-005 
Ethylenes  -  Chemical  reactions 

CAT.  01:002,  008;  PRI.  11:143,  163 
Ethylenes  -  Chlorination 
CO  L.  02:002 
Ethylenes  -  Combustion 

MIC.  07:001;  PRI.  11:005 
Ethylenes  -  Coordinate  analysis 
NBS.  08:004,  005 
Ethylenes  -  Hydrogenation 
COL.  02:001,  003 
Ethylenes  Isomerism 
COL.  02:004 
Ethylenes  -  Properties 
COL.  02:004 
Ethylenes  -  Reduction 
CAT.  01:002 
Ethylenes  -  Spectra 

NBS.  08:001,  004  ,  005 
Ethylenes  -  Synthesis 
COL.  02:004 

Ethylenes  Thermochemistry 
CAT.  01:006,  008 

Ethylenes  -  Thermodynamic  properties 
NBS.  08:004  ,  005 
Exchange  read  ions 

see  also  as  a  subdivision,  e.  g. ,  Ammonium 
chloride  -  Exchange  reactions 
Exchange  reactions  -  Velocity 
PRI.  11.017 
Excitation 

see  as  a  subdivision,  e.  g. ,  Molecules  -  Excitation 
Excltons  -  Mass  approximation 
C1U.  03:007 

Exhaust  flames  -  Spectra 
PHI.  11:126 

Exhaust  flames  -  Temperature 
PlU.  11:118,  126 
Exhaust  gas  ejectors  -  Design 
ltPl.  04:002 

Exhaust  nozzles  -  Pressure  distribution 
PlU.  11:054,  059.  060 
Experimental  data  -  Recording  devices 
MIT.  12:037 

Experimental  data  -  Statistical  analysis 
MIT.  12:037 

Explosions  Aerodynamic  characteristics 
MIN.  10.002 

Explosions  Test  facilities 
MIN.  10.001,  002 
Explosives  Stability 
A  Ell.  04:002 

Explosives  'l'estlng  equipment 
A  Kit  04:002 

External  combustion  engines  Cooling 
ESC.  01  005 

Externa!  combustion  engines  Design 
ESC.  til  .001 .  002 


Eye  -  Sensitivity 

1ST.  01:001,  002,  004  ,  008-011 


Facsimile  communication  systems  -  Theory 
NBS.  21:012 

Factor  analysis  -  .Applications 
MIT.  10:158 

Failure 

gg£  as  a  subdivision,  e.  g. ,  Compressor  blades  - 
Failure 

Fairfleldlte  -  Crystal  structure 
HT.  04:003  ,  005 

Fatigue 

see  Fatigue  (Mechanics) 
see  as  a  "'hdlvislon,  e.  g. ,  Metals  -  Fatigue 
Fatigue  (Mechanics)  -  Statistical  analysis 
MTT.  04:001  -004;  MIT.  05:001,  002 
Fatigue  (Mechanics)  -  Tesl  methods 
MIT.  04:002  ,  003 

Fatigue  (Mechanics)  -  Tesl  results 
MIT.  04:004 

Fatigue  of  metals  al  high  temperatures  -  Symposium 
PRI.  11:033 
Falty  acids 

see  also  Organic  acids 
Falty  acids  -  Microwave  spectra 
DUK.  03:049 

Fechner  colors  -  Mathematical  analysis 
CHI.  04:001 

Feedback  amplifiers  -  Circuits 
MIT.  12:001 

Feedback  amplifiers  -  Design 
COU.  10:007 

Feedback  amplifiers  -  Mathematical  analysis 
MIT.  11:026;  MIT.  12:001 
Feedback  amplifiers  -  Performance 
MIT.  11:026 

Feedback  amplifiers  -  Power 
MIT.  10:114,  156 
Feedback  amplifiers  -  Stability 

MIT.  10:114,  156:  MIT.  12:001 
Feedback  oscillators  -  Frequency  shift 
ST  A.  05:037 

Feedback  systems  -  Design 
PIB.  09:002 
Ferrites 

BC£  also  Nickel  ferrite 
Ferrites  Applications 
SYR.  07:001 

Ferrites  Crystal  structure 
SYR.  06:001,  003 
Ferrites  Infrared  spectra 
MIT.  08:051 

Ferrites  Magnetic  properties 
SYR.  00:001  003 
Ferrites  Physical  properties 
SYlt.  00:001.  003  ,  004 
Ferrites  Preparation 
MIT.  08:046 

Ferrites  Sjiedrograjihic  analysis 
MIT.  08  0-a4 

ierrtles  V^av»*  transmission 
SYlt.  (■“  001 
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Ferroelectric  crystals  -  Analysis 
PSU.  08:001,  004 

ferroelectric  crystals  -  Dielectric  properties 
PSU.  08:004 

Ferroelectric  crystals  -  Infrared  spectra 
MIT.  08:064 

Ferroelectric  crystals  -  Phase  studies 
MIT.  08:064;  PSU.  08:007 
Ferroelectric  materials  -  Applications 
CHI.  02:018;  CHI.  03:005 

Ferroelectric  materials  -  Electromagnetic  properties 
MIT.  08:056 

Ferromagnetic  materials  -  Anisotropy 
SYR.  06:002,  004 

Ferromagnetic  materials  -  Crystal  structure 
HAR.  02:06 1 

Ferromagnetic  materials  -  Electromagnetic  properties 
FRA.  03:001;  HAH.  02:061;  MIT.  08:056 
Ferromagnetic  materials  -  Kali  ellect 
HAR.  02:103 

Ferromagnetic  materials  -  Lattices 
FRA. 03:001,  006;  HAR.  01:06 1 
Ferromagnetic  materials  -  Magnetic  properties 
MIC.  11:001;  MIN.  03:001;  SYR.  02:005; 

SYR.  06:00i-004 

Ferromagnetic  materials  -  Microwave  spectra 
HAR.  02:050 

Ferromagnetic  materials  -  Phase  studies 
FRA.  03:002,  004-006 

Ferromagnetic  materials  -  Physical  lactors 
MIN.  03:001 

Ferromagnetic  materials  -  Specticgraphic  analysis 
MIT.  08:054 

Ferromagnetic  materials  Statistical  analysis 
SYR.  06:002,  003 

Ferromagnetic  materials  -  Temperature  lactors 
FRA.  03:001,  002,  004-006;  HAR.  02:061 ; 

PIT. 02.005 

Ferromagnetic  materials  -  Theoretical  mechanics 
CAL.  03:002 

Ferromagnetic  materials  -  Thermodynamic  properties 
CAL  03:001,  002 

Ferromagnetic  materials  -  X-ray  analysis 
Fit  A.  C3: 002,  005  ,  006 
Ferromagnetism  -  Temperature  factors 
HAR.  02:061 

Ferromagnetism  Theory 
PIT.  02:003 
Ferrosolernc  oxide 
Magnetite 
Field  emission 

gee  also  Electric  Itelds  -  lonixtng  eflects 
Field  emission  Applications 

Nils.  26:002,  003;  PSU.  06:002,  003,  006 
Field  emission  Control 
MIT.  08:060 

Field  emission  Electrical  eltectg 

Mrr.  08:060 

Field  emission  Instrumentation 
11  Alt.  02  005;  MIT.  08  008 
Field  emission  Mathematical  analysis 
MIT.  10:107,  14  I 
Field  emission  Measurement 
MIT.  tO:  100 


Field  emission  -  Temperature  (actors 
Mrr.  08:057 

Field  emission  -  Theory 

NBS.  06:003  ,  004;  PSU.  05:003;  PSU. 06:001,  005 
Field  emission  microscopes 

see  Electron  microscopes 
Filaments  -  Coatings 
MIT.  10:075 
Filaments  -  Radiation 
MIT.  11:060 

Film  cooling  -  Effectiveness 
PRI.  11:182,  193 
Film  readers  -  Applications 
JIT.  04:004 

Films 

s-r  PhotoconducUve  lilms;  Radioactive  lilms; 
Thin  films 

see  films  tdentilied  by  substance,  e.  g. ,  Sulfide 
lilms 

Fire  control  systems  -  Noise  filters 
CHI.  02:034 
Flame  holders 

see  also  Jet  flame  holders 
Flame  holders  -  Boundary  layer 
PRI.  11:104,  109 
Flame  holders  -  Design 

PRI.  09.033;  PRI.  11:003 
Flame  holders  -  Performance 
PRI.  11:058,  068,  108 
Flame  holders  -  Wake 
PRI.  11:100,  106 

Flame  photometry  -  Applications 
HAIt.  07:032,  037 
Flame  photometry  Theory 
HAR.  07:003 
Flame  propagation 
MIC.  09:001 

Flame  propagation  Analysis 

ARD.  01:003;  CHA-OLOOI;  PHI.  11:010,  022,  031, 
049  ,  074;  TEX- 04:032,  035 
Flame  propagation  -  Inhibition 

TEX.  03.009;  TEX.  04:008,  009,  017,  034 
Flame  propagation  -  Mathematical  analysis 

ARD.  01:002;  PIU.  09:005,  009,  012,  029, 

PRI,  11:197  205 

Flame  propagation  Measurement 
PIU.  09:002;  PRI: 1 1:004 
Flame  propagation  Physical  factors 

LOU.  01:002  004;  PIU.  11:010,  036,  052,  055, 
056,  062,  063 

Flame  propagation  -  Temperature  factors 
PRI.  09:023 

Flame  propagation  Test  results 
PIU.  11:002 

F'tame  propagation  Theoretical  mechanics 
A1UI.  01:002  004 
Flame  propagation  Theory 

INT.  01:001;  PltO.C9:037;  PIU.  11:001,  002,  050, 
155;  PIU.  12.004;  TEX  04:033;  UT A. 02.016 
Flame  propagation  -  Turbulence 
PIU.  11:007 

Flame  propagation  -  Water  effects 
PIU.  It:  158 

Flame  spectrometers  Applications 
It  Alt.  07:036,  037 


AIR  FORCE  SCIENTIFIC  RESEARCH 


Subject  Index 


Flame  spectrometers  -  Development 

HAR.  07:003,  008,  017,  022,  031,  032,  046 
Flame  spectrometers  -  Operation 

HAR. 07:017,  022,  031,  032,  036,  037,  046 
Flame  spe:lrometers  -  Performance 
HAR.  07:008 

Flame  spectroscopy  -  Instrumentation 
HAR.  07:016,  027,  051 
Flame  velocities  -  Inerl  gas  effects 
PRI.  11:156 

Flame  velocities  -  Mathematical  analysis 
INT.  01:002;  PRI.  11:203 
Flame  velocities  -  Measurement 

BMP.  03:002;  JHU.  16:002;  MIC.  07:001;  PRI.  09:003, 
033;  PRI.  11:010,  019-022  ,  065,  067,  069,  156, 

165  167;  TEX. 04:008,  009;  UTA.  02:006  ,  019 
Flame  velocities  -  Physical  factors 

LOU.  01:002,  003;  PRI.  11:019,  020,  166,  167 
Flame  velocities  -  Temperature  factors 
ARD.  01:003;  PRI.  11:073 
Flame  velocities  -  Testing  equipment 
JHU.  16:002 

Flame  velocities  -  Theory 

PRI.  11:072,  075;  UTA.  02:016 

Flames 

see  also  Exhaust  flames;  Jet  flames;  Turbulent 
flames 

Flames  -  Analysis 

PRI.  09:018,  029,  033;  P1U.  11:031,  034,  058, 

074,  077;  TEX.  04:020 
Flames  -  Bibliography 

MIN.  05:001;  TEX.  03:001  006 
Flames  -  Chemical  analysis 
OSU.  03:015 
Flames  -  Diffusion 
INT.  01:001 

Flames  -  Effects  oi  radiation 
MIC.  09:001 
Flames  -  Ionization 

P1U.  11:079,  080 
Flames  Luminescence 
P1U.  11:077 

Flames  -  Photographic  analysis 
BMP.  01:001,  002 
Flames  Physical  measurements 
P1U. 12:002 
Flames  Properties 

JiiU.  16:002;  MIN.  05:001;  P1U.  11:036,  100.  205; 
TEM.  01.004  ,  005;  TEX. 03:004 
Flames  -  Radiation 

NBS.  02:003;  NBS.  07:005,  010 
Flames  •  Schlieren  photography 

BMP.  01:001,  002;  P1U.  11:056  .  063,  100 
Flames  Spectra 

it  All.  07:016,  027.  051;  lJUU.  01  004;  MIC.  09:001; 
NBS.  01:001;  NBS.  02:002,  003;  NBS.  07:002: 

P1U.  11:040,  074,  116,  120;  TEX. 03:001,  008 
Flames  Spectrographic  analysis 

llAlt.  07:031,  036;  NBS.  07:008,  Oil;  1‘IU.  11:040, 

074  ,  076;  TEX.  04:009 
Flames  Stability 

PlU.  09:005,  008,  009,  012,  024.  032,  037; 
1*111.11:003  ,  050.  051,  055  .  064  070,  073.  104, 

106.  109 


Flames  -  Stabilization 

MIN.  05:001;  PRI.  11:018,  067,  100,  108 
Flames  -  Temperature 

NBS.  01:001;  NBS. 02:002,  003;  NBS.07:002  ,  005, 
016;  OSU.  03:016;  PRI.  11:003  ,  018,  071; 

TEM.  01:001 
Flames  -  Theory 

PRI.  09:005;  PRI.  11:012,  036 
Flames  -  Turbulence 

BMP.  01:001,  002;  BMP.  03:001,  002;  PRI.  11:001, 
002,  007,  010,  Oil,  063,  072,  075,  077 
Flames  -  Ultraviolet  spectra 
NBS.  02:003 
Flaps  -  Deflection 
THB.  02:001 

Flight  testing  -  Simulation 
PIB.  04:005 

Flow  melers  -  Applications 
PPi.  11:123 
Fluid  dynamics 

BRO.  02:001;  CAR.  02:001 
Fluid  dynamics  -  Mathematical  theory 
BRO.  03:001,  002 
Fluid  dynamics  -  Theory 
BAN.  01:001-004 

Fluid  dynamics  -  Wave  transmission 
BAN. 01:003 
Fluid  flow 

see  also  Axially  symmetric  flow 
Fluid  flow  -  Analysis 

MIC. 04:001;  MIN. 09:004;  PRI.  11:095;  RPL01:004 
Fluid  flow  -  Analytical  mechanics 
BRO.  04:001 

Fluid  flow  -  Bibliography 
PlU.  11:179 

Fluid  flow  -  Boundary  layer 

C1T. 08:007;  CAR.  02:001;  CAR.  06:001,  002; 

COR.  09:005;  MIT.  12:001 
Fluid  flow  -  Electromagnetic  factors 
MDU.  11:001 

Fluid  flow  -  Heal  lransfer 

MIC.  10:001;  PRI.  01:003 
Fluid  flow  -  Laminar  boundary  layer 
CIT.  08  001 

Fluid  flow  -  Mathematical  analysis 

BRO.  07:009;  CAR.  02:001;  CAR.  05:004; 

CAlt.  06:001;  FRB.  02:001;  IAS.  06:003;  MBU.  09:004, 
025,  031;  MDU.  11:001;  MIT. 06:006;  MlT.07:0O2; 
MPS.  02:005;  MIN.  07:002,  PlU.  11:043  ,  090,  137, 
139,  191;  ltn.  01:001-003,  005;  ltPl.  03:003; 

ST  A.  01:003;  TEX.  01:002;  W1S.  02:004 
Fluid  flow  Measurement 

11E11.  02:002;  MAIL  01:001,  002;  TOR.  01:003 
Fluid  flow  l*hysical  effects 
CIT  10:001 

Fluid  flow  Shear  stresses 
MIN.  09:004 
Fluid  flow  Stability 
MIC.  04:001 

Fluid  flow  Statistical  analysis 
MDU.  02:001 

Fluid  flow  Theoretical  aerodynamics 
CAl..  06:021;  Colt.  09:005 
Fluid  flow  Thermodynamic  properties 
CIT.  07:030 
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Fluid  flow  -  Turbulence 

MDU.  10-002;  MDU.  12:003-005;  PR1. 11:088 
Fluid  flow  -  Velocity 

MPS. 02:001-005;  MIC.  10:001 
Fluid  flow  -  Vibrations 
CAR.  05:002 
Fluid  flow  -  Viscosity 

DRO.  05:005  ,  006;  COR.  09:023;  MIT.  07:002; 
PRI.  11:090 

Fluid  flow  -  Wave  propagation 
CAR.  05:002 
Fluid  mechanics 

CAL.  06:021;  RRL01:002 
Fluid  mechanics  -  Boundary  layer  theory 

CAL.  05:002;  FRB.  01:001,  002;  FRB.  02:001 
Fluid  mechanics  -  Literature  survey 
MDU.  02:001 

Fluid  mechanics  -  Theory 

BRO.  05:002-006  ,  008;  C1T.  07:030 
Fluid  suspensions  -  Diffusion 
C1T. 11:001,  002 

Fluid  suspensions  -  Hydrodynamic  factors 
C1T.  10:001 

Fluids  -  Acoustic  properties 
BRO.  02  001 

Fluids  Dielectric  properties 
HAR.  02:051 

Fluids  Electrical  properties 
MDU.  02:003 

Fluids  -  Physical  properties 
BRO.  05:002,  004 
Fluids  -  Viscosity 

BRO.  05:008;  CAL.  06:005 
Fluorescein  Photoreduction 
PIB. 07:001 
Fluorescence 

see  also  Luminescence;  Phosphorescence: 
Phosphorescent  decay 
Fluorescence  -  Decay 
NHS.  02:001 

Fluorescence  -  Measurement 

PIB.  07:003;  TOl.  02:002 
Fluorescence  -  Stabilization 

P1U.  09:011;  TOl.  02:002 
Fluorescent  tubes  -  Gas  discharge  oscillations 
ATE.  01:004  008 
Fluorescent  tubes  -  Theory 
ATE.  01:003 

Fluorides  Crystal  structure 
ARK.  01:008 

Fluorine  -  Bombardment 
PEN.  06:011 

Fluorine  Neutron  cross  sections 
PEN.  00:011 

Fluorine  Nuclear  photoeflects 
PEN.  06:011 

Fluorine  Nuclear  reactions 
PEN.  06:011 

Fluorine  (Liquid)  Density 
PSM.  01:001,  004 

Fluorine  (liquid)  Physical  properties 
PSM.  01:006 

Fluorine  (liquid)  Temperature  (actors 
PSM.  01.001 
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Fluorine  compounds  (Organic) 

see  also  Halogen  compounds  (Organic); 
Fluoroethylenes  (Polymerized) 

Fluorine  compounds  (Organic)  -  Chemical  reactions 
lSG.  01:001 

Fluorine  compounds  (Organic)  -  Combustion  calorimetry 
BMB.  01:001;  BMB.  02:001,  003 
Fluorine  compounds  (Organic)  -  Heat  of  formation 
BMB.  02:003 

Fluorine  compounds  (Organic)  -  Hydrogenation 
COL.  02:003,  005 

Fluorine  compounds  (Organic)  -  Preparation 
TUS.  01:001,  002 

Fluorine  compounds  (Organic)  -  Properties 
TUS.  01:001,  002 

Fluorine  compounds  (Organic)  -  Spectra 
NBS.  08:002 

Fluorine  compounds  (Organic)  -  Thermochemistry 

BMB.  01:001;  BMB.  02:001,  003;  COL.  02:003,  005 
Fluorine  compounds  (Organic)  -  Thermodynamic 
properties 

BMB.  02:004;  NBS.  08:002 
Fluorohenzenes  -  Heat  of  formation 
tiMB.  01001 

Fluorobenzenes  -  Thermodynamic  properties 
BMB.  02:004 
Fluoroethers 

6«fi  Ethers;  Fluorine  compounds  (Organic) 
Fluoroethylenes  (Polymerized)  -  Combustion 
BMB.  02:001 

Fluoroethylenes  (Polymerized)  -  Effects  of  radiation 
DUK.  03:046  ,  054 

Fluoroethylenes  (Polymerized)  -  Microwave  Spectra 
DUK.  03:046  ,  054 

Fluoroethylenes  (Polymerized)  -  Paramagnetic  resonance 
DUK.  03:046,  054 

Fluoroethylenes  (Polymerized)  Spectrogr  iphic  analysis 
DUK.  03:046 

Fluoroscopes  -  Applications 
CHI.  14:001 

FluoroscopeB  -  Equipment 
CHI.  14:001 

bls(2,  2'- Fluorosulfonyl)  azobenzene  -  Preparation 
SCX:.  02:006 

Flutter 

see  also  Oscillation;  Vibration 
its  as  a  subdivision  under  things  subject  to 
llutter,  e.  g. ,  Compressor  blades  Flutter 
Flutter  -  Mathematical  analysis 
C1T.  01:0  1-003 

Flutter  -  Theoretical  mechanics 
C1T.  06:002  004 
Flutter  -  Theory 

COR.  09:015 
Foe  using 

8££  as  a  subdivision  under  tilings  being  focused, 
e.  g.  ,  Electron  beams  Focusli'g 
Formaldehyde  -  Chemical  effects 
UJO.  01:001 

Formaldehyde  -  Decomjxisltlon 
P1U.  11:016 

Formaldehyde  -  Microwave  spectrum 
DUK.  03.062;  MIT.  10:028 
F'ornuklehyde  Molecular  structure 
DUK.  03:062;  TAM.  0t:009 
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Formaldehyde  -  Oxidation 
UT  A.  02:002 

Formaldehyde  -  Spectrum 
TAM.  01:008 

Formaldehyde  (Labeled)  -  Photolysis 
PRI,  11:014 

Formaldehyde  gas  -  Oxidation 
PRI.  11:003 

Formaldehyde-oxygen  systems  -  Reaction  kinetics 
PRI.  11:013 

Formamldes  Ultraviolet  spectra 
WAU.  01:002 
Formation 

s££  as  a  subdivision,  e.  g.  ,  Metal  oxides  - 
Formation 

Formic  acid  -  Microwave  spectrum 

COU. 03:011;  DEL.01:002;  DUK. 03:064 
Formic  acid  -  Molecular  structure 

COU.03-.003  .  011;  DEL. 01. 002;  DUK. 03:064 
Formic  acid-si  -  Microwave  spectrum 
COU. 03:003;  DEI- 01:002 
Formic  acidd  -  Molecular  structure 
DEL.  01:002 
Fracture 

see  as  a  subdivision  under  materials  and  objects, 
e.  g. ,  Iron  -  Fracture 

Frames 

see  Structures 

Free  molecule  (low  -  Heat  transfer 
CAL.  06:013 

Free  molecule  flow  -  Theoretical  aerodynamics 
CAL.  06:032 

Free  molecule  flow  Theory 
CA.L.  06:002  ,  025 
Free  radicals  Abundance 
PRI.  11:204 

Free  radicals  -  Chemical  reactions 

CAT. 01:008.  Oil;  PHI. 09:030,  035;  ROC.OLOIO; 
UT  A.  02:023;  WAS.  04:003 
Free  radicals  -  Detection 

TEX.  04:002,  004;  UT  A.  02:01 8 
Free  radicals  -  Hyi>erflne  structure 

COU. 04:001 ;  WAS.04:008,  014,  016 
Free  radicals  Magnetic  resonance  spectra 
WAS.  04:016 

Free  radicals  -  Microwave  spectra 

COU.  04:001.  002;  MIN.  12:002,  005;  WAS.  04:005, 
006,  012  014 

Free  radicals  Paramagnetic  resonance 
COU.  04:002;  WAS.  04:005 
Free  radicals  -  Preparation 
AER.  05:002 

Free  radicals  Production 
N11S.  07:007 

Free  radicals  •  Spectrographic  analysts 
COU.  04:002;  TEX.  04:002 
Free  radicals  Stability 

AKH.  05:002;  Nil, S.  07:007 
Free  radicals  Temperature  factors 
NI1S.  07:007 

Free  radlt  als  Thermodynamic  properties 
A lClt.  05:002 

Freezing, 

SEC  as  a  subdivision,  e.  g.  ,  Hydrazine  Freezing 


Freezing-point  depressants 

see  also  the  subdivision  Freezing-point  depression, 
e.  g. ,  Alkali  nitrates  -  Freezlng-poinl  depression 
Freezing-point  depressants  -  Test  results 
IIT.  05:001 

Frequency  converters  -  Design 
HAR.  03:008 

Frequency  modulation  -  Applications 
MTT.  10:051,  147 

Frequency  modulation  -  Transients 
MIT.  10:045 

Frequency  modulation  communication  systems  - 
Performance 
MIT. 11:044 

Frequency  modulation  receivers  -  Design 
MIT.  10:116,  136;  MIT.  12:132 
Frequency  modulation  receivers  -  Equipment 
MIT.  10:136 

Frequency  modulation  receivers  -  Frequency  shift 
MIT. 10:130 

Frequency  modulation  receivers  -  Interference  rejection 
MIT.  10:116,  136;  MIT.  12:132 
Frequency  modulation  receivers  -  Signal  to  noise  ratio 
MIT.  12:132 

Frequency  multipliers  -  Analysis 
MDU.  05:001 

Frequency  multipliers  -  Applications 
MIT.  12:061 

Frequency  multipliers  -  Development 
NDS.  23:002 

Frequency  multipliers  -  Performance 
MIT.  10:068 

Fresnel  Integrals  -  Tables 
HAR.  02:030 

Friction  -  Determination 
UT.  06:001 

Friction  ■  Electron  diffraction  analysis 
UT.  06:001 

Fuel  additives  -  Performance 

see  also  Ozone  -  Chemical  effects 
Fuel  additives  Performance 

MET.  01:001;  MIC.  07:001;  TEX.  03:009; 

T  EX.  04 :008  ,  009  ,  017,  032  ,  034 
Fuel  additives  -  Preparation 
MET. 01:001 
Fuel  injection 

P!U.  11:127 

Fuel  Injectors  Design 
P1U.  11:129 

Fuel  oxidation  Chemical  kinetics 
11MP  02:001 

Fuel  sprays  Combustion 
P1U.  11:070,  102 

Fuel  sprays  -  Statistical  analysis 
P1U.  11:130 

Fuel  sprays  Vaporization 
PHI.  11: 108.  ’29 
Fuels  -  Atomization 
PIU.  tl: 190 
Fuels  -  Combustion 

CHA. 01:002;  lOU.  01:002;  PIU.  1 1  049,  065,  067, 
069,  079,  107,  146.  190;  PIU.  12:004 
Fuels  Ignition 

PIU. 11:078.  185 
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Fuels  -  Molecular  structure 
MET.  01:001 
Fuels  -  Oxidation 

BMP.  02:001 
Fuels  -  Performance 
MET.  01:001 

Fuels  -  Physical  properties 
PRL  11:130 
Fuels  -  Vaporisation 
PRI.  11:069 
Functions  -  Tables 

ILL*  15:003;  KOF.  01:001 
Functions  -  Theory 
PRI.  11:082 
Furnaces 

see  Laboratory  furnaces;  Solar  furnaces; 
Vacuum  furnaces 

Fused  sail  systems  -  Freezing  polnl 
DT.  05:001 

Fused  salts  -  Electrochemistry 

ARK.  01:001;  POL.  01:013,  014 
Fused  salts  -  Electrode  potentials 

ARK.  01:001,  006  ,  009;  POL.  01:013 
Fuselages  -  Lill 

FIB.  04:004 

Fuselages  -  Pressure  distribution 
PIB.  04:003;  THB. 05:001 


Gages 

see  also  Displacement  gages 
Gages  -  Design 

NBS.  21:008 
Gallium  -  Purification 
FRA.  04:003 

Gallium  -  Spec  tro graphic  analysis 
FUE.  03:001,  003 
Gallium  -  Vaporization 
FUE.  03:001,  003 
Gallium69  -  Hyperflne  structure 
COU.  02:010;  MIT.  11:049 
Gallium69  -  Magnetic  momenls 
MIT. 11:049 

Gallium71  -  Hyperflne  structure 
COU.  02:010;  MIT.  11:049 
Gallium71  -  Magnetic  moments 
MIT.  11:049 
Gallium  antimonlde 

see  also  Antimony  -  gallium  alloys 
Gallium  antimonlde  -  Electrical  properties 
FRA.  04:005  ,  006 

Gallium  antimonlde  -  Phase  studies 
FRA.  04:004 

Gallium  antimonlde  Purification 
Fit  A.  04:004  006 

Gallium  antimonlde  Thermal  analysis 
Fit  A.  04:004,  005 
Gallium -antimony  alloys 

see  Antimony  gallium  alloys 
Gallium  arsenide  Elec  iron  transitions 
CHI.  03.004 

Gallium  arsenide  Energy  bands 
CHI.  03:004 

Gallium  bromide  Microwave  spectrum 
COU.  02.015 


Gallium  chloride  -  Microwave  spectrum 
COU.  02:015 

Gallium  electrodes  -  Polarography 
LAV.  01:002 

Gallium  halides  -  Microwave  spectra 
COU.  02:015 

Gallium  Iodide  -  Microwave  speclrum 
COU.  02:015 

Gallium  Isotopes  -  Hyperflne  'structure 

COU.  02:010;  MIT.  11:049;  MIT.  12:034 
Gallium  isotopes  -  Magnetic  momenls 
MIT.  11:049 

Gallium  Isotopes  -  Mass  spectra 
MMU.  01:002,  003 
Gallium  Isotopes  -  Masses 
MMU.  01:003 

Gamma  rays  -  Applications 

HT.  01:001;  PEN.  05:008 
Gamma  rays  -  Distribution 
YAL.  04:013 
Gamma  rays  -  Energy 

TEX.  05:005  ,  010-012 
Gamma  rays  -  Excitation 
YAL.  04:013 

Gamma  rays  -  Scattering 

NBS.  18:010;  PEN. 09:002,  005 
Gamma  rays  -  Sources 
AER.  05:001 

Gas  analyzers  -  Applications 
NBS.  21:004 

Gas  detectors  -  Testing  equipment 
MDU.  04:001 

Gas  diffusion  -  Analysis 
MIN.  07:001,  004 
Gas  diffusion  -  Heat  transfer 
MIN.  07:001 

Gas  discharges  -  Analysis 

MIT.  12:003,  018;  RCA.  01:002 
Gas  discharges  -  Electrical  effects 
MIT.  10:098 

Gas  discharges  -  Electrical  properties 
ATE.  01:002;  MIT.  10:044,  161 
Gas  discharges  -  Ionising  effects 
ATE. 01:002,  004  ,  007-009 
Gas  discharges  -  Magnetic  factors 
ATE.  01:001 

Gas  discharges  -  Mathematical  analysis 

ATE.  01:003;  MIT.  10:013,  060;  MIT.  11:008, 
019,  039 

Gas  discharges  -  Measurement 
MIT.  10:079,  080 
Gas  discharges  Properties 
MIT.  10:099,  137 
Gas  discharges  -  Spectra 
NBS.  07:003 

Gac  discharges  -  Theoretical  mechanics 
ATE.  01:001,  003  ,  006  ,  008 
Gas  discharges  Theory 
ATE.  01:002,  007 

Gas  dynamics  Physical  measurements 
PIU.  12.001 

Gas  dynamics  Symposium 
NOIt.  01:001 
Gas  (low 

tics  also  Adtabaiic  gas  (low 
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Gas  flow  -  Analysis 

MPP.  01:001;  PRI.  11  061,  081,  100 
Gas  flow  Control 
NDS.  21:005 
Gas  flow  -  Density 
MPP.  01:001 
Gas  flow  Entropy 
DRO.  03:001 

Gas  flow  -  Heat  transfer 

AER.  02:001;  CAL.  06:006;  MDU.  11:011; 

TOR.  01:002 

Gas  flow  -  Mathematical  analysis 

err.  08:008;  MDU.  11:011;  PRI.  11:024  ,  025,  029, 
043  ,  044  ,  093,  094;  TEX.  01:002;  TEX. 04:022 
Gas  flow  Measurement 
MDU.  10:005 
Gas  flow  Oscillation 

PRI.  09:036;  PRI.  11:036,  062 
Gas  flow  Pressure 

THE.  04:003;  TOR.  01:001,  004 
Gas  flow  -  Stagnation  point 
CAL.  06:003 

Gas  flow  -  Statistical  mechanics 
DRO.  03:001,  002 
Gas  flow  Theory 

DRO.  03:001  MDU.  11:011,  013 
Gas  flow  Thermodynamic  properties 
CAL.  06:020;  MDU.  11:011,  013 
Gas  flow  Transonic  characteristics 
MDU.  09:008 
Gas  flow  Viscosity 
CAL.  06:003 
Gas  flow  -  Visibility 
MPP.  01:001 

Gas  generating  systems  -  Design 
RPI.  06:002 

Gas  generating  systems  -  Operation 
RPI.  06:002 
Gas  lonizauon 

see  also  Plasma  oscillations;  Positronium 
Gas  ionization 

MIT.  10:004,  013,  059,  080,  098,  099; 

PSU. 06:003,  004;  WAS. 05:001 
Gas  ionization  Analysis 
GIT.  03:001 

Gas  ionization  Electrical  factors 
MIT.  12:117 

Gas  ionization  Magnetic  factors 
MIT.  10:008 

Gas  iomzation  Mathematical  analysis 
MIT.  11.059;  MIT.  12:110 
Gas  ionization  Measurement 
MIT.  10:082,  083,  137 
Gas  ionization  Nomographs 
ATE.  01:001 

Gas  ionization  -  Spectra 
GIT.  03:001 
Gas  leaks  Detection 
MDU.  04:001 

Gas  mixtures  Relaxation 
lOW.  02:001 

Gas  turbines  Cooling 
ESC.  01:005 

Gases  Absorptive  properties 
MIT.  06:010 
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Gases  -  Acoustic  properties 
NBS.  12:001 
Gases  -  Bombardment 

PEN.  06:011;  ST  A.  07:006;  014 
Gases  -  Combustion 

PRI.  11:057,  099 
Gases  -  Condensation 
MIT.  08:045 

Gases  -  Dielectric  properties 
MIT.  08:045  ,  067 
Gases  -  Diffusion 
SOC.  04:002 

Gases  -  Dipole  moments 
SYR.  03:001 

Gases  -  Eleclrical  discharges 

JHU.  12:001;  MIT.  10:013,  044 
Gases  -  Electrical  properties 

MIT.  10:082,  083,  098,  099,  137;  PSU.  06:005 
Gases  -  Enthalpy 
PRI.  11:008 

Gases  -  Exchange  reactions 
JHU.  06:001 
Gases  -  Freezing 
NDS.  07:010 
Gases  -  Heat  transfer 

CAL.  06:018;  MIN.  07:004;  PRI.  11:097,  101, 

103,  186 
Gases  -  Ignition 

PRI.  11:008 

Gases  -  Kinetic  theory 

COR.  05:015;  FRE.  01:008;  SYR.  03:006 
Gases  -  Luminescence 
MIC.  06:001 

Gases  -  Mathematical  analysis 

COlt. 05:013,  017;  LOC.  01:001;  MDU.  15:001; 
MIT.  08:021,  029;  MIC.  08:001;  NDS.  19:001 
Gases  •  Microwave  spectra 

DEL.  01:005;  MIT. 08:036,  045;  SYlt.  04:007 
Gases  -  Molecular  structure 
MIT.  10:151 

Gases  -  Nuclear  photoeffecls 
PEN.  06:011 

Gases  -  Nuclear  reactions 
PEN.  06:011 
Gases  -  Nucleatlon 
SOC.  04:003 
Gases  -  Oscillation 

MIT.  08:021,  030,  035;  P1U.  11:044;  SYR.  03:002 
Gases  •  Physical  properties 
PRI.  11:024  ,  025  ,  097 
Gases  -  Properties 

P1U.  09:001;  PIU.  12:003 
Gases  Refractive  Index 
LEY.  01:003  ,  004 
Gases  -  Spectra 

MIT.  10:151;  NDS.  02:002 
GaseB  Spec tro graphic  analysis 
UAH.  06:005 

Gases  Statistical  mechanics 
FHE.  01:007 
Gases  Temperature 
NDS.  02:002 

Gases  Theoretical  mechanics 
MIT.  08:029 
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Gases  -  Theory 

PRI.  12:003 

Gases  -  Thermal  conductivity 

FRE.  01:007,  008;  PRI.  11:097,  098,  101 
Gases  -  Thermodynamic  properties 

FRE.  01:007;  IOW.  02:001;  MDU.  07:005; 

MDU.  11:007;  MIT.  06:003;  MIT.  08:021,  030; 

NBS.  19:001;  PRI.  09:019;  PRI.  11:057,  098; 

PRI.  12:003;  SOC.  04:001;  SYR.  03:002;  SYR.  94:004 
Gases  -  Transport  process*  > 

SOC.  04:001 
Gases  -  Viscosity 

BRO.  05:001,  007;  MDU.  08:006;  NBS.  12:«H)1; 

PRI.  11:097,  101 
Geiger  counters  -  Adapters 
MIT. 08:024 

Geiger  counters  ■  Applications 

CLA.  04:002,  003;  MIT.  08:049 
Geiger  counters  -  Performance 
NYU.  04:001 

Gelatin  films  -  Preparation 
FOR.  01:001 

Gelatins  (Polymerized)  -  Aging  effects 
BJO.  01:001 

Gelatins  (Polymerized)  -  Molecular  structure 
BJO.  01:001,  005 

Gelatins  (Polymerized)  -  Preparation 
FOR.  01:001 
Geometry 

see  separate  Mathematical  Subject  Classification, 
p.  1143 

Geophysical  research  -  Radioactivity  methods 
CHI.  10:005 

Geophysical  research  -  Satellite  vehicles 
MDU.  03:022 
Germane 

see  Germanium  hydrides 
Germanium  -  Applications 
NBS.  21:007 

Germanium  -  Band  structure 
CHI.  02:001,  007,  014 
Germanium  -  Cleaning 
HAR.  02:097 

Germanium  -  Conduction  band 
CHI.  02:007 

Germanium  -  Crystal  structure 
HAR.  02:096 
Germanium  -  Diffusion 
ILL.  14:003,  004 

Germi'nlum  -  Electromagnetic  properties 

CAR.  03:003;  HAR.  02:058;  MIT.  12:027 
Gernia.au.-s.  L i'«  iron  transitions 

C1U.  02:00  ";  MIT.  12:011,  025 
Germanium  Electronic  work  functions 
WSC.Ot  002 

Germanium  Energy  bands 

CHI  02:001,  014;  CHI.  03:004 
Germanium  Impurities 

1IAH.  02:058:  ILL.  14:003.  004 
Germanium  Infrared  reflectivity 
CHI.  13  004 

Germanium  Surface  properties 
MIT.  12.027 

Germanium  Wave  transmission 
MIT.  12:011,  025 


Germanium  chlorides  -  Infrared  spectra 
HAR.  06:016 

Germanium  chlorides  -  Microwave  spectra 
DUK.  03:003 

Germanium  chlorides  -  Molecular  structure 
DUK.  03:003 

Germanium- chromium  group  elements 

see.  Chromium- germanium  group  elements 

Germanium  crystals  -  Band  structure 
CHI.  02:013,  030 

Germanium  crystals  -  Conductivity 
CHI.  02:013 

Germanium  crystals  -  Deformation 
CHI.  02:013,  030 

Germanium  crystals  -  Electrical  properties 
HAR.  02:095,  096 

Germanium  crystals  -  Electron  transitions 
ST  A.  06:008 

Germanium  crystals  -  Field  emission 
HAR.  02:095 

Germanium  crystals  -  Lattices 

CHI.  02:013;  ILL.  14:001,  004 

Germanium  crystals  -  Photoconductivity 
CHI.  02:030 

Germanium  crystals  -  Work  functions 
HAR.  02:095,  096 

Germanium  hydrides  -  Infrared  spectra 
HAR.  06:016 

Germanium  hydrides  -  Preparation 
HAR.  06:015 

Germanium  hydrides-d  -  Infrared  spectra 
HAR. 06:004  ,  011,  016 

Germanium  hydrides-d  -  Molecular  structure 
HAR. 06:004  ,  011 

Germanium  Isotopes  -  Mass  spectra 
MMU. 01:002,  003 

Germanium  isotopes  -  Masses 

COU.  01:008;  MMU.  01:003 

Germanium  Isotopes  -  Microwave  spectra 
COU.  01:008 

Germanium  tetrachlorides  •  Infrared  spectra 
HAR.  06:016 

Germanium  letrahydrldes  -  Synthesis 
HAR.  06:015 

Germanium  letrahydrides-d  -  Synthesis 
HAR.  06:015 

Germanium  trichlorides  -  Infrared  spectra 
HAR.  06:016 

Germanium  trlchiorldes-d  -  Infrared  spectra 
HAR.  06:016 

Glass  -  Applications 
NBS.  21:005 

Glass  -  Crystallization 
ILL.  02:001 

Glass  -  Paramagnetic  resonance  absorption 
WAS.  04:002 

Glass  -  Temperature  factors 
ILL.  02:001 

Glow  discharges  -  Analysis 

J11U.  12:001;  MIT.  10:079;  MIT.  12:026 

Glow  discharges  -  Spectra 
NBS.  07:003 

Glutamic  acid  Oxidation 
UAH.  07:029 
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Glycines  -  Preparation 
ANT.  01:003 
Gold  -  Bombardment 

NBS.  17:001,  002;  NB&  18:013;  PEN.  06:008  ,  010; 
STA.  07:001,  004,  010 
Gold  -  Cohesive  energy 
HAR.  02:081 

Gold  -  Electrochemistry 
POL.  01:006 

Gold  -  Electronic  work  functions 
WSC.  01:002 
Gold  -  Hardening 

YAL.  03- 006 
Gold  -  Internal  friction 
YAL.  03:006 

Gold  -  Nuclear  photoeffects 

PEN.  06:004,  008,  010 
Gold  -  Nuclear  reactions 
PEN.  06:008,  010 
Gold  -  Scattering  effects 

NBS.  17:001,  002;  NBS.  18:013 
Gold  -  Spectrographlc  analysis 
FRE.  03:001,  002 
Gold  -  Vaporization 

FRE.  03:001,  002 
Gold1®^  -  Bombardment 
STA.  07:004 
Gold  alloys 

see  Copper- gold  alloys 
Gold  chlorides  -  Electrochemistry 
POL.  01:006 
Gold  copper  alloys 

see  Copper -gold  alloys 
Gold  isotopes  -  Bombardment 
ST  A.  07:004 

Gold  isotopes  (Radioactive)  -  Applications 
MIC.  09:001 

Grains  (Metallurgy)  -  Boundary  layer 

BRO.  08:002:  COU.  17:001;  JHU.  14:001  003; 

JHU.  17:001 

Grains  (Metallurgy)  Crystal  structure 

CLA.  04:002;  JHU.  15:001-003;  JHU.  17:001 
Grains  (Metallurgy)  Laittices 
CLA.  04002 

Graphic  analysis  -  Applications 

MIT.  10:133;  MIT.  12:019,  044 
Graphite 

see  also  Carbon 
Graphite  -  Oxidation 

UT A.  02:014,  015.  022 
Graphite  crystals  -  Magnetic  fields 
HOC.  05:016 
Gratings 

Bee  Diffraction  gratings 
Grignard  reagents 

Bee  also  Catalysts 

Grignard  reagents  -  Chemical  reactions 
CDC.  01:001;  TA1. 01:00t  006 
Grilles  Reflective  effects 
J1IU.  14:001 

Gripping  devices  Operation 
COU.  14:004 

Ground  water  -  Circulation  patterns 
CHI.  10:006 


Subject  index 


Ground  water  -  Tritium  content 
CHI.  10:002-004 
Group  dynamics  -  Analysis 
MIT.  10:048,  157,  158 

Growth 

see  Flame  propagation 

see  as  a  subdivision,  e.  g. ,  Laminar  boundary 
layer  -  Growth 

see  the  subdivision  Propagation,  e.  g.  ,  Detonation 
waves  -  Propagation 

Guided  missile  simulators  -  Test  results 
MIC.  01:003 

Guided  missiles  (Surface-to-surface)  -  Jet  propulsion 
PRI.  11:153 
Gust  loads 

see  as  a  subdivision,  e.  g. ,  Swept  wings  - 
Gust  loads 

Gyrlstors  -  Performance 
MIT.  12:072 


Hafnium  -  Bombardment 
STA.  07:010 

Half-life  -  Measurement 
YAL.  04:005 

Hall  effect  -  Pressure  factors 
HAR. 02:058 

l-Halo-3-ethoxy-l-propyne  -  Preparation 
TEX.  04:030 

3-Halo-2-propyn- l-ol  -  Preparation 
TEX.  04:030 

Haloacetylenes  -  Preparation 

TEX. 03:003;  TEX. 04:030 

Haloacetylenes  -  Properties 

TEX. 03:003;  TEX. 04:030 

Halocarbons 

see  also  Halogen  compounds  (Organic) 

Halocarbons  -  Chemical  reactions 
W1S.  03:005 

Halocarbons  -  Dipole  moments 
W1S.  03:001 

Halocarbons  -  Isomerism 
W1S.  03:004 

Halocarbons  -  Microwave  spectra 
COU.  03:001,  002 

Halocarbons  Molecular  structure 
COU.  03:005;  W1S.  03:001 

Halocarbons  Preparation 

MIN.  13:001;  TEX.  04:030 

Halogen  compounds  Mathematical  analysis 
NBS.  08:004 

Halogen  compounds  -  Molecular  structure 

Clll.  15:002;  DUK.  03:023;  NBS.  08:005 

Halogen  compounds  (Organic) 
sec  also  Halocarbons 

llaiogen  compounds  (Organic)  -  Chemical  reactions 

COL.  02:001.  002;  MIN.  13:001;  PUH.  05:010,  022; 
VP1. 01:001 

Halogen  compounds  (Organic)  -  Molecular  structure 
NllS.  08:005 

Halogen  compounds  (Organic)  -  1  “ho  tor  eduction 
Pill.  07:001 

Halogen  compouixls  (Organic)  Preparation 
COL-OlOOt;  MIN.  13:001:  OSU  03:012; 

Pill. 07:001;  TUS.01.00t.  002 
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Halogen  compounds  (Organic)  -  Properties 

COL.  02:001;  002;  NBS.  04:001;  OSU.  03:012; 
TUS.  01:001,  002 

Halogen  compounds  (Organic)  -  Spectra 
COL.  02:002;  NBS.  08:002 

Halogen  compounds  (Organic)  -  Thermochemistry 
COL.  02:001,  002 

Halogenated  sulfones  -  Preparation 
VR  01:002 

Halogens  -  Chemical  properties 
NYU.  04:001 
Halogens  -  Removal 

CIT.  04 :001 ;  WIS.  03:004  ,  005 
Halopropynes 

see  also  Halocarbons;  Propynes 
Halopropynes  -  Preparation 
TEX.  04:013 

Halopropynes  -  Properties 
TEX.  04:013 

Harmonic  Analysis  and  Related  Integral  Transforms  - 
Symposium 
COR.  06:001,  002 
Harmonic  oscillators  -  Design 
OSU.  07:001-003 

Harmonic  oscillators  -  Excitation 
MDU.  13:001;  NBS.  07:006 
Harmonic  oscillators  -  Mathematical  analysis 
FRE.  01:001,  005 

harmonic  oscillators  -  Performance 
OSU.  07:002 

Harmonic  oscillators  -  Theory 

NBS.  07:006;  OSU.  07:001,  003 
Hearing  -  Physiology 
MIT.  12:136 
Hearing  -  Theory 
MIT.  10:112 

Heart  -  Electrical  properties 
MIT.  10.031 
Heart  -  Pathology 

JHU.  10:004  ,  010,  014 
Heart  -  Physiological  factors 

JHU.  10:003  ,  008  ,  009,  011 
Heart  -  Surgery 

JltU.  10:003 

Ileal  exchangers  -  Design 
ESC.  01:001 

Heat  exchangers  -  lleat  transfer 
ESC.  01:004 

Heat  exchangers  -  Pressure  distribution 
ESC.  01.004,  005 
Heat  of  formation 

aee  as  a  subdivision,  e  g.  ,  Methyl  fluorides  - 
Heat  of  formation 
Heat  resistant  alloys  -  Creep 
PRI.  lt:038,  039 
lleat  resistant  alloys  -  Fatigue 
PIU. lt:026,  033 
lteat  resistant  alloys  Rupture 
PIU.  11:039 

lleat  resistant  alloys  -  Scale 
PIU.  11:188 

Heat  resistant  alloys  -  Temperature  factors 
PIU.  11:020,  033 


Heat  transfer 

see  also  Sweat  cooling 
see  also  as  a  subdivision,  e.  g. ,  Rocket 
propellants  -  Heat  transfer 
Heat  transfer 

AER.  02:008 

Heat  transfer  -  Analysis 
MIC.  10:001 

Heat  transfer  -  Bibliography 

PRI.  09:036;  PRI.  11:179 
Heat  transfer  -  Laminar  boundary  layer 
AER.  02:001 

Heat  transfer  -  Mathematical  analysis 

CAL.  06:006;  IAS.  06:003;  MIN.  07:003  ,  004; 

PRI.  11:103;  TOR.  01:002 
Heat  transfer  -  Measurement 

MIN.  07:005,  007;  PRI.  09:036;  STR.  01:005 
Heat  transfer  -  Rarefied  gas  dynamics 
CAL.  06:035 
Heat  transfer  -  Theory 
CAL.  06:006 

Heaters  -  Control  systems 
TEX.  02:004,  005 
Heaters  -  Design 

MIN.  11:004;  TEX 02:002,  003,  006 
Heaters  -  External  combustion  engines 
ESC.  01:001 

Heaters  -  Performance 
MIN.  11:004 

Heaters  -  Temperature  control 
TEX  02:008 
Heaters  -  Test  results 
TEX  02:007 
Heavy  elements 

see  also  Chemical  elements 
Heavy  elements  -  X-ray  spectra 
YAL.  04:006  ,  008 

Heavy  water  -  Infrared  absorption 
LAV.  01:009 

Heavy  water  -  Infrared  spectrum 
MIT.  0B:065 

Heavy  water  -  Microwave  spectrum 

DUK.  03:013,  065;  MIT.  10: 138,  140;  MIT.  11:029; 
NYU.  02:002,  006 
Helicopter  blades 

5!i£  Rotor  blades 
Helicopters  -  Propulsion 
PIU.  11:173 

Helicopters  -  Rocket  propulsion 
PIU.  11:173 

Helium  -  Atomic  structure 
COU.  01:029 
ltelium  -  Bombardment 

PEN.  06:011;  ST  A.  07:006  ,  014 
Helium  Electrical  properties 
llAIl.  07:038 

Helium  -  ltyperflne  structure 
COU.  02:0t3 
ltelium  -  ionization 

COU. 0t:029;  MIT.  10:079;  MIT.  tl:008  ,  0t9,  039 
tietium  Neutron  cross  sections 
PEN.  06:0t  1 

Helium  -  Nuclear  photoeftects 
PEN.  06:0t  t 
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Helium  Nuclear  reactions 
PEN.  06:011 

Helium  -  Thermodynamic  properties 
CAL.  06:034 
Helium  -  Viscosity 

BRO.  05:001,  007 
Helium  -  Wave  functions 
PEN.  01:002 

Helium  (liquid)  -  Absorptive  properties 
MIT.  11:022;  MIT.  12:119 
Helium  (Liquid)  -  Acoustic  properties 

MIT.  10:030,  124,  153,  154;  MIT.  11:022; 

MIT.  12.015,  080,  119 
Helium  (Liquid)  -  Equipment 
MIT.  10:061 

Helium  (Liquid)  -  Motion 

MIT.  11:022;  MIT.  12:015 
Helium  (Liquid)  -  Temperature  factors 
MIT.  10:153,  154;  MIT.  12:080 
Helium  (Liquid)  -  Thermodynamic  properties 
MIT.  10:030,  124 

Helium  (Liquid)  -  Ultrasonic  analysis 

MIT.  10:153,  154;  MIT.  l  1:022;  MIT.  12:015 
Helium  (Liquid)  -  Viscosity 
MIT.  12:054 

Helium  (Liquid)  -  Wave  functions 
PEN.  01:001,  004 

Helium  Ions  -  Hyperflne  structure 
COU.  02:017 

Helixes  -  Electromagnetic  properties 

MIT.  10: 101 ;  ST  A.  05:019,  022  ,  054;  ST  A.  11:004 
Helixes  Mathematical  analysis 
ST  A.  05:019 
Helixes  -  Radiation 
MIT.  10:050 

Helixes  Wave  transmission 
MIT.  11:048 
Helmholtz  resonators 

see  also  Cavity  resonators 
lielmholiz  resonators  Impedance 
SOU.  01:001,  002 
Heptanes  Combustion 

OKU.  03:007;  PRi.  11:007 
Ilexachlorocyclohexanes  Isomerism 
COlt-  01:006 

Ilexachlorocyclohexanes  Polarograplilc  analysis 
COlt.  01:006 

Ilexamethylbenzene  Ultraviolet  spectrum 
WAU.  01:008 

Ilexamethylbenzene  crystals  Ultraviolet  spectrum 
WAU.  01:008 
Hexanes  Combustion 

OSU.  03:005.  007,  010 
Hexanes  Electrical  properties 
MIT.  08:050  ,  060 

n  ltexyl  propenyl  sulfide  Preparation 
HOC.  01:011 

High  1  resiliency  antennas  Electromagnetic  lheory 
II Alt.  02:067 

High  lrequenty  antennas  lnqtedance 
llAit.  02:067 

liifli  lrequenty  discharges  Analysis 
MIT.  10:137,  MIT.  12:018 
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High  frequency  discharges  -  Mathematical  analysis 
MIT.  10:013,  059,  082,  083,  098;  MIT.  11:008, 

019  ,  039  ,  059;  MIT.  12:045 
High  frequency  discharges  -  Theory 
MIT.  10:044  ,  099 

High  pressure  research  -  Instrumentation 
MIT.  08:067  ,  068;  TEX.  04:024 
High  temperature  -  Symposium 
CAL.  03:004 

High  temperature  air  -  Thermodynamic  properties 
COA.  01:001-003 

High  temperature  hypersonic  flow  -  Test  facilities 
COA.0L004 

High  temperature  hypersonic  flow  -  Theory 
COA.  02:001 

High  temperature  research 
TEM.  01:004-006 

High  temperature  research  -  Instrumentation 
CIT.  09:002;  TEM.  01:002,  003 
High  temperature  research  -  Materials 
CAL.  03:004 

High  temperature  research  -  Methods 
CAL.  03:004 

High  temperature  research  Processes 
CAL.  03:004 

Hormones  -  Effects  of  radiation 
DUK.  03:066 

Hormones  -  Electron- spin  resonance 
DUK.  03:066 

Hormones  -  Microwave  spectra 
DUK.  03:066 

Hormones  -  Physiological  effects 
MAU.  01:001 
Hot-wire  anemometers 

see  Anemometers 
Hydrates  -  Crystal  structure 
MIT. 08:022 

Hydrazine  -  Chemical  reactions 
PSU.  03:001 

Hydrazine  -  Combustion 
INT.  01:002 

Hydrazine  Decomposition 
INT.  01:002 
Hydrazine  Freezing 
PSU.  03:002 

Hydra:  ne  Preparation 
ANT.  01:001  004 
Hydrazine  Synthesis 
CIT. 09:004 

Hydrazine  vepor  -  Oxidation 
Pltl.  11:152 

llvdrazlne- walci  systems  Chemical  properties 
PSU.  02:001 

Hydrazine  water  syslems  Conductivity 
PSU.  03:003 

llydrocartions  Chemical  reactions 
UTA.  02:008 

Hydrocarbons  Combustion 

MIC.  07:001;  NIJS.  02:003;  OKU.  02:001  003  .  005: 
OSU.  03:001,  003  005  ,  007  ,  014  016,  ITU.  11:034, 
102.  168;  TEX  04:036;  UTA.  02:013.  019 
Hydrocarbons  Decomposition 
UTA.  02:018 

Hydrocarbons  Electron  transitions 
FLA.  01:004;  ITU.  09:025 
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Hydrocarbons  -  Fluorescence 
PRI.  09:025 

Hydrocarbons  -  Magnetic  resonance  spectra 
WAS.  04:017 

Hydrocarbons  -  Molecular  structure 

MIT.  12:127;  NBS.  07:001;  PRI.  09:025 
Hydrocarbons  -  Oxidation 

OSU.  02:001,  005;  OSU.  03:003,  005,  015; 

PRI.  11:170,  171;  UTA.  02:023 
Hydrocarbons  -  Polaro graphic  analysis 
OSU.  03:005 

Hydrocarbons  -  Preparation 
OSU.  02:005 

Hydrocarbons  -  Spectra 

FLA.  01:004;  MIT.  12:127;  NBS.  07:001; 

OSU.  02:005;  PRI.  11:116,  120 
Hydrocarbons  -  Synthesis 
OSU.  02:005 

Hydrocarbons  -  Thermal  decomposition 
CAT.  01:001 

Hydrocyanic  acids  -  Combustion 
TEM.  01:004  ,  005 
Hydrodynamic  characteristics 

set  as  a  subdivision  under  bodies  and  devices, 
e.  g  ,  Bodies  of  revolution  -  Hydrodynamic 
characteristics 

Hydrogen  -  Absorptive  properties 
WAU.  02:001 

Hydrogen  -  Bombardment 

ST  A- 07:005  ,  006  ,  014 
Hydrogen  -  Chemical  reactions 

PRL  09:013,  020,  021;  PRI.  11:017 
Hydrogen  Combustion 

NBS.  02:001;  PIU.  09:031;  PPJ.  11:165 
Hydrogen  -  Diffusion 
MIT. 12:139 

Hydrogen  -  Electrical  properties 
MIT.  10:004 

Hydrogen  -  Electron  transitions 
MIT.  12:026 
Hydrogen  Energy 
PIU.  09:011 

Hydrogen  -  Excitation 

PIT.  03:003 

Hydrogen  Hyperfine  structure 

COU.  01:037  ,  040,  041;  COU.  02:011 
Hydrogen  Ionization 

MIT.  11:059;  MIT.  12:139 
Hydrogen  Luminescence 
MIC.  06:001,  004 
Hydrogen  Molecular  structure 
WAU.  01:005,  006  ,  013 
Hydrogen  Oxidation 

PIU.  09.021 

Hydrogen  Para  conversion 
WAU.  02:001 

Hydrogen  Physical  inclusion 
MET.  01:001 
Hydrogen  Spectrum 
MIC.  06:003 
Uydroi.en  Viscosity 

BllO.  05:001,  007 
Hydrogen  Wave  functions 
PEN.  01:001,  002 


Hydrogen- air  systems 

SC£  Air -hydrogen  systems 

Hydrogen  bromide  -  Chemical  reactions 
WIS.  03:003 

Hydrogen  bromide  -  Combustion 
PRI.  11:200 

Ilydrogen-d  bromide  -  Microwave  spectrum 
DUK.  03:011 

Hydrogen-d  bromide  -  Molecular  structure 
DUK.  03:01’ 

Hydrogen-Lbromide  -  Microwave  spectrum 
DUK.  03:041 

Hydrogen-Lbromide  -  Molecular  structure 
DUK.  03:041 

Hydrogen  chloride  -  ConducUvity 
RPI.  06:006 

Hydrogen  chloride  -  Preparation 
RPI.  06:002 

Hydrogen  chloride- acetonitrile  systems  -  Infrared  spectra 
RPI.  06:006 

Hydrogen  chloride  cobalt  chloride  systems  -  AcUvity 
coefficients 
OKA.  02:002 

Hydrogen  chloride- nickel  chloride  systems  -  Activity 
coefficients 
OKA.  02:002 

Hydrogen  chloride- water  systems  -  AcUvity  coefficients 
OKA.  02:002 

Hydrogen -L chloride  -  Microwave  spectrum 
DUK.  03:041 

Hydrogen-Lchlorlde  -  Molecular  structure 
DUK.  03:041 

Hydrogen  compounds  -  Molecular  structure 
Clil.  15:003 

Hydrogen  cyanide  -  Hyperfine  structure 
COU.  01:012,  027,  042 

Hydrogen  cyanide  -  Microwave  spectrum 
NYU.  02:009 

Hydrogen  cyanide  Molecular  parameters 
NYU.  02:009 

Hydrogen  cyanide  -  Molecular  structure 
COU.  01:012;  OSU.  08:009 

Hydrogen  cyanlde-d  -  Hyperfine  structure 
COU.  01:012,  042 

Hydrogen  cyanlde-d  -  Molecular  structure 
COU.  01:012,  043 

Hydrogen  deuterium  -  Exchange  reactions 
PIU.  11:017 

Hydrogen  deuterium  oxide 
UCC  Heavy  water 

Hydrogen  fluoride  Chemical  reacUons 
SOC.  02:006 

Hydrogen  d  halides  Hyperfine  structure 
DUK.  03:009 

Hydrogen-d  halides  -  Microwave  spectra 
DUK.  03:009 

Hydrogen  Lhalides  Microwave  spectra 
COU.  01:033;  DUK.  03:041 

Hydrogen  iodide  Decomposition 
PIU.  09:01a 

Hydrogen  iodide  Microwave  spectrum 
DUK.  03:063 

Hydrogen  iodide  Molecului  structure 
DUK.  03:093 
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Hydrogen  iodide  -  Preparation 
PRI.  09:015 

Hydrogen  isotopes  -  Chemical  reactions 
PRI.  09:030,  035 

Hydrogen  isotopes  (Radioactive)  -  Masses 
COU.  01:008 

Hydrogen  isotopes  (Radioactive)  -  Microwave  spectra 
COU.  01:008 

Hydrogen- oxygen  systems  -  Ignition 
COR.  11:001  -003 

Hydrogen-oxygen  syslems  -  Rate 
PRI.  09:029 

Hydrogen  peroxide  -  Decomposition 
PRI.  09:008 

Hydrogen  peroxide  -  Infrared  spectrum 
LaV.  01:007 

Hydrogen  peroxide  -  Polaro graphic  analysis 
OSU.  03:008 

Hydrogen  peroxide  -  Properties 
LaV.  01:003 

Hydrogen  peroxide  -  Structure 
LaV.  01:003 

Hydrogen  peroxide  -  Thermodynamic  properties 
LAV.  01:001,  005,  008 

Hydrogen-d  peroxide  -  Infrared  spectrum 
LAV.  01:007 

Hydrogen  d  peroxide  -  Properties 
LAV.  01:003 

Hydrogen-d  peroxide  -  Structure 
LaV.  01:003 

Hydrogen-d  peroxide  -  Thermodynamic  properties 
LAV.  01:005,  008 

Hydrogen  peroxide  vapor  -  Decomposition 
LAV.  01:011 

Hydrogen  selenide  -  Dipole  moments 
DUK.  03:060 

Hydrogen  selenide  -  Microwave  spectrum 
DUK.  03:060 

Hydrogen  selenide  -  Molecular  structure 
DUK.  03:060 

Hydrogen  sulfides  -  Chemical  reactions 
WIS.  03:002 

Uydrogen-d  sulfides  -  Spec trographlc  analysis 
COU.  01:025 

Hydrogen  sulfides  (Labeled)  -  Microwave  spectra 
DUK.  03.008 

Hydrogen  sulfides  (Labeled)  -  Molecular  structure 
DUK.  03:008 

Hydrogenation 

see  also  as  a  subdivision  under  the  names  of 
substances  being  hydrogenated 
get  also  the  subdivision  Dehydrogenation,  e.g. , 
Cyclohexanes  -  Dehydrogenation 

Hydrogenation  Catalysis 
IUU.  01.001  0C-1 

Hydrology  L*l»eled  water  techniques 
Clll.  10:005 

Hydroperoxides  Polarographic  analysis 
OSU.  03:003 

Hydroperoxides  Stability 
OSU.  03:015 

Hydroperoxides  Synthesis 

OSU. 02.005;  OSU. 03.009,  011 

l.ydroperoxo  Diffusion 
I’lU.  09:018 


Hydroquinone  -  Diffusion 
TOI.  01:002 

Hydroquinone  -  Resonance  absorption  (RF) 

MIN.  12:002 
Hydroxyl  radicals 

see  also  OD  radicals 
Hydroxyl  radicals  -  Detection 
COU.  01:009 

Hydroxyl  radicals  -  Energy 
NBS.  02:001 

Hydroxyl  radicals  -  Excitation 

NBS.  01:001;  NBS.  07:002;  PRI.09:013 
Hydroxyl  radicals  -  Fluorescence 
NBS.  02:001 

Hydroxyl  radicals  -  Force  constants 
YAL.  05:002 

Hydroxyl  radicals  -  Hyperflne  structure 
COU.  01:017 

Hydroxyl  radicals  -  Microwave  spectra 

COU. 01:009;  COU.  02:003;  MIN.  12:009 
Hydroxyl  radicals  -  Production 
PRI.  09:021 

Hydroxyl  radicals  -  Spectra 

NBS.  01:001;  NBS.  07:002;  PRI.  09:013;  031 
Hydroxyl  radicals  -  Spec  trographlc  analysis 
NBS.  07:005,  016 

Hydroxyl  radicals  -  Temperature 
NBS.  01 :001 ;  NBS.  07:002 
Hydroxyl  radicals  -  Thermodynamic  properties 
NBS.  01:001 

2, 3-di-(Hydroxymethyl)  nor  bo  mane  -  Preparation 
SCX:.  03:002 

Hydroxyquinollne  hydrates  -  Crystal  structure 
ARK.  01.002,  007 
Hygrometers  -  Design 
NBS.  21:014 
Hyperflne  structure 

see  also  Atomic  structure 

see  also  as  a  subdivision,  e.  g. ,  Free  radicals  - 
Hyperflne  structure 
Hyperflne  structure  -  Analysis 
MIT.  12:086;  WAS.  04:008 
Hyperflne  structure  -  Determination 
MIT.  12:101 

Hyperflne  slructure  -  Spec  trographlc  analysis 
COU. 01:023;  COU.  02:001,  0*6 
Hyperflne  structure  -  Theory 

COU.  02:001,  016;  DUK.  03:040,  055 
Hypersonic  flow 

see  also  Subsonic  flow;  Supersonic  flow; 

Transonic  flow 

see  also  the  subdivision  Supersonic  characteristics, 
e.  g. ,  Bodies  of  revolution  -  Supersonic 
characteristics 
Hypersonic  flow  Analysis 
CIT.  07:021 

Hypersonic  flow  Boundary  layer 

CIT.  07:026  ,  032;  P1U.  01.001;  It  PI.  05:001,  003 
Hyperuonic  flow  -  Condensation  effects 
CIT. 07:004  006  ,  008,  011 
Hypersonic  flow  -  Handbooks 
CIT.  07:002 

Hypersonic  flow  -  lleat  transfer 
CIT.  07:012;  CAL  06:035 
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Hypersonic  flow  -  Laminar  boundary  layer 

CIT.  07:007,  012-015,  017,  018,  023;  MDU.  11:004 
Hypersonic  flow  -  Mathematical  analysis 

err.  07:002,  026;  MDU.  11:002;  PRI.01.002,  003; 
RPI.  05:001;  TIH.  02:002 
Hypersonic  flow  -  Measurement 
CIT.  07:021 

Hypersonic  flow  -  Physical  factors 

err.  07:001,  ooe 

Hypersonic  flow  -  Pressure 

CIT.  07:019,  021;  PRI.  01:004;  RPI.  05:002 
Hypersonic  flow  -  Pressure  effects 
CIT.  07.029 

Hypersonic  flow  -  Reynolds  number  effects 
CIT.  07:C2I 

Hypersonic  flow  -  Tables 
CIT.  07:002 

hypersonic  flow  -  Theoretical  aerodynamics 
CIT.  07:006  ,  026;  PRI.  12  001 
Hypersonic  flow  -  Turbulent  boundary  layer 
CIT.  07:009,  018 
Hypersonic  flow  -  Viscosity 

CIT. 07:014,  020,  021;  MDU.  11:002 
Hypersonic  nozzles 

see  ahr.  Supersonic  nozzles 
Hypersonic  nozzles  -  Boundary  layer 
CIT.  07:024 

Hypersonic  nozzles  -  Development 
CIT.  07:024 

Hypersonic  nozzles  -  Performance 
CIT.  07:004  ,  024 

Hypersonic  nozzles  -  Pressure  distribution 
CIT.  07:005 

Hypersonic  wind  tunnels 

see  also  Supersonic  wind  tunnels 
Hypersonic  wind  tunnels  Aerodynamic  characteristics 
CIT. 07:006  ,  008,  Ott,  012 
hypersonic  wind  tunnels  Boundary  layer 
CIT.  07:020 

Hypersonic  wind  tunnels  -  Calibration 
CIT.  07:001,  02t 

hypersonic  wind  tunnels  -  Condensation  factors 
CIT.  07:008,  OtO,  Ott 
Hypersonic  wind  tunnels  -  Design 
CIT.  07:002;  COA02:00t 
hypersonic  wind  tunnels  Instrumentation 
CIT.  07:0t0,  031 

Hypersonic  wind  tunnels  Pressure  distribution 
CIT. 07:00t 

Hypersonic  wind  tunnels  -  Recording  devices 
CIT.  07:021 

Hypersonic  wind  tunnels  Theoretical  corrections 
CIT.  07:002,  02t,  029 
llypoUiulamus  Biochemistry 
MaU.  0t:00t 


Ice  Infrared  spectrum 
LaV.  01:013 

Ignition 

UCtt  Combustion 

ilia:  as  a  subdivision,  e.  S’.  ,  Gases  -  Ignition 
sec  the  subdivision  Combustion,  e.  g. , 
Fluoroethylenes  (l*olymerized)  Combustion 


Ignition  of  liquid  rocket  propellants  -  Symposium 
PRI.  11:184 

Image  tubes  -  Development 

cm.  02:002;  cm.  03:006 
Immunology  -  Symposium 
NRC.  01:005 

Impact  shock  -  Measurement 
UTA01:00l 

Impact  shock  -  Test  results 
UT A.  01:003,  005 
Impedance 

see  also  Acoustic  impedance 
see  also  as  a  subdivision,  e.  g.  ,  Cavity 
resonators  -  Impedance 
Impedance  -  Determination 
HAR.  02:054 

Impedance  -  Mathematical  analysis 
MIT.  12:112 

Impedance  -  Measurement 
ST  A.  11:002 
Impedance  -  Theory 
HAR.  02:080 

Impedance  -  Transformations 
MIT.  12:071,  077 

Impedance  bridges  -  Development 
HAR.  02:056 

Impedance  bridges  -  Equipment 
HAR.  02:055 

Impedance  matching  -  Mathematical  analysis 
MIT.  12:071 
Impurities 

&££  as  a  subdivision,  e.  g.  ,  AlicaU  halides  - 
Impurities 

Incompressible  flow  -  Boundary  layer 
CAL.  06:02t ,  033 

Incompressible  flow  -  Theoretical  aerodynamics 
COR.  09:009 

Indigo  dyes  -  Steric  effects 
NBS.  05:001 

Indium  -  Bombardment 

PEN.  05:005,  010;  ST  A.  07:010 
Indium  -  Nuclear  photoeffecls 
PEN.  05:005,  OtO 
Indium  -  Nuclear  reactions 
PEN.  05:005  ,  010 
Indium  -  Polarographlc  analysis 
COR.  0t:00I,  003 
Indium  -  Speclrographic  analysis 
FHE.  03:001,  003 
Indium  -  Superconductivity 
NBS.  22:003 
Indium  -  Vaporization 

FRE.  03:00t,  003 

Indium  antimomde  -  Band  structure 
CIII.  02:028,  037;  CHI.  03:008 
indium  antimonide  Elastic  constants 
CHI.  03:001;  NBS.  24:001 

Indium  antimonide  Electromagnetic  properties 
BAT.  0t:00I;  CHI.  02:027 
Indium  antimonide  Electron  transitions 

CHI.  02:027,  028,  037;  CHI.  03:008;  NBS.  24:002 
Indium  antimonide  Infrared  absorption  characteristics 
CHI.  02:028,  037;  CHI.  03:008;  NBS.  24:002 
Indium  antimonide  Lattices 
CIII.  02:009 
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Indium  antimoaide  -  Photoconductivity 
CHL  02:006  ,  021,  023,  027 
Indium  antimonide  -  Photoelectric  properties 
CHL  02.006  ,  021,  023,  027 
Indium  antimonide  -  Photovoltaic  properties 
CHI.  02:021,  022,  031,  036 
Indium  antimonide  -  Spectrographic  analysis 
NBS.  24:002 

Indium  antimonide  -  Thermomagnetic  properties 
BAT.  01:001 

Indium  antimonide  -  Tin  systems 
CHI.  02:009 

Indium  arsenide  -  Preparation 
CHI.  02:008 

Indium  bromides  -  Microwave  spectra 
COU.  01:04  b 

Indium  chlorides  -  Microwave  spectra 
COU.  01:045 

Induction  heating  -  Equipment 

FRA.  04:008;  FRA.  05:001 
Induction  motors  -  Applications 
PRI.  05:002,  004 
Information  theory 

see  also  Communication  systems  -  Theory 
Information  theory 

MIT.  12:036,  056,  084,  114 
Information  theory  -  Applications 

MIT.  11:014,  015,  024,  058;  MIT.  12:017,  028; 
PRI.  11:096 

Information  theory  -  Bibliography 
MIT.  10:132 

Information  theory  -  Decision  functions 
HAR.  02:088 

Information  theory  -  Semantics 
MIT.  10:120;  MIT.  12:017 
Infrared  detectors 
CHI.  02:018 

Infrared  detectors  -  Analysis 
CHI.  02:033 

Infrared  detectors  -  Development 
CHI.  02:036;  CUl.  03:005 
Infrared  detectors  -  Preparation 
CHI.  02:017 

Infrared  detectors  -  Sensitivity 
Clil.  02:026 

Infrared  detectors  (Airborne)  -  Development 
CHI.  02:035 

Inf rared  detectors  (Airborne)  Theory 
Clil.  02:011 

Infrared  filters  -  Applications 
NBS.  08.001 

Infrared  image  tube  -  Development 
Clil.  03:005 

Infrared  photoelectric  cells  -  Performance 
Clil.  02:01 1 

Infrared  photoelectric  cells  Sensitivity 
Clil.  02:026 

Infrared  radiation  Detection 
Clil.  02:033 

Infrared  rays  Absorption 
SYR.  02:001 
Inf  rared  spectra 

SCC  also  as  a  subdivision  under  substances 
exhibiting  Infrared  spectra,  e.  g.  .  Nitromethanes 
bifrared  spectra 


Subject  Index 


Infrared  spectra  -  Analysis 

HAR.  06:005;  MIT. 08:051,  064,  065;  NBS.  08:001, 
002;  NBS.  24:002;  PRI.  09:014,  031;  PRI.  11:169; 
WAR.  01:001;  YAL.  05:001 
Infrared  spectra  -  Intensity 
NBS.  07:012,  014,  015 
Infrared  spectroscopy  -  Applications 
JHU.  18:001;  NOL. 01:001 
Infrared  spectrum  analyzers  -  Design 
NBS.  08:001 

Infrared  waves  -  Applications 
PRI.  11:071 

Infrared  waves  -  Measurement 
NBS.  08:001 
Inhibition 

see  as  a  subdivision  under  agents  or  processes 
inhibited,  e.  g. ,  Flame  propagation  -  Inhibition 
Inorganic  compounds  -  Thermochemistry 
BMB.  02:002 

Inorganic  compounds  -  Thermodynamic  properties 
BMB.  02:002 

Inorganic  substances  -  Resonance  absorption  (RF) 

MIN.  12:010 
Insects  -  Physiology 
NRC.  01:006 
Instrumentation 

see  Individual  instruments,  e.  g. ,  Manometers; 
Thermocouples 

see  as  a  subdivision,  e.  g. ,  Wind  tunnels  - 
Instrumentation 

Insulators  (Electric)  -  Electrical  properties 
MIT.  08:04B 

Insulators  (Electric)  -  Electron  transitions 
ROC.  05:006,  007 

Insulators  (Electric)  -  Test  results 
MIT.  08:050 
Intensity 

see  as  a  subdivision,  e.  g. ,  Cosmic  rays  - 
Intensity 
Intel ference 

set  as  a  subdivision,  e.  g. ,  Airfoils  -  Interference 
Interferome  lers 

see  also  Radio  interferometers 
Interferometers  -  Applications 

JHU.  18:001;  MDU.  11:006;  014 
Interferometers  -  Design 

MDU.  00:002;  NBS.  21:003 
Interferometers  -  Development 
PRI.  11:113 

Interferometers  -  Equipment 

NBS.  18:004;  NBS.  21:003 
Interferometers  -  Errors 
NBS.  21:017 
Integral  equations 

use.  separate  Mathematical  Subject  Classification, 
p.  1143 

Integral  functions 

CIN.J3-.002  ,  005  ,  006;  CON.  01:001;  COR.  05:004, 
019  .  030  ,  033  ,  034  ,  042;  IAS.  05:004;  IAS.  06:001, 
002;  MDU.  09:018,  030,  037;  NYU.  06  009; 

PEN.  04:002;  W1S.01:002;  YAU 04:011 
Intermediate  frequency  amplifiers  Circuits 
MIT.  12:030 

Intermediate  frequency  amplifiers  Design 
MIT.  10. 1 30 
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Intermediate  frequency  filters  -  Analysis 
TRG.  02:001 

Intermetalllc  compounds 

see  also  Alloys;  Metals 

see  also  specific  Intermetalllc  compounds,  e.  g. , 
Indium  ai.dmonide 

Intermetalllc  compounds  -  Band  structure 
CHI.  02:015 

Intermetalllc  compounds  -  Chemical  properties 
IIT.  02:002 

Intermetalllc  compounds  -  Crystal  structure 
CHI.  03:001 

Intermetalllc  compounds  -  Elasticity 
NBS.  24:001 

Intermetalllc  compounds  -  Electrical  properties 
HOR.  02:001 

Intermetalllc  compounds  -  Electron  transitions 
CHI.  02:015 

Intermetalllc  compounds  -  Identification 
HT.  02:001 

Intermetalllc  compounds  -  Test  results 
HT.  03:001 

Intermetalllc  compounds  -  Valency 
HT.  02:002;  HT.  03:001 

Interplanetary  matter  -  Analysis 
MDU.  03:010 

Interplanetary  matter  -  Magnetic  fields 
MDU.  03:010 

Interplanetary  matter  -  Statistical  analysis 
MDU.  03:010 

Interstellar  polarization  -  Theory 
CAL.  03:008 

Iodine  -  Crystal  structure 
HAR.  02:059 

Iodine  -  Nuclear  photoeffects 
PEN.  06:004 

Iodine  •  Resonance 
HAR.  02:059 

Iodine  -  Spec trographlc  analysis 
DUK.  03:038 

Iodine122  -  Hyperflne  structure 
MIT.  11:027 

Iodine131  -  Nuclear  spin 
DUK.  03:004 

Iodine131  -  Quadrupole  moment 
DUK.  03.004 

Iodine  compounds  'Organic)  -  Hyperflne  structure 
COU.  02:002 

Iodine  cyanide  -  Hyperflne  structure 
COU.  02:002 

Iodine  Isotopes  -  Hyperflne  structure 
MIT.  10.148;  MIT.  11:027 

Iodine  Isotopes  -  Magnetic  moments 
MIT.  11:027 

Iodine  Isotopes  (Radioactive)  Hyperflne  structure 
DUK.  03  004 

Iodine  Isotopes  (Radioactive)  -  Microwave  spectra 
DUK.  03:004 

Iodine  Isotopes  (Radioactive)  -  Nuclear  spin 
DUK.  03:004 

Iodine  Isotopes  (Radioactive)  -  Quadrupole  moment 
DUK.  03.004 

Ion  beams  Electromagnetic  properties 
COU.  02:017;  PEN.  07:001 


Ion  beams  -  Ionizing  effects 
WAS.  05:001 

Ion  beams  -  Oscillation 
PEN.  07:001 

Ion  beams  -  Production 

COU.  02:017;  COR.  08:006 
Ion  bombardment 
COR.  08:006 

Ion  exchange  resins  -  Applications 
HAR.  07:019 
Ionization 

gee  also  Gas  ionization 
gee  sign  as  a  subdivision  under  substances 
ionized,  e.  g. ,  Electrons  -  Ionization 
Ionization  -  Theoretical  mechanics 
ARK.  01:005 

Ionization  chambers  -  Testing  equipment 
GIT.  03:001 

Ionization  gages  -  Performance 
PRI.  11:079,  080 
Ionization  potentials 

see  as  a  subdivision,  e.  g. ,  Acetylenes  - 
Ionization  potentials 
Ionizing  effects 

see  Field  emission 

see  as  a  subdivision  under  the  names  of  the  agents 
producing  these  effects,  e.  g. ,  Electric  fields  - 
Ionizing  effects 

Ionosphere  -  Electromagnetic  properties 
HAR.  02:006  ,  009  ,  025 
Ionosphere  -  MoUon 

HAR.  02:070,  086,  094 
Ionosphere  -  Reflective  effects 

HAR. 02:006,  025  ,  048,  049  ,  070,  086;  MIT.  11:044; 
MIT.  12:033;  ST  A.  05:007;  047.  052  ,  062 
Ionosphere  -  Turbulence 
ST  A.  05.014 

Ionosphere  models  -  Heat  transfer 
MED.  01:001 

Ionosphere  models  -  Pressure  measurement 
MED.  01:001 
Ions  -  DetecUon 

MIT.  12:003;  PRI.  11:079,  080 
Ions  -  Diffusion 

MIT.  10:161 
Ions  -  Energy 

MMli. 01:011 
Ions  -  Heat  of  formation 
TEX.  04:026 

Ions  ■  Magnetic  moments 
WAS.  04:008 
Ions  -  Motion 

MIT.  12:110;  WAS.  05:002 
Ions  -  Separation 

see  also  specific  Ions,  e.  g.  .  Barium  ions  - 
Separation 
Ions  -  Separation 
PSU.  06:001 

Ions  -  Solvation  numbers 
ARK.  01:005 
Ions  -  Sources 

COR.  08:006 
ions  -  Theory 

ST  A.  05:028 
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Iron  -  Corrosion 

PRI.  10:005 

Iron  -  Electrochemistry 
NCU.  01:003 
Iron  -  Fracture 

COD.  14:001 

Iron  -  Mechanical  properties 
FRA.  05:002 
Iron  -  Oxidation 

PRI.  10:006,  007 
Iron  -  Purification 

FRA.  04:007  ,  008;  FRA.  05: 001,  002 
Iron  -  Spectrographic  analysis 
MIT.  11:000 

Iron  -  Tensile  properties 
FRA.  05.002 

Iron  -  Thermal  analysis 
FRA.  05:002 
Iron®(i  -  Bombardment 
WAS.  03:003 

C7 

Iron  -  Bombardment 
WAS.  03:003 
Iron  crystals  -  Growth 
ILU  07:002 

Iron  Isotopes  -  Bombardment 
WAS.  03:003 

Iron- nickel  alloys  -  Oxidation 
PRI.  10:004 

Iron-nickel  alloys  -  Physical  properties 
PRI.  10:004 

Iron  oxides  -  Deformation 
PRI.  10:007 

Iron  oxides  -  Temperature  factors 
P1U.  10:  )06 

Iron- palladium  alloys  -  Ferromagnetic  properties 
FRA  03:003 

Iron-palladium  alloys  Mu  yietostrictive  properties 
FRA.  03.003 

Iron  palladium  alloys  -  Phase  transformations 
FRA.  03:003 

Iron- palladium  alloys  -  Temperature  effects 
FRA.  03:003 

Iron  platinum  alloys  Ferromagnetic  properties 
FRA  03:001-000 
Iron- platinum  alloys  -  lattices 
FRA.  03:004 

Iron  platinum  alloys  -  M.ignetostrictlve  properties 
FRA.  03:002  004 

Iron  platinum  alloys  Iliase  transformations 
FRA.  03:003  000 

Iron  platinum  alloys  Temperature  effects 
Fit  A  03:003.  005,  000 
Iron  platinum  alloys  X  ray  analysis 
FRA.  03:004 

Iron  sulfides  Production 
PRI.  10:005 

Irreversible  processes  Statistical  mechanics 

FKK.  01.005.  000.  010;  FRF.  02:001  -  007.  010,  011 
Irreversible  processes  Thermodynamic  properties 
FRF.  01:010;  FRF. 02:001.  002,  006.  008  010 
lsohutane  Combustion 
Pill.  11:171 

Isohute  les  Chlorination 
COU  02.002 


Isobutenes  (Polymerized)  -  Phase  studies 
FIlS.  01:001 
Isomerism 

see  also  as  a  subdivision,  e.  g. ,  Halocarbons  - 
Isomerism 
Isomerism  Theory 
DTA.  02:009 

Isooctanes  -  Combustion 

OSU.  02:002;  OSU.  1)3:006;  PRI.  11:067 
Isoprene  cyclic  sulfone  -  Halogenation 
VPI.  01:002 
Isotopes 

see  also  specific  isotopes,  e.  g. ,  Carbon  Isotopes 
Isotopes  -  Distribution 
MMD.  01:005 

Isotopes  -  Electrolytic  separation 
COU  04:001,  002 
Isotopes  -  Hyperflne  structure 
MIT.  12:016 
Isotopes  -  Isomerism 

COD. 01:021;  FRE. 01:001-003 
Isotopes  -  Masses 

MMU. 01:002-006,  008,  009,  012,  014 
Isotopes  -  Nuclear  photoeffects 
PEN. 06:004,  007 
Isotopes  -  Separation 

FRE.  01:002;  DT  A  02:003 
Isotopes  -  Superconductivity 
NBS.  22:002 

Isotopes  -  Thermodynamic  properties 
FRE.  01:002  ,  003  ,  009 
Isotopes  -  X-ray  spectra 
YAL.  04:006,  008 
Isotopes  -  Zero-point  energy 
FRE. 01:001-003  ,  009 
Isotopes  (Radioactive)  -  Applications 
CAR.  08:004 

Isotopes  (Radioactive)  -  Metallurgical  effects 
C  Alt.  08:004 

Isotopes  (Radioactive)  -  Spectrographic  analysis 
MIT,  12:037 


Jerkmeters  Design 
NBS.  21:013 

Jet  aircraft  Control  systems 
EAS.  01:001 

Jet  aircraft  Uindtng 
EAS.  01:001 

Jet  aircraft  -  Take  off 
FAS.  01:001 

Jet  engine  fuels  Atomization 
PRI.  11:070 

Jet  engine  fuels  -  Combustion 
PRI.  11:157,  196 

Jet  engines  Internal  flow 
PRI.  11:145 

Jet  engines  Materials 
PRI.  11:039 

Jet  engines  Performance 
PRI  11:032.  035 

Jet  engines  Thrust 

ESC.  01:003;  PRI.  11:032,  048 

Je:  flame  holders  Boundary  layer 
PRI.  11  10*. 
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Jet  (lames  -  Stabilization 
MIN.  05:001 

Jet  mixing  (low  -  Analysis 

HER.  01:001;  HER.  02:001,  004;  MIC.  01:001; 

PRI.  11:135,  157;  RPI.  04  001,  002 
Jet  miring  (low  -  Mathematical  analysis 

ILL.  15:001,  003;  MDU.  06:001,  005;  MDU.  11:005; 
PRI.  11:174;  RPI.  03:001,  002 
Jet  mixing  (low  -  Measurement 
HER. 01:001;  HER. 02:001 
Jet  mixing  (low  -  Supersonic  characteristics 
MDU.  06:002,  004 
Jet  mixing  (low  -  Turbulence 

MDU.  07:004;  OD1. 02:001 
Jet  planes  -  Drag 
ESC.  01:003 
Jet  planes  -  Wake 
ESC.  01:003 

Jet  propulsion  -  Bibliography 
PRI.  11:179 

Jets  -  Acoustic  oscillation 
Pltl.  11:055 
Jets  -  Analysis 

Pm.  11:009 
Jets  -  Applications 
PRI.  11:135 
Jets  -  Bibliography 
Pm.  11:180 
Jets  -  Dedectlon 

EAS.  01:001;  RPI.  03:002,  003 
Jets  -  Fluid  mechanics 

HER.  01:001;  HER.  02:004 
Jets  -  Mathematical  analysis 
FRB.  01:001 
Jets  -  Optical  analysis 
MDU.  06:003 

Jets  -  Physical  prope-tles 
MDU.  06:002 
Jets  -  Pressure 

P1U. 11:178 

Jets  •  Supersonic  characteristics 
MIC.  01:001 
Jets  -  Turbulence 

HER.  01:001;  MDU.  06:002;  MIC.  01:001; 

ODI.  02:001 


K-  mesons 

gate  Mesons 

Kernite  -  Molecular  structure 
WAU.  03:002,  003 
Kerr  cells 

see  also  Photoelectric  shutters 
Kerr  cells  •  Applications 

CTT.  09:005;  ILL.  13:001 
Kerr  cells  -  Design 
ILL.  13:002 

Ketenes  -  Microwave  spectra 
NUT.  10:042 
Ketenes  ■  Photolysis 

ROC.  02:001.  005 
Ketones  Microwave  spectra 
PiU.  08:003 
Kinetic  theory 

CIT.  07:030 


Kinetics 

see  as  a  subdivision,  e.  g. ,  Chemical  reactions  - 
Kinetics 
Klystrons 

see  also  Redex  klystrons 
Klystrons  -  Applications 
COU.  01:010 
Klystrons  -  Design 

STA.  11:001,  003 
Klystrons  -  Equipment 
STA.  11:003 
Klystrons  -  Materials 
STA.  11:006 

Klystrons  -  Performance 
STA.  11:001 

Krypton  -  Electrical  properUes 
HAR.  07:038 
Krypton  -  Ionization 
WAS.  05:001 

Krypton  -  Luminescence 
MIC.  06:001,  002 
Krypton  -  Temperature  (actors 
WAS.  05:002 

Krypton  -  Thermodynamic  properUes 
CAL.  06:034 


Laboratory  (urnaces 

see  also  Vacuum  [urnaces 
Laboratory  (urnaces  -  Design 
PUR.  05:009 

Y- Lactones  -  Hydrolysis 
ROC.  01:005 

Laminar  boundary  layer 

see  also  as  a  subdivision,  e.  g. ,  Axially 
symmetric  (low  -  Laminar  boundary  layer 
Laminar  boundary  layer  -  Analysis 
COR.  09:026 

laminar  boundary  layer  -  Fluid  mechanics 
FRB.  01:001 

Laminar  boundary  layer  -  FrlcUon 
C1T. 07:014,  018 

Laminar  boundary  layer  -  Growth 
COR.  09:029;  FRB.  01:002 
Laminar  boundary  layer  -  Heat  transler 

CIT.  07:012,  013,  023;  COR.  09:029;  MIN.  07:001, 
003,  006,  009;  NAA. 01:005-008;  PIU.  11:024, 

025,  131,  134,  136,  138,  141;  TOR.  01:002 
Laminar  boundary  layer  -  Hypersonic  characteristics 
CIT.  07:017;  PIB.  04:006 

laminar  boundary  layer  -  MathcmaUcal  analysis 
CIT.  07:023;  CIT.  08:002,  007;  CAL.  05:002; 

CAL.  06:031;  CAR.  02:001;  COR.  09:013,  014,  022. 
027;  COU.  12:002;  FRB.  02.001;  MDU.  11:004; 
Mrr.0C:O05;  MIN. 07:002,  008;  NAA.0L001,  002; 
PSU. 01:002,  003;  PIU. 04:001;  PIU.  11:136,  141; 
ETTA.  02:001;  STA. 04:001;  THB. 03:001 
Laminar  boundary  layer  -  Oscillation 
MIT. 06:005 

Laminar  boundary  layer  ■  Physical  (actors 
MIN.  07:001 

Laminar  boundary  layer  -  Pressure  distribution 
CIT.  07:023:  CIT.  08:001,  002;  PIU.  02:003 
laminar  boundary  layei  -  Separation 

J11U.  04:001;  PIU.  02:002;  PIU.  04:008 
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Laminar  boundary  layer  -  Sheer  stresses 

DRO.  05:005;  CIT.  08:005;  COR.  12:002 
Laminar  boundary  layer  -  Stability 

NAA.  01:004-007;  PIB.  04:006;  PRI.  02:001,  003, 
006;  PRI.  04:001,  010  ,  014 

Laminar  boundary  layer  -  Supersonic  characteristics 
MIN.  09:002,  005;  PRI.C3:010 
Laminar  boundary  layer  -  Temperature  factors 
PIB. 04:006 

Laminar  boundary  layer  -  Theoretical  aerodynamics 

CIT.  07:022,  023;  CIT.  08:001,  005;  COR.  09:006, 
008,  026 

Laminar  boundary  layer  -  Theory 

CIT.  07:014;  COR.  09:029;  FRB.  01:001,  002 
Laminar  boundary  layer  -  Transition 
NAA.  01:004 
Lampblack 

see  Carbon  black 

Langbelnlte  systems  -  Crystal  structure 
PSU.  08:005 

Langbelnlte  systems  -  Dielectric  properties 
PSU.  08:005 

Langbelnlte  systems  -  Ferroelectric  properties 
PSU.  08:00a 

Language  -  Phonemic  structures 
MIT.  12:063,  113 
Language  -  Shllha  (Morocco) 

MIT. 12:063 
Language  -  Slouan 
MIT.  12:113 
Languages 

see  Machine  translations 
Lanthanum  compounds 

see  also  Rare  earth  elements 
Lanthanum  compounds  -  Electrochemistry 
ILL.  03:001 

lattice  strains  -  X-ray  analysis 
CLA.  04:001-003 
Lattices 

aeii  Crystal  structure;  Crystals 

aefi  as  a  subdivision,  e.  g. ,  Germanium 

crystals  -  Lattices 

the  subdivision  Crystal  structure,  e.  g. , 
Copper  compounds  -  Crystal  structure 
Laves- phase  compounds 

see  Alloys  -  Phase  studies;  Phase  transitions 
Lead  -  Bombardment 

N11S.  17:001,  002;  PEN.  06:008  010;  ST  A.  07:001 
Lead  -  Electronic  work  functions 
WSC.  01:003 

Lead  -  Gamma  ray  bombardment 
PEN.  09:002,  005 
Lead  -  Magnetic  moments 
llAK.  02:045 

la?.id  Microwave  transmission 
CAL.  03:005 

Lead  -  Nuclear  photoeffects 
PEN.  00:008-010 
l«ead  Nuclear  reactions 
PEN.  06:008-010 
Lead  -  Polarographic  analysis 
COIt.  01:001,  003 
l<ead  Scattering  effects 
N11S.  17:001,  002 


Lead  -  Spectrum 

HAR.  02:045 

Lead2®®  -  Bombardment 
ST  A.  07:004 

Lead  chloride  -  Electrochemistry 
POL.  01:002 

Lead  Isotopes  -  Bombardment 
ST  A.  07:004 

Lead  selenlde  -  Crystal  structure 
CIO.  02:004 

Lead  selenlde  -  Electromagnetic  properties 
Cm.  02:004 

Lead  selenlde  -  P-N  junctions 
Cm.  02:004 

Lead  selenlde  films  -  Preparation 
cm.  02:017 

Lead  sulfide  -  Band  structure 
Cm.  02:003 

Lead  sulfide  -  Crystal  structure 
Cm.  02:003 

Lead  sulfide  -  Energy  gap 
Cm.  02:003 

Lead  sulfide  -  Infrared  photoconductivity 
MIT.  12:131 

Lead  sulfide  -  Photoconductivity 
ROC.  04:001 

Lead  sulfide  -  Purification 
CHI.  02:005 

Lead  sulfide  -  Vaporization 
Cm.  02:024 

Lead  sulfide  crystals  -  Crystallization 
Cm.  02: 005 

Lead  sulfide  films  -  Oxygenation  factors 

cm.  02:020,  024,  025,  029,  038;  CHI.  03:002 

Lead  sulfide  films  -  Photoconductivity 

CIU. 02:020,  025,  029,  038;  CHI.  03:002; 

MIT.  12:131;  MIC.  03:001;  ROC.  04:002,  003 

Lead  sulfide  flints  -  Preparation 
CHI.  02:017 

Lead  sulfide  films  -  Surface  properties 
CHI.  02:024 

Lead  sulfide  films  -  Theoretical  mechanics 
CHI.  02:029 

Lead- tin  alloys  -  Phase  studies 
GTr.  01:001 

Lead  tltanate  crystals  -  Growth 
MIT.  08:005 

Lead  tltanate  crystals  -  Properties 
MIT.  08:005 

Lead  zlrconate  crystals  -  Antiferroelectric  properties 
PSU.  08:003 

l>eud  zlrcor.ate  crystals  -  X-ray  analysis 
PSU.  08:003 

Lead  zlrconates  -  Crystal  structure 
PSU.  08:003 

Leucocytes  -  Centrifugal  separation 
HAR.  07:006 

Leucocytes  -  Zinc  content 
HAR.  07:004 

leukocytes 

as g  Leucocytes 

Lift 

see  also  as  a  subdivision,  e.  g. ,  Airfoils  laft 

Lift  -  Mathematical  analysis 
MPS.  01:001 


1093  < 


.Jt _ t 


AIR  FORCE  SCIENTIFIC  RESEARCH 


•  • 


Subjecl  Index 


Light  •  Absorption 

ROC.  05:011,  014 
Ugh*  -  Diffraction 
•WI.  01:001 

Light  Measurement 

ST  A.  10:001,  002 
Light  -  Velocity 

ST  A.  10:001,  002 
Limite-s  -  Signal  to  noise  ratio 
MIT.  10:102 

Linear  accelerators  -  Applications 
MIT.  10:053,  062,  103 
Linear  accelerators  Design 
MLT.  10:103 

Linear  accelerators  -  Equipment 
SI' A.  11:006,  007 
Linear  accelerators  Operation 
MIT.  10:052 

Linear  amplifiers  -  Performance 
MIT.  12:094,  107 

Linear  amplifiers  -  Signal  to  noise  ratio 
MIT.  12:055,  094,  107 
Linear  programming  -  Symposium 
NBS.  09:038 

Linear  transport  theory 
CAL.  06:033 

Liquid  alloys  -  Infrared  spectroscopy 
Clll.  13:005 

Liquid  fuel  rockets  -  Exhaust  flames 
Pill.  11:118,  126 
Liquid  fuels  -  Ignition 
CH  A.  01:002 

Liquid  metals  -  Infrared  reflectivity 
CHI.  13:004,  005 

Liquid  metals  Optical  properties 
CU1.  13:004  ,  006 
liquid  rocket  propellants 

see  also  Rocket  propellants 
liquid  rocket  propellants  Analysis 
AElt.  05:002 

liquid  rocket  propellants  Combustion 

ALlt.  03:001-003;  AMF.  01:001;  BEL.  01 :00l ,  002; 
PiJ.  04:013:  P1U. 11:146,  150,  194  196; 

P1U.  12:004;  ROS.OP.OOl,  002 
liquid  rocket  propellants  -  Ignition 
P1U. 11:183,  184 

liquid  rocket  propellants  Oscillation 
P1U.  11:146 
liquids  Adsorption 
P1U.  11:191 

liquids  Atomization 
P1U.  11:128 
liquids  Containers 
MLO.  01:001 

liquids  Dielectric  proiierlies 

CIN.  02:001;  1*111.08:003,  008,  009 
11  puds  lle.il  transfer 
Pill.  11.023 

liquids  Magnetic  pru|>erUes 
Ml.N  12:009 

liquid  Microwave  structure 
MIN.  12:009;  P1U.  08:009 
la  |uids  •  Molecular  structure 

l'ltl,  08.003  ,  006  ,  007  ,  009 


Liquids  -  Physical  properties 
PRI.  11:148 

Liquids  -  Sound  transmission 
NBS.  14:002 
Liquids  -  Spectra 
MIT.  10:07! 

Liquids  -  Spec  trographic  analysis 
11AR.  06:005 
Liquids  -  Theory 
PRI.  12:003 

Liquids  -  Thermodynamic  properties 
PRI.  11:148 

Liquids  -  Transporl  properties 
C1T. 11:001 
Liquids  -  Viscosity 
TIH.  01:001 

liquids  -  X-  ray  analysis 
MUO.  01:001 
literature  survey 

see  also  Bibliography 
Literature  survey  -  Fluid  mechanics 
MDU.  02:001 
Lithium  -  Applications 
MMU.  01:011 

Lithium  Electronic  work  functions 
WSC.  01:002 

Lithium  -  Wave  functions 
PEN.  01:001,  002 
lithium®  -  Bombardment 
ST  A.  07:012 

lithium'  -  Bombardment 
ST  A.  07:012 

Lithium  bifluorlde  -  Crystal  structure 
ARK.  01:008 

Lithium  chloride  crystals  -  Effects  of  radiation 
PIT.  02:007 

lithium  chloride  crystals  -  Electron  transitions 
PIT.  02:007 

lithium  chloride  crystals  -  Spectrum 

PIT.  02:007 

lithium  crystals  -  X-ray  analysis 

OSU.  05:001,  003 

Lithium  fluoride  crystals  -  Effects  of  radiation 
PIT.  02:006  ,  007 

lithium  fluoride  crystals  Electron  transitions 
PIT.  02:006,  007 

lithium  fluoride  crystals  -  Spectrum 
PIT.  02:007 

lithium  fluoride  crystals  Thermal  expansion 
PEN.  08:002 

Lithium  hydroxide  Hainan  spectrum 
YAL.  05:001 

lithium  hydroxide  crystals  Infrared  spectrum 
YAL.  05:002 

lithium  hydroxide  crystals  ltanian  spectrum 
YAL.  0a:002 

lithium  isotopes  Bombardment 
ST  A.  07.012 

lithium  isotopes  Masses 
COL.  0t:008 

lithium  isotoi<es  Microwave  spectra 
COL'.  01:008 

lithium  perchlorate  Crystal  structure 
Cl. A.  01:00-1 
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Liver  -  Analysis 

HAR.  07:041 
Liver  Cirrhosis 

HAR.  07:045  ,  049 
Liver  Enzymes 

HAR.  07:029  ,  040,  042 
Liver  -  Metals 

HAR.  07:041,  042 
Load  distribution 

see  as  a  subdivision  under  objects  loaded,  e.  g.  , 
Sieets  -  Load  distribution 
Loop  antennas  -  Electromagnetic  properties 
HAR.  02:082,  083,  101 
Loop  antennas  -  Impedance 

HAR.  02:082,  083,  101 
Low-density  gas  flow  -  Analysis 
CAL.  06:028 

Low-density  gas  flow  -  Boundary  layer 

CAL.  06:001,  010,  014  ,  024  ,  032  ,  034 
Low-density  gas  flow  -  Thermodynamic  properties 
CAL.  06:014,  023 

Low  density  wind  tunnels  -  Instrumentation 
CAL.  06:022 

Low  pass  filters  -  Mathematical  analysis 
ST  A.  05:018 

Low- temperature  research 

see  also  the  subdivision.  Low- temperature 
properties,  e.  g.  ,  Alkali  halide  crystals  - 
Low  temperature  properties 
Low  temperature  research 
CAR.  03:003 

Low  temperature  research  -  Sound  transmission 
MIT.  10:030,  124 
Luminescence  -  Analysis 
ROC.  05:010,  018 
Luminescence  -  Theory 

Pltl.  09:026;  ROC.  05:017 
Lymphocytes  -  Centrifugal  separation 
HaR.  07:006 


Machine  translation  Applications 
MIT.  12:140 

Marhmeters  Design 
FltD.  01:001 

Marhmeters  -  Effectiveness 
FltD.  01:001 

Marhuielers  Errors 
MIT.  09:001 

Magnesium  Bombardment 
PEN.  06:016 

Magnesium  Neutron  cross  sections 
PEN.  06:016,  022;  TEX.  05:004 

Magnesium  Nuclear  pholoeffecls 
PEN.  06:016  ,  022 

Magnesium  Nuclear  reactions 
PEN.  06:016  ,  022 

Magneslui  Resistivity 
MIT.  10.111 

Magnesium  Temperature  factors 
MU'.  10;  1  aO 

Magnesium  Thermodynamic  properties 
MIT.  10:150 

Magnesium  Volumetric  analysis 
NCL.  01:007,  008 


Subject  Index 

Magnesium24  -  Bombardment 
PEN. 06:013,  015,  016 
Magnesium24  -  Nuclear  photoeffects 
PEN.  06:013,  015,  016 
Magnesium24  -  Nuclear  reactions 
PEN.  06:013,  015,  016 
Magnesium2®  -  Bombardment 
PEN.  06:013,  015,  016 
Magnesium2®  -  Nuclear  photoeffects 
PEN.  06:013,  015,  016 
Magnesium2®  -  Nuclear  reactions 
PEN.  06:013,  015,  016 
Magnesium2®  -  Bombardment 
PEN.  06:016 

Magnesium2®  -  Nuclear  photoeffects 
PEN.  06:016 

Magnesium2®  Nuclear  reactions 
PEN.  06:016 

Magnesium  alloys  -  Deformation 
CLA.  04:001 

Magnesium  alloys  -  X-ray  analysis 
CLA.  04:001 

Magnesium  isotopes  -  Bombardment 
PEN. 06:013,  015,  016 

Magnesium  isotopes  Neutron  cross  sections 
PEN.  06:013,  015,  016,  022 
Magnesium  isotopes  -  Nuclear  photoeffects 
PEN.  06:013,  015,  016 
Magnesium  isotopes  -  Nuclear  reactions 
PEN. 06:013,  015,  016 

Magnesium  oxide  -  Vacuum  sublimation  rates 
AER.  01:005 

Magnesium  oxide  -  Resonance  absorption  (RF) 

MIN.  12:008 

Magnesium  tilanates  Conductivity 
ILL.  11:001,  003,  008 
Magnesium  titanaies  -  Hall  effect 
ILL.  11:001 

Magnesium  titanates  -  Magnetic  effect 
ILL.  11:002 

Magnesium  titanates  -  Resistivity 
ILL.  11:010 

Magnesium  titanate»  -  Sintering 
ILL.  11:010 

Magnesium  zinc  alloys  -  Electromagnetic  properties 
CHI.  02:015 

Magnet  coils  Applications 
UTA.  01:007 
Magnetic  factors 

agg  as  a  subdivision  under  objects  or  phenomena 
influenced  by  magnetism,  e.  g. ,  Gas  discharges  - 
Magnetic  factors 
Magnetic  fields 

see  also  as  a  subdivision  under  things  exhibiting 
magnetic  fiekls,  e.  g. ,  Electric  arcs  Magnetic 
fields 

Magnetic  fields  -  Configuration 
MIT.  12: 130 

Magnetic  fields  Detection 
ROC.  05:010 

Magnetic  fields  Determination 
MIT.  12: 143 

Magnetic  fiekls  Ionizing  effects 
ATE.  01:001 
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Magnetic  moments 

see  as  a  subdivision,  e.  g.  ,  Electrons  ■  Magnetic 
moments 

Magnetic  properties 

S££  as  a  subdivision,  e.  g. ,  Crystals  - 
Magnetic  properties 

Magnetic  resonance  Relaxation  effects 

HAR.  02:004  ,  050  ,  076  ,  099;  SYR.  03:009 
Magnetic  storms  -  Solar  magnetic  factors 
CHI.  12:008,  016;  MDU.  03:023 
Magnetic  storms  Theory 
MDU.  03:023 

Magnetic  susceptibility  ■  Mathematical  analysis 
MIC.  11:001 

Magnetite  -  Crystal  structure 

HAR.  02:075;  MIT.  08:019,  039 
Magnetite  -  Electrical  properties 
MIT.  08:017,  019 

Magnetite  •  Ferromagnetic  properties 
HAR.  02:075 

Magnetite  -  Magnetic  properties 
MIT.  08:019,  059 
Magnetite  -  Specific  heat 
HAR.  03:006 

Magnetite  -  Spin-wave  analysis 
HAR.  02:075 

Magnetite  -  Temperature  factors 

HAR.  03:006;  MIT.  08:017,  019 
Magnetite  -  Thermal  expansion 
MIT.  08:010 

Magnetite  -  Transformations 

HAR.  02:075;  MIT.  08:010 
Magnetogasdynamlcs  -  Mathematical  analysis 
MDU.  11:003,  010,  012 
Magnetogasdynamics  -  Propagation 
MDU.  11:012 

Magnetohydrodynamic  waves  -  Propagation 
BAN.  01:002  004 

Magnetohydrodynamlc  waves  -  Theory 
BAN.  01:001 

Magnetohydrodynamics  -  Mathematical  analysis 
BAN.  01:00  1  004;  MDU.  11:001,  003 
Magnetometers  -  Development 
MIT.  08:059;  NBS.  25:002 
Magnetometers  -  Magnetic  properties 
NBS.  25:002 

Magnetostriction  Analysis 
FRA.  03:002,  003 
Magnetostriction  Application 
NBS.  21:005;  NBS.  25:002 
Magnetostriction  -  Measurement 
FRA.  02:001;  FRA.  03:003 
Magnetostrictive  elements  -  Materials 
FRA.  02:001 

Magnetostrictive  elements  Testing  equipment 
FRA.  02:001 

Magnetostrictive  materials 

see  also  the  subdivision  Magnetostrictive 
properties,  e.  g.  ,  Alloys  Magnetostrictive 
properties 

Magnetostrictive  materials 
FRA.  03:003 

Magnetrons  Applications 

COU.  01:010;  MIN.  01:002 


Magnetrons  -  Control 
HAR.  02:033 

Magnetrons  -  Development 

COU.  01:014;  COU.  02:021 
Magnetrons  -  Electrical  properties 
MIT.  10:055 

Magnetrons  -  Electromagnetic  properties 
COU. 02: 004;  HAR.  02: 066 
Magnetrons  ■  Frequency  shift 
HAR.  02:033 

Magnetrons  -  Mathematical  analysis 
MIT.  10:015,  104 
Magnetrons  -  Operation 

COU.  01:014;  HAR.  02:033,  065,  066 
Magnetrons  -  Pulse  modulation 
MIT.  10:020 

Magnetrons  ■  Test  results 
HAR.  02:065 
Magnetrons  -  Theory 

HAR.  02:065  ,  066;  MIT.  10:055 
Magnets  -  Design 
MIT.  12.13C 
Magnets  -  Materials 
MIC.  11:001 

Malachite  green  -  Molecular  structure 
WAU.  01:003,  004 

Manganese  -  Magnetic  resonance  spectrum 
OSU.  08:017 

Manganese  -  Nuclear  photoeffects 
PEN.  06:004 

Manganese  -  Spectrographlc  analysis 
MIT.  11:009 

Manganese  fluorides  -  Antiferromagnetic  resonance 
COU.  02:006 

Manganese  fluorides  -  Electromagnetic  properties 
COU.  02:006 

Manganese  fluorides  -  Microwave  spectra 
COU.  02:006 

Manganese  Ions  -  Hyperffne  structure 
DUK.  03:068 

Manganese- nickel  alloys  -  Ferromagnetic  properties 
FRA.  03:002 

Manganese- nickel  alloys  -  Phase  transformations 
FRA.  03:002 

Manganese- nickel  alloys  -  X  ray  analysis 
FRA.  03:002 

Manganese  oxides  -  Magnetic  properties 
MIT.  12:004 

Manganese  oxides  Phase  studies 
NOR.  03:002 

Manganous  metafluorate  -  Microwave  spectrum 
COU.  01:015 

Manganous  metafluorate  -  Molecular  structure 
COU.  01:015 

Manganous  sails  -  Hyperflne  structure 
OSU.  08:017 
Manometers 

see  also  Mic romanometers;  Thermistor 
manometers 

Manometers  Applications 

MIN.  05:003;  PR1. 11:122 
Manometers  Performance 
l.AV.  01:006 

Martensite  Crystal  structure 
COU.  16:001,  003 
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Masers 

see  also  Microwave  amplifiers;  Cavity  resonators 
Masers  Applications 

COU.01-.046  ,  048  ,  049 
Masers  -  Design 

COU.  01:046-048;  COU.  02:020;  HAR.  03:05o 
Masers  -  Frequency  shifts 
COU.  02:020 
Masers  -  Operation 

COU.  01:047;  ST  A.  11:009 
Masers  -  Theory 

COU.  01:046,  048;  COU.  02:020;  STA.  11:009 
Mass-energy  relation 
YAL.  04:012 
Mass  spectra(um) 

see  Mass  spectrum  analyzers 
s££  as  a  subdivision,  eg.,  Deuterated  hydro¬ 
carbons  -  Mass  spectra 
Mass  spectrum  analysis  -  Instrumentation 
COU.  01:008;  MMU.  01:003 
Mass  spectrum  analysis  -  Physical  factors 
MMU. 01:010,  014 

Mass  spectrum  analyzers  -  Development 

COR.  08:006;  MMU.  01:013;  PSU.  06:003 

Masses 

wee  as  a  subdivision  under  chemical  entities 
(1.  e . ,  atoms,  ions,  molecules)  or  chemical 
substances,  e.  g.  ,  Atoms  -  Masses;  Isotopes  - 
Masses 
Materials 

see  also  Ceramic  materials;  Dielectrics; 
Magnetostrictive  materials;  Porous  materials 
see  also  as  a  subdivision,  e.  g. ,  Electrodes  - 
Materials 
Materials  -  Creep 

P1D.  06:001-005 
Materials  -  Elasticity 
NDS.  14:003 

Materials  -  Molecular  structure 
MIT. 08:958 
Materials  -  Stresses 

NHS.  14:003;  NHS.  21:011 
Materials  -  Testing  equipment 
NHS.  21:011 
Mathematical  analysis 

see  as  a  subdivision  under  tilings  being  analyzed 
mathematically,  e.  g. ,  Supersonic  flow  - 
Mathematical  analysis 
Mathematical  computers 

see  also  Analog  computers;  Digital  computers 
Mathematical  computers  -  Analysis 
NHS.  21:015 

Mathematical  computers  Applications 

C1T.  01:001-004;  MIT.  10:007,  043,  085; 

MIT.  11:056;  MIT.  12:037;  NDS.  18:015;  NBS.  21:019; 
STA.  05:032 

Mathematical  computers  -  Circuits 
MDU.  12:002:  MIT.  12:056 
Mathematical  computers  -  Coding 
NHS.  21:018 

Mathematical  computers  -  Design 

MDU.  12:002;  MIT.  08:013,  MIT.  10:129,  144; 

MIT.  25:001,  012 

Mathematic ai  computers  Development 
IAS.  08:00! 


Mathematical  computers  -  Equipment 
MIT.  10:121 

Mathematical  computers  -  Operation 

IAS.  08:001;  IAS.  09:001,  002;  MIT.  08:013; 

MIT.  10:144 

Mathematical  computers  -  Recording  devices 
NDS.  25:001,  012 

Mathematical  computers  -  Theory 

MIT.  11:014,  016;  MTT.  12:092-094;  MIC.  13:001 
Mathematical  physics 
CAR.  03:002 
Mathematics 

see  also  separate  Mathematical  Subject 
Classification,  p.  1143 
Mathematics  -  Bibliography 
AMS.  01:001 

Mathematics  -  Study  and  teaching 
MIT.  12:023 
Measurement 

see  as  a  subdivision  under  things  measured,  e.  g.  , 
Atomic  mass  -  Measurement 
Medical  research  -  Europe 
GEO.  01:001,  002 

Melting 

see  as  a  subdivision,  e.  g. ,  Strontium  titanate  - 
Melting 

Membranes  -  Load  distribution 
RP1.  07:003 

Membranes  -  Mathematical  analysis 
MDU.  09:017 
Membranes  -  Vibration 

BRO.  02:001;  RP1. 07:001,  003 
Mercury  -  Infrared  reflectivity 
CHI.  13:004 
Mercury  -  Moments 
MIT.  10:024 

Mercury  -  Optical  properties 
MIT.  11:054 

Mercury  -  Photochemical  effects 
UTA.  02:004 

Mercury  -  Superconductivity 
NDS.  22:003 

Mercury  (Planet)  -  Orbital  motion 
PIT.  03:004 

Mercury  arcs  -  Discharges 

MIT.  10:080;  RCA.  01:001 
Mercury  electrodes 

see  also  Amalgam  electrodes 
Mercury  electrodes  -  Applications 
COR.  01:012 

Mercury  electrodes  -  Electrochemistry 
COR. 01:001,  003,  007,  012 
Mercury  isotopes  -  llyperflne  structure 
MIT.  10:149;  MIT.  12:088 
Mercury  isotopes  -  Spectrographic  analysis 
MIT.  10:0"6,  149;  MIT.  11:054 
Mercury  isotopes  (Radioactive)  -  llyperfine  structure 
MIT.  10:149:  MIT.  11:054;  MIT.  12:087,  0RR 
Mercury  isotopes  (Radioactive)  -  Magnetic  moments 
MIT.  11:054 

Mercury  isotopes  (Radioactive)  -  Spectra 
MIT.  11:054;  MIT.  12:087 

Mercury  isotopes  (Radioactive)  Spectrographic  analysis 

MIT.  10:149 
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Mercury  vapor  Catalytic  properties 
PRI.  11:013 

Mercury  vapor  -  Nuclear  reactions 
MIT.  10:024  ,  081 
Mercury- vapor  arcs  -  Theory 
ATE.  01:003 

Meson  bombardment  -  Applications 
CHI.  11:008 

Meson  bombardment  -  Photographic  analysis 
CPI.  09:001 
Mesons  -  Analysis 
ROC.  03:023 
Mesons  -  Decay 

ROC.  03:008,  015,  020,  023,  025,  026,  028,  029 
Mesons  -  Detection 
ROC.  03:009 
Mesons  Energy 

ST  A.  03:016 
Mesons  -  lniensity 
SYR.  05:001 
Mesons  -  Masses 
ROC.  03:004 

Mesons  -  Measurement 
ROC.  03:011 

Mesons  -  Nuclear  reaciions 

CHI.  09:002;  INN.  01:002;  ROC.  03:020;  ST  A.  03:003 
Mesons  -  Production 

ROC.  03:008,  018;  ST  A.  03:003,  031;  ST  A.  08:001; 
SYR.  05:001 
Mesons  -  Range 

ROC.  03:004 
Mesons  -  Scattering 

PEN.  01:001-004;  ST  A.  03:025 
Mesons  -  Theory 

INN.  01:002-004;  PEN.  10:001,  002 
Metai  chlorides  -  Electrolysis 
ARK.  01:006 

Melal  chlorides  -  Electron  transitions 
MIT. 10:152 

Metal  chlorides  Freezing 
PSU.  03:002 

Metal  chlorides  -  Molecular  structure 
JHU.  00:002 

Metal  dithizonales  -  Spectra 
ARK.  01:004 

Melal  films  -  Catalytic  properties 
W AU.  02:001 

Melal  films  Conductivity 
MIT. 10:005 
Metal  foils 

see  also  Aluminum  foils 
Metal  foils  X  ray  analysis 
W1S.  04:002,  003 
Meiai  haiules  Electrolysis 
ARK.  01:009 

Metal  ions  Chemical  reactions 
AKK.  01:003,  004 
Metal  ions  Spectra 
11  Alt.  07:038 

Metai  ions  Volumetric  analysis 

COlt. 01:010;  NCI  01:00''  00a,  007,  008 
Metai  metai  halide  systems  Chemical  reactions 
AltK.  01:006 

Metal  metal  l.a tule  systems  Electrode  potentials 
AltK.  01  ('tilt 


Metal  oxides  -  Catalytic  properties 
UTA.  02:011 

Metal  oxides  -  Formation 
PRI.  10:001,  003 
Melal  oxides  -  Porosity 
PRI.  10:001,  003 
Metal  oxides  -  X-  ray  analysis 
PRI.  11:189 

Metal  sulfides  -  Catalytic  properties 
BRI.  01:001 

Metallic  crystals  -  Acoustic  factors 
CHI.  03:001 

Metallic  crystals  -  Atomic  structure 
CHI.  13:003 

Metallic  crystals  -  Creep 
COU.  15:001 

Metallic  crystals  -  Diffusion 
CHI.  13:001 

Metallic  crystals  -  Grain  boundary  relaxation 
COU.  17:001 

Metallic  crystals  -  Hall  effect 
HAR.  02:103 

Metallic  crystals  -  Mechanical  properties 
»RO.  08:003 

Metallic  crystals  -  Pressure  effects 
CHI.  13:003 

Metallic  crystals  -  Resonance 
HAR.  02:00-1 

Metallic  crystals  -  Work  functions 
HAR.  02:096 

Metallic  diffusion  -  Theory 
CHI.  13:007 

Metallic  ions  -  Biochemical  effects 
HAR.  07:024 

Metalloproteins  -  Biochemistry 
HAR.  07:012 

Mettaloprolelns  -  Determinations 
HAR.  07:020,  021 
Melalloprolelns  -  Exlraction 
11AR.  07:004 

Meialloscope  -  Development 
PHI.  11:027 

Mctalorganic  compounds  Speclrographlc  analysis 
HAR.  07:007,  030 

Melalorgunic  plastics  -  Preparation 
CDC.  01:001;  CDC.  02:001 
Metalogranic  plastics  -  Properties 
CDC.  01:001;  CDC.  02:001 

Metals 

see  also  Alloys;  Deformed  metals;  Polycryslalline 
metals 

see  also  names  of  specific  metals,  e.  g. , 

Aluminum 

Metals  Atomic  structure 
MIT.  10:047  ,  064 
Metals  Chemical  reactions 

CER.  01:001;  TUS.  01:002 
Metals  Cohesive  energy 
HAR.  02:081 
Metals  Conductivity 

COU.  09:001 ;  P1U.  11:114 
Metals  Creep 

COU.  15.001 

Metals  Crystal  structure 

llltO.  08:003:  Cl, A.  04:002;  POL.  01:011 
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Metals  -  Deformation 

CLA  04:001-003;  CER.  01:001 
Metals  Determination 
HAR.  07:037 
Metals  -  Diffusion 

ALF.  01:001;  HOR.  01:001 
Metals  -  Electrical  properties 
PSU.  06:006;  WSC.  01:002 
Metals  -  Electrochemistry 

POL.  01:003,  Oil,  015 
Metals  Electrodeposition 
COR.  01:012 

Metals  Electromagnetic  properties 
CHI.  13:006;  MIT.  10:141,  150 
Melals  -  Electron  transitions 
MIC.  05:003 

Metals  -  Electronic  work  functions 
WSC.  01:002 
Metals  -  Fatigue 

COU.  12.001;  MIT.  04:001-004;  MIT.05:001,  002; 
PRI.  11:033 
Metals  Fracture 

see  also  specific  metals,  e.  g. ,  Iron  *  Fracture; 
Zinc  •  Fracture 
Metals  -  Fracture 

COU.  14:001;  COU.  15:001 
Metals  -  Free-eleclron  theory 

CHI.  13:004-006;  COU.  09:001 
Metals  -  Impurities 

DRO.  08:002;  CAR.  08:003 
Metals  -  Internal  friction 

BRO.  08:C03;  COU.  17:002 
Metals  -  Magnetic  moments 
HAR.  02:045 
Metals  -  Microanalysis 

COR.  01:002,  012;  HAR.  07:051;  PRI. 11:027; 
PUR.  06:001 

Metals  Nuclear  magnetic  cooling 
CAJL.  03:007 
Metals  -  Oxidation 

CAR.  08:003;  PRI.  10:001,  003 
Metals  Plastic  deformation 
CLA.  04:002,  003 
Metals  -  Purification 

FUA  04:003,  007,  008;  FUA.  05:001 
Metals  -  Radiation 
CAR.  08:003 

Metals  Radioactivation  analysis 
CAR.  08:004 

Melals  -  Recrystallization 
BRO.  08:002 
Metals  Resistivity 
MIT. 10:117 
Metals  Rupture 

see  Metals  -  Fracture 
Metals  Scale 

PRI.  10:001,  002 
Metals  Self  diffusion 
CAR.  08:003 
Metals  Sintering 
CAR.  08:003 

Metals  Spectrographic  analysis 

FltE.  03:001;  HAlt.  07:008,  036,  037,  1)53; 

MIT.  10:047  ,  004 


Subject  Index 


Metals  -  Stresses 
NBS.  21:011 

Metals  -  Superconductivity 

see  also  Superconductivity 

sep  also  specific  metals,  e.  g. ,  Tin  -  Supercon¬ 
ductivity 

Metals  -  Superconductivity 

DUK.  03:053;  NBS.  22:003,  006 
Metals  -  Surface  properties 
HOR.  01:001 
Metals  -  Test  methods 
MIT.  04:002 

Metals  -  Testing  equipment 

COU.  17:002;  NBS.  21:011 
Metals  -  Thermal  analysis 
FRE.  03:001 

Metals  -  Thermodynamic  properties 
CAR.  03:003;  PRI.  11:114 
Metals  -  Transformations 
ILL.  07:001 
Melals  -  Vaporization 
FRE.  03:001 
Metals  -  Zone  refining 

FRA.  04:003  ,  007  ,  008;  FRA  05:001 
Meteorites  -  Age 
CHI.  11:006 
Meteorites  -  Analysis 

MDU.  03:003  ,  015 
Meteorites  -  Physical  properties 
UT A  01:003  ,  005 

Meteors  -  Electromagnetic  effects 
ST  A.  05:009,  011 
Meteors  -  Ionizing  effects 

ST  A.  05:009,  Oil,  012 
Meteors  -  Physical  effects 
MDU.  03:017 

Meteors  Reflective  effects 

ST  A. 05:003,  009,  012,  014,  015,  020,  021, 

041,  055 

Methanes  -  Chemical  reactions 

PRI.  11:168,  170;  TUS.  01:002 
Methanes  -  Combustion 

P1U.  09:032;  PRI.  11:005,  011,  049,  156,  166 
Methanes  -  Decomposition 
UTA.  02:021 

Methanes  -  Flame  velocities 
PRI.  11:150 
Methanes  -  Oxidation 

PRI.  11:170,  171 

Methanes  -  Spectrographic  analysis 
P1U.  11:040 

Methunethiot  Molecular  structure 
COU.  03:009 

Methanethiot  Spectrographic  analysis 
COU.  01:025 
Methanol  Combustion 
UTA.  02:006,  010 
Methanol  Microwave  spectrum 

DUK.  03:029.  030,  MIT.  12:039 
Methanol  Molecular  structure 
DUK.  03:030;  MIT.  12:039 
Methanol  Paramagnetic  resonance 
DUK.  03:029 

Methanol  'J  Microwave  spectrum 
DUK.  03:029 
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Methanol-1  ■  Paramagnetic  resonance 
DUK.  03:029 

Methyl  acetylenes 

see  Propyncs 

Methyl  alcohol 

see  Methanol 

Methyl  amines  -  Microwave  spectra 
MIT.  12:040 

Methyl  bromides  -  Rotational  constants 
NYU.  02:003 

Methyl  bromides  -  Spectrographic  analysis 
NYU.  02:003 

Methyl  chlorides  -  Combustion 
UTA.  02:013,  019 

Methyl  chlorides  -  Molecular  structure 
COU.  01:013 

Methyl  chlorides  -  Spectrographic  analysis 
COU.  01:013 

Methyl  cyanides  -  Ionization 
RPI.  06:006 

Methyl  lluorides  -  Heat  ol  formation 
HMD.  02:001 

Methyl  llnorides  -  Hyperfine  structure 
NYU.  02:004 

Methyl  lluorides  -  Microwave  spectra 
DUK.  03:010,  020 

Methyl  lluorides  -  Molecular  rotation 
DUK.  03:010,  020 

Methyl  halides  -  Microwave  spectra 
DUK.  03:025,  031 

Methyl  halides  -  Molecular  rotation 
DUK.  03:025,  031 

Methyl  halides  -  Molecular  structure 
DUK.  03:025 

Methyl  halides  -  Paramagnetic  resonance 
DUK.  03:031 

Methyl  halides  -  Sound  transmission 
IOW.  02:001 

Methyl  halides  -  Spectra 
NYU.  02:005 

Methyl  iodides  -  llyperline  structure 
NYU.  02:001,  004 

Methyl  mercury  chloride  -  Microwave  spectrum 
DUK.  03:002,  044 

Methyl  mercury  chloride  -  Molecular  structure 
DUK.  03:002  ,  044 

Methyl  nitrate  ■  Spectrum 
I'RI.  09:014 

Methyl  radicals  -  Chemical  reactions 

CAT.  01:004  ,  006;  PHI.  09:030,  035;  PHI.  11:1.9 

Methyl  radicals  -  Electron  transitions 
MIN.  12.009 

Methyl  radicals  -  Thermochemistry 
CAT.  01:006 

Methyl  sllicanes  Microwave  spectra 
DUK.  03:017 

Methyl  silicanes  Molecular  structure 
DUK.  03:017 

Methyl  silicon  trilluoride  Microwave  spectrum 
CHI.  02:016 

(N  melhylacetamlno)  elhylthioacrtate  Chemical 
reactions 

ltoc.  01:0t2 

(N  mettiy lacetammo)  elhy ttliloacetale  Preparation 
ROC.  0t:0t2 


Methylammonium  aluminum  alum  -  Crystal  structure 
PSU.  08:007 

Methylammonium  aluminum  alums  -  Dielectric  properties 
PSU.  08:007 

Methylphenoxyacetylene  -  Preparation 
TEX.  04:014 

Methylstyienes  -  Oxidation 
OSU.  03:019 

Michler's  hydrol  blue  -  Molecular  structure 
WAU.  01:004 
Microanalysis 

see  also  as  a  subdivision,  e.  g. ,  Surfaces  - 
Microanalysis 

Microanalysis  -  Instrumentation 

COR.  01:008,  010,  Oil  ;  PUR.  06:001 
Microbalances 

see  also  Strain  gage  balances 
Microbalances  -  Applications 
CAL.  06:022 

Microchemistry  -  Equipment 
COR.  01:008,  010 
Microelectrodes  -  Impedance 
MIT.  12:142 

Micromanometers  -  Design 
NBS.  25:006 
Microorganisms 

see  Dacterla 

Microoscillographs  -  Performance 
NBS.  25:015 

Microphotography  -  Equipment 
PRI.  11:027 

Microradiography  -  Applications 
KAR.  01:001 
Microscopes  -  Design 
PUR.  06:001 
Microscopy 

see  also  Television  microscopy 
Microscopy  -  Applications 
POM.  01:001,  002 
Microstrlp  -  Theory 
I1AR.  03:012 

Microwave  amplifiers  -  Design 
I1AR.  03:008;  ST  A.  05:005 
Microwave  amplifiers  Noise  reduction 
MIT.  11:051 

Microwave  amplifiers  Perlormance 
MIT.  11:051 

Microwave  ampltliers  -  Signal  to  noise  ratio 
MIT.  11:051;  MIT.  12.020 
Microwave  amplillers  -  Theory 
MIT. 11:051 

Microwave  communication  systems  Development 
MIT.  11:052 
Microwave  discharges 

see  High  frequency  discharges 
M  tcrowave  equipment  Applications 
II  Alt.  02:085 

Microwave  equipment  Design 
COU.  01:046;  MIN.  12:003 
Microwave  networks  Applications 
1*113.  t0;00t 

Microwave  networks  Design 
MIT.  1 1:040;  1*111.  00:000 
Microwave  networks  Mathematical  analysis 
Mil.  t2:t02;  I’ll*.  10:001 
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Microwave  networks-  Synthesis 

PIB.  09:005,  006,  010;  PIB.  10:002;  ST  A.  05:008 
Microwave  optics  -  Theory 
CIT.  02.001 

Microwave  oscillators  -  Analysis 
MIT.  08:036;  SYR.  04:007 
Microwave  oscillators  -  Applications 
COU.  01:048 

Microwave  oscillators  -  Design 

COU.  01:046  ,  047;  OSU.  07:002,  003;  ST  A.  11:009 
Microwave  oscillators  -  Development 
COU.  01:019,  020 

Microwave  oscillators  -  Operation 

COU.  01:047;  MIT.  10:016;  ST  A.  11:009 
Microwave  oscillators  -  Gociiiaior  circuits 
MIT.  11:011 

Microwave  oscillators  -  Performance 
COU.  01:010;  MIT.  10:023 
Microwave  oscillators  -  Stability 
MIT. 10:055 

Microwave  oscillators  -  Stabilization 
MIT.  11:011;  MIT.  12:061 
Microwave  oscillators  -  Synchronization 
MIT.  10:011,  015 
Microwave  oscillators  -  Theory 
STA.  11:009 

Microwave  oscillators  (K-band)  -  Development 
COU.  02:021 

Microwave  probes  -  Applications 
MIT.  12:003 

Microwave  resistance  -  Cryogenics 
CAL.  03:005 
Microwave  spectra(um) 

see  also  as  a  subdivision  under  substances 
exhibiting  spectra,  e.  g.  ,  Methyl  halides  - 
Microwave  spectra 
Microwave  spectra 

MIT.  08:036;  SYR.  04:007 
Microwave  spectra  -  Analysis 

COU.  02:009;  DEL.  01:004;  DUK.  03:012,  019,  022 
Microwave  spectra  -  Electromagnetic  factors 

COU.  01:038;  DUK.  03:005,  015,  01C,  020.  028, 

032,  033,  058;  MIT.  10:087,  138 
Microwave  spectra  -  Mathematical  analysis 
DUK.  03:005.  015,  032,  033 
Microwave  spectra  -  Measurement 
MIT.  10:087 

Microwave  spectra  -  Pressure  broadening 
DEL.  01:001,  003  005 
Microwave  spectra  -  Temperature  lactors 
DEL.  01.001.  003 

Microwave  spectra  Zeeman  elfect 

see  Microwave  spectra  Electromagnetic  lactors 
Microwave  spectrometers  •  Design 
DUK.  03:022;  HAlt.  02:100 
Microwave  spectrometers  Development 
COU.  01:011 

Mir  re  wave  spectroscopy 

UCCAlfcQ  the  subdivision  Microwave  spectrum,  e.g.  , 
Carbonyl  sulfide  Microwave  spectrum 
Microwave  spectroscopy  -  Applications 

COU.  01.008;  COU.  02:008;  COU.  03:010; 

MIT.  10:077,  090,  152:  Mil  11:023;  WAS.  04:004, 

007 


Microwave  spectroscopy  -  Instrumentation 

DEL.  01:001;  DUK.  03:007,  010,  022.  056,  057; 
MIT.  10:092,  145;  MIT.  12:041,  059 
Microwave  spectrorcopy  -  Mathematical  analysis 
COU.  01:001;  MIT.  10:033 
Microwave  spectroscopy  -  Measurements 
DUK.  03:063;  MIT.  10:086 
Microwave  spectroscopy  -  Theory 

COU.  03:010;  DEL.  01:003;  DUK.  03:006,  034 
Microwave  spectrum 

see  ?s  a  subdivision  under  substance,  e.  g. , 
Stibine-d-  Microwave  spectrum 
Microwave  spectrum  analyzers  -  Applications 
MIT.  10:087;  NBS.  27:001 
Microwave  spectrum  analyzers  -  Design 

COU.  01:047,  048;  DUK.  03:022;  HAR.  02:100; 
MIT.  10:145;  MIT.  12:105 
Microwave  spectrum  analyzers  -  Development 
COU.  01:011;  MIT.  10:152;  MIT.  12:041 
Microwave  spectrum  analyzers  -  Performance 
MIT.  12:059 

Microwave  spectrum  analyzers  -  Sensitivity 
MIT. 10:090 

Microwaves  -  Absorption 

see  also  Resonance  absorption  (RF) 

Microwaves  -  Absorption 

COU.  01:006,  MIT.  10:105 
Microwaves  -  Applications 
STA.  10:001,  002 
Microwaves  -  Diffraction 

HAR.  02:002,  015,  017 
Microwaves  -  Ionizing  effects 
MIT.  10:008 

Microwaves  -  Polarization 

MIT.  11:050;  MIT.  12:112 
Microwaves  -  Propagation 

CIT.  02:001;  MIT.  11:046;  MIT.  12:002,  117; 

STA.  11:007 

Microwaves  -  Transmission 
MIT.  12:011,  025.  112 
Migration 

iifi£  as  a  subdivision,  e.  g. ,  Carbon  -  Migration 
Military  (Mathematical)  research  -  Advisory  panels 
AMS.  02:001 

Miotic s  -  Visual  ellects 
1ST.  01:007 

Mitogenesls  -  Symposium 
NltC.  01:009 
Mitosis  -  Measurement 
NltC.  01:009 

Models 

see  Wind  tunnel  models 
Modern  network  synthesis  -  Symposium 
Pill.  09:003 

Molecular  association 

MIT.  08:061;  ROC.  01:006 
Molecular  association  Analysis 
DUK.  03:043 

Molecular  association  -  Energy 

CAT. 01:010,  011;  CAT. 02:001;  Clll.  15  006  ,  007 
Molecular  association  -  Mathematical  analysis 
ITU.  09:034 

Molecular  association  Spectrograpluc  analysis 
DUK.  03:038 
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Molecular  association  -  Theoretical  mechanics 

CAT.  01:005,  007;  CHI.  15:005-007;  DUK.  03:023, 
043;  FRE.  01:001,  008 
Molecular  beams  -  Applications 
CAL.  06:020,  024 

Molecular  beams  -  Rarefied  gas  dynamics 
CAL.  06:002,  024 
Molecular  beams  -  Scattering 

CAL.  06  002,  020,  024;  MDU.  15:001 
Molecular  bonds  -  Theoretical  mechanics 
CAT.  01:011 

Molecular  bonds  -  Theory 
COU.  03:007,  008 

Molecular  bonds  -  Wave  mechanics 

CAT.  01:010;  CHI.  15  002,  003,  005;  DUK.  03:038 
Molecular  distribution  Mathematical  analysis 
FRE.  02:005 

Molecular  engineering  -  Bibliography 
MIT.  08:058 
Molecular  orbitals 

see  Wave  mechanics  -  Orbital  functions 
Molecular  rotation 

see  also  as  a  subdivision  under  names  of 
substances,  e.  g. ,  Arsine  -  Molecular  rotation 
Molecular  rotation  -  Determination 
PIT.  03:003 

Molecular  rotation  -  Inhibition 
CHI.  02:016 

Molecular  rotation  -  Mathematical  analysis 

FRE.  02:009;  11AR.  06:008,  009;  MIT.  10:123; 

MIT.  11:029,  047;  MIT.  12:066,  067,  097,  099; 

PIT.  03:001,  002 

Molecular  rotation  -  Measurement 
DUK.  03:056,  058,  059 
Molecular  rotation  -  Microwave  spectra 

DUK.  03:032,  033;  MIT.  10:092,  138;  MIT.  12:038 
Molecular  rotation  Spectra 

FLA.  01:002;  MIT.  10:028,  029 
Molecular  rotation  -  Theory 

DUK.  03.014;  MIT.  10:138 
Molecular  spectra  band  structure 
HAR.  06:009 

Molecular  spectroscopy  -  Mathematical  analysis 

FLA.  01:002  005;  11AR.  06:007;  MIT.  08:036; 

SYR.  04:007 

Molecular  spectroscopy  -  Theory 
FLA.  01:002;  NbS.  06:002 
Molecular  structure 

see  also  as  a  subdivision  under  the  names  of 
substances,  e.  g.  ,  Formic  acid  Molecular 
structure 

Molecular  structure  Determination 
1*SU.  07.001 

Molecular  structure  Electromagnetic  effects 

COU.  02:001.  0t6;  DUK.  03:005;  MIT.  12:038 
Molecular  structure  Mathematical  analysis 

Clll.  1 5:004;  11AR.  00  008  ,  009;  OSU.  08:009; 
WAU.Ot  003,  013 

Molecular  structure  Spectrographic  analysis 

COU.  03:008;  DUK.  03:00a,  033,  037;  llAlt.  06:007; 
MIT.  11  023;  WAU.  01:014 
Moiecular  structure  Theory 

ll/Ut.  06:008,  WAU.  01:016,  0t7 
Molecular  structure  X-ray  analysis 
PSU.  07:001 


Molecules 

see  also  Diatomic  molecules;  Nitrogen  molecules 
Molecules  -  Chemical  reactions 
UTA.  02:009 
Molecules  -  Collisions 
SOC.  04:001 

Molecules  -  Decomposition 
UTA.  02:009 
Molecules  -  Diffusion 
KOC.  04:001 

Molecules  -  Electron  transitions 

FLA.  01:002,  003;  NDS.  07:006 
Molecules  -  Energy 

PHI.  09:011,  022 
Molecules  -  Excitation 

COU.  01:046  ,  047;  NDS. 06:002-004;  PIT.  03:001  003; 
PRI.  09:011 

Molecules  -  Isomerism 
UTA.  02:009 

Molecules  -  Magnetic  momenls 

COU. 03:008;  MIT.  10:033,  092;  MIT.  12:038 
Molecules  -  Magnetic  properties 
SYR.  02:005 

Molecules  -  Microwave  spectra 

DUK.  03:056,  058,  059;  MIT.  10:029,  032; 

MIT.  12:041;  NDS.  26:001 
Molecules  -  Photosensitivity 
FLA.  01:002 
Molecules  -  Scattering 

CAL.  06:020;  MDU.  02:005;  MIT.  08:021; 

NDS.  19:001;  SYR.  03:001,  002;  SYR.  04:008 
Molecules  -  Spectra 

NOU 01:001;  TAM. 01:001,  002,  005-009 
Molecules  -  Spectrographic  analysis 
DEL.  01:001,  003 
Molecules  -  Stabilization 
PRI.  09:011 

Molecules  -  Structure 
MIT. 10:029 
Molecules  -  Vibration 

HAR.  06:007-009;  lOW.  02:001;  MDU.  07:005; 

MDU.  13:002;  MIT.  12:099;  NDS  07:006; 

PHI.  09:019,  022;  TAM.  01:001,  002,  005-007 
Molybdenum  -  Adsorptive  properties 
PSU.  05:003 

Molybdenum- zirconium  alloys  Surface 
COR.  08:004 
Monochromators 

see  also  X-ray  spectrum  analyzers 
Monochromators  Equipment 
UT.  04:001,  002 

Motion 

ti££  Oscillation;  Vibration 

see  as  a  subdivision,  e.  g.  ,  Electrons  -  Motion 
uefi  the  subdivision  Oscillation,  e.  g  ,  Disks 
Oscillation 

hfie  the  subdivision  Vibration,  e.  g.  .  beams 
Vibration 

Motoneurons  Synaptic  effects 
MIT.  1  2: 1 44 

Mouse  Satellite  vehicle 

MDU.  03:002.  007.  024 
Multipath  transmission  Effectiveness 
MIT.  10:  tOO;  MIT.  1 2:033 
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Multipath  transmission  -  Simulation 
MIT.  10:147 

Multipath  transmission  -  Statistical  analysis 
MIT.  10:160 

Muscles  -  Enzymes 
HAR.  07:043 

Music  Statistical  analysis 
MIT.  10:146 

Mydriatics  -  Visual  effects 
1ST.  01:006,  007 

Myocardial  Infarction  -  Diochemistry 
11AR.  07:044  ,  048 

Myocardial  Infarction  Diagnosis 
HAR.  07:044,  050 

Myrlstamide  crystals  -  Ultraviolet  spectrum 
WAU.  01:009 


Naphthalenes  -  Chemical  reactions 
WAS.  04:001,  019 

Naphthalenes  -  Hyperflne  splitting 
WAS.  04:013 

Naphthalenes  -  Magnetic  resonance  spectra 
WAS.  04:001,  018  ,  019 
Naphthalenes  -  Molecular  structure 
WAU.  01:016 

Naphthalenes  -  Paramagnetic  resonance  absorption 
WAS.  04:012,  019 
Naphthalenes  -  Solvent  action 
ARK.  01:003,  004 
Naphthalenes  Spin  density 
WAS.  04:012 

Naphthoquinones  Microwave  spectra 
MIN.  12:004 
Neon  -  Bombardment 
l’EN. 06:011 
Neon  -  Luminescence 
MIC.  06:004 

Neon  Microwave  spectrum 
MIT.  12.118 

Neon  Neutron  cross  sections 
PEN.  06:011 

Neon  Nuclear  photoeffects 
PEN.  06:011 

Neon  Nuclear  reactions 
PEN.  06:011 

Neopentyl  alcohol  Synthesis 
OSU.  03:013 
Neo|ientyl  UxP.de 

hue  also  Alkyl  halides 
Neopcntyl  iodide  Preparation 
1^11.05:012 
Nervi-  Anatomy 
MIT.  12:065 

Nen-s  Electrical  prooertles 

MIT.  11:007,  038,  057:  MIT.  12:052,  065,  095. 
090,  141 

Nerves  Excitability 
Mil.  12:090 
Nerves  lliyslology 

MIT  11:038;  MIT.  12:133 
Nerves  Stimulation 

MIT.  11:067;  MIT.  12:090 

Selves  Synapsis 

Mil  12.090.  t33,  144 


Subject  Index 


Nerves  -  Threshold  fluctuation 
MIT.  12:133 

Nerves  (Auditory)  -  Electrical  responses 
MIT.  11:007;  MIT.  12:052,  095 
Nervous  system  -  Physiology 
MAU.  01:001 

Nervous  system  -  Synaptic  effects 
MIT.  12:144 

Nervous  system  -  Strychnine  effects 
MIT.  12:057,  089 
Nervous  system  -  Theory 
MIT.  12:133 
Networks 

see  Electrical  networks;  Microwave  networks 
Neutron  cross  sections 

see  as  a  subdivision  under  the  names  of  elements, 
e.  g. ,  Aluminum  -  Neutron  cross  sections 
Neutron  spectrum  analyzers  -  Performance 
NDS.  18:001 
Neutrons  -  Absorption 
JHU.  06:001 

Neutrons  -  Polarization 
TEX.  05:001 
Neutrons  -  Production 

DOS.  02:001,  002  ,  004  ,  006-008;  CHI.  12:004; 

PEN. 05:008;  PEN.  06:001,  004,  007,  009,  011-015, 
017,  018,  020-022 
Neutrons  -  Scattering 

ST  A.  03:01 7,  033;  TEX.  05:006 
Neutrons  -  Spectra 

DOS.  02:001,  002  ,  004  ,  006-008 
Neutrons  -  Stability 
MMU.  01:001 
Nickel  -  Bombardment 
PEN.  05:002 

Nickel  -  Electrochemistry 
COL.  04:001 

Nickel  -  Nuclear  photoeffects 
PEN. 05:002 

Nickel  Nuclear  reactions 
PEN.  05:002 
Nickel  -  Potentials 
ARK.  01:001 

Nickel  -  Spectrographlc  analysis 
MIT.  11:009 

Nickel  -  X  ray  analysis 
W1S.  04:001  003 

Nickel  alloys  Electrical  properties 
11011.02:001 

Nickel  crystals  Electromagnetic  properties 
11AR.  02:013,  104 

Nickel  crystals  Microwave  spectrum 
11AR.  02:104 

Nickel  ferrite  ■  Anisotropy 
SYIt.  06:005 

Nickel  ferrite  Electromagnetic  properties 
11AR.  02:004 

Nickel  ferrite  •  Microwave  spectrum 
HAR.  02:004 

Nickel  ferrite  Resonance 

HAR. 02:004;  SYll. 00:004 
Nickel  ferrite  ■  Temperature  factors 
SYR.  06:004 

Nickel  films  Catalytic  pro|>erties 
WAU.  02:001 


AIR  FORCE  SCIENTIFIC  RESEARCH 


Subject  Index 


Nickel  isotopes  -  Mass  spectra 
MMU.  01:012,  014 

Nickel  Isotopes  (Radioactive)  -  Separation 
COL. 04:001,  002 

Nickel  oxide  -  Vacuum  sublimation  rates 
AER.  01:005 

Nicotiana  tabacum  -  Paramagnetic  resonance  absorption 
WAS.  06:001 

Nicotiana  tabacum  -  Photochemical  effects 
WAS.  06:001 

Nicotine 

see  also  Pyridines 

Nicotine  -  Decomposition 
C1T. 04:002 

Nicotine  -  Ring  cleavage 
CIT. 04:002 

Nicotine  -  Ultrasonic  factors 
CIT. 04:002 

Niobium  -  Nuclear  photoeffects 
PEN.  06:004 

Niobium®5  -  Neutron  cross  sections 
PEN.  06:021 

Niobium93  -  Nuclear  photoeffects 
PEN.  06:021 

Niobium®"*  -  Nuclear  reactions 
PEN.  06:021 

Niobium  isotopes  -  Neutron  cross  sections 
PEN.  06:021 

Niobium  Isotopes  -  Nuclear  photoeffects 
PEN.  06:021 

Niobium  isotopes  -  Nuclear  reactions 
PEN.  06:021 

Nitrates  -  Infrared  spectra 
PUR.  05:019 

Nitric  acid  -  Chemical  reactions 
PRI.  11:194,  195 

Nitric  acid  vapors  -  Fuel  oxidation 
PRI.  11:185 

Nitric  oxide  -  Chemical  reactions 
PUR.  05:018 

Nitric  oxide  -  Hyperfine  structure 
COU.  01:031 

Nitric  oxide  -  Thermal  decomposition 
CIT.  09:003 

Nitrites 

see  also  specific  nitrites,  e.  g  ,  Sodium  nitrite 

Nitrites  -  Chemical  reactions 
PUR.  05:015 

Nltro  compounds  -  Thermochemistry 
AER.  04:001,  003 

Nitro  compounds  (Organic) 

gee  also  specific  nitro  organic  compounds,  e.  g.  , 
2-Nitrooctane;  u  - Phenylnitroethane 

Nitro  compounds  (Organic)  -  Chemical  reactions 
PUR.  05:011,  015 

Nitro  compounds  (Organic)  -  Crystal  structure 
OSU.  04:004 

Nitro  compounds  (Organic)  -  Dielectric  properties 
ILL  13:002 

Nitro  compounds  (Organic)  -  Microwave  spectra 
WAS.  04:007 

Nitro  compounds  (Organic)  -  Preparation 
PUR.  05:014,  016,  022 

Nitro  compounds  (Organic)  -  Reduction 
PUR.  05:007 


Nitro  compounds  (Organic)  -  Ultraviolet  spectra 
PUR.  05:021 

Nitrobenzene  -  Dielectric  properties 
ILL  13:002 

2-Nitrobenzenesulfenyl  chloride  -  Chemical  reactions 
SOC.  02:006 

Nitrogen  -  Bombardment 
PEN.  06:011 
Nitrogen  -  Density 
MIT.  08:062 

Nitrogen  -  Electrical  properties 
MTT.  08:062 
Nitrogen  -  Excitation 

PIT.  03:003 

Nitrogen  -  Low  density  flow 
CAL.  06:002 

Nitrogen  -  Luminescence 
MIC.  06:001 

Nitrogen  -  Neutron  cross  sections 
PEN.  06:011 

NUrogen  -  Nuclear  photoeffects 
PEN.  06:011 

Nitrogen  -  Nuclear  reactions 
PEN.  06:011 

Nitrogen  -  Phosphorescence 
NBS.  06:002 

Nitrogen  -  Physical  inclusion 
MET.  01:001 

Nitrogen  -  Physical  properties 
NBS.  13:002,  004 
Nitrogen  -  Supersaturation 

CIT.  07:004  ,  005  ,  008,  011 
Nitrogen  -  Viscosity 

BRO.  05:001,  007 
Nitrogen14  -  Bombardment 
BOS.  02:001 
Nitrogen15  -  Energy 

YAL  04:01 5,  017 
Nitrogen15  -  Excitation 

NBS.  20:002;  TEX.  05:014 
Nitrogen15  -  Gamma  ray  spectrum 
NBS.  20:002 

Nitrogen15  -  Excitation 
TEX.  05:014 

Nitrogen  (Liquid)  -  Physical  properties 
NBS.  13:002 

Nitrogen  (Liquid)  -  Surface  tension 
NBS.  13:003 

Nitrogen  (Liquid)  -  Vapor  pressure 
NBS.  13:002 

Nitrogen  ( Liquid)- oxygen(liquid)systems  Surface  tension 
NBS.  13:003 

Nitrogen  (Solid)  -  Luminescence 
NBS.  07:003 

Nitrogen  (Solid)  -  Spectrum 

NBS.  06:002  ,  003;  NBS.  07:003 
Nitrogen- carbon  dioxide  systems  -  Properties 
PRI.  11:097 

Nitrogen  compounds  (Organic)  Chemical  reactions 
SOC.  02:001,  002 
Nitrogen  dioxide  lieat  transfer 

PIU.  11:023 

Nitrogen  ions  Thermodynamic  properties 
CHI.  15:000,  007 
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Nitrogen  isotopes  -  Bombardment 
BOS.  02:001 

Nitrogen  Isotopes  -  Energy 
YAL.  04:015,  017 
Nitrogen  isotopes  -  Excitation 

NBS. 20:002;  TEX. 05:014 
Nitrogen  isotopes  -  Gamma  ray  spectra 
NBS.  20:002 

Nitrogen  isotopes  (Radioactive)  -  Excitation 
TEX.  05:014 

Nitrogen  molecules  -  Molecular  structure 
CHI.  15:006,  007 

Nitrogen  molecules  -  Spectrographic  analysis 
CHI.  15:006,  007 

Nitrogen  molecules  -  Wave  mechanics 
CHI.  15:006  ,  007 

Nitrogen  oxides  -  Catalytic  properties 
UTA.  02:018 

Nitrogen  oxides  -  Chemical  reactions 
PRI.  09:007 

Nitrogen  oxides  -  Decomposition 
CIT.  09:003 

Nitrogen  oxides  -  Heat  transfer 
PRI.  11:023 

Nitrogen  oxides  -  Hyperfine  structure 
DUK.  03.009  ,  028  ,  040  ,  055 
Nitrogen  oxides  -  Microwave  spectra 
DUK.  03:009,  028 

Nitrogen  oxides  ■  Molecular  rotation 
DUK.  03:028 

Nitrogen  oxides  -  Molecular  structure 
DUK.  03:039 

Nitrogen  oxides  -  Paramagnetic  resonance 
DUK.  03:028 

Nitrogen  oxides  -  Spectrographic  analysts 
DUK.  03:039 

Nitrogen  oxygen  systems  -  Phase  studies 
NBS.  13:004 

N.trogen  oxygen  systems  -  Physical  properties 
NBS.  13:004 

Nitrogen  trilluoride  -  Physical  properties 
PSM.  01:002,  006 
Nitrometlianes  -  Infrared  spectra 
PUR.  05:019 

Nltromethanes  -  Preparation 
PUR.  05:004  ,  005,  020 
Nitrooctane  Preparation 

sen  ilso  Nltromethanes  -  Preparation 
t -Nitrooctane  ■  Preparation 
PUR.  05:003 

2  Nitrooctane  Reduction 
PUR.  05:007 

Nltropropanes  -  Crystal  structure 
MtT.  03:009 

Nitrous  oxide  ethane  systems  -  Photochemical  reactions 
ROC.  02:003 

Noise  jjj^.  Noise  (Radio) 

see  ilifiu  as  a  subdivision,  e.  g.  ,  Discharge 
tubes  Noise 
Noise  Sources 

H Alt.  02:062 
Noise  Spectra 

MtT.  12:128 

Noise  Statistical  analysis 

ILL.  01:001;  MtT.  10:143 
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Noise  (Radio)  -  Analysis 

MIT.  12:051;  NBS.  21:002;  NBS.  25:003 
Noise  (Radio)  -  Determination 

MIT.  12:049;  ST  A.  05:029,  031 
Noise  (Radio)  -  Mathematical  analysis 
MIT.  10:035;  MIT.  12:007 
Noise  (Radio)  -  Measurement 

see  also  Discharge  tubes  -  Noise;  Discharge  tubes 
tubes  -  Interference 
Noise  (Radio)  -  Measurement 

MIT.  10:020,  118;  MIT.  12:024;  NBS.  21:010; 

PEN.  07:001 

Noise  (Radio)  -  Sources 
MIT.  11:042 

Noise  (Radio)  -  Statistical  analysts 
HAR.  02:062,  079 
Noise  (Radio)  -  Theory 
MIT.  12:035 
Nomographs 

see  also  as  a  subdivision,  e.  g.  ,  Gas  ionization  - 
Nomographs 

Nomographs  -  Applications 
MIT. 08:020 

Nonlinear  circuit  analysis  -  Symposium 
PIB. 09:004 

Non-uniform  gas  -  Free  molecular  flow 
CAL.  06:013 

Norbornane  lactones  -  Preparation 
SOC.  03:002 
Nozzles 

see  also  Coanda  nozzles;  Exhaust  nozzles; 

Rocket  motor  nozzles;  Supersonic  nozzles 
Nozzles  -  Boundary  layer 
CAL.  06:004 
Nozzles  -  Design 

PIO.  01:001;  RPI.  03:003 

Nozzles  -  Low-density  aerodynamic  characteristics 
CAL.  06:01 2 
Nozzles  -  Performance 
CAL.  06:004 

Nozzles  -  Pressure  distribution 
CAL.  06:004 

Nozzles  -  Supersonic  characteristics 
CAL.  06:004 

Nuclear  aircraft  power  plants  -  Design 
ESC.  01:001 

Nuclear  disintegration  energy  -  Determination 
FRA.  01:001,  002 

Nuclear  energy  -  Metallurgical  effects 
CAR.  08:004 
Nuclear  energy  levels 

see  also  the  subdivision  Energy,  e.  g.  ,  Nuclei  - 
Energy 

see  also  the  subdivision  Excitation,  e.  g. ,  Nuclei  - 
Excitation 

Nuclear  energy  levels 

BOS.  02:001-003,  006,  008 
Nuclear  energy  levels  -  Analysts 
MIT.  10:081 

Nuclear  energy  levels  ■  Bibliography 
BGS.  02: 003 

Nuclear  energy  levels  Determination 
MIN.  12:001;  WAU.  03:001  004 
Nuclear  energy  levels  Ultrasonic  factors 
W At  . 03:004,  007  010 
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Nuclear  Induction  filters  -  Analysis 
TRG.  02:001 

Nuclear  induction  filters  -  Applications 
TRG.  02:001 

Nuclear  magnetic  resonance  -  Measurement 
TAM.  02:002 

Nuclear  magnetic  resonance  spectrometer  -  Design 
TAM.  02:001 

Nuclear  magnetic  resonance  spectroscopy  Applications 
OSU.  08:008;  WAS.  04:007 
Nuclear  photoeffects  -  Measurement 

PEN.  08:001-005,  008,  010  012;  PEN.  00:002-01 1, 
013-015,  017-022 
Nuclear  physics  -  Austria 
INN.  01:003-005 
Nuclear  physics  -  Bibliography 
BOS.  02:005;  INN.  01:003 
Nuclear  physics  -  Physical  optics 
YAL.  04:014 

Nuclear  physics  -  USSR 
BOS.  02:005 
Nuclear  reactions 

see  also  as  a  subdivision,  e.  g.  ,  Cosmic  rays 
Nuclear  reactions 
Nuclear  reactions  -  Analysis 

PEN. 05:008,  Oil:  PEN.  06:005;  YAL. 04:002 
Nuclear  reactions  -  Energy 

FltA.  01:001;  PR1.  12.004 
Nuclear  reactions  -  Mathematical  analysis 
FltA.  01:001 

Nuclear  reactions  Photographic  analysis 
ROC.  03:002,  030 
Nuclear  reactions  Stripping 
TEX.  05:013 

Nuclear  reactions  -  Theory 

PEN.  10:004;  ST  A.  07:023 
Nuclear  resonance 

see  also  Resonance  absorption  (RF) 

SOCdllsQ  the  subdivision  Resonance,  e.  g.  , 
Chlorine  isotopes  Resonance 
Nuclear  resonance  Physical  factors 
1 1  Alt.  03:008 

Nuclear  resonance  filters 

see  Nuclear  induction  filters 
Nuclear  resonance  thermometers  Design 
11  Alt.  03:013 

Nuclear  spectroscopy  -  Instrumentation 
II All.  03:001;  MIT.  12:083 
Nuclear  spectroscopy  •  Mathematical  analysis 
11/ ill.  02:070 

Nuclear  spins  Appllc«fc#i|s 
MIN.  12:010 

Nuclear  spins  Determination 

.1IIU.  13:001;  TEX.  05:003;  YAL.  04:007 
Nuclear  spins  MaUiematical  analysis 

CAL.  03:001.  002;  IIAH.  02:071.  U'J'J;  11AK.  03:003, 
010;  PUR.  03:004 
Nuclear  spins  Measurement 
MIN. 12  007 

Nuclear  spins  Resonance 

CAL.  03:003;  MIN.  08:001.  002;  MIN.  12:001,  010 
Nuclear  spins  Theory 

C A 1  .  03  001 ,  002.  007 


Nuclear  spins  -  Thermodynamic  factors 
CAL.  03:002,  007 

Nuclear  structure  -  Determination 
ST  A.  07:001,  004,  009,  013 
Nuclear  structure  -  Mathematical  analysis 
MIT.  10:126 

Nuclear  structure  -  Spectrographic  analysis 
MMU.  01:002,  003 
Nuclear  structure  -  Stability 
MMU.  01:001,  004 
Nuclei  -  Bombardment 

BOS.  02:003;  ST  A.  07:018 
Nuclei  -  Electrical  properties 
ST  A.  07  :018 
Nuclei  -  Energy 

BOS.  02:003;  STA.  03:004,  008  Oil,  015.  021,  026, 
036 

Nuclei  -  Excitation 

BOS.  02:003:  PUR.  03:003,  006,  025 
Nuclei  -  Magnetic  moments 
MIT. 10:128 
Nuclei  -  Moments 
WAU.  03  :006 
Nuclei  -  Scattering 

NBS.  18:015;  PEN.  10:004 
Nucleic  acids  -  Effects  of  radiation 
DUE.  03:070 

Nucleic  acids  -  Electron  spin  resonance 
DUK.  03:070 

Nucleic  acids  -  Hyperflne  structure 
DUK.  03:070 

Nucleic  acids  -  Microwave  spectra 
DUK.  03:070 

Nucleotides  -  Biochemical  effects 
HAR.  07:047 

Nuclides  -  Neutron  cross  sections 
PEN.  06:021 
Numerical  analysis 
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Obesity  -  Definition 

ANT.  02:001-003 

Ocean  waters  -  Circulation  patterns 
CIU.  10:005 

Octaeyanotungstatc  Microwave  spectrum 
WAS.  04:011 

Octacyanotungstate  -  Paramagnetic  resonance 
WAS.  04:011 
Octanes 

see  also  lsooclar.es 
Octanes  -  Synthesis 
l’Ult.  05:003 

2  Octanol  Chemical  reactions 
PUR.  05:017 

2 ■  Or tanoue  Chemical  reactions 
PUR.  05.01 7 
OD  radicals 

SCC  Deuterium  oxide  radicals 
Ogive  cylinder  txxly  configuration 
See  Bodies  ol  revolution 
Ogives  Pressure  distribution 
1  HI.  02.002 
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see  Also  Ethylenes 
Olefins  Reactions 
SOC.  03.001 
Operation 

see  as  a  subdivision  under  devices  or  equipment 
being  operated,  e.  g.  ,  Mathematical  computers  - 
Operation 

Optic  lobes  (Frog)  -  Action  potentials 
MIT.  12:050 

Oplical  images  -  Intensity 
MIT. 12:036 

Optical  images  -  Transmission 
MIT.  12:036 
Optical  properties 

see  as  a  subdivision,  e.  g.  ,  Solids  -  Oplical 
properties 

Optical  systems  -  Slatistical  analysis 
MIT.  11:017 

Orhital  functions  -  Mathematical  analysis 
CAT.  01:010 
Oioitals 

see  Wave  mechanics  -  Orbital  functions 
Organic  acids 

see  also  Amino  acids;  Fatty  acids 
Organic  acids  Ionization 
NOS.  04:001-003 

Organic  acids  Microwave  spectra 
DUK.  0^  048,  049 

Organic  acids  -  Paramagnelic  resonance 
DUK.  03:049 
Organic  compounds 

see  also  Alcohols;  Aliphatic  compounds;  Alkyl 
halides;  Amino  acids;  Cyclic  compounds; 
Deuteraled  hydrocarbons;  Esters;  Ethers;  Falty 
acids;  Fluorine  compounds  (Organic);  Fluoro 
ethylenes  (Polymerized);  Gelatin;  Halocarbons; 
Halogen  compounds  (Organic);  Hydrocarbons; 
Organic  acids;  Organic  materials;  Organic  vapors; 
Plastics;  Polymers;  Proteins;  Fulfur  compounds 
(Organic) 

see  also  specific  organic  compounds,  e.  g.  , 
Acetaldehyde 

sae  also  specific  organic  series,  Acetylenes 
Organic  compounds  -  Chemical  reactions 
CAT.  01:004 

Organic  compounds  Decomposition 
UTA.  02:003 

Organic  com|x)unds  Itdurographtc  analysis 
COll.  01:005,  009 

Organic  compounds  -  Spectrographic  analysis 
COU.  03:007 

Organic  coiiqxiunds  Thermochemistry 
I1M1).  02:002 

Organic  compounds  •  Thermodynamic  properties 
HMD.  02:002 

Organic  conqionnds  Ultrasonic  decomposition 
(  IT.  0  t:00t,  002 
Organic  coni|x>und?  (labeled) 

ice  clay  specific  radioactive  substances,  e.  g.  , 
Carlxm*  * 

Organic  coui|xmiuls  (Labeled)  Synthesis 
(  til.  1  t  00 1,  007.  009 
Organic  crystals  Sublimation 
,'iKlt.  0t:002,  003 
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Organic  halides  -  Synthesis 

see  Halogen  compounds  (Organic)  -  Preparation 
Organic  ions  -  Crystal  structure 
PSU.  07:004,  007 

Organic  materials  -  Effects  of  radiation 
DUK.  03:048,  049,  061 
Organic  materials  -  Microwave  spectra 
DUK.  03:048-050,  061;  ST  A.  09:001 
Organic  materials  -  Paramagnetic  resonance 
DUK.  03:050 

Organic  materials  -  Radioactive  dating 
CHI.  09:002 

Organic  materials  Spectrographic  analysis 
DUK.  03:068 

Organic  solvents  -  Ionization 
NBS.  04:003 

Organic  substances  -  Resonance  absorption  (RF) 

MIN.  12:010 

Organic  vapors  -  Fluorescence 
PHI.  09:027 

Organic  vapors  -  Luminescence 
PRI.  09:027 

Organic  vapors  -  Spectra 
NYU.  02:005 

Organocopper  compounds  ■  X-ray  analysis 
ARK.  01:002 

Organometallic  plastics 

see  Melalorganlc  plastics 
Oscillations 

see  also  Plasma  oscillations 
see  also  as  a  subdivision,  e.  g. ,  Hodies  of 
revolulion  Oscillations 
Oscillations  Mathematical  analysis 

DUO. 05:004;  MIT. 06:004,  007;  MPS.  01:001; 
ltRI.  01:003 
Oscillations  -  Theory 
SYR.  03:004 
Oscillators 

see  Dackward-wave  oscillators;  Crystal 
oscillators;  Feedback  oscillators;  Harmonic 
oscillators;  Microwave  oscillators;  Radio 
frequency  oscillators;  lletarding-field  oscillators 
Oscillographs 

aeedilso  Cathode  ray  oscillographs;  Micro 
oscillographs 
Oscillographs  -  Errors 
NOS.  25:015 

Oscillographs  Instrumentation 
NHS.  25:015 
Osmium*®®  Mass 
MMU.  01:006 
Osmium*92  Mass 
MMU.  01:006 

Osmium  isotopes  ■  Masses 
MMU.  01:006 

Oxidases  Catalytic  properties 
GEO.  02.002 
Oxidases  l*urification 
GKO.  02:002 
Oxidation 

see  Combustion;  Metal  oxides 
see  as  a  sulxli vision,  e.  g.  ,  Graphite  Oxidation 
Oxidation  reduction  reactions  Analysis 
1  ’1(1. 09:007 
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Oxidation-reduction  reactions  -  Velocity 
UT  A.  02:022 

Oxide  cathodes  -  Coatings 

MIT.  10:010,  075;  MIT.  12:043 
Oxide  cathodes  -  Conductivity 
MIT.  12:043 

Oxide  cathodes  -  Failure 
MIT.  10:010 

Oximeters  -  Construction 
GOT.  01:001 

Oximeters  -  Development 
GOT.  01:001 

Oxygen 

see  also  Nitrogen -oxygen  systems;  Ozone 
Oxygen  -  Bombardment 

PEN.  06:011;  PEN.  09:004,  007 
Oxygen  -  Catalytic  effects 
PRI.  11:143 

Oxygen  -  Chemical  effects 
TEX.  04:021,  02b 
Oxygen  -  Chemical  reactions 

PRI.  09:021;  PRI.  11:013,  154,  168 
Oxygen  -  Combustion 
NBS.  02:001 

Oxygen  -  Determination 
COU.  02:022 

Oxygen  -  Ferroelectric  effects 
PSU.  08:001 

Oxygen  -  Magnetic  factors 
MIT.  12:005 

Oxygen  -  Measurement 
COU.  02:022 

Oxygen  -  Microwave  spectrum 

COU.  01:006;  DUK.  03:006,  015,  018,  019,  034; 
MIT.  10:070;  MIT.  1 1:037;  MIT.  12:005,  012 
Oxygen  -  Molecular  rotation 
DUK.  03:006 

Oxygen  -  Molecular  structure 

DUK.  03:018;  MIT.  11:031,  037;  MIT.  12:005 
Oxygen  -  Neutron  cross  sections 
PEN.  06:01 1 

Oxygen  -  Nuclear  photoeffects 

PEN.  06:011;  PEN.  09:004  ,  007 
Oxygen  -  Nuciear  reactions 

PEN.  06:011;  PEN.  09:004,  007 
Oxygen  -  Photochemical  reactions 
itOC.  02:004,  005 
Oxygen  -  Physical  properties 
NBS.  13:004 

Oxygen  -  Spectrographic  analysis 
DUK.  03:034 
Oxygen  Spectrum 
MIT.  11:063 

Oxygen  -  Thermodynamic  properties 
PRI.  09:019 

Oxygen  (liquid)  -  Surface  tension 
NBS.  13:003 

Oxygen  (liquid)  nitrogen(liquid)systems 

see  Nitrogen  (liquid)  oxygen(liquld (systems 
Oxygen  (Solid)  -  Absorption 
NBS.  07:013 

Oxygen  (Solid)  -  Spectrum 
NBS.  07:013 
OvvgeiK1  Excitation 
iJOS.  02  001 


Oxygen15  -  Excitation 
NBS.  20:002 

Oxygen15  -  Gamma  ray  spectrum 
NBS.  20:002 

Oxygen1®  -  Electron  transitions 
SJA.  03:014 
Oxygen1®  -  Excitation 

NBS.  20:002:  STA.  03:020;  TEX.  05:009,  013 
Oxygen1®  -  Gamma  ray  spectrum 
NBS.  20:002 
Oxygen17  -  Energy 

YAL.  04:015,  017 
Oxygen17  -  Excitation 

TEX. 05:009,  013 
1  fi 

Oxygen  -  Bombardment 
TEX.  05:010 

Oxygen1®  Gamma  ray  spectrum 
TEX.  05:010 

Oxygen- hydrogen  systems 

see  Hydrogen -oxygen  systems 
Oxygen  isotopes  -  Bombardment 
TEX.  05:010 

Oxygen  isotopes  -  Electron  transitions 
STA.  03:014 

Oxygen  isotopes  -  Energy 
YAL.  04:015,  017 
Oxygen  isotopes  -  Excitation 

NBS.  20:002;  STA.  03:020;  TEX.  05:009,  013 
Oxygen  Isotopes  -  Gamma  ray  spectra 
NBS.  20:002;  TEX.  05:010 
Oxygen  isotopes  -  Hyperfine  structure 
COU.  01:025 

Oxygen  isotopes  -  Masses 
COU.  01:008 

Oxygen  Isotopes  -  Microwave  spectra 
COU.  01:008,  025 

Oxygen  isotopes  (Radioactive)  -  Excitation 
BOS.  02:001;  NBS.  20:002 

Oxygen  Isotopes  (Radioactive)  -  Gamma  ray  spectra 
NBS.  20:002 

Ozone 

see  also  Oxygen 
Ozone  -  Analysis 
PRI.  11:160 

Ozone  -  Chemical  effects 

see  also  Fuel  additives  -  Performance 
Ozone  -  Chemical  effects 

MIC.  07:001;  FR1.  09:006,  010 
Ozone  -  Chemical  reactions 

Piu.09-.013,  021;  PRI.  11:168,  170,  171 
Ozone  -  Combustion 

PRI. 09:031,  037;  PRI.  !!:  168;  TEM. 01:003,  006 
Ozone  -  Microwave  spectrum 

DUK.  03:015;  OSU.  08:005 
Ozone  -  Molecular  structure 
DUK.  03:016 
Ozone  -  Stability 
P1U. 09:037 

Ozone  (Solid)  -  Preparation 
NBS.  06:001 

Ozonides  -  infrared  spectra 
P1U.  11:169 
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Palladium  isotopes  (Radioactive)  -  Production 
CHI.  11-008,  009 

Palladium- silver  alloys  -  Diffusion 
CHI.  13:002 

Parabolic  bodies  -  Mathematical  analysis 
NYU.  06:020 

Paradich'orobenzene  -  Polymorphism 

PIT.  02:009 

Paraldehyde  -  Microwave  spectrum 
PRI.  08:006 

Paraldehyde  Molecular  structure 
PRI.  08:002,  006 

Paramagnetic  crystals  -  Microwave  spectra 
MIT.  12:105;  OSU.  08:004 
Paramagnetic  ions  -  Hydration  effects 
MIN.  12:007 

Paramagnetic  resonance  absorption 

see  Resonance  absorption  (RF) 
sea  as  a  subdivision,  e.  g.  ,  Glass  -  Paramagnetic 
resonance  absorption 
Paramagnetic  salts  -  Applications 
HAR.  03:008 

Paramagnetic  salts  -  Microwave  spectra 

HAR.  02:050;  MIT.  10:071;  WAS.  04:002  ,  003  ,  006 
Paramagnetic  salts  -  Physical  properties 
MIT.  10:071 

Paramagnetic  substances  -  Magnetic  properties 

OSU.  08:004 

Particle  trajectories  -  Mathematical  analysis 
MIT.  11:056 
Particles 

see  also  Electrons;  Mesons;  Neutrons,  Protons 
Particles  -  Decay 

HOC.  03:025,  026 
Particles  -  Density 
YAL.  04:010 
Particles  -  Diffusion 
AIA. 01-010 
Particles  -  Energy 
STL.  01:003 
Particles  ■  Excitation 

YAL.  04:009-011 
Particles  -  Masses 

JHU.  13:001;  ROC. 03:013 
Particles  -  Measurement 

CHI.  02:024;  ROC.  03:011 
Particles  -  Motion 

SYR.  03:004;  YAL.  04:004 
Particles  -  Nuclear  reactions 
JHU.  13:001 

Particles  -  Reflective  effects 
ST  A  07:014 

Particles  Refractive  index 
POM.  01:001,  002 
Particles  Scattering 

PEN.  10:003,  004  ;  PHI.  09:001;  ST  A.  03:005,  030, 
031,  035;  SYR.  03:003,  YAL.  04:U03 
Particles  -  Theory 

PUR.  03:001,  006 
Particles  (Airborne) 

S££  Dust  particles 
Pellets  -  Terminal  ballistics 

see  also  Meteorites  -  Physical  properties; 
Targets  Penetration 


Pellets  -  Terminal  ballistics 
UTA  01:001-003 
Pellets  -  Velocity 
UTA.  01:007 
Penetration 

see  as  a  subdivision,  e.  g. ,  Targets  -  Penetration 
see  the  subdivision  Terminal  ballistics,  e.  g. , 
Pellets  -  Terminal  ballistics 
Pentaborane-air  flames  -  Spec trographic  analysis 
NDS.  07:008 

Pentaborane  vapor  -  Photolysis 
PRI.  11:172 

Pentanes  -  Combustion 

OSU.  03:005,  007,  010 
Pentanes  -  Thermochemistry 
CAT.  01:000 

Peptidases  -  Properties 
HAR.  07:030 

Peptidases  -  Spec  trographic  analysis 
HAR.  07:007 

Peptides  -  Dielectric  properties 
PRI.  08:005 

Peptides  -  Hydrolysis 
HJO.  01:001 

Peracetates  -  Hydrolysis 
LAV. 01:014 

Peracetic  acid  -  Ultraviolet  spectrum 
LAV.  01 :014 

Percarboxyllc  acids  -  Determination 
OSU.  02:002 
Perchlorates 

see  also  Ammonium  perchlorate;  Potassium 
perchlorate 

Perchlorates  -  Crystal  structure 
CLA.  01:004 

Perchloryl  fluoride  -  Infrared  spectrum 
JHU.  19:001 

Perchloryl  fluoride  -  Physical  properties 
PSM.  01:003,  006 

Perchloryl  fluoride  -  Surface  tension 
PSM.  01:005,  006 
Perchloryl  fluoride  Viscosity 
PSM.  01:005,  006 
Performance 

see  as  a  subdivision,  e.  g. ,  Fuel  additives  - 
Performance 
Pericardium  -  Pathology 
JHU.  10:004 

Periclase  -  Diffusion  properties 
ALF.  0  i :  00 1 

Permeameters  -  Design 
MIN.03.001 

Peroxides  (Organic)  -  Chemical  reactions 
PRI.  11:013 

Peroxylamine  dlsulfonate  -  Microwave  spectrum 
WAS.  04:006 

Personality  tests  -  Aialysis 
MIT.  10:158 
Perturbation  iheory 

see  also  Quantum  mechanics 
Perturbation  theory  -  Applications 

LEY. 01:003;  MIT.  06:004;  PRI.  11.093  D'J5; 

STA.  03:015;  SYR.  02:002;  YAL.  04:001  003  .  004 
Peryleue  •  Magnetic  resonance  spectrum 
WAS.  04:017 
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Phase  detectors  -  Applications 
MIT.  11:011 

Phase  distortion  Measurement 
HAR.  02:07? 

Phase  meters  -  Design 
COU.  10:016 

Phase  modulation  -  Countermeasures 
MIT.  12:061 

Phase  shifters  -  Circuits 
HAR.  02:074 
Phase  studies 

aee  as  a  subdivision,  e.  g.  ,  Alloys  -  Phase  studies 
Phase  transitions 

irr.  02:001,  002;  HT.  03:001;  PSU.  08:008 
Phase  transitions  -  Mathematical  analysis 
SYR.  04:003 

Phase  transitions  -  Theory 
SYR.  04:306 

Phenol-hydrazine  systems  -  Conductivity 
PSU.  03:003 

Phenols  -  Chemical  reactions 
WIS.  03:002 

Phenoxy  radicals  -  Resonance  absorption  (llF) 

MIN.  12:005 

Phenoxypropadlene  -  Preparation 
TEX.  04:014 

Phenyl  radicals  -  Resonance  absorption  (RF) 

MIN.  12:005 

u  -  Phenylnitroethane  -  Reduction 
PUR.  05:007 

Phonocardiography  Applications 
JHU.  10:009,  C14 

Phonocardiography  -  Effectiveness 
JHU,  10:010,  011 

Phonocardiography  -  Physiological  factors 
JHU.  10:002 

Phonocardiography  -  Test  results 

J1IU.  lO-.OOt,  002,  005,  006,  0t2,  0t3 
Phonology  -  Hook  review 
MIT. t2:t03 

Phosphates  Physiological  reactions 
tlEI.  0t:001 

Phosphine  -  Microwave  spectrum 
DUK.  03:036,  037 
Phosjihine  -  Motecular  structure 
DUK.  03:036,  037 

Phosphine -d  Microwave  spectrum 
DUK.  03:037;  MtT .  10:0t2 
Phosphine  d  Molecular  structure 
DUK.  03:037 
lliosphorescence 

see  also  Luminescence;  Phosphorescent  de:ay 
see  also  as  a  sulxiivision,  e.  g.  ,  Nitrogen 
lliosphorescence 

lliosphorescence  Pressure  effects 
UT.OP002 

Phosphorescent  decay  Pressure  effects 
ItT  .  0t:002 

Phosphorescent  materials  Deactivation 
IIT.  01:002 

Itiosphors  Excitation 
MMU.OLOtt 

Phosphors  Fluorescence 
ItT.  01:001 


Phosphors  -  Gamma  ray  effects 
HT.  01:001 

Phosphors  -  Luminescence 

ITT.  01:001;  MIT.  11:033;  ROC.  05:017;  TOl.  02:001 
Phosphors  -  Physical  properties 
ROC.  05:01 3 

Phosphorus  -  Bombardment 
PEN.  06:002 

Phosphorus  -  Neutron  cross  sections 
PEN.  06:002 

Phosphorus  -  Nuclear  photoeffects 
PEN.  06:002  ,  004 
Phosphorus  -  Nuclear  reactions 
PEN.  06:002 

Phosphorus  -  Photon  cross  sections 
PEN.  06:002 

Phosphorus^  -  Bombardment 
BOS.  02:008 

Phosphorus  isotopes  -  Bombardment 
BOS.  02:008;  FRA.  01:002,  003 
Phosphorus  Isotopes  -  Nuclear  disintegration  energy 
FRA.  01:002,  003 

Phosphorus  Isotopes  -  Spectrographlc  analysis 
FRA.  01:002,  003 

Photochemical  reactions  -  Measurements 
PID. 07:001 -003,  005 
Photoconductive  films 

see  also  the  subdivision  Photoconductivity,  e.  g. , 
Lead  sulfide  films  -  Photoconductivity 
Photoconductive  films  -  Electron  diffraction  analysis 
MIC.  03:001 

Photoconductive  films  -  Oxygenation  factors 

CHI.  02:025,  029,  038;  CHI.  03:002;  MIT.  12:13t 
Photoconductive  films  -  Physical  properties 
MIC.  03:001;  ROC.  04:002  ,  003 
Photoconductivity 

5££  also  as  a  subdivision,  e.  g. ,  Solids  - 
Photoconductivity 

S££_alaQ  the  sulxiivision  Absorptive  properties, 
e.  g.  ,  Atoms  -  Absorptive  properties 
Photoconductivity  -  Inhibition 
ROC.  05:0t2 

Photoconductivity  -  Testing  equipment 
ROC.  04:00t 

Photoconductivity  -  Theory 
MIT.  12: 1 3 1 

Photoelastic  materials  Temjierature  factors 
NYU.  05:00t ,  002 
Photoelectric  effects  -  Theory 
Ctll.  02.027 

Photoelectric  shutters  -  Theory 
tl.L.  t3:001 

Photoelectric  work  functions 
see  Work  functions 

see  the  sulxiivision  Work  functions,  e.  g.  , 
Germanium  crystals  -  Work  functions 
Photoemission  Analysis 
FLA.  0t:002 

Photoemission  -  Frequency  measurement 
MIT.  1 2 : 08 3 
Photographic  analysis 

set:  as  a  sulxiivision  under  things  analyzed  by 
photography,  e.  g. ,  Niork  waves  Photographic 
analysis 
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Development 


Effects  of  radiation 


Processing 

Sensitivity 


Desensitizing  agents 


Photographic  developing  t  -  Chemistry 
TOI.  01:002-006 

Photographic  emulsions  -  Chromatographic  analysis 
TOI. 01:006 

Photographic  emulsions  -  Desensitization 
ROC.  06:004 

Photographic  emulsions  -  Development 
ROC.  03:030 

Photographic  emulsions  -  Diffusion 
TOI.  01:002 

Photographic  emulsions  -  Effects  of  radiation 
MIC.  05:001,  002 

Photographic  emulsions  -  Processing 
TOI.  01:004-006 

Photographic  emulsions  -  Sensitivity 
MIC.  05:001,  002 

Photographic  film  -  Antifogging  agents 
TOI. 01:004  ,  005 
Photographic  film  -  Applications 
UT.  04:004 

Photographic  film  -  Desensitizing  agents 
ROC.  05:004 

Photographic  film  -  Fogging 
TO!,  01: 004 

Photographic  film  -  Processing 
T01.01:002-005 

Photographic  plates  -  Processing 
MIC.  05:001,  002 
Photographic  plates  -  Theory 
PRI.  il:096 

Photographic  recording  systems  -  Design 
MIC.  05:001 

Photographic  theory  -  Dlbllography 
TOI.  01:001 
Photography 

see  also  Kerr  cells;  Photoelectric  shutters; 
Rotating  drum  cameras;  Spark  shadowgraph 
photography 

see  also  the  subdivision  Photographic  analysis, 
e.  g. ,  Shock  waves  -  Photographic  analysis 
Hiotography  -  Theory 
TOI.  01:001 

Photometers  Applications 
MIT.  10:100 

Photomultipliers  -  Development 
CHI.  03:006 

Photomultipliers  -  Performance 
Nils.  13:001 
Photoneutrons 

seg  Neutrons 
lliotons  Absorption 
PEN.  06:001 
lliotons  Energy 

Nils.  18:008,  013 
Photons  ■  Scattering 

Nils.  16:001;  HUS.  17:001,  002;  NHS.  18:006  ,  013, 
DIO;  N11S.  20.001  003 
Photons  t^iectra 
NHS.  20:003 
lliotoprotons 

ace  Protons 

Photosphere  Magnetic  fields 
dll.  12:010 
Photosynthesis 

WAS.  06:001 
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Photovoltaic  cells  -  Analysis 
WAY.  01:003 

Photovoltaic  cells  -  Development 
CHI. 02:031,  036 
Photovoltaic  cells  -  Efficiency 
WAY.  01:002 

Photovoltaic  cells  -  Materials 
WAY.  01:001 

Photovoltaic  cells  -  Performance 
WAY.  01:003 

Photovoltaic  cells  -  Solar  energy  conversion 
WAY.  01:002,  003 

Physical  Applications  of  Mathematics,  see  separate 
Mathematical  Subject  Classification,  p.  1143 
Physical  chemistry  -  Statistical  mechanics 
FRE. 01:010 
Physical  effects 

SS£  as  a  subdivision  under  agents  causing 
physical  changes,  e.  g. ,  Electric  fields  - 
Physical  effects 
Physical  properties 

see  as  a  subdivision,  e.  g. ,  Air  -  Physical 
properties 
Physics  -  Standards 
ST  A.  06:007 

Physics  research  -  Japan 
ILL.  10:001 
Physiological  factors 

see  as  a  subdivision  under  things  affected  by 
these  factors,  e.  g.  ,  Vision  Physiological  factors 
Physiology  of  Insect  development  -  Symposium 
NRC. 01:006 
TT-  mesons 

see  Mesons 

Picryl  chloride  Crystal  structure 
OSU.  04:003 
Pictures  -  Processing 
NDS.  21:012 

Piezoelectric  crystals  -  Applications 
NBS.  14:003 

Piezoelectric  gages  -  Materials 
C1T. 07:025 

Piezoelectric  gages  -  Properties 
C’T.07:025 

lhczoelectrlc  material  -  Properties 
NDS.  21:005 

Piezoelectric  transducers  -  Applications 
C1T.  12:001 

Piezoelectric  transducers  -  Design 
C1T.  12:001 

Piezoelectric  transducers  -  Development 
C1T. 12:003 

Piezoelectric  transducers  -  Materials 
CIT.  12:001 

Piezoelectric  transducers  -  Theory 
CIT.  12:001 

Pion  bombardment  -  Applications 
CHI.  11:OOB 

lhous 

SCC  Mesons 

Pipes  -  lloundary  layer 
P1U.  11:137 
Pipes  Ilea!  transfer 
PRI.  1 1:138 
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Pipes  -  Laminar  boundary  layer 
PRI.  11:139 

Pipes  -  Turbulent  boundary  layer 
PRI.  11:140 

Pistonphones  -  Applications 
NBS.  12:002 

Pitch  discrimination  -  Measurement 
MIT.  12:069,  079 

Pituitary  hormones  -  Physiological  effects 
MAU.  01.001 

Plants 

see  also  Organic  materials 
Plants  -  Microwave  spectra 
DUK.  03:050 

Plants  -  spectrographlc  analysis 
DUK.  03:068 

Plasma  oscillations  -  Excitation 

ATE. 01:005;  MIT.08:035;  MIT.  11:003;  MIT.  12:026 
Plasma  oscillations  -  Measurement 

ATE.  01:004,  005,  007;  MIT.  08:021,  030 
Plasma  oscillations  -  Resonance 

MIT  10:059;  MIT.  11:036;  MIT.  12:021 
Plasma  oscillations  -  Theoretical  mechanics 
MIT.  08:035 
Plasmo  graphs 

see  also  Plasma  oscillations  -  Measurement 
Plasmographs 

ATE.  01:003-005,  007 
Plastic  films  -  Electrical  properties 
MIT. 08:069 
Plastic  flow 

see  also  the  subdivision  Deformation  under 
materials  and  structures  subject  to  deformation, 
e.  g. ,  Structures  -  Deformation 
Plastic  flow  -  Analysis 
MIT.  05:001,  002 

Plastic  flow  -  Mathematical  analysis 
PID.  06:001,  002;  RRI.  01:004 
Plastic  flow  -  Theory 

PIC.  06:003,  004;  PRI.  10:007 
Plastic  materials  -  Vapor  pressure 
UT.  01:001 
Plasticity 

see  also  the  subdivision  Deformation  under  names 
or  types  of  metals,  e.  g. ,  Powdered  metals 
Deformation 

Plasticity  Mathematical  analysis 

CAR.  01:001;  CAR.  04:00G,  008;  DET.  01:001,  002 
Plasticity  -  Theoretical  mechanics 

CAR.  01:001;  CAR.  04:005,  006,  008 
Plastics 

see  also  Metalorganic  plastics 
Plastics  -  Applications 
UT  A.  01:001 
Plastics  Color 

101.02:001 

Plastics  Effects  of  radiation 

101.02:001 

Plates 

Stfi  Sheets 

Platinum  ■  Bombardment 
PEN. 06.008,  010 
Platinum  Nuclear  photneffects 
PEN.  06:008,  010 


Platinum  -  Nuclear  reactions 
PEN.  06:008,  010 
Polarization 

see  as  a  subdivision,  e.g. ,  Powder  -  Polarization 
Polarographic  analysis  -  Applications 
OKA.  03:001,  002 
Polarographs  -  Development 
OKA.  03:001,  002 

Polarographs  -  Mercury  electrodes 

COR.  01:001,  003,  004,  008,  009,  012 
Polyacenes  -  Ultraviolet  spectra 
TEX.  04:037 

Polycrystalline  metals  -  Plastic  deformation 
CLA.  04:001 

Polyethylene  -  Nuclear  magnetic  relaxation 
WAS.  04:010 
Polyisobutylene 

see  Isobutenes  (Polymerized) 

Polymer  solutions  -  Theory 
MDU.  02:010 
Polymerization 

see  Plastics;  Polymers 

S£ft  specific  polymers,  e.  g. ,  Styrene  (Polymerized) 
see  also  as  a  subdivision,  e.  g.  ,  Butyl  sulfide  - 
Polymerization 
Polymers 

see  also  Plastics 

see  also  specific  polymers,  e.  g. ,  Styrenes 
(Polymerized) 

see  also  the  subdivision  Polymerization,  e.  g. , 

Butyl  sulfide  -  Polymerization 
Polymers  -  Phase  studies 

FRS.  01:001,  002;  SYR.  04:006 
Polymers  -  Preparation 

PSU.  04:002;  PIB.  08:003 
Polymers  -  Radiation 
MDU.  13:004 

Polymers  -  Vapor  pressure 
LIT. 01:001 
Polymorphism 

S££  as  a  subdivision,  e.  g. ,  Silica  -  Polymorphism 
Polynuclear  hydrocarbons  -  Preparation 
MAS.  01:001 
Polystyrene 

5££  Styrenes  (Polymerized) 

Polytetrafluoroethylene  Combustion  calorimetry 
BMB.  02:001 
Porosity 

S££  Porous  materials 

S££  as  a  subdivision,  e.  g. ,  Metal  oxides  -  Porosity 
Porous  materials  -  Heat  transfer 
PRI.  11:138 

Porous  materials  •  Laminar  boundary  layer 
P1U.  11:139 

Porous  metals  -  Heat  transfer 
PRI.  11:140 

Positronium  -  Existence 
CHI.  03:007 

Positronium  -  Hyperfine  stru:*ure 
MIT.  10:088;  MIT. 11:018 
Positronium  Zeeman  effect 

MIT.  10:088;  MIT.  11:018 
I*osttrons  Energy 
NBS.  18:015 


a  1112  <  '• 

_  •  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 


Positrons  Magnetic  factors 
MIT.  10:088 
Pbsitrons  -  Scattering 

NBS.  18:015;  ST  A.  03:011 
Potassium  -  Band  structure 
COR.  07:009 

Potassium  -  Energy  levels 
COR.  07:009 

Potassium  -  K- spectrum 
COR.  07.009 

Potassium  -  Magnetic  resonance  spectrum 
OSU.  08.016 

Potassium  -  Nuclear  magnetic  moments 
OSU.  08:016 

Potassium  -  Self-diffusion 
CHI.  13:003 

Potassium  -  Spectrographic  analysis 
COR.  07:009;  MIT.  10:047,  CC4 
Potassium  -  Wave  functions 
PEN.  01:005 

Potassium  -  X-ray  spectrum 
PEN.  01:005 

Potasslu.n^O  -  Hyperfine  structure 
MIT. 10:074,  084 

Potassium^  -  Magnetic  moments 
MIT. 10:074,  084 

Potassium  bifluoride  -  Crystal  structure 
ARK.  01:008 

Potassium  borohydride  -  Crystal  structure 
MIT.  08:037 

Potassium  borohydride  -  Preparation 
PUR.  05:001 

t>otasslum  bromide  crystals  -  Effects  of  radiation 
MIT. 08:008 

Potassium  bromide  crystals  -  Electrical  properties 
MIT.  08:008,  047 

Potassium  bromide  crystals  -  Physical  properties 
OSU.  09:003 

Potassium  chloride  -  Electron  transitions 
COR.  07:008;  ROC. 05:018 
Potassium  chloride  -  Energy  levels 
COR.  07:008 

Potassium  chloride  -  K- spectrum 
COR.  07:008 

Potassium  chloride  -  Microwave  spectrum 

11AR.  03:011;  MIT.  10:152;  MIT.  11:010 
Potassium  chloride  -  Spectrographic  analysis 
COR.  07:008 

Potassium  chloride  -  Vacuum  sublimation  rates 
AER.  01:005 

Potassium  chloride  crystals  -  Band  structure 
COR.  07:001,  003  ,  005  ,  012 
Potassium  chloride  crystals  -  Effects  of  radiation 
UAR.  03:011;  PEN.  08:004  007 
Potassium  chloride  cyrstals  -  Electron  transitions 
COR. 07:012;  PiT.02:006;  ROC. 05:001 
Potassium  chloride  crystals  -  Energy  levels 
COR.  07:005 

Potassium  chloride  crystals  -  K-spectrum 
COR.  07:001,  003,  005 

ldtassium  chloride  crystals  -  Physical  properties 
OSU.  09:003 

l'otassiuni  chloride  crystals  -  Spectrum 
COR.  07:003,  012 
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Potassium  chloride  crystals  -  X-ray  analysis 
COR.  07:001,  012 

Potassium  chloride-  thallium  systems  -  Luminescence 
ROC.  05:017 

Potassium  cyanochromate  -  Crystal  structure 
PSU.  07:005 

Potassium  cyanocobaitate  -  Crystal  structure 
PSU.  07:005 

Potassium  cyanomanganate  -  Crystal  structure 
PSU.  07:005 

Potassium  ferricyanide  -  Crystal  structure 
PSU.  07:005 

Potassium  hydroxide  -  Infrared  spectrum 
YAL.  05:001 

Potassium  iodide  -  Vacuum  sublimation  rates 
AER.  01:005 

Potassium  iodide  crystals  -  Effects  of  radiation 
ILL.  08:001,  003 

Potassium  iodide  crystals  -  Luminescence 
ROC.  04:004 

Potassium  iodide  crystals  -  Photoconductivity 
ILL.  08:001,  003 

Potassium  iodide  crystals  -  Temperature  effects 
ILL.  08:003 

Potassium  iodide  crystals  Thermal  expansion 
PEN.  08:002 

Potassium  ions  -  Ionizing  effects 
WAS.  05:001 

Potassium  isotopes  -  Electron  transitions 
COU.  02:009 

Potassium  isotopes  -  Hyperfine  structure 
COU.  02:009 

Potassium  isotopes  -  Masses 
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Potassium  isotopes  -  Masses 
COU.  01:008 

Potassium  isotopes  Microwave  spectra 
COU.  01:008 

Potassium  Isotopes  (Radioactive)  -  Hyperfine  structure 
MIT. 10:074,  084 

Potassium  isotopes  (Radioactive)  -  Magnetic  moments 
MIT. 10:074,  084 

Potassium  Isotopes  (Radioactive)  -  Radioactivity 
C1U. 11:004 

Potassium  oxides  -  Crystal  structure 
MIT.  08:041 

Potassium  perchlorate  -  Crystal  structure 
C  LA.  01:004 

Potential  flow  theory 
COR.  09:012 

Potentials  -  Electromagnetic  theory 
H  Alt.  03:003 

Potentiometers  -  Design 
JHU.  05:001 

Powdered  metals  -  Deformation 
CAR.  04:006 

Powders  -  Fluorescence 
NYU.  07.001 

Powders  -  Photoconductivity 
NYU.  07:001 

Powders  -  Polarization 
NYU.  07:001 

Prandtl  equations  -  Approximate  solutions 
CAR. 06:001,  002 

Prandtl  equations  Finite  difference  methods 
CAR.  06:001,  002 


•  • 


•  • 


•  • 


•  .  t 


•  • 


•  •  • 


AIR  FORCE  SCIENTIFIC  RESEARCH 


Subject  Index 


Precipitation  -  Radioactivation  analysis 
CHI.  10:002 

Precipitation  -  Tritium  conlenl 
CHI.  10:002-004 

Prenatal  developmenl  -  Influences 
NRC.  01:004 

Prenalal  developmenl  -  Symposium 
NRC.  01:004 
Preparation 

see  as  a  subdivision  under  things  prepared,  e.  g.  , 
Aliphatic  compounds  -  Preparation 
Pressure 

see  also  as  a  subdivision,  e.  g. ,  Gas  flow  - 
Pressure 

Pressure  -  Dibliography 
NBS.  21:009 

Pressure  -  Control  systems 
TEX.  04:024 

Pressure  -  Measurement 

FRD.  01:003;  MIN.  09:003;  NDS.  21:009; 

NBS.  25:006;  TOR.  01:004 
Pressure  -  Metallurgical  effects 
CHI.  13:003 

Pressure  -  Physical  effects 
MIT.  08:027 

Pressure  -  Recording  devices 

see  also  Diaphragms  (Mechanics);  Manometers 
Pressure  -  Recording  devices 

AER.  02:006;  FRD.0i:003;  JHU.  04:001;  NUS.  21:014 
Pressure  dislribution 

S££  as  a  subdivision,  e.  g. ,  Airfoils  -  Pressure 
distribution 
Pressure  effects 

see  as  a  subdivision,  e.  g.  ,  Phosphorescent 
decay  -  Pressure  effects 
Pressure  gages  -  Development 
P1U.  11:125 

Pressure  probes  -  Size  effects 
JHU.  04:001;  TOR.  01:004 
Pressure  vessels  -  Design 
MIT.  08:067,  068 
Pressure  waves  -  Reflection 
PRI.  11:061 

Printed  circuits  -  Applications 
MIT.  11:046 

Prisms  (Optics)  Refractive  index 
MIT.  08:016 
Probability 

k.*e  separate  Mathematical  Subject  Classification, 
p.  1 143 

Probability  Theory 

A1A.  Ol'.uOl,  005,  009 
Probability  (Statistics)  Applications 
MIT.  12:036,  053,  084.  126 
Processing 

sec  as  a  subdivision,  e.  g.  ,  Photographic 
emulsions  Processing 
Production 

sec  as  a  subdivision  under  tilings  produced,  e.  g.  . 
Electron  beams  •  Production 
Project  I  Aii  SIDE 

ANS.  01:001.  002 
i'r  ject  SQUID 

PRi.  i  1:001  205 


Project  SQUID  -  Bibliography 
PRI.  11:179 

Projectiles  -  Eleclromagnetic  factors 
UT  A.  01:006 

Projectiles  -  Propulsion 
UTA.  01:006 

Proliferating  tissues  -  Symposium 
NRC.  01:007 
Propagation 

see  Flame  propagation 

see  as  a  subdivision,  e.  g. ,  Detonation  waves  - 
Propagation 

see  the  subdivision  Growth,  e.  g. ,  Laminar 
boundary  layer  -  Growth 
Propanes 

see  also  Nitropropanes 
Propanes  -  Combustion 

MIC.  09:001;  PRI.  11:005,  011,  100 
Propanes  -  Oxidation 

PRI.  11:119;  UTA.  02:004 
Propanes  -  Photochemical  effects 
UTA.  02:004 

Propanes  -  Thermochemislry 
CAT.  01:006 
Propellants 

see  also  Liquid  rocket  propellants;  Rocket 
propellants 

Propellants  -  Combustion 

AER.  01:001,  008;  ATL.  01:001 
Propellants  -  Development 
CER.  01:001 
Propellants  Metals 
CER.  01:001 
Propellants  -  Stability 
AER.  04:002 
Propeller  blades 

see  Rotor  blades 

Propellers  (Aerial)  -  Airfoil  theory 
COR.  12:001 

Propellers  (Aerial)  -  Supersonic  characteristics 
COR.  12:001 
Properties 

5£j£  as  a  subdivision,  e.  g. ,  Diaphragms 
(Mechanics)  -  Properties 
see  specific  properties  as  subdivisions,  e.  g.  , 
Silver  -  Catalytic  properties;  Nitro  compounds 
(Organic)  -  Dielectric  properties;  Crystals 
Magnetic  properties 
Propionitrile  -  Microwave  spectrum 
COU.  03:01 2 

Propionitrile  -  Molecular  structure 
COU.  03:01 2 

Propylene  Chemical  reactions 
CAT.  01:004 

Propynes  Chemical  reactions 
TEX.  04:002 

Propynes  Ionization  potentials 
TEX.  04:002,  012 
Propynes  Microwave  spectra 
DUE.  03:020 

Propynes  Milecular  rotation 
DUE.  03:020 
Propynes  Preparation 

TEX.  04:011,  013  ,  015,  030 
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Propynes  -  Properties 

TEX. 04:011,  013  ,  015,  030 
Propynes  Spectrographlc  analysis 
TEX.  04:002 

Protein  aging  -  Molecular  basis 
BJO.  01:001,  005 
Proteins  -  Aging  effects 
BJO.  01: 001 

Proteins  -  Dielectric  properties 
PRI.  08:005 

Proteins  -  Metabolism 
BJO.  01:005 

Proteins  -  Microwave  spectra 
DUK.  03:048 

Proteins  -  Molecular  structure 
MIT.  08:023 

Proteins  -  Paramagnetic  resonance 
DUK.  03:048 
Proteins  -  Synthesis 
OXF.  01:001 
Proton  bombardment 

BOS. 02:001,  002  ,  004  ,  006  ,  008;  CHI.  11:006; 

FRA.  01:002;  PEN.  10:003;  SfTA.  07:01 1,  015,  017; 
TEX.  05:005,  010-012 
Proton  cross  sections  -  Measurement 
Clll.  11:006;  ST  A.  07:021 
Proton  sources  -  Probe  measurements 
ATE.  01:002 
Protons  -  Detection 
PEN.  05:011 
Protons  -  Energy 

PEN.  05:001 ,  002,  005,  010,  012;  PEN.  06:019; 
PEN.  09:003,  007 
Protons  -  Energy  transfer 
MIN.  12:009 

Protons  -  llyperfine  splitting 
WAS.  04:013 

Protons  -  Magnetic  moments 
WAS.  04:012,  014 
Protons  -  Physical  properties 
ST  A.  07:015,  C21 
Protons  -  Production 

PEN.  05:001-005,  010  013;  PEN.  06:005,  008  ,  010, 
019;  PEN.  09:001,  003,  004,  007 
Protons  -  Scattering 

ST  A.  03:017,  020.  032;  ST  A.  07:011,  021, 

TEX.  05:009;  WAS.  03:001  004;  YA1.. 04:016 
Pseudomonas  -  Applications 
OXF.  01:001 

Psychophysical  data  Blfretiuenry  analysis 
MIT.  12:064 

Pulse  analyzers  -  Applications 
PEN.  05:008 

Pulse  analyzers  Development 
N11S.  25:011,  017 
Ihilse  analyzers  Operation 

MIS.  25:011;  PEN.  05:006 
lMlse  counters  -  Applications 
NliS.  18:004 

l*ulse  generators  Circuits 
ST  A.  05:034 

Pulsejet  engines  Design 

PHI.  II  177 

Pulse  jet  engines  Performance 
PHI.  1  1:041,  042,  1 2 1 
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Pulsejet  engines  -  Test  results 
PRI.  11:124 

Pulsejet  engines  -  Theory 
PRI.  11:028,  037 
Pulses  -  Signal  to  noise  ratio 
ST  A.  06:009 

Pulses  -  Statistical  analysis 
ffT  A.  06:009 
Pulses  -  Transmission 
MIT. 10:113 
Purification 

see  as  a  subdivision  under  things  being  purified, 
e.  g.  ,  Iron  -  Purification 
Pycnometers 

see  Density  sensitive  Indicators 
Pyrans  -  Chemical  reactions 
COL.OltOOl 

Pyridine  relneckate  -  Crystal  structure 
PSU.  07:003 

Pyridlnes  -  Catalytic  properties 

SOC. 02:001,  002  ,  004  ,  005 
Pyridlnes  -  Decomposition 
C1T.  04:002 

Pyridines  -  Microwave  spectra 
PRI.  08:006 

Pyridines  -  Molecular  structure 
PRI.  08:002,  006 
Pyridine.  -  Ring  cleavage 
C1T.  04:002 

Pyridines  -  Ultrasonic  factors 
C1T.  04:002 
Pyrolysis 

see  the  subdivision  Decomposition,  e.  g.  , 
Hydrocarbons  Decomposition 


Q  value 

See  Nuclear  disintegration  energy 
Quadrupole  moments  -  Determination 

DEL. 01:005;  DUK.  03.023;  J11U.  06:002; 

NYU.  02:001,  005;  OSU.  08:001  003;  WAU.  03:002, 
003,  005,  011 

Quadrupole  spectra  Analysis 

COU.  03:004;  NYU.  02:005 
Quantitative  analysis  Methods 
NOC.  03:001 

Quantum  chemistry  Computations 

CAT.  01:007;  CII1.  15:001,  004.  008 
Quantum  electrodynamics  Theory 

COU. 01:036;  STL. 01:004,'  005 
Quantum  mechanics 

heg  also  Perturbation  theory;  Wave  mechanics 
Quantum  mechanics 

BCU.  01:003:  CAR.  03:003;  MDU.  02:009; 

MDU.  13:003;  MIT.  10:021;  PEN.  10:004;  l'UH. 03:00 
003;  ST A.  03:002,  030.  031;  SYlt.  02:005.  006; 

SYlt.  03:004;  I  EX.  05:007,  008;  Y  AL.  04:004, 
009-013.  015,  017 

Quantum  mechanics  Elementary  particles 
(  AH.  03  001;  INN.  01:001 -006 
Quantum  mechanics  Field  theory 

liAlt.  02:076,  092;  ST  A.  03:002 
<y  i.intum  mech  anics  Mathematical  analysis 

CA1..  03:001,  002;  LEY.  01:003,  004:  Ml  P.  08:066; 
STl..  01:()0t  005;  WAIT  01:005,  00"; 
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Quantum  mechanics  -  Statistical  analysis 
SYR.  04:002 

Quantum  mechanics  -  Study  and  teaching 
MIT.  08:058 

Quantum  mechanics  -  Theory 

CAR.  03:002;  COU.  01:038;  COU.  02:019; 
FRE.  01:004,  009;  FRE.  02:002-004,  007; 
PIB.  09:008 

Quartz  crystals  -  Elasticity 
CIT.  12:002 

Quartz  crystals  -  Physical  properties 
CIT.  12:002 

Quartz  crystals  -  Spectra 
NBS.  07:009 

Quartz  crystals  -  Temperature  factors 
NBS.  07:009 

Quartz  crystals  -  Wave  transmission 
CIT.  12:002 

Quinolines  -  Molecular  structure 
PRI.  08:009 

Quinones  -  Chemical  reactions 
TOI.  01:003-006 

Quinones  -  Microwave  spectra 

COU. 01:034;  MIN.  12:002,  004;  ST  A.  09:001 


Radar  echo  areas  -  Analysis 
ST  A.  05:062 

Radar  interference  -  Reduction 
TRG.  02:001 

Radar  reflections  -  Statistical  analysis 
MIT.  12:134 

Radar  reflections  -  Synthesis 
MIT. 12:134 

Radar  signals  -  Detection 
MIT.  12:134 

Radar  targets  Detection 
MIT. 12:125 

Radar  tracking  -  Signal  to  noise  ratio 
ILLk  01:001 
Radiation 

see  also  Infrared  waves 

see  also  as  a  subdivision,  e.  g.  ,  Sun  -  Radiation 
Radiation  -  Electromagnetic  theory 
HAR.  02:073,  093 

Radiation  -  Mathematical  analysts 

MDU.  09:013,  050;  ST  A.  05:023 
Radiation  -  Scattering 

NBS.  17:001,  002;  NBS.  18:013 
Radiation  targets 

gfifi  names  of  substances  acting  as  targets,  e  g., 
Gold  -  Bombardment;  Gold  -  Scattering  effects 
Radio  communication  systems  -  Geographical  factors 
ST  A.  05:043 

Radio  communication  systems  •  Meteorological  factors 
MIT.  12:033;  ST  A.  05:009,  011 
Radio  communication  systems  Performance 
HaR.  02:072 

Radio  communication  system  Theory 
MIT.  10:160 
Radio  fields  Intensity 
HAR.  02:025 

Itadto  interference  Reduction 

MIT.  10:049,  091;  MIT.  12:132 


Radio  interferometers  -  Equipment 
NBS.  23:002 

Radio  interferometers  -  Theoretical  corrections 
NBS.  21:017 

Radio  transmission  -  Frequency  shift 
HAR.  02:072 

Radio  transmission  -  Meteorological  factors 
HAR.  02:072;  MIT.  12:047 
Radio  tuning  circuits  -  Design 
MIT.  10:137 

Radio  tuning  devices  -  Design 
MIT.  10:130 

Radio  wave  reflections  -  Analyai. 

STA.  05:041,  047,  055 
Radio  wave  reflections  -  Angle  of  arrival 
HAR.  02:049 

Radio  wave  reflections  -  Measurement 
HAR.  02:049;  STA.  05:021 
Radio  wave  reflections  -  Polarization 
HAR.  02:048,  049 

Radio  wave  reflections  -  Radar  analysis 
STA.  05:01 2 

Radio  wave  reflections  -  Statistical  analysis 
HAR.  02:070,  094 
Radio  wave  reflections  -  Theory 
STA.  05:003,  026 
Radio  waves  -  Absorption 
HAR.  02:009 

Radio  waves  -  Propagation 

HAR.  02:006  ,  048;  STA.  05:011,  015,  020,  041, 
043  ,  055 

Radto  waves  -  Refractlpn 
STA.  05:021 

Radio  waves  -  Scattering 

HAR.  02:086;  MIT.  12:033,  047;  STA.  05:007,  052, 
062 

Radio  waves  -  Transmission 
STA.  05:009,  011 
RadioacUvation  analysis 

see  as  a  subdivision  under  substances  analyzed 
by  this  technique,  e.  g. ,  Precipttatlon  - 
Radioactivabon  analysis 
Radioactive  ialtout  -  Analysis 
CHI.  10:006 

Radioactive  fallout  -  Distribution 
CHI.  10:006 

Radioactive  ftims  Applications 
PRI.  10:002 

Radioactive  films  -  Diffusion 
ALF.  01:001 

Radioactive  hydrocarbons  -  Preparation 
C1U. 11:001,  002,  009 
Radioactive  substances 

Organtc  compounds  (Labeled) 
see  spectftc  radioactive  substances,  e.  g.  , 
Carbon14 

Radioactive  tracers  -  Dtffusion 
ALF.  01:00! 

ttadiofrequency  amplifiers  -  Design 
COU.  01:046-048 

Radiofrequency  attenuators  -  Applications 
STA.  05:022 

Radiofrequency  attenuators  -  Design 
STA.  05:089 
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Radio! -equency  cables  -  Noise 
NBS.  21:002 
Radiofrequency  filters 

see  also  Band-pass  filters 
Radiofrequency  filters  -  Analysis 
MIT.  10:049 

Radiofrequency  filters  -  Applications 
ST  A.  05:025 

Radiofrequency  filters  -  Mathematical  analysis 

COU. 10:005;  MIT.  10:006,  040,  091;  ST  A.  05:025 
ST  A.  06:005 

Radiofrequency  filters  -  Statistical  analysis 
MIT.  10:041 

Radiofrequency  filters  -  Theory 
MIT. 11:016 

Radiofrequency  oscillators  -  Servo  systems 
CHf.  01:032 

Radio! requeacy  oscillators  -  Stability 
CHf.  02:032 

Radiofrequency  spectra  -  Analysis 
COU.  03:004 

Radiofrequency  spectrum  analyzers  -  Design 
HaR.  03:001 

Uadiofrequency  spectrum  analyzers  -  Operation 
ST  A.  05:025 

Radiofrjquency  transformers  -  Design 
ST  A.  05:051 

Radiographic  analysis  -  Slide  rule  measurements 
POM.  01:004 

Radiometers  -  Performance 
DUK.  03:047 

Ram  rocket  power  plants  -  Symposium 
PHI.  11:176 
Ram  rockets 

see  Ducted  rockets 
Raman  spectra 

see  also  as  a  subdivision  under  substances 
exhibiting  Raman  spectra,  e.  g.  ,  Trans-dlfluoro- 
dichloroethylene  Raman  spectrum 
Raman  spectra  -  Analysis 

NBS.  08:002;  YAL.  05:001 
Ramjet  engines  Effectiveness 
PIU.  11:153 

Ramjet  engines  -  Operation 
PR1.  i  1:044 

Ramjet  engines  -  Performance 
PIU.  1  i : 151 

Ramjet  engines  Thermodynamic  properties 
AltD.  01:005 

Ramjet  engines  (Intermittent)  Development 
l'RI.  1  i :  147 

Ramjet  engines  (Intermittent)  Theory 
PIU.  11:147 
Hare  earth  elements 

see  also  rare  earth  elements  by  name,  e.  g, , 
Lanthanum 

itare  earth  elements  Electrochemistry 
li.L.  03:001 

Hare  earth  elements  -  Electrodisposition 
ILL.  03:00i 

itare  gases  Crystal  structure 
MDU.  02:007,  OH 

Rare  gases  E.-ctrical  properties 

II Alt.  07:001.  002,  0i3,  OH,  018.  034,  03a 


Subject  Index 


Rare  gases  -  Spectrographic  analysis 
MIT. 10:079 

Rarefied  gas  dynamics  -  Test  facilities 

CAL.  06:01 1,  012,  015,  016,  020,  022,  024-026 
Rarefied  gas  dynamics  -  Theory 
CAL.  06:009 

Rarefied  hypersonic  flow  -  Heat  transfer 
CAL.  06:035 

Rarefied  hypersonic  flow  -  Thermodynamic  properties 
CAL.  06:035 

Rarefied  supa-sonic  flow  -  Boundary  layer 
CAL.  06:026,  028 

Rarefied  supersonic  flow  -  Drag  effects 
CAL.  06:017,  028 

Rarefied  supersonic  flow  -  Heat  transfer 
CAL.  06:035 

Rarefied  supersonic  flow  -  Measurement 
CAL.  06:026 

Rarefied  supersonic  flow  -  Pressure 
CAL.  06:027 

Rarefied  supersonic  flow  -  Shock  waves 
CAL.  06:026 

Rarefied  supersonic  flow  -  Test  results 
CAL.  06:030 

Rarefied  supersonic  flow  -  Theoretical  aerodynamics 
CAL.  06:029 

Rarefied  supersonic  flow  -  Thermodynamic  properties 
CAL.  06:035 

Ray  paths  -  Ionospheric  factors 
11AR.  02:006,  009 

Rays 

see  Beta  .-ays;  Cosmic  rays;  Gamma  rays;  X-rays 
Reaction  rater, 

see.  Chemical  reactions  -  Kinetics;  Chemical 
reactions  -  Mathematical  analysis 
Reactors  -  Mathematical  analysis 
TEX.  04:022 

Reading  -  Instrumentation 
MfT.  12:076 

Rearrangement  collision 

Particles  -  Scattering 
Reconnaissance  -  Infrared  techniques 
CHI.  02:002,  019 
Recording  devices 

S££  as  a  subdivision,  e.  g  ,  Chemical  reactions  - 
Recording  devices 
Reduction 

&g£  as  a  subdivision,  c.  g  ,  Etliylencs  -  Reduction 
Reflection 

age  Diffraction 

agg  as  a  sulxjivlsion,  e.  g  ,  Shock  waves  - 
Reflection 

Reflection  coefficients  -  Determination 
CAL.  05:001 
Reflective  effects 

geg  as  a  subdivision  under  the  agents  causing 
reflection,  e.  g.  ,  Grilles  -  Reflective  effects 
Reflex  klystrons  -  Frequency  shift 
MIT.  10:036 
Refractive  index 

agg  as  a  sulrfiivlsiou  under  substances  and 
materials,  e  g..  Gases  Refractive  index 
Refractive  properties 

see  as  a  suLll  vision,  e.  g  ,  Diamonds  Refractive 
properties 
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Retractometers  -  Applications 
NDS.  21:014 

Refractory  materials  -  Catalytic  properties 
PRI.  11:046 

Refractory  materials  -  Containers 
CAL.  03:004 

Refractory  materials  -  Development 
CAL.  03:004 

Regeneration  in  vertebrates  -  Symposium 
NRC.  01:002 

Relaxation  oscillators  Mathematical  analysis 
MIT.  12:108 

Relaxation  processes  -  Theory 
HaR.  03:005,  010 

Relaxation  processes  -  Thermal  factors 
HAR.  03:005 

Relaxation  time  -  Determination 
HAR.  02:099 

Reliability  -  Dibliography 
ST  A.  06:012 

Reliability  -  Statistical  analysis 
ST  A.  05:044,  045 
Removal 

see  as  a  subdivision,  e.  g. ,  Halogens  -  Removal 
Research 

see  as  a  subdivision,  e.  g.  ,  Ultrasonics  -  Research 
Resistivity 

see  the  subdivision  Electrical  properties,  e.  g. , 
Alloys  -  Electrical  properties 
Resistors  Performance 
MIT.  12:072 
Resonance 

see  Oscillation;  Vibration 

see  as  a  subdivision,  e.  g.  ,  Chlorine  Isotopes  - 
Resonance 

Resonance  absorption  (RF) 

see  also  the  subdivision  Paramagnetic  resonance 
absorption,  e.  g.  ,  Glass  -  Paramagnetic  resonance 
absorption 

Resonance  absorption  (RF)  Applications 

JHU.  06:004;  MIN.  08:002;  MIN.  12:010 
Resonance  absorption  (ItF)  Dibliography 
MIN.12  001 

Resonance  absorption  (RF)  -  Detection 
MIT.  12:083;  MIN.  12:008 
Resonance  absorption  (RF)  Determination 
MIT.  12:012 

Resonance  absorption  (RF)  -  Integrator 
MIN.  12:003 

Resonance  absorption  (RF)  Magnetic  factors 
COU.  04:002;  PIT.  02:008 

Resonance  absorption  (RF)  Mathematical  analysis 
PIT.02:008,  Oil;  RUT.  03:001 ;  SYR.  03:005 
Resonance  absorption  (RF)  Measurement 

J1IU. 00:002;  MIT.  t0.07t;  MIT.  11:010,  029,  030, 
035;  MIT.  12:016,  105,  127,  129;  MIN.  12:001,  00.-. 
004  006;  OSU.  08:001  OOl,  006  ,  010  ,  015; 

PIT.  02:001,  004  ,  006  .  007  ,  010,  OH;  ST  A.  09:001 ; 
WAS.  04:002  ,  004  007,  Oil,  012,  014,  0t7,  UtJ; 
WAS.  06:001 

Resonance  absorption  (RF)  Theory 

HAR.  02:050;  OSU.  08  0t2,  RUT.  02:001 ; 

SYR.  03:005:  WAS.  04:015 
Resonators 

sec  also  tietmlinlt.:  resonator s 


Resonators  -  Ultrasonic  characteristics 
CIT.  12:001,  003 
Respiration  -  Measurement 
NBS.  21:004 

Respiration  -  Spectrographic  analysis 
JHU.  10:007;  NBS.  21:004 
Respirometers 

NBS.  21:004 

Retarding-field  oscillators  -  Design 
OSU.  07:001 
Retina  -  Sensitivity 

1ST. 01:001,  002,  008,  011 
Rhenide  ions  -  Stability 
PUR.  01:001 

Rhenium  -  Radioactivity 
CHI.  11:003 

Rhenium  "blacks”  -  Catalytic  properties 
BRI.  0:003 

Rhenium  compounds  -  Catalytic  properties 
BRI.  01:001-004 

Rhenium  compounds  -  Thermodynamic  properties 
PUR.  01:001,  002 

Rhenium  heptaselenide  -  Catalytic  properties 
BRI.  01:002,  004 

Rhenium  heptoxide  -  Catalytic  properties 
BRI.  01:003 

Rhenium  isotopes  (Radioactive)  -  Decay 
CHI.  11:003 

Rhenium  selenides  -  Calalytic  properties 
BRI.  01:002,  004 

Rhenium  lrioxide  -  Thermodynamic  properties 
PUR.  01:002 

Rhenium  trioxychloride  -  Microwave  spectrum 
COU.  01:015 

Rhenium  trloxychlnride  -  Molecular  structure 
COU.  01:01 5 

Rhenium  trloxyf luoride  -  Hyperflne  structure 
COU.  01:018 

Rhenium  trioxyf luoride  -  Microwave  spectrum 
COU.  01:018 

Rhodium  -  Bombardment 
ST  A.  07:00'i 

Rhodium  Nuclear  photoeffects 
PEN.  06:004 

Rhodium  isotopes  (Radioactive)  -  Production 
(Til.lI:008,  009 
Ring  cleavage 

see  Ultrasonic  radiation  -  Chemical  effects 
set  as  a  subdivision,  e.  g. ,  Cyclic  compounds  - 
Ring  cleavage 
Ring  compounds 

see  Cyclic  oonipounds 

see  specific  cyclic  compounds,  e.  g.  ,  Pyridines 
Rocket  fuels 

see  also  Lii|uid  rocket  propellants;  Solid 
prope  Hants 

Rocket  motor  nozzles  Mass  transfer 
Pltl.  11:142 

.'locket  motor  nozzles  Pressure  distribution 
U'l'A.  02:005 

Rocket  motors  Cooling 

ITU.  1  1:047,  182.  t'JJ 
Itockei  motors  Design 
AMF.  02:001.  002 
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Rocket  motors  -  Heat  transfer 
PRI.  11:181,  196 
Rocket  motors  Operation 
AMF.  01:001 

Rocket  motors  -  Performance 

PRI.  11:196;  ROS.  01:001,  002 
Rocket  motors  -  Recirculating  exhaust 
AMF.  01:001 

Rocket  motors  -  Scaling 

AMF.  02:001 ,  002;  ROS.  01:002 
Rocket  motors  -  Simulation 
PRI.  11:047 

Rocket  motors  -  Temperature 
PRI.  11:047,  126 

Rocket  motors  -  Theoretical  mechanics 
AMF.  02:001,  002 

Rocket  motors  Thermodynamic  properties 
AER.  02:003;  ROS.  01:002 
Itocket  motors  Turbulent  effects 
AMF.  01:001 

Rocket  planes  -  Burning  program 
PUR.  04:001 
Rocket  propellants 

see  also  Liquid  rocket  propellants 
Rocket  propellants  -  Combustion 
PRI.  11:142 

Rocket  propellants  -  Heat  transfer 
aER.  02:001 

Rocket  research  -  Bibliography 
PRI.  11:142 

Rockets  Exhaust  gases 
P1U. 11:142 

Rockets  Heat  transfer 
PRI.  11.142 

Rods  -  Boundary  layer 
PRI.  11:109 
Rods  -  Elasticity 

MDU. 09:02  / 

Rods  -  Torque 

MDU.  09:027 
Rotating  cylinders 

see  Bodies  of  revolution 
Rotating  drum  cameras  -  Applications 
MIC.  06:002-004 

Rotating  structures  Laminar  boundary  layer 
COR.  09:014,  022 
Rotating  viscosimeters  Theory 
CAL.  06:001 

Rotor  blades  -  Aerodynamic  characteristics 
J11U.  02.003 
Rotor  blades  Flutter 
Jl I U.  02:003 

Rotor  blades  Laminar  boundary  layer 
COR.  09:022 

Rubber  sulfur  mixtures  Elasticity 
■MBS.  14.003 

Rubidium'*-’  llyperfine  structure 
MIT  10  ’10 

Rubidium** ‘  llyperfine  structure 
Mil.  10:110 

Rubidium1*"  Magnetic  moments 
WAU.  03:006 

Rubidium**1  Microwave  spectrum 
WAl  03  011 


Rubidium  bifluoride  -  Crystal  structure 
ARK.  01 :008 

Rubidium  borohydrlde  -  Crystal  structure 
MIT. 08:027 

Rubidium  bromine  -  V  cuum  sublimation  rates 
AER.  01:005 

Rubidium  chloride  crystals  -  Electrical  properties 
MIT.  08:047 

Rubidium  chlorides  -  Microwave  spectra 
COU.  01:022 

Rubidium  chlorides  -  Molecular  structure 
COU.  01:022 

Rubidium  chlorides  -  Vacuum  sublimation  rates 
AER.  01 :005 

Rubidium  iodide  crystals  -  Electrical  properties 
MIT.  08:047 

Rubidium  Isotopes  -  Hyperfine  structure 
MIT.  10:110 

Ituhidium  Isotopes  -  Magnetic  moments 
WAU.  03:005 

Rubidium  isotopes  -  Masses 
COU.  01:008 

Ruhidium  Isotopes  -  Microwave  spectra 
COU.  01 :003 

Ruby  crystal  -  Magnetic  properties 
OSU.  09:003 

Ruby  crystal  -  Magnetic  resonance  spectrum 
OSU.  08:018 

Ruthenium®®  -  Mass 
M\JU.  01:006 

Rutheniuiri  -  Mass 
MMU.  01:006 

Ruthenium  isotopes  -  Masses 
MMU.  01:006 

Ruthenium  isotopes  (Radioactive)  -  Production 
CHI.  11:008,  009 

Rutile  crystals  -  Conductivity 
ILL.  11:001 

Rutile  crvstais  Electrical  properties 
MIT.  08:003 

Rutile  crystals  Rail  effect 
ILL.  11:001 

Rutile  crystals  Optical  properties 
MIT.  08:003 


Salts  Chemical  reactions 
PUR.  05:000 

baits  Electrochemistry 
POL.  01:013,  014 

Sampled  data  control  systems  -  Design 

CAL. 04:001;  COU.  10:003.  007,  008,  012,  017 

Sampled- data  control  systems  Errors 
COU.  10:003,  004  ,  017 

Sampled  data  control  systems  Feedback  systems 
COU.  10:007  010,  013,  014 

Sampled  data  control  systems  Mathematical  analysis 
CAL.  04:001,  003  ,  004  :  COt  .  10  001,  0(4  006, 
008,  010  014 

Sampled  data  control  systems  Osi  illations 
CAI..  04:002 

Sample!  data  control  systems  Pulse  width 
CAL.  04:003 

Sampled  iata  control  systems  Stability 
C  AL.  04:002:  COl  .  10:010 
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Sampled-data  control  systems  -  Stabilization  systems 
COU.  10:001,  002,  013,  017 
Sampled-data  control  systems  Statistical  analysis 
COU.  10:003 

Sampled-data  control  systems  -  Synthesis 

CAL.  04:004;  COU.  10:001,  006,  015,  017 
Sampled-data  control  systems  -  Theory 

COU.  10:002,  004,  009,  012,  014,  015 
Sampling  (Statistics)  -  Applications 
PRI.  11:092 

Sampling  (Statistics)  -  Errors 
MIT.  10:003 

Sandwich  panels  -  Temperature  factors 
MIN.  11:003 

Satellite  vehicles  -  Applications 

MDU.  03:002,  007,  009,  Oil,  012,  014,  020-022, 
024 

Satellite  vehicles  -  Design 
MDU.  03:002 

Satellite  vehicles  -  Equipment 
MDU.  03:009,  011 
Satellite  vehicles  -  Erosion 
MDU.  03:017 

Satellite  vehicles  -  Launching 
MDU.  03:024 

Satellite  vehicles  -  Lile  expectancy 
MDU.  03:024 

Satellite  vehicles  -  Meteorological  lactors 
MDU.  03:011 

Satellite  vehicles  -  Theory 

MDU. 03:012,  014,  020,  021 

ycale  Sfifi.  Metal  oxides  -  Formation;  Metals  Oxidation 
sen  as  a  subdivision,  e.  g.  ,  Metals  -  Scale 
Scanning  x-ray  systems  -  Development 
CHI.  14:001,  002 
Scattering 

see  as  a  subdivision  under  things  scattered,  e.  g.  , 
Electrons  -  Scattering 
Schlieren  photography  -  Applications 
MIN.  09:010 

Schlieren  photography  -  Instrumentation 
PfU.  11:115 
Schroedinger  equation 

sttfi  Wave  mechanics 
Scientific  instruments 

smL^Jss)  Anemometers;  Calorimeters; 
Dilatometers;  Geiger  counters;  Manometers: 
Scintillation  counters;  Thermocouples;  Vacuum 
apparatus 

SetiilSO  the  subdivision  Recording  devices;  e.  g. , 
Chemical  reactions  -  Recording  devices 
Scientilic  instruments  Bibliography 
NUS.  25:005 

Scientilic  personnel  Europe 
ILL.  08:007 

Scientilic  reports  Coding 
NUS.  25:016 

Scientific  reports  Control 
NUS.  25:016 

Scientific  reports  Handling 
NUS.  26:0f0 

Sclent. tie  reports  Punched  card  methods 
NUS.  25:0f6 

Scientific  research  ■  Europe 
ILL  08:007 


Scientilic  research  -  Organization 
AMS.  02:001 

Scintillation  counters  -  Calibration 
NBS.  18:011;  ST  A.  07:002 
Scintillation  counters  -  Effectiveness 
NBS.  18:007 

Scintillation  counters  -  Materials 
NBS.  18:007;  TOl.  02:001 
Scintillation  counters  -  Mathematical  analysis 
ST  A.  07:002 

Search  radar  systems  -  Synthesis 
MIT.  12:124 

Sedimentation  -  Hydrodynamic  lactors 
CIT.  10:001;  CIT. 11:001 
Selenium^-*  -  Moments 
COU.  01:024 
Selenium^®  -  Moments 
COU.  01:005 

Selenium  compounds  (Organic)  -  Crystal  structure 
MIT.  08:032 

Selenium  isotopes  -  Hyperfine  structure 
COU.  01:025 

Selenium  isotopes  -  Mass  spectra 
MMU.  01:002,  003 
Selenium  isotopes  -  Masses 

COU.  01:008,  MMU.  01:003 
Selenium  isotopes  -  Microwave  spectra 
COU.  01:008,  025 

Selenium  isotopes  (Radioactive)  -  Hyperline  structure 
COU.  01:024 

Selenium  isotopes  (Radioactive)  -  Masses 
COU.  01:008 

Selenium  Isotopes  (Radioactive)  -  Microwave  spectra 
COU.  01:005,  008,  024 
Selenium  isotopes  (Radioactive)  -  Moments 
COU.  01:005 

Selenium  isotopes  (Radioactive)  -  Nuclear  reactions 
COU.  01:005 

Semantics  -  Information  theory 
MIT.  10:120;  MIT.  12:017 
Semiconducting  films  -  Preparation 
CHI.  02:017 
Semiconduc  tors 

see  also  Conductors 

see  also  specllic  semiconducting  materials,  e.  g. , 
Germanium  crystals 
Semiconductors  -  Absorptive  properties 
SYR.  02.004  ,  008 
Semiconductors  -  Conductivity 

COU.  09:00 f ;  FRA  04:004- 0CC;  HAR.  02:037; 

1l#L.  11:001;  MIT.  08:055 
Semiconductors  -  Crystal  structure 
ST  A.  06:008 

Semiconduc ,ors  Diffusion  processes 
H  .Alt.  02:037 

Semiconductors  ■  Electrical  properties 
CHI.  02:072,  030 

Semiconductors  Electromagnetic  properties 
HAH.  02.068;  MIT.  12:035 
Semiconductors  Electron  transitions 

ILL.  14:004;  MIT.  12.035;  ROC.  05:006 
Semiconductors  Hall  effect 

FRA.  04:004  000;  HAR.  02:058,  103;  ILL.  11:001 
Semiconductors  Junction  rectification 
FRA.  04:004  006 
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Semiconductors  -  Mathematical  analysis 
HAR.  02:037 

Semiconductors  -  Photoconductivity 
HAR.  02:037 

Semiconductors  -  Purification 
FRA  04:004,  005,  008 
Semiconductors  -  Radiation 
CHI.  03:003 

Semiconductors  -  Resistivity 
ILL.  11:001 

Semiconductors  -  Spectrographic  analysis 
MIT.  08:054 

Semiconductors  -  Temperature  factors 
ILL.  11:009 

Semiconductors  -  Testing  equipment 
ILL.  11:009 

Semiconductors  -  Theory 
CHI.  03:003 

Semiquinones  -  Electron  resonance 
MIN.  12:002 
Sensitivity 

see  signal  to  noise  ratio 

see  as  a  subdivision,  e.  g. ,  Infrared  detectors  - 
Sensitivity 
Separation 

see  as  a  subdivision,  e.  g.  ,  Barium  ions  - 
Separation 

Sequential  analysis  -  Applications 
HAR.  07:045  ,  049 
Serum  -  Enzymes 

HAR.  07:044 
Serum  -  Oxidasis 

HAR.  07:048 

Serum  -  Pathological  factors 
HAR.  07:050 

•Serum- zinc  -  Determination 
HAR.  07:045  ,  049 
Servo  systems  -  Synthesis 
MIT. 11:002 

Servo  systems  -  Theory 
MIT.  11:062 
Servomechanisms 

wee  also  Control  systems 
Servomechanisms  -  Design 

P1B.  09:002;  PUL  05:003 
Servomechanisms  -  Errors 
COU.  10:003 

Servomechanisms  -  Feedback  systems 

COU  10.005,  007,  Oil;  NI1S.  25:019;  PUL  05:001 
Servomechanisms  -  Mathematical  analysis 
PUL  05:003 

Servomechanisms  Performance 

COU.  10:006;  PRI.  05:002,  004 
Servomechanisms  ■  Stability 
N1SS.  25:019 

Servomechanisms  -  Statistical  analysis 
COU.  10:004  ,  005 
Servomechanisms  Synthesis 

COU.  10:006;  MIT.  10:018;  Pill.  10.002 
Servomechanisms  Theory 
COU.  i 0.004 
Sheer  stresses 

wee  as  a  subdivision,  e.  g  ,  Laminar  tioundary 
layer  ilieer  stresses 


Sheets  -  Aerodynamic  characteristics 

CAL.  06:007,  010,  030;  MIN.  09:001 
Sheets  -  Boundary  layer 

CAL.  06:007,  021,  026,  033;  COR.  09:023; 

RPI.  03:004 
Sheets  -  Deformation 

CIT.  06:003;  COR.  10:001-004;  IOW.  01:001,  002; 
MDU.  09:017;  PRI.  04:002;  RRI.  01:004 
Sheets  -  Drag 

CAL.  06:010,  021 

Sheets  -  Electromagnetic  properties 
HAR.  02:020 
Sheets  -  Flutter 

CIT. 06:002-004 
Sheets  -  Heat  transler 
MED.  01:001 

Sheets  -  Hypersonic  characteristics 

CIT.  07:007,  009,  018,  023,  026 
Sheets  -  Laminar  boundary  layer 

CIT.  07:012,  018;  CIT.  08:001,  002,  005; 

CAL.  05:002;  CAL.  06:031;  MIN.  07:002;  PSU.  01:002; 
PRI.  11:132;  TOR.  01:002 
Sheets  -  Lift 

CAL.  06:029 

Sheets  -  Load  distribution 

CAR.  05:001,  004;  RPI-  07:001 
Sheets  -  Low-density  aerodynamic  characteristics 
CAL.  06:010 
Sheets  -  Oscillation 

DRO.  05:002;  RRI.  01:003 
Sheets  -  Stresses 

PRI.  11:026,  038,  039 
Sheets  -  Supersonic  characteristics 

CIT.  06:002-004;  CIT.  07:003,  009;  CAL.  06:029; 
MIN.  09:006,  SOC.  05:001 
Sheets  -  Theoretical  aerodynamics 
CAL.  06.033 

Sheets  -  Turbulent  boundary  layer 
CIT.  07:003,  009;  PRI.  03:007 
Sheets  -  Vibration 

CAR.  05:001,  004;  MDU.  09:046;  PRI.  01:001,  002, 
005;  RFI.  07:001 

Shells 

a eg  Cylindrical  shells;  Structural  shells 
Shipbuilding  materials  -  Dynamic  properties 
CIT.  03:003 

Ships  -  Structural  analysis 
CIT.  03:003 

Shock  tubes  -  Aerodynamic  applications 
CO  A  01:004 

Shock  tuhes  -  Applications 

CIT.  09:001 -006;  MIT.  00:010;  Pltl.  11:053,  056  ,  057 
Shock  tuhes  -  Heat  transler 

COA  01:004;  COU.  09:029 
Shock  tubes  ■  Hypersonic  characteristics 
CIT. 07:019 

Shock  tubes  Pressure  distribution 
PUL  11:063;  TOR. 01:001 
Shock  tuhes  -  Temperature 
MIC.  06:003  ,  004 
Shock  tuties  -  Test  results 

MDU.  07:005;  MIC.0C:001 
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Shock- wave  diffraction 

see  Shock  waves  -  Diffraction 
see  as  a  subdivision,  e  g. ,  Wedges  -  Shock-wave 
diffraction 
Shock  waves 

see  also  as  a  subdivision,  e.  g. ,  Compressible 
flow  -  Shock  waves 
Shock  waves  -  Absorption 
MIT.  06:010 

Shock  waves  -  Aerodynamic  characteristics 
C1T.  07:001 

Shock  waves  -  Analysis 

CIT.  09:002;  PRI.  07:003 
Shock  waves  -  Attenuation 
SOU.  01:001,  002 
Shock  waves  -  Dihliography 
MIT.  06:010 

Shock  waves  -  Carbon  formation 
CIT. 09:004 

Shock  waves  -  Chemical  effects 
CIT.  09:004,  006 
Shock  waves  Density 
MDU.  11:006 

Shock  waves  -  Diff-action 

COP.  09:020,  030;  COR.  12:005;  P1D.  04:003; 

PRI.  07:001 

Shock  waves  -  Hypersonic  characteristics 
CIT.  07:007 

Shock  waves  -  Luminous  effects 
MIC.  06:001-004 

Shock  waves  -  Mach  number  effects 
COR.  09:001 

Shock  waves  -  Mathematical  analysis 

COR.  12:005;  KOK.  01:001;  MDU.  11:008,  009; 

MIN.  09:006;  TOR.  01:005 
Shuck  waves  Measurement 

J11U.  14:002;  MDU.  11:000,  014;  NI1S.  25:023 
Shock  waves  Photographic  analysis 
MIC. 00:001 -003 
Shock  waves  -  Physical  effects 
CIT.  09:004,  000 
Shock  waves  Pressure 

PIU.  02:002  ,  004;  PIU.  03:003,  005,  007; 

PRI. 04:003,  Oil,  015;  PRI. 07:001,  002; 

Pill.  11:159 

Shock  waves  Propagation 

MDU.  11:0011;  MIC.  00:002:  1*1(1.1  1:052,  050.  001, 
062,  064,  088,  0HJ,  093  09a;  ROM. 03:001 
Shock  waves  Reflection 

COR.  09:001,  002;  JlllJ.  14:001;  PRI.  11:03-1, 

039  061 

Shock  waves  ■  Refr.tr  lion 
TOR.  01:001 
.Shod;  waves  Stability 
MDU.  11.009 

Shock  waves  Supersonic  churai  teristlcs 
SOC.  tla.001 
SI  tuck  waves  Tables 
KOK.  01  001 

Shock  waves  Temperature 
CIT  09  001 

Shoek  waves  Ttieureli  al  aerodynamic s 
PIT. 07:017,  032 

Shock  waves  1'heoretiCal  nieihamcs 
111(0,  03:001 


Shock  waves  Thermal  effects 

CIT.  09:005;  COR.  11:001  003;  MDU.  07:005; 

MDU.  11  007;  MIC.  06:001 
Shock  waves  -  Turbulence  interaction 
PRI.  11:088 

Shock  waves  -  Velocity 
NBS.  25:023 

Signal  detection  -  Communication  theory 
HAR.  02:087 

Signal  detection  -  Decision  theory 
HAR.  02:088,  091 
Signal  detection  -  Noise  (actors 

HAR.  02:044,  077-079,  087,  090 
Signal  detection  -  Statistical  analysis 
HAR.  02:078 
Signal  to  noise  ratio 

see  also  as  a  subdivision,  e,  g. ,  Electron  beams 
Signal  to  noise  ratio 

see  also  the  subdivision  Sensitivity,  e.  g. , 
Inlrared  photoelectric  cells  -  Sensitivity 
Signal  to  noise  ratio  -  Information  theory 
HAR.  02:044 

Signal  to  noise  ratio  -  Mathematical  analysis 
CHI.  02:026;  HAR.  02:044 
Signal  to  noise  ratio  -  Statistical  analysis 
HAR.  02:044 

Signals 

see.  Auditory  signals;  Radar  signals 
Silanes  -  Infrared  spectra 
HAR.  06:010,  013 
Silanes  -  Molecular  structure 
HAR.  06:010,  013 
Silanes  -  ltanian  spectra 
HAR.  06:013 

Silanes-jJ  -  Infrared  spectra 
HAR.  06:006  ,  013 
SUanes-d  -  Molecular  structure 
I1AR.  06:006  ,  013 
Silanes  d  Raman  spectra 
UAH.  06:013 
Silica  Allotropy 
ILL,  02:003 

Silica  Polymorphism 
ILL.  02:002 
Silica  Spectrum 
N11S.  07:009 

SUlcaiies 

sim;  Silanes 

Silicon  Absorptive  properties 
SY1(.  02:008 
Silicon  Adsorption 
1  SI  .05:003 

Silicon  ll.ind  struc lure 

CHI.  02:001,  007,  011 
•Silicon  Conduction  band 
Pill.  02:007 

Silicon  Klee  Iron  transitions 
PHI.  tr*:007 

Silicon  Energy  bands 
(  111.02:001,  014 
Silicon  Impurities 
SYR.  02:007 

Silicon  Spt’ctrogruphic  analysis 
SYR.  02:007 
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Silicon21’  -  Excitation 
BOS.  02:007 

Silicon  bromides  -  Infrared  spectra 
HaR.  06:001 

Silicon  chlorides  -  Infrared  spectra 
HAR.  06;  001 

Silicon  compounds  (Polymerized)  Preparation 
PSU.  04:002 

Silicon  crystals  -  Electron  transitions 
ST  A.  06:008 

Silicon  dioxide  -  Crystallization 
ILL.  02:003 

Silicon  dioxide  -  Polymorphism 
ILL.  02:003 

Silicon  halides  -  Infrared  spectra 
HAR.  06:001 

Silicon  halides  -  Microwave  spectra 
DUK.  03:001 

Silicon  halides  -  Molecular  structure 
DUK.  03:001 

Silicon  hydrides-d  -  Infrared  spectra 
HAR.  06:003 

Silicon  hydrides-d  -  Molecular  structure 
HAR.  06:003 

Silicon  isotopes  -  Excitation 
BOS.  02:007 

Silicon  isotopes  -  Masses 
COU.  01:008 

Silicon  isotopes  -  Microwave  spectra 
COU.  01:004,  008 

Silicon  isotopes  -  Nuclear  energy  levels 
BOS.  02:007 

Silicon  trihydro-halides  -  Molecular  structure 
HAR.  06:010 
Silver  -  Bombardment 

CHI.  11:008,  009;  PEN.  06:009 
Silver  -  Catalytic  properties 
P1U.  09:010 

Silver  Cohesive  energy 
HaR.  02:081 

Silver  Crystal  structure 
J11U.  15:002,  003 
Silver  Diffusion 
MIT.  03:002 

Silver  -  Electrical  properties 
HAR,  02:085 

Silver  Nuclear  photoeffects 
PEN.  06:009 

Silver  -  Nuclear  reactions 
PEN.  00:009 
Silver  Photoemission 
NDS.  2H:00t 

Silver  Plon  bombardment 
CHI.  1 1:008,  009 
Silver  Potentials 
AUK.  01:001 
Sliver  Self  diffusion 
Clll.  13:002 

silver  spec tro graphic  analysis 
FUE.  03:001,  002 
Sliver  Vaporization 

FUE.  03:001,  002 

Sliver  bromide  Photochemical  effects 
WES.  01:001 


Silver  bromide  films  -  Spectrum 
ROC.  04:006 

Silver  catalysts  -  Adsorptive  properties 
CAR.  08:002 

Silver  chloride  crystals  -  Elasticity 
ILL.  09:001 

Silver  chloride  films  -  Spectrum 
ROC.  04:006 

Silver  colloids  -  Spectra 
WES.  01:001 

Silver  crystals  -  Deformation 
COU.  15:002 

Silver  crystals  -  Dislocations 
COU.  15:002 

Silver  crystals  -  Physical  properties 
JHU.  15:002,  003 

Silver  crystals  -  Thermal  etching 
CAR. 08:001;  COU.  15:002 

Silver  halide  crystals  -  Electrical  properties 
MIT.  11:021 

Silver  halides  -  Optical  properties 
ROC.  04:006 

Silver  halides  -  Spectra 
ROC.  04:006 

Silver  iodide  films  -  Spectrum 
ROC.  04:006 

Silver  isotopes  (Radioactive)  -  Separation 
COL.  04:002 

Silver  mercuric  iodide  crystals  -  Structure 
OSU,  05:002 

Silver  nitrate  -  Chemical  reactions 
CIT.  04:002 

Silver  nitrite  -  Chemical  reactions 

PUll.  05:002,  005.  006,  008,  010 

Silver- palladium  alloys 

see  Palladium- silver  alloys 

Silver  perchlorate-dioxane  complex  -  Crystal  structure 
CL.A.  01:002 

Silver- silver  halide  electrodes  -  Preparation 
RPl.OG  OOl,  003 

Silver- silver  halide  electrodes  -  Properties 
RP1.  06:001,  003 

Silver- sliver  halide  electrodes  -  Stability 
RP1.  06:001,  003 

Simulation 

£££  as  a  subdivision  under  phenomena  or 
properties  ■’imulated,  a.  g.  .  Space  charges  - 
Simulation 

Single  crystals  Deformation 
CIT.  03:002,  YAL.  03:001 

Single  crystals  -  Density 
MIT.  08:052,  053 

Single  crystals  -  Electrical  properties 
MIT.  08:047:  YAL.  03:001 

Single  crystals  -  Growth 

CIT. 03:001;  ILL.  14:002 

S.  le  crystals  -  Lattices 
MIT.  08:049 

Single  crystals  Magnetic  fields 
ROC.  05:010 

Single  crystals  Melting 
ll.L.  1 4 :  0C  2 

Single  crystals'  -  Microwave  s]>ectru 
HAR.  02:046,  104 
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Single  crystals  -  Nuclear  energy  levels 
OSU.  08:013 

Single  crystals  -  Optical  effects 
MIT.  08:024 

Single  crystals  -  Preparation 

POL.  01:004;  VIS.  01:002,  003 

Single  crystals  (Metallurgy)  -  Fracture 
COU.  14:003 

Single  crystals  (Metallurgy)  -  Growth 
MIT. 08:046 

Single  crystals  (Metallurgy)  -  Internal  friction 
COR.  02:001,  002 

Single  crystals  (Metallurgy)  -  Mechanical  properties 
COU.  14:003;  COR.  02:002 

Single  crystals  (Metallurgy)  -  Optical  analysis 
MIT.  08:044 

Single  crystals  (Metallurgy)  -  Photographic  analysis 
MIT.  10:100 

Single  crystals  (Metallurgy)  -  Tensile  properties 
COU.  14:004 

Single  crystals  (Metallurgy)  -  Testing  equipment 
COU.  14:004 

Sintering 

see  as  a  subdivision,  e.  g. ,  Strontium  titanates  - 
Sintering 

Skin  folds  -  Thickness  measurement 
ANT.  02:001,  002 

Skin  friction  -  Hypersonic  characteristics 
CIT;  07:007,  009,  014,  018 

Skin  friction  -  Slip  flow  factors 
CAL.  06:023 

Skin-friction  coefficients 

seethe  subdivision,  Skin-friction  coefficients, 
e.  g.  ,  Turbulent  boundary  layer  -  Skin-friction 
coefficients 

Slender  bodies  -  Supersonic  characteristics 
CLA.  03:001 

Slender  bodies  -  Theoretical  aerodynamics 
COR.  09:018 

Slip  flow  -  Heat  transfer 
CAL.  06:008 

Slip  flow  -  Theory 
CAL.  00:007 

Slot  antennas  -  Electromagnetic  theory 
HAR.  02:067 

Slot  antennas  -  Impedance 
HAR.  02:067 

Slot  antennas  -  Mathematical  analysis 
HAR.  03:007 

Slot  antennas  -  Test  results 
HAR.  02:067 

Slotted  walls  -  Aerodynamic  characteristics 
COR.  09:002 

Social  communication  -  Theory 
MIT.  12:056 

Sodium  -  Chemical  reactions 
WAS.  04:003 

Sodium  -  Magnetic  moments 
WAU.  03:010 

Sodium  -  Neutron  cross  sections 
TEX.  05:002 

Sodium  -  Self-diffusion 
CHI.  13:001,  003 

Sodium  -  Spectrographlc  analysis 
MIC.  06:001 


Sodium  -  Spectrum 

MIT.  11:030;  MIC.  06:002 

Sodium*3  -  Bombardment 
WAS.  03:001 

Sodium*3  -  Hyperfine  structure 
MIT. 11:020 

Sodium  bifluoride  -  Crystal  structure 
ARK.  01:008 

Sodium  borohydride  -  Crystal  structure 
MIT. 08:037 

Sodium  borohydride  -  Preparation 
PUR.  05:001 

Sodium  bromide  -  Vacuum  sublimation  rates 
AER.  01:005 

Sodium  bromide  crystals  -  Electrical  properties 
MIT.  08:047 

Sodium  chlorate  crystals  -  Effects  of  radiation 
WAU.  03:004  ,  009 

Sodium  chlorate  crystals  -  Magnetic  resonance  spectrum 
OSU. 08:001-003,  006 

Sodium  chlorate  crystals  -  Microwave  spectrum 
OSU.  08:001-003,  006 

Sodium  chlorate  crystals  -  Moments 
WAU.  03:006,  009 

Sodium  chlorate  crystals  -  Nuclear  reactions 
WAU.  03:004  ,  009 

Sodium  chlorate  crystals  -  Ultrasonic  factors 
WAU. 03:004  ,  006  ,  009 

Sodium  chloride  -  Electromagnetic  properties 
ILL.  09:004 

Sodium  chloride  -  Electron  transitions 
COR.  07:008 

Sodium  chloride  -  Energy  levels 
COR.  07:008 

Sodium  chloride  -  K- spectrum 
COR.  07:008 

Sodium  chloride  -  Microwave  spectrum 

I  R. 03:011;  MIT.  10:152;  MIT.  11:010;  MIN.  08:001 

Sodium  chloride  -  Spectrographlc  analysis 
COR.  07:008 

Sodium  chloride  -  Vacuum  sublimation  rates 
AER.  01:005 

Sodium  chloride  crystals  -  Color 
YAL.  03:002,  005 

Sodium  chloride  crystals  -  Conductivity 
ILL.  08:006 

Sodium  chloride  crystals  -  Deformation 
YAL.  03:001,  003,  004 

Sodium  chloride  crystals  -  Dielectric  properties 
ILL.  08:005 

Sodium  chloride  crystals  -  Effects  of  radiation 

HAR.  03:011;  PEN.  08:004-007;  YAL.  03:002,  003, 
005 

Sodium  chloride  crystals  -  Elasticity 
ILL.  09:001-003;  YAU  03:005 

Sodium  chloride  crystals  -  Electrical  properties 
MIT.  08:047;  YAU  03:001,  004 

Sodium  chloride  crystals  -  Electron  transitions 
ROC.  05:001;  YAU  03:003 

Sodium  chloride  crystals  Impurities 
ILL.  09:003 

Sodium  chloride  crystals  -  lattices 
ILL.  09:003 

Sodium  chloride  crystals  -  Nuclear  reactions 
WAU.  03:008 
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Sodium  chloride  crystals  -  Ultrasori:  factors 
WAU.  03:007,  008 

Sodium  chloride  crysials  -  Work  functions 
NBS.  28:001 

Sodium  chloride  crystals  -  X  ray  analysis 
OSU.  05:001,  003 

Sodium  hydroxide  -  Infrared  spectrum 
YAL.  05:001 

Sodium  hydroxide  -  Raman  spectrum 
YAL.  05:001 

Sodium  hydroxide-4  -  Infrared  spectrum 
YAL.  05:00’ 

Sodium  hydroxide  crystals  -  Infrared  spectrum 
YAL.  05:002 

Sodium  hydroxide  crystals  -  Raman  spectrum 
YAL.  05:002 

Sodium  iodide  -  Applications 
NBS.  18:006 

Sodium  iodide  -  Vacuum  sublimation  rates 
AER.  01:005 

Sodium  iodidefThallium- activated)  Phosphorescent  decay 
IIT.  01:002 

Sodium  iodide  crystals  -  Applications 

NBS.  18:009-014,  016;  NBS.  20:001 

Sodium  iodide  crystals  -  Effects  of  radiation 

NBS.  17:001:  NBS.  18:009,  012-014,  016; 

NBS.  20:001 

Sodium  ions  -  Complex  compounds 
MIN. 08:002 

Sodium  ions  -  Conductivity 
ILL.  08:004  ,  006 

Sodium  ions  -  Diffusion 
ILL.  08:004,  006 

Sodium  ions  -  Resonance  absorption 
MIN.  08:001 

Sodium  isotopes  -  Bombardment 
WAS.  03:001 

Sodium  Isotopes  -  Hyperflne  structure 
MIT.  11:020 

Sodium  niohate  crystals  -  Ferroelectric  properties 
PSU.  08:002 

Sodium  niohate  crystals  -  Phase  studies 
PSU.  08:092 

Sodium  niohate  crystals  •  X  ray  analysis 
PSU.  08:002 

Sixlium  niobates  Crystal  structure 
PSU.  08:002 

Sodium  nitrate  crystals  Microwave  spectrum 
WAU.  0:  : 0 1 0 

Sixlium  nitrate  crystals  -  Ultrasonic  factors 
WAU.  02:010 

Sixilum  nitrite  Chemical  reactions 
PUR.  05:011,  014,  010.  022 

Sixlium  nuclei  Energy  levels 
WAU  03:008 

Sixlium  trlmothoxyhorohydrlde  Preparation 
PUR.  05:001 

Sixlium  tungsten  alloys  Thermal  expansion 
PHI.  02:001 

Solar  atmosphere  Radiation 
Jilt  ly:-'02 

Solar  corpuscular  radiation  Geophysical  effects 
MDl  .  03:016,  023 

•Solar  energy  conversion  Mathematical  analysis 
WAY.  01:002 
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Solar  energy  conversion  -  Pnotovoltilc  cells 
WAY.  01:002,  003 
Solar  flares  -  Radiation 

CHI.  12:009,  012,  017,  024 
Solar  furnaces  -  Applications 
STR.  01:004 

Solar  furnaces  -  Design 
STR.  01:003,  005 

Solar  furnaces  -  Economic  aspects 
STR.  01:003 

Solar  furnaces  -  Performance 
STR.  01:001,  002 
Solar  furnaces  -  Theory 
STR.  01:001,  002 

Solar  radiation  -  Infrared  spectra 
JHU.  19:002 

Solar  radiation  -  Spectrographic  analysis 
DUK.  03:047 

Solenoids  -  .Applications 

STA.  05:051;  UT A.  01:004  ,  006 
Solid  propellants 

see  also  Propellants;  Rocket  propellants 
Solid  propellants  -  Combustion 

AER.  02:001-011;  AER.  04:001,  003;  GEC.  01:001; 
IOC.  01:002;  PRI.  12:004 
Solid  propellants  -  Configuration 
AER.  02:009 

Solid  propellants  -  Reaction  stability 
AER.  02:008-011 

Solid  propellants  -  Testing  equipment 
AER.  04:002 

Solid  surfaces  -  Symposium 
NRC.  02:001 

Solidified  gases  -  Preparation 
NBS.  07:010 

Solids  -  Atomic  structure 
HAH.  02:076 
Solids  -  Band  structure 
COR.  07:014,  015 
Solids  -  Band  theory 
Clll.  03:007 

Solids  -  Beta  radioactivity  assay 
CHI.  1  !:9J4 

Solids  -  Beta  ray  spectra 
Clll.  11:004 

Solids  -  Decomposition 
AER.  Cl :001  - 008 
Solids  -  Dielectric  properties 
HAH.  02:051 
Solids  ■  Diffusion 

PRI.  10:002,  008;  PUR.  06:002 
Solids  -  Effect:  of  radiation 
PRI.  10:008 

Solids  -  Electron  transitions 
SYR.  02:003 

Solids  -  lsotojie  effects 
KHK.  01:001.  003 
Solids  -  lattices 

FRE.  01:001,  00? 

Solids  low  temperature  properties 

CAR.  03:003 

Solids  Magnetic  properties 
UAH.  02:076 

Solids  Mathematical  analysis 
ROC.  05:005 
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Solids  -  Nuclear  spectroscopy 
HAR.  02:076 

Solids  -  Optical  properties 

ROC.  05:014;  SYR.  02:003 
Solids  -  Photoconductivity 
ROC.  05:011 
Solids  -  Properties 
PRI.  12:003 
Solids  -  Radiation 
MIT.  10:056 
Solids  -  Scattering 
MIT. 11:043 
Solids  -  Spectra 

NBS.  06:002,  003;  NBS.  07:010,  01 3;  ROC.  05:005 
Solids  -  Spectrographic  analysis 

NBS.  06:002,  003;  NBS.  07:010 
Solids  -  Sublimation 
AER.  0’.;008 

Solids  -  Surface  properties 

COR.  08:001,  002;  0X06:002,  PRI.  10:002 
Solids  -  Temperature  factors 
STR.  01:004,  006 
Solids  -  Theory 

PRI.  12:003 

Solids  -  Thermodynamic  properties 
FRE.  01:001-004,  00‘J 
Solids  -  Thermoeleastic  properties 
PEN.  02:001 
Solids  -  Vaporization 
AER.  01:004 

Solids  -  X  ray  analysis 

COR.  07:004,  010,  014,  015;  1IT.  06:002 
Solids  -  X  ray  diffraction  analysis 
COR.  08:002 

Solids  -  Zero  point  properties 
FRE.  01:004 

Solution  spectra  -  Freiuency  shift 
FLA.  01:005 
Solutions  -  Spec  Ira 
FLA.  01:005 

Solutions  -  Spectrographic  analysis 
TEX.  04:024 
Solvent  action 

see  as  a  subdivision  under  substances  acting 
as  solvents,  e.  g. ,  Dimethyiformamldc  -  Solven: 
iction 

Sound 

see  also  the  subdivision  Sound  transmission,  e.  g.  . 
Methyl  halides  -  Sou.,J  transmission 
Sound  -  Absorption 
MIT.  12:119 

•Sound  -  Mathematical  analysis 
COU.  08:001 
Sound  -  Propagation 
MIT.  10:030 

Sound  -  Recording  devices 
NBS.  14:002 
Sound  -  Scattering 
lOW.  02:001 

Sound  -  Temperature  factors 

COf.  08:001:  MIT.  06:003 
Sound  -  Thermodynamic  properties 
COU.  08:001 
Sound  Velocity 

COU.  08:001:  NT1S.  14:002 


Sound  chambers,  Anecholc 

see  Anechoic  chambers 
Sources 

see  as  a  subdivision  under  products  derived  from 
sources,  e.  g. ,  Ions  -  Sources 
Space  charges  -  Electrical  effects 
MIN. 01:001 

Space  charges  -  Mathematical  analysis 
MIT.  12:058 

Space  charged  -  Production 
MIT.  08:008 

Space  charges  -  Simulation 
OSU.  06:003 

Spark  shadowgraph  photography  -  Applications 
PRI.  11:086 

Sparks 

see  also  Electric  discharges 
Sparks  -  Applications 
MDU.  10:005 
Spectra(um) 

see  specific  types  of  spectra,  e.  g. ,  Atomic 
Spectra;  Infrared  spectra 

see  as  a  subdivision,  g.  ,  Acetylenes  -  Spectra 
see  the  subdivision  Energy  spectrum,  e.  g.  , 
Turbulence  -  Energy  spectrum 
Spectrographic  analysis 

see  also  Infrared  spectra  -  Analysis 
Ultraviolet  spectra  -  Analysis 
see  also  as  a  subdivision,  e.g  ,  Gases  -  Spectro¬ 
graphic  analysis 

see  also  the  subdivision  Spectra,  e.  g.  ,  Alkali 
halide  crystals  -  Spectra 
Spectrographic  analysis  -  Instrumentation 
HAR.  07:002,  016,  017,  027,  051 
Spectrographic  analysis  -  Theoretical  corrections 
COR.  07:011,  013 
Speclrographs 

6£JL  Speclrum  analyzers 
Spectrometers 

see  also  Spectrum  analyzers,  e.  g. ,  Neutron 
spectrum  analyzers:  X-ray  spectrum  analyzers 
Spectrometers  -  Adapters 
MIT.  08:011 

Spectrometers  -  Applications 

NBS.  18:008,  013,  016;  NBS.  20:001;  NOL  01:008 
S|H?ctrometers  -  Calibration 
NBS.  18:011 

Spectrometers  -  Design 
MIT.  12:105 

Spectrometers  -  Development 
UAH.  07:028 

Spectrometers  Errors 
NBS.  07:004 

Spectrometers  -  Performance 

HAR. 07:035;  NBS.  18:001,  006  ,  007,  009  ,  012  ,  014 
Spectrophotometers 

see  also  Colorimetry;  Flame  spectrometers 
Spectrophotometers  -  Applications 
Pltl.  11:076 

Spectrophotometers  -  Operation 
NCU.  01:001 

Spectrophotometers  -  Theory 
NCU.  01:001 

Spectroscopic  research  U.S. S.  !'. 

K1A.  01:001 
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Spectroscopy 

see  also  Infrared  spectroscopy;  Microwave 
spectroscopy;  Molecular  spectroscopy;  Nuclear 
spec‘-oscopy;  X-ray  spectroscopy 
Spectroscopy  -  Low  temperatures 
HAR.  07:028 

Spectroscopy  -  Techniques 
HAR.  07:014,  022 
Spectroscopy  -  Theory 
HAR.  07:013,  018 
Spectrum  analyzers 

see  also  Infrared  spectrum  analyzers;  Mass 
spectrum  analyzers;  Microwave  spectrum 
analyzers;  Neutron  spectrum  analyzers; 
Radiofrequency  spectrum  analyzers;  X  ray 
spectrum  analyzers 
Spectrum  analyzers  -  Adapters 
MIT.  08:011 

Spectrum  analyzers  -  Applications 
C1T.  09:001,  006 

Spectrum  analyzers  -  Calibration 
NBS.  07:004 

Spectrum  analyzers  -  Development 
MIT. 10:056 

Spectrum  analyzers  -  Errors 
NDS.  07:004 

Spectrum  analyzers  -  Theoretical  corrections 
COR.  07:013 

Speech  -  Acoustic  properties 
MIT.  12:069,  079 
Speech  -  Analysis 

MIT.  10:039;  MIT.  12:069,  079 
Speech  -  Intelligibility 
MIT.  10:139 
Speech  -  Intensity 
MIT.  12:048 
Speech  -  Measurement 
MIT.  12:048 

Speech  -  Spectrographic  analysis 
MIT.  12:063 

Speech  -  Statistical  analysis 
MIT.  10:017,  096,  146 
Speech  -  Stop  consonants 
MIT.  12:069,  079 
Speech  representation 
MIT.  12:103 

Speech  representation  •  Theory 
MIT. 11:040 

Speech  transmission  -  Analysis 
NUT  ^0:039,  096 

Spheres  •  Aerodynamic  characteristics 
ltltl.  01:006 

Spheres  -  Boundary  layer 
CAL  06:003 

Spheres  -  Electromagnetic  properties 
C1T.  02:004;  BAR.  02:020 
Spheres  -  iieat  transfer 
CAL  06:014  ,  035 
Spheres  -  Impact  pressure 
CAL  06:005 

Spheres  low-density  aerodynamic  characteristics 
CAL.  06:014 
Spher<  s  -  Stresses 
MIH  .09:010 


Spln-orbltal  coupling  -  Spectrographic  analysis 
FLA.  01:002,  003 
Spln-orbltal  coupling  -  Theory 
FLA.  01:002 

Spinal  cord  -  Physiology 
MIT. 12:057,  089 
Spindles 

see  Rods 

Spinels 

see  also  Magnetite 
Spinels  -  Crystal  structure 
MIT. 11:032 
Spinels  -  Lattices 
PRI.  11:187 

Spinels  -  Magnetic  properties 
MIT. 11:032 

Spray  nozzles  -  Design 
PRI.  11:130 
Stability 

see  as  a  subdivision,  e.  g. ,  Flames  -  Stability 
Stagnation  temperatures  -  Theory 
CAL  06:003 

Stalling 

see  as  a  subdivision  under  things  subject  to 
stalling,  e.  g. ,  Axial  flow  compressors  -  Stalling 
Standing  wave  Indicators  -  Applications 
MIT.  08:067 

Standing  wave  ratios  -  Measurement 
HAR.  02:023 

Stark  effect  -  Mathematical  analysis 
COU.  01:038 

Starlight  -  Ferromagnetic  polarization 
CAL  03:008 
Stars  -  Radiation 
ZW1.  01:001 
Statistical  analysis 

see  also  Factor  analysis;  Sequential  analysis 
see  also  as  a  subdivision,  e.  g.  ,  Fatigue 
(Mechanics)  -  Statistical  analysis 
Statistical  analysis  -  Applica.ions 
SYR.  04:011 
Statistical  mechanics 

AER.  02:005,  007,  008  01 1;  AIA.  01:005; 

DOS.  03:001-003;  SYlt.  04:001,  004  ,  009  014 
Statistical  mechanics  -  Mathematical  analysis 
FUE.  01:006  ,  010;  FRE.  02:005- 007 
Statistics 

see  separate  Mathematical  Subject 
Classification,  p.  1143 
Statistics  -  Time  series 
HAR.  02:044 

Stators 

see  Turbine  stators 
Steam  -  Chemical  reactions 
PHI.  09:007 

Steam  -  Thermodynamic  properties 
UT A. 02:014,  017 
Steam  -  Viscosity 
DRO.  05:009 
Steel  -  Deformation 
CIA.  04:001 
Steel  Oxidation 

PRI.  11:188,  192 
Sleet  Phase  studies 

COC.  16:002.  003:  1'iU.  11:117 
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Steel  -  Scale 

PRI.  11:188 
Steel  -  Specific  heat 
PRI.  11:117 

Steel  -  Transformations 
COU.  16:003 
Steel  -  X-ray  analysts 
CLA.  04:001 
Stereochemistry 

MIT.  08:061;  PUR.  05:006;  WIS.  03:002,  003 
Stereochemistry  -  Applications 
NBS.  05:001 

Stlbine  -  Microwave  spectrum 
DUK.  03:026 

Stiblne  -  Molecular  rotation 
DUK.  03:026 

Stiblne  -  Molecular  structure 
DUK.  03:026 

Stiblne-d.  -  Microwave  spectrum 
DUK.  03:026;  MIT.  10:012 
Stiblne -d  -  Molecular  structure 
DUK.  03:026 
Stochastic  processes 

DOS.  03:001;  SYR.  04:012  014 
Storage  tubes  -  Applications 
NDS.  25:011,  017 
Storage  tubes  -  Design 
NDS.  25:001,  012 
Storage  tubes  -  Effectiveness 
NDS.  25:009 
Strain  gage  balances 

see  also  Microbalances 
Strain  gage  balances  -  Design 
CAL.  06:022 

Strain  gages  -  Calibration 
NDS.  18:002-004 
Strain  gages  -  Performance 
NDS.  18:002,  003 
Strain  gages  •  Resistance 
NDS.  18:002,  003 

Strain  gages  -  Temperature  (actors 
NDS.  18:003 

Strain  gages  -  Test  results 
NDS.  18:002,  003 

Stress  analysis  -  Recording  devices 
NDS.  21:011 

Stresses 

see  Thermal  stresses;  Stress  analysis 
see  as  a  subdivision  under  materials  and 
structures  subject  to  stresses,  e  g.,  Beams  - 
Stresses 

Stripping  reaction  Analysis 

TEX.  05:013;  WAS.  03:001  004 
Stroboscopes  Applications 
Clll. 02:012 
Stroboscopes  Design 
CHI.  02:012 

Strontium”0  Bombardment 
PEN.  06:018 

Strontium®*'  Neutron  cross  sections 
PEN.  05:018,  021 

Strontium®0  Nuclear  pholoeffects 
PEN.  06:018,  021 
Strontium®0  Nuclear  reactions 
PEN.  06:018,  021 


Strontium87  -  Bombardment 
PEN.  06:018 

Strontium®1?  -  Neutron  cross  sections 
PEN.  06:018,  021 

Strontium®7  -  Nuclear  photoeffects 
PEN.  06:018,  021 
Strontium87  -  Nuclear  reactions 
PEN.  06:018,  021 
Strontium88  -  Bombardment 
PEN.  06:018 

Strontium88  -  Neutron  cross  sections 
PEN.  06:018,  021 

Strontium8®  -  Nuclear  photoeffects 
PEN.  06:018,  021 
Strontium®®  -  Nuclear  reactions 
PEN.  06:018,  021 

Strontium  Isotopes  -  Dombardment 
PEN,  06:018 

Strontium  Isotopes  -  Neutron  cross  sections 
PEN.  06:018,  021 

Strontium  isotopes  -  Nuclear  photoeffects 
PEN.  06:018,  021 

Strontium  Isotopes  -  Nuclear  reactions 
PEN.  06:018,  021 
Strontium  Isotopes  -  Spectra 
ARK.  02:001 

Strontium  Isotopes  (Radioactive)  -  Diffusion 
TOI.  01:002 

Strontium  oxide  -  Vacuum  sublimation  rates 
AER.  01:005 

Strontium  titanates  -  Conductivity 
II, L  11:001,  003,  008 
Strontium  titanates  -  Hall  ettect 
ILL.  11:001 

Strontium  titanates  -  Me'ting 
ILL  11:006 

Strontium  titanates  -  Resistivity 
ILL  11:010 

Strontium  titanates  -  Sintering 
ILL  11:006,  010 
Structural  analysis 

see  also  as  a  subdivision,  e.  g.  ,  Surfaces  - 
Structural  analysis 
Structural  analysis  -  Methods 
ROM.  01:001-003 

Structural  analysis  Test  method,- 
CAR.  04:008 
Structural  collapse 

B6J.  Beams  Deformation;  Beams  -  Stresses: 
Structures  Deformation 
Structural  dynamics  Theory 
CAR.  05:001 

Structural  shells  Temperature  factors 
MIN.  11:003 

Structures  Deformation 

CAR.  04:005  .  008;  1’IB.  06:001  000 
Structures  Mathematical  analysis 

CAlt. 04:005,  008;  Pill. 06:001  003:  ROM.  01:001 
Structures  -  Stresses 
CAR.  04:005 

Structures  Temperature  factors 
PID.  06:004 

Strychnine  Pathological  effects 
Mil.  12:057,  089 
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Styrenes  -  Oxidation 
OSU.  03:019 

Styrenes  (Polymerized) 

see  also  Vinyl  compounds  -  Polymerization 
Styrenes  (Polymerized)  -  Dielectric  properties 
HAR.  02:085 

Styrenes  (Polymerized)  -  Phase  studies 
FRS.  01:001 

Styrenes  (Polymerized)  -  Temperature  factors 
NYU.  05:001 

Subcutaneous  fat  -  Thickness  measurement 
ANT.  02:001,  002 
Sublimation 

S££  as  a  subdivision  under  substances  capable  of 
be.ng  sublimated,  e  g.,  Crystals  -  Sublimation 
Subsonic  characteristics 

see  the  subdivision  .Aerodynamic  characteristics, 
e.  g  ,  Airfoils  -  Aerodynamic  characteristics 
Subsonic  flu# 

so.  also  Hypersonic  flow;  Supersonic  flow; 
Tiansonlc  flow 
Subsonic  flow  -  Analysis 

PHI.  07:003;  PRI.  12:001 
Subsonic  flow  -  Mathematical  analysis 
MPS.  01:001 

Subsonic  flow  -  Measurement 
JHU.  14:002 

Subsonic  flow  -  Skin  friction 
CAL.  06:010 

Substitution  reactions  -  Analysis 
1SG.  01:001 

Substitution  reactions  •  Theory 
COU.  03:007 
Suction  slots 

see  also  Area  suction 

Suction  slots  -  Aerodynamic  characteristics 
DRO.  04:001;  DRO.  07:007 
Suction  slots  -  Physical  effects 

PSU.  01:005  ,  006;  THD.  03:001 
Suction  slots  -  Theory 

DRO.  04:001;  DRO.  07:003,  005,  008,  009 
Sulfenyl  chlorides  -  Chemical  reactions 
SOC.  02:001-006 

Sulfide  films  -  Electrical  properties 
WAY.  01:001 
Sulfiding 

see  Sulfide  films  -  Electrical  properties 
Sulfones 

see  also  Sulfur  compounds  (Organic' 

Sulfones  -  Chemical  reactions 

VP1.  01:002.  003;  VIS.  03:006 
Sulfur  -  Crystal  structure 
MIT.  08:040 

Sulfur  Molecular  structure 
MiT.  08:040 

Sulfur  -  Neutron  cross  sections 
TEX.  05:006 
Sulfur  Removal 
C1T.  04:001 
Sulfur  Suhll  matlon 
AElt.  01:002 
Sulfur1*1  Excitation 
DOS.  02:008 

Sulfur3-’'  -  Magnetic  moments 
MIT  10:077 
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Sulfur3-*  -  Magnetic  moments 
MIT.  11:005 

Sulfur  compounds  -  Bonding 
COU.  01:025 

Sulfur  compounds  (Organic)  -  Chemical  reactions 
ROC.  01:007;  VPI.  01:001;  W1S.  03:006 

Sulfur  compounds  (Organic)  -  Crystal  structure 
MIT.  08:033 

Sulfur  dioxide  -  Infrared  spectrum 
HAR.  06:002;  LAV.  01:012 

Sulfur  dioxide  -  Molecular  structure 
HAR.  06:002 

Sulfur  dioxide  -  Spectrographlc  analysis 
COU.  01:025;  TAM.  01:003 

Sulfur  dioxide  -  Spectrum 

TAM.  01:003,  006-008 

Sulfur  dioxide  (Labeled)  -  Infrared  spectrum 
HAR.  06:002 

Sulfur  Isotopes  -  Dombardment 
BOS.  02:004 

Sulfur  isotopes  -  Hyperfine  structure 
COU. 01:025 

Sulfur  Isotopes  -  Magnetic  moments 
MIT.  10:077 

Sulfur  isotopes  -  Masses 
COU.  01:008 

Sulfur  Isotopes  -  Microwave  spectra 
COU.  01:008,  025 

Sulfur  Isotopes  -  Spectrographlc  analysis 
DUK.  03:009 

Sulfur  Isotopes  (Radioactive)  -  Excitation 
DOS.  02:008 

Sulfur  Isotopes  (Radioactive)  Magnetic  moments 
MIT.  11:005 

Sulfur  Isotopes  (Radioactive)  Masses 
COU.  01:008 

Sulfur  Isotopes  (Radioactive)  Microwave  spectra 
COU.  01:008 

Sulfur  oxyfluorlde  -  Microwave  spectrum 
NDS.  08:003 

Sulfur  oxyfluorlde  -  Molecular  structure 
NDS.  08:003 

Sulfur  period  elements  -  Chemical  properties 
MIT.  08:061 

Sulfuric  acid  -  Ionization 
MIN.  12:006 

Sulfuryl  fluoride  -  Microwave  spectrum 
NDS.  08- 003 

Sulfuryl  fluoride  -  Molecular  structure 
NDS.  08:003 

Sulfuryl  fluoride  -  Structural  parameters 
NDS.  08:003 

Sun  -  Geophysical  effects 

Clll.  12:007  ,  008,  011 

Sun  -  Radiation 

DUK. 03:047 

Sunspots  Geophysical  effects 
HAR.  02:086 

Superconducting  films  Danl  theory 
CAU  03:006 

Superconductivity 

see  also  as  a  sulxiivlsion,  e.  g.  ,  Metals 
Superconductivity 

Superconductivity  Measurement 

CAR  03:005;  Dl  K.  03:052:  NDS.  22:005 
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Superconductivity  -  Physical  factors 
NBS.  22:006 

Superconductivity  -  Theory 

COU.  09:001;  NBS.  22:001-003,  007 
Superconductors  -  Conductivity 
COU.  09:001 

Superconductors  -  Electrical  properties 
NBS.  22:003 

Superconductors  -  Magnetic  factors 
NBS.  22:006 

Superconductors  -  Phase  studies 
NBS.  22:003 

Superconductors  -  Wave  transmission 
CAL.  03:005 

Supersonic  airfoils  -  Aerodynamic  characteristics 
COR.  09:002;  COR.  12:001;  MIC.  01:002-004; 

TIH.  02:001 

Supersonic  airfoils  -  Flutter 
MIT. 06:001 

Supersonic  airfoils  -  Model  test  results 
MIC.  01:002,  003 

Supersonic  airfoils  -  Pressure  distribution 
MIT. 06:001 

Supersonic  airfoils  -  Stresses 
COR.  09:003 

Supersonic  airfoils  -  Supersonic  characteristics 
PRI.  03:002 

Supersonic  airfoils  -  Theory 
COR.  09:011 

Supersonic  characteristics 
sss.  Supersonic  flow 

see  as  a  subdivision,  e.  g. ,  Bodies  of  revolution 
Supersonic  characteristics 
Supersonic  diffusers  -  Performance 
Pltl.  11:030 

Supersonic  diffusers  -  Pressure  distribution 
PRI.  11:030 
Supersonic  flow 

see  also  Hypersonic  flow;  Subsonic  flow; 

Transonic  flow 

see  also  the  subdivision  Supersonic  characteristics, 
e  g..  Boundary  layer  -  Supersonic  characteristics 
Supersonic  flow  -  Analysis 

CAL  06:027;  PIB.  05:006;  PRI.  11:088 
Supersonic  flow  -  Boundary  layer 

CAL  06:026;  PRI.  02:002,  004;  PRI. 03:006: 

SOC.  05:001;  TEX.  02:001 
Supersonic  flow  -  Conical  properties 
COR.  09:004 

Supersonic  flow  -  Heat  transfer 

CAL  06:035;  MIN.  07:005,  007 
Supersonic  flow  -  laminar  boundary  layer 

J11U.  04:001;  MIN.  09:009;  NAA.  01:005-007; 

PRI.  02:003;  PRi.  03:010:  RPi.  03:002 
Supersonic  flow  low-denstty  aerodynamic  properties 
CAL  06:015 

Supersonic  flow  ■  Mathematical  analysis 

CIa\.  03:001;  COR.  09:024;  iOW.  01:003: 

JiiU.  02:007,  008;  MOU.  07:001.  002;  MDU.  08:002; 
MiT.  06:001,  004;  MIN.  09.006:  NBS.  21:019; 

Plii.  03:001,  002,  Ot'i,  005;  Pill.  04:001  •  003; 

PRi.  03:002,  006;  PRO.  01:002;  RPI.  03:002; 

ROM.  03:001;  TUI. 02:002;  TEX.  01:001,  003  006 
Supersonic  flow  Measurement 

JilU.  04:001,  006;  Jill  .  14:002,  PRI.  11:084 


Supersonic  flow  -  Oscillation 
CLA.  03:001 

Supersonic  flow  -  Photographic  analysis 
MIN.  09:010 

Supersonic  flow  -  Shock  waves 

PRI.  04:003;  ROM.  03:001;  SOC.  05:001;  TIH.  02:001 
Supersonic  flow  -  Tables 
PIB. 03:002 

Supersonic  flow  -  Theoretical  aerodynamics 
CAL  06:007;  CLA.  03:001 
Supersonic  flow  -  Theory 

ILL.  15:002;  JHU.  02:005;  PIB.  05:006;  PRI.  02:005; 
PRI.  12:001 

Supersonic  flow  -  Turbulence 
PRI.  11:084,  089 

Supersonic  flow  -  Turbulent  boundary  layer 

C1T.  07:003;  MIN.  07:005,  007;  PRI.  03:004,  010; 
PRI.  04:003,  004,  009,  015 
Supersonic  flow  -  Viscosity 

MIC.  01:004;  PRI.  02:010 
Supersonic  nozzles 

see  also  Hypersonic  nozzles 
Supersonic  nozzles  -  Design 
SAN.  01:001 

Supersonic  nozzles  -  Development 
CAL  06:011 

Supersonic  nozzles  -  Low-density  aerodynamic 
characteristics 
CAL  06:011 

Supersonic  planes  -  Configuration 
COR.  09:003 

Supersonic  planes  -  Structural  analysis 
COR.  09:003 

Supersonic  wind-tunnel  nozzles  -  Design 
SAN.  01:001 

Supersonic  wind  tunnels 

see  also  Hypersonic  wind  tunnels 
Supersonic  wind  tunnels  -  Applications 

MIN.  10:002;  NAA.  01:006,  007;  PRI.  07:004 
Supersonic  wind  tunnels  -  Boundary  layer 
BRO,  07:005;  JHU.  04:005 
Supersonic  wind  tunnels  Calibration 
CAL.  06:035 

Supersonic  wind  tunnels  -  Design 

BRO. 07:001,  002,  006;  CAL06:015;  MIN.  10:001; 
MIN.  11:004;  PIB.  01:001;  PRI.  11:149 
Supersonic  wind  tunnels  -  Equipment 

see  also  Supersonic  wind-tunnel  nozzles  -  Design 
Supersonic  wind  tunnels  -  Equipment 

MIT.  09:001;  MIN.  11:004;  SAN.  01:001; 

TEX.  02:002,  003,  007,  008 
Supersonic  wind  tunnels  -  Heating 
TEX.  02:006 

Supersonic  wind  tunnels  -  Instrumentation 
KRD.  01:001;  JHU.  04:001 
Supersonic  wind  tunnels  -  Moisture  factors 
fliU.  04:007 

Supersede  wind  tunnels  Operation 

MIN.  11:001;  PIB.  01:001;  PRI.  11:149 
Supersonic  wind  tunnels  Performance 
MIN.  10:001;  TEX.  02:007 
Supersonic  wind  tunnels  Pressure  distribution 
BRO.  07:001;  CPI  .07:028 
Supersonic  wind  tunnels  Standards 
MEN.  11:001 
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Supersonic  wind  tunnels  -  Starting 
MIN.  11:001 

Supersonic  wind  tunnels  -  Temperature 

JHU.  04:007;  TEX.  02:002-005,  008 
Supersonic  wind  tunnels  -  Temperature  factors 
CIT.  07:028 

Supersonic  wind  tunnels  -  Tesl  results 
DRO.  07:005 

Supersonic  wind  tunnels  -  Theoretical  corrections 
CIT.  07:028;  PRI.  04:006 
Supersonic  wind  tunnels  -  Turbulence 
DRO.  07:004 
Surface  conditions 
see  Surfaces 

see  as  a  subdivision,  e.  g. ,  Crystals  -  Surface 
conditions 
Surface  properties 
oo£  Surfaces 

see  as  a  subdivision,  e.  g  ,  Copper  films  - 
Surface  properties 
Surface  temperatures 

S££  as  a  subdivision,  e.  g. ,  Chromium- lron- 
nlckel  alloys  -  Surface  temperatures 
Surface  tension 

see  as  a  subdivision,  e.  g. ,  Nttrogen  (Liquid) 
Surface  tension 
Surfaces 

see  also  the  subdivision  Surface  conditions,  e.  g. , 
Molybdenum- zirconium  alloys  -  Surface  conditions 
see  also  the  subdivision  Surface  properties,  e.  g.  , 
Solids  -  Surface  properties 
Surfaces  -  Adsorptive  properties 
PRI.  11:191 

Surfaces  -  Bibliography 
NRC.  02:001 

Surfaces  -  Chemical  properties 
PRI.  09:002-004 
Surfaces  -  Diffusion 

PRI.  10:002  ,  0C8 

Surfaces  -  Electron  diffraction  analysts 
IIT.  08:002 

Surfaces  -  Mlcroanalysls 
COR.  08:004 

Surfaces  -  Structural  analysis 

COR.  08:001;  NRC.  02:001 
Surfaces  -  Sympostum 
NRC.  02:001 

Surfaces  -  Thermodynamics 
NRC.  02:001 

SWAC  [National  Dureau  of  Standards  Western 
Automatic  Computer  ] 
see  Mathematical  computers 
Sweat  cooling 

see  also  Heat  transfer 
Sweat  cooling  -  Effectiveness 

MIN. 07:003.  006.  009;  P1U.  11:135,  137,  140 
Sweat  cooltng  -  Heat  transfer 
PRI.  11:133,  134 
Swept- back  wings  -  Gust  loads 
MIT.  03:001 

Swept  back  wings  Oscillation 
MIT  06:009 

Swept- back  wtngs  -  Theory 
MIT.  06:009 
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Swept  wings  -  Aerodynamic  characteristics 
COR. 09:016;  THB. 01:001 
Swepl  wings  -  Gust  loads 
MIT.  06:002 
Swepl  wings  -  Lift 

COR.  09:018;  MIT.  06:002;  THD.  01:001 
Swept  wings  -  Stresses 
ROM.  01:004 

Swepl  wings  -  Structural  analysis 
ROM.  01:003,  004 
Switching  circuits 

see  also  Trigger  circuits 
Switching  circuits  -  Coding 
MIT.  12:106 

Switching  circuits  -  Mathematical  analysis 
ST  A.  05:037 

Switching  circuils  -  Synthesis 
MIT.  11:006 

Switching  circuits  -  Theory 
MIT.  12:014,  106 
Sydnones  -  Spectra 

ANT.  01:001,  002 
Sydnones  -  Synthesis 
ANT.  01:001 

Symposia  -  Aerothermochemlstry 
NOR.  01:001 

Symposia  -  Atomization,  sprays,  and  droplels 
PRI.  11:127 

Symposia  -  Darium  litanale  accelerometeru 
NDS.  25:013 

Symposia  -  Combustion 

CHA.  01:001;  PIT.  01:001;  PRI.  11:175 
Symposia  -  Cytodlfferentlatlon 
NRC.  01:003 

Symposia  -  Differential  equations 
MDU.  14:001 

Symposia  -  Dislocations  and  mechanical  properties  of 
Crystals 
GEN.  01:001 

Symposia  -  Electrical  networks 
PID.  09:003 

Symposia  -  Embryonic  nutrition 
NRC.  01:001 

Symposia  -  Endocrinology 
NRC.  01:008 
Symposia  -  Entomology 
NRC.  01:006 

Symposia  -  Fatigue  of  metals  al  htgh  temperatures 
PRI.  11:033 

Symposia  -  Gas  dynamtcs 
NOR. 01:001 

Symposia  -  Harmonic  analysis  and  related  Integral 
transforms 
COR.  06.001,  002 
Symposia  ■  High  temperature 
CA1.  03:004 

Symposia  -  Ignition  of  liquid  rocket  propellants 
PIU.  11:184 

Symposia  -  Immunology 
NRC.  01:005 

Symposia  -  linear  programming 
NDS.  09:038 

Symposia  -  Mllogenerls 
NRC.  01:009 
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Symposia  -  Modern  network  synthesis 
PIB. 09:003 

Symposia  -  Nonlinear  circuit  analysis 
PIB.  09:004 

Symposia  -  Physiology  of  Insect  development 
NRC.  01:006 

Symposta  -  Prenatal  development 
NRC.  01:004 

Symposia  -  Proliferating  ttssues 
NRC.  01:007 

Symposia  -  Ram  rocket  power  plants 
PRI.  11:176 

Symposia  -  Regeneration  in  vertebrates 
NRC.  01:002 

Symposta  -  Solid  surfaces 
NRC.  02:001 

Symposia  -  Surfaces 
NRC.  02:001 

Symposia  -  Wave  engines  and  pulse  jets 
PRI.  11:177 

Symposia  -  Wound  healing  and  tissue  repair 
NRC.  01:010 

Synaptic  transmtsston 
MIT.  11:038 

Synchrotrons  Applications 
NBS.  18:010 

Systoltc  cltcks 

JHU.  10:009 


Tables 

SC£  as  a  subdivision,  e.  g. ,  Functtons  -  Tables 
Tallanl  apparatus  (Automatic) 

AEll.  04:002 

Tantalum  -  Bombardment 

PEN.  06:008,  010;  ST  A.  07:001,  007,  OtO 
Tantalum  -  Nuclear  photoeffects 
PEN.  06:004  .  008  ,  010 
Tantalum  -  Nuclear  reacttons 
PEN.  06:001,  008,  OtO 
Tantalum  -  Photon  cross  sections 
PEN.  06:001 
Targets  -  Cratering 
UT  A.  01:003 
Targets  -  Penetratton 

see  also  Meteorites  -  Phystcal  properties; 
Pellets  -  Terminal  ballistics 
Targets  Penetration 
UT  A.  01:002 

Technetium  compounds  Thermodynamic  properties 
PUK.0p.002 

Teflon 

gee  Fluoroethylenes  (Potymerlxed) 

Telemeter  systems  Applications 
NtlS.  14:001 

Telemeter  systems  -  Design 
ANS.0p.00I 
Television  'theory 

MIT.  12:028 

Television  amplifiers 

gee  Video  amplifiers 
Television  (x-ray)  microscopy 
Cltl.  14:002 

Television  (x-ray)  microscopy  ApptPations 
Ctlt.  t4:002.  004 


Television  (x-ray)  microscopy  -  Development 
CHI.  14:002,  004 

Tellurium  compounds  (Organtc)  -  Crystal  structure 
MIT.  08:031 

Tellurium  Iodides  -  Crystal  structure 
MIT.  08:042 

Tellurium  Isotopes  -  Masses 
COU.  01:008 

Tellurium  tsotopes  -  Microwave  spectra 
COU.  01:008 
Temperature 

see  also  as  a  subdivision,  e.  g.  ,  Flames  - 
1  emperalure 

Temperature  -  Measurement 

ILL.  11:007;  NBS. 02:002;  NBS. 21:016; 

NBS.  22:004;  PRI.  11:118,  126 
Temperature  -  Theory 
NBS.  21:016 

Temperature  control  -  Equipment 
ILL.  11:005,  009 
Temperature  faclors 

see  as  a  subdivision  under  phenomena  and  things 
affected  by  temperature,  e.  g. ,  Diffusion  - 
Temperature  faclors 
Tensor  analysts 

NBS.  15:001;  ST  A.  03:015 
Terminal  ballistics 

see  also  Targets  -  Penetration 
see  also  as  a  subdivision,  e.  g. ,  Pellets  - 
Terminal  ballistics 
Terminal  ballistics  -  Analysts 
UT  A.  01:001 

Terrestrial  magnetism  -  Analysis 

CHI.  12:014,  021;  HAR. 02:086 
Terrestrial  magnetism  -  Determination 
CHI.  12:018,  019,  022 

Terrestrial  magnetism  -  Electromagnetic  effects 
CHI.  12:008,  025;  HAR.02:048 
Terrestrial  magnetism  -  Geophysical  factors 
CHI.  12:020;  MDU. 03:016 
Terrestrial  magnetism  -  Measurement 
MDU.  03:011 

Terrestrial  magnetism  -  Solar  factors 
HAR.  02:086 
Test  facilities 

see  Supersonic  wind  tunnels;  Transonic  wtnd 
tunnels;  Water  tunnels;  Wind  tunnels 
see  ac  a  subdivision,  e.  g.  ,  Explosions  -  Test 
facilities 
Test  methods 

as  a  subdivision,  e.  g.  ,  Fatigue  (Mechantcs) 
Test  methods 
Test  results 

sec  as  a  subdivision,  e.  g  ,  Conibustton  •  Test 
results 

Testing  equipment 

see  as  a  subdivision,  e.  g.  ,  Metals  Testtng 
equipment 

Telracene  Magnetic  resonance  spectrum 
WAS.  04:017 

Tetrachtorodlliorlne  -  Vibrational  spectrum 
PSU.  04.001 

Teiraf  tuorcmelhane  tteat  of  formation 
RM11.  02.001 
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N,  N,  N’,  N'-letramethyl-p-phenylenedlamtne  -  Molecular 
structure 
WAU.  01:011 

N,  N,  N’,  N’-letramethyl-p-phenylenedlamlr.e  -  Ullravlolet 
spectra 
WAU.  01:011 

Thalllc  oxide  -  Hand  structure 
HAR.  02:071 

Thalllc  oxide  -  Microwave  spectrum 
HAR.  02:071 

Thallium  -  Cryslal  slructure 
POL.  01:010 

Thallium  -  Electrochemistry 
POL  01:010 

Thallium  -  Magnetic  moments 
HAR.  02:045 

Thallium  -  Polarographic  analysis 
COR.  01:001,  003 

Thallium  -  Spectrum 
HAR.  02:045 

Thallium  -  Superconductivity 
NDS.  22:003 

Thallium203  -  Hyperflne  structure 
COU.  02:010 

Thallium203  -  Hyperflne  structure 
COU.  02:010 

Thallium  bromide  crystals  -  Work  functions 
NDS.  28:001 

Thallium  bromides  -  Microwave  speclra 
COU.  01:039 

Thallium  bromides  -  Molecular  structure 
COU.  01:039 

Thallium  chloride  crystals  -  Work  functions 
NDS.  28:001 

Thallium  chlorides  -  Microwave  spectra 
COU.  01:039 

Thallium  chlorides  -  Molecular  structure 
COU.  01:039 

Thalltuni  halide  crystals  Optical  properties 
MIT. 08:016 

Thallium  halides  -  Microwave  spectra 
COU.  01:039 

Thallium  halides  -  Molecular  structure 
COU.  01:039 

Thallium  Isotopes  -  Hand  structure 
llAlt.  02:071 

Thallium  Isotopes  -  Hyperflne  structure 
COU.  02:010 

Thallium  Isotopes  -  Microwave  spectra 
11  Alt.  02:071 

Theoretical  corrections 

set  as  a  subdivision,  e.  g.  ,  Supersonic  wind 
tunnels  -  Theoretical  corrections 

theoretical  mechanics  Dibllography 
ASM.  01:001 

Theory 

act  Cybernetics;  Electromagnetic  theory; 
Information  theory;  Perturbation  theory 
Stc  as  a  sulxll vision,  e.  g  ,  lias  flow  Theory 

i  lieory  of  numbers 

see  separate  Mathematical  Subject  Classification, 
P-  1143 

Thermal  deconijxisltlon 

see  also  as  a  sulxiivtslon  e.  g  .  Acetaldehyde 
Thermal  decomposition 


Thermal  decomposition  (conl’d) 

see  also  the  subdivision  Temperature  factors, 
e.  g. ,  Chemical  reactions  -  Temperature  factors 
Thermal  decomposition  -  Aclivalion  energy 
CAT. 01:011 
Thermal  effects 

see  as  a  subdivision  under  agents  affecting 
temperature,  e.  g.  ,  Shock  waves  -  Thermal 
effects 

Thermal  etching 

see  as  a  subdivision  under  ohjects  subject  to 
thermal  etching,  e.  g.  ,  Capper  crystals  - 
Thermal  etching 
Thermal  expansion 

see  as  a  subdivision,  e.  g. ,  Alkali  halide 
crystals  -  Thermal  expansion 
Thermal  image  tube  -  Development 
CHI.  03:005 

Thermal  radiation  -  Measurement 
CHI.  02:010 

Thermal  stresses  -  Mathematical  analysis 
MIN. 11:002 

Thermal  targets  ■  Detection 
CHI.  02:010,  011 
Thermionic  emission  -  Analysis 
MIT.  11:060;  MIT.  12:145 
Thermionic  emission  -  Measurement 
MIT.  10:075;  MIT.  12:043 
Thermistor  manometers  -  Development 
CAL  06:027 

Thermistors  -  Applications 
P1U.  11:123 

Thermocouples  -  Design 
ILL  11:007 

Thermodynamic  properties 

sec.  as  a  subdivision,  e.  g. ,  Gases  * 
Thermodynamic  properties 
Thermodynamics 

see  also  the  subdivision  Entropy,  e.  g.  ,  Gas 
flow  -  Entropy 

see  also  the  subdivision  Thermodynamic 
properties,  e.  g.  ,  Gases  -  Thermodynamic 
properties 

Thermodynamics  Ion  pair  dissociation 
ARK.  01:005 

Thermodynamics  Mathematical  analysis 

OKA.  02:001;  Pltl.  09:019;  SYlt.  04.001,  004.  005, 
009,  010,  012 

Thermodynamics  Statistical  analysis 
M!T.  12:120 

Thermodynamic s  ■  Statistical  mechanics 

LEY.  01:001;  NDS.  19:001;  Pltl.  12:003;  SYlt.  04:005 
Thermodynamics  Tables 

HMD.  02:002  .  004;  CO  V  01:001  •  003;  TEM.  01:001 
Thermodynamic  s  Theory 

I  RE.  02:002,  006  ,  008-010;  LEY.  01:002; 

MIT.  12:120;  Pltl.  12:003;  SYlt. 04:011 
Thermometers  ■  Errors 
NDS.  22:004 

Thermometers  Sensitivity 
NDS.  22:004 

1.4  Thlapyttme  Infrared  spectrum 

HOC.  01:008 

1.4  Thlapyrone  derivatives  Infrared  spectra 

HOC.  01:008 
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1,4-Thlapyrone  hydrochloride  -  Infrared  spectrum 
ROC.  01:008 

1,4-Thlapyrone  sulfone  -  Infrared  spectrum 
ROC.  01:008 

Thin  films 

see  also  specific  films,  e.  g. ,  Alkali  halide  films 

Thin  films  -  Infrared  transmission 
CAL-OSim;  ILL.  12:001 

Thin  films  -  Magnetic  properties 
MIT.  10:005 

Thin  films  -  Optical  properties 
ROC.  04:005 

Thin  films  -  Superconducting  properties 
CAL.  03:006 

Thin  films  -  Surface  properties 
COU.  14:002;  COR.  08:001 

Thin  films  -  X- ray  diffraction  analysis 
COR.  08:001 

Thin  films  (Bismuth)  Crystal  structure 
ILL.  12:002 

Thin  iilms  (Dismuth)  Effects  of  radiation 
ILL.  12:002,  004 

Thin  films  (Dismuth)  Electron  diffraction  analysis 
ILL.  12:004 

Thin  films  (Bismuth)  -  Impedance 
ILL.  12:001 

Thin  films  (Bismuth)  -  Optical  properties 
ILL.  12:003 

Thin  films  (Bismuth)  Temperature  effects 
ILL.  12:003 

Thio  radicals  -  Microwave  spectra 
MIN.  12:006 

Thio  radicals  •  Resonance  absorption  (RF) 

MIN.  12:006 

Thlobenzoic  acid  -  Chemical  reactions 
ROC.  01:003 

p-Thlocresol  -  Chemical  reactions 
SOC.  03:001 

Thioglycollc  acid  -  Photochemical  reactions 
ROC.  01:010 

Y-Thiolac tones  -  lly.lrolvsls 
ROC.  01:005 

Thiols  -  Infrared  spectra 
HOC.  01:000 

Thiols  Molecular  structure 
ROC.  01.006 

Thiophenes  -  Ring  cleavage 
Cl T.  04:001 

Thlopheuols  Preparation 
HOC.  01:004 

Thorium  Bombardment 
ST  4.  07:010 

Thorium  oxhle  Vacuum  sublimation  rates 
AKlt.  UI:005 

Thorium  oxide  zirconium  oxide  systems  Phase  studies 
Si  lt.  01:004 

Three  dimensional  flows  Boundary  layers 
COIt.  OU  026 

Three  dimensional  Hows  Theoretical  aerodynamics 
COlt.OO  02C 

Thrust  augmenlor  mizzles  Effectiveness 
ESC.  01:003 

lhyralrons  Applications 

11.1-  11:00a 


Thyratrons  -  Circuits 
ILL.  11:005 

Thyroid  glands  -  Physiology 
MAU.  01:001 

Thyroid  hormones  -  Physiological  effects 
MAU.  01:001 
Time  -  Measurement 
COU.  02:018 

Time  series  -  Applications 
MIT.  10:003 

Tin  -  Electrochemistry 
POL.  01:008 

Tin  -  Gamma  ray  bombardment 
PEN.  09:002,  005 
Tin  -  Magnedc  moments 
HAR.  02:045 

Tin  -  Microwave  transmission 
CAL.  03:005 
Tin  -  Spectrum 

HAR. 02:045 
Tin  ■  Superconductivity 

DUK.  03:052;  NBS.  22:0f3,  005-007 
Tin  hydrides  -  Infrared  spectra 
HAR.  06:014 

Tin  hydrides  -  Molecular  structure 
HAR.  06:014 

Tin  hydrides-d  -  Infrared  spectra 
HAR.  06:014 

Tin  hydrldes-gt  -  Molecular  structure 
11AR.  06:014 

Tissues  (Biology)  Effects  of  radiation 
ZUR. 01:001 

Tissues  (Biology)  -  Fluoroscopic  study 
CHI.  14:001,  002 
Tissues  (Biology)  Growth 
NltC.  01:007 

Tissues  (Biology)  -  Repair 
NRC.  01:010 

Tissues  (Biology)  Television  (x-ray)  microscopy 
C1U.  14:002 

Tissues  (Biology)  -  Temperature 
ILL.  11:007 

Tissues  (Biology)  -  Thickness  measurement 
ANT.  02:001,  002 
Titanates 

see  Alkaline  earth  titanates;  Barium  tiianates; 
Calcium  titanates;  Magnesium  titanates; 
S'rontlum  titanates 
Titanium  -  Crystallization 
VIS.  01:001 

Titanium  -  Neutron  cross  sections 
TEX.  05:002 
Titanium  Purification 
FRA  05:001 

Titanium'*"  Bombardment 
WAS.  03:001.  002 
Tl  tanluii|46  Bombardment 
WAS.  03:001,  002 

i  i  tanium  crystals  Preparation 
VIS.  01:002  .  003 

'1  itanium  isotopes  Bombardment 
WAS.  03:001.  002 

'lltanlum  tetrachloride  Quadrupole  resonance 
Jiil  .  06:002 
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Titrating  agents 

see  also  Dyes  -  Applications 
see  also  specific  chemical  compounds  used  as 
titrating  agents,  e.  g.  ,  Diphenyl  phosphate 
see  also  the  subdivision  Volumetric  analysis, 
e.  g. ,  Metal  Ions  -  Volumetric  analysis 
Titrating  agents 

COR.  01:010;  NDS.  03:001;  NBS.  04:003; 

NCU.  01:002-005,  007,  008 
Titration  -  Dases 

NDS.  03:001;  NDS.  04:003 
Titration  -  Diphenyl  phosphate 
NDS.  03:001;  NDS.  04:003 
Titration  -  Materials 

see.  Dyes  -  Applications;  Titrating  agents 
Titration  -  Materials 
NDS.  03:001 
Titration  -  Theory 
NCU.  01:002 
Tobacco 

set  fcUaotlana  takacum 
Toluene  -  Oxidation 
UTA.  02:023 

p-Tolyl  thlo  ethers  -  Preparation 
SOC.  03:001 

Topological  algebraic  structures 

see  separate  Mathematical  Subject  Classification, 
p.  1143 

Topology 

see  separate  Mathematical  Subject  Classification, 
p.  1143 

Torque 

see  also  Torsion  pendulum 

see  also  as  a  subdivision,  e.  g.  ,  ltods  -  Torque 
Torque  Measurement 
COU.  17:002 

Torsion  pendulum  -  Design 
COU.  17:002 

Towers  (Chemistry)  Design 

see  also  Chemical  reactions  Equipment 
Towers  (Chemistry)  -  Design 
TEX.  04:018 

Tracking  Statistical  analysis 

11.1.01:001 

Trans  difloorodichloroethylene  Infrared  spectrum 
NDS.  08:002 

Trans  dlfluorodlchloroelhylene  -  ltaman  spectrum 
NDS.  08:002 
Transducers 

SUE  alio  Piezoelectric  transducers 
Transducers  Applications 
NDS.  21:008,  013 
Transducers  Pe  rformance 

UW.0P.006;  NDS.  25:003 
transducers  Pressure  measurements 
CT1  07  025 
Transducer-  Theory 

MIT.  10:004;  MI  1  11:014 
Transducers  t  Itrasonlc  properties 
CM  .  12:001 
,  ransfuruiations 

acu  Austenite ■  martensite  transformation 
icc  Phase  transitions 
ICC  as  a  subdivision,  e  g  ,  Crysials 
1  ransiormations 


Subject  Index 


Transformations  (cont'd) 

see  the  subdivision  Phase  studies,  e.  g. ,  Steel  - 
Phase  studies 

Transformations  (Mathematics)  -  Applications 

MIT.  10:001,  002,  106;  MIT.  12:070,  085,  098, 

112;  NYU.  06:021;  PRI.  11:082,  202; 

STL.  01:001-003,  005;  TEX.  01:002  ,  004,  U05; 
YAL.  04:012 

Transients  -  Mathematical  analysis 
NDS.  25:004 

Transistors  -  Applications 

MIT.  12:030;  ST  A.  05:034 
Transistors  -  Circuits 

PIB.  09:009;  ST  A.  05:034,  039,  053,  058,  061 
Transistors  -  Mathematical  analysis 
ST  A.  05:039;  058;  ST  A.  06:004 
Transistors  -  Properties 
ST  A.  05:046 
Transistors  -  Theory 
ST  A.  05:036;  046 

Transition  elements  -  Spectrographlc  analyels 
MIT.  10:142:  MIT.  11:009 
Transition  measurement  -  Hypersonic  flow 
CIT. 07:018 
Translating  machines 

see  Machine  translation 
Transmission  emitters  -  Investigation 
MIT.  12:145 
Transmission  lines 

see  also  Waveguides 

Transmission  lines  -  Electromagnetic  properties 
HAR.  02:005;  HAK.  03:007 
Transmission  lines  -  Impedance 
MIT.  12:077 

Transmission  lines  -  Jolnls 
HAR.  02-052,  055,  064 

Transmission  lines  -  Mathematical  analysis 
HAR.  02:036  ,  064  ,  068;  HAR.  03:012: 

MIT.  11:046;  MIT.  12:085;  ST  A.  05:038 
Transmission  lines  -  Wave  transmission 
H  Alt.  02:005 

Transonic  characteristics 
see  Transonic  flow 
sue  as  a  subdivision,  e.  g. ,  Bodies  of 
revolution  Transonic  characteristics 
Transonic  flow 

see  also  1,’ypersonlc  flow;  Subsonic  flow: 
Supersonic  flow 

Transonic  flow  Mathematical  analysis 

DRO.  04.004  ,  010,  012:  CAU02  001;  COlt.  09:011; 
MDl.  011:008,  013;  Pill.  03:003:  VP1.  02:001.  002 
004  007.  009 

Transonic  flow  Theoretical  aerodynamics 
CIT.  05:001  003.  005  007 
Transonic  flow  Theory 

1 1 .1  _  15:002:  PIU.  12:001 

Transonic  wind  tunnels  Aerodynamic  characli-risllc s 
PRO.  0s:005.  008 

Transonic  wire!  tunnels  Doundary  layer 
DRO.  04:005  .  007  ,  008 
Transonic  wind  tunn.-ls  Design 

DRO.  04:005  008;  DUO.  07:00  -006 
Transonic  wind  (unu.-ls  Operation 
DRO.  07:007 
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Transonic  wind  tunnels  -  Pressure  distribution 
DRO.  04:007;  BRO.  07:003 
Transonic  wind  tunnels  ■  Test  results 
BRO.  04:012;  BRO.  07:007 
Transonic  wind  tunnels  •  Theoretical  corrections 
BRO.  07:005 

Transonic  wind  tunnels  -  Theoretical  mechanics 
BRC.  07:003 

Transonic  wind  tunnels  -  Turbulence 
BRO.  07:004 

Transport  mechantsms  -  Theory 
CHI.  04:002 

Travel  atd  (Blind)  •  Requirements 
MIT.  12:068 

Traveling  wave  tubes  -  Circutts 

STA.  05:054;  ST  A.  06:001,  005 
Traveling  wave  tubes  •  Design 

MIT.  10:101;  STA.  05:004,  033,  049,  057; 
STA.  06:010;  STA.  11:008 
f  raveltng  wave  tubes  -  Equipment 

MIN.  01:002;  STA.  05:022;  STA.  11:004 
Traveling  wave  tubes  -  Impedance 
STA.  05:002 

Traveling  wave  tubes  •  Interference 
MIT.  10:118 

Traveling  wave  tubes  -  Mathematical  analysis 
STA.  05:027,  059;  ST  A.  06:001 
Traveling  wave  tubes  -  Operation 
STA.  05:006 

Traveling  wave  tuhes  -  Signal  to  noise  ratio 
STA.  05:029 

Traveling  wave  tubes  Theory 

STA.  05:005,  017,  027,  057;  STA.  06:010 
Traveltng  wave  tubes  -  Transients 
STA.  06:006 
Triangular  wings 

see  also  Wings 

Triangular  wings  -  Aerodynamic  characteristics 
THB.  01:001 

Triangular  wings  -  Configuration 
HOY.  01:001 

Triangular  wings  -  Drag 

COR.  09:021;  ROY.  01:001 
Trtangular  wings  -  Lift 

THD.  01:001;  THB.  02:001 
Triangular  wings  -  Mathematical  analysis 
NBS.  11:003 

Triangular  wings  Pressure  distribution 
ROY.  Ol'.OOi;  TUB.  05:001 
Triangular  wings  -  Supersontc  characteristics 
COlt.  09:021 

'triangular  wings  -  Transontc  characteristics 
Pill.  0:t:003 ;  ROY.  01:001 
Triangular  wings  -  Vibration 
N11S.  11:003 

Trlchlorogermane  -  Microwave  structure 
DUK.  03:003 

Trlchlorogermane  Molecular  structure 
DDK.  03.003 
Trie  hloro  methane 

sec  Chloroform 

Trtchloromcthyl  stltcane  Microwave  structure 
Dl  K.  03:001 

Trlchloromethyl  slllcane  Molecular  structure 
l)t'K.  03  001 


Trtchlorosllane  -  Microwave  spectrum 
DUK.  03:001 

Trtchlorosllane  ■  Molecular  structure 
DUK.  03:001 

Triethylamlne-droplet- nitric  acid  vapor  systems  -  Ignition 
PRI  11:185 

Trifluorotodomethane  -  Hyperflne  structure 
NYU.  02:004 

Trtfluoromethyl  radicals  -  Chemtcal  reactions 
PRI.  09:030,  035 

Trigger  ctrcults  -  Mathematical  analysis 
STA.  05:037 

Trimethyl  silicon  chloride  -  Microwave  structure 
DUK.  03:001 

Trlmethyl  silicon  chlortde  -  Molecular  structure 
DUK.  03:001 

Trlmethylated  aromattc  adds  -  Preparation 
MAS.  01:001 

Trinitrotoluene  -  Crystal  structure 
OSU.  04:00i,  002 
Triodes  -  Circuits 
STA.  05:058 

Trloxane  -  Microwave  spectrum 
PRI.  08:006 

Trloxane  -  Molecular  structure 
PRI.  08:002,  006 

Trtphenylmethane  dyes  -  Molecular  structure 
WAU.  01:004 

Trlphenylmethane  dyes  -  Photoreductton 
P1B.  07:004 

Trlphenylmethane  dyes  -  Spectra 
WAU.  01:004 
Tritium  -  Abundance 
CHI.  10:005 

Tritium  -  Determinallon 

Clll.  09:002;  CHI.  10:001-003 
Tritium  -  Distribution 

CHI.  09:002;  CHI.  10:001-004  ,  006;  CHI.  11:006 
Tritium  Geophysical  applications 
C1H.  10:001 

Tritium  -  Mtcrowave  spectrum 
DUK.  03:041 
Tritium  -  Production 

Clll.  10:005;  CHI.  11:005,  006 
Tritium  -  Radioactive  dating 

Clll.  09:002;  CHI.  10:001,  002 
Tritium  Radioactive  fallout 
Clll.  10:006 

Tritium  bromide  -  Microwave  spertrum 
COU.  01:033 

Tritium  Iodide  -  Mtcrowave  spectrum 
COU.  01:033 
Tritons  -  Production 
CIU.  11:006 

Tube  laboratory  techniques 
MIT.  12:082 

Tubes  Fluid  dynamics 
CAR.  05:092 
Tubes  -  Vibration 

CAlt.  05:002  ,  004 

T u  ed  circutts  Mathematical  analysis 
MIT.  12: 1 "8 

l  u”.j. states  -  Microwave  spectra 
WAS.  04:011 
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Tungsien  -  Adsorptive  properties 
PSU.  05:003;  PRI.  11:012 
Tungsten  -  Bombardment 

PEN.  06:008,  010;  ST  A.  07:007,  010 
Tungsten  -  Coatings 
MIT.  10:075 

Tungsten  -  Contamination 
HAR.  02:097 

Tungsten  -  Crystal  structure 

MIT.  10:100;  PSU.  05:001,  002 
Tungsten  -  Electronic  work  functions 
WSC.  01:002 

Tungsten  -  Field  emission 
NBS.  26:002,  003 
Tungsten  -  Ionization 

NBS.  26:002,  003 
Tungsten  -  Nuclear  photoeffects 
PEN.  06:008,  010 
Tungsten  -  Nuclear  reactions 
PEN.  06:008,  010 
Tungsten  -  Potentials 
ARK.  01:001 

Tungsten  crystals  -  Electrical  properties 
PSU.  05:001,  002 
Tungsten  crystals  -  Radiation 
MIT.  11:060 

Tungsten  hexachlorlde  -  Quadrupole  resonance 
JHU.  06:002,  006 

Tungsten  oxides  -  Heat  of  formation 
T EM.  01:002 

Tungsten  trioxide  -  Crystal  structure 
PHI.  02:002 

Tungsten  trtoxlde  -  Thermal  expansion 
P1B.  02:002 

Turbine  blades  -  Aerodynamic  characteristics 
C1T.  08:002;  COlt  09:007,  031 
Turbine  blades  -  Configuration 
THB.  04:003 

Turbine  blades  -  Interference 
COR.  09:007 

Turbine  blades  -  Pressure  distribution 
TUB.  04:001-003 
Turbine  blades  -  Wake 

COR.  09:031,  032 
Turbine  stators  -  Boundary  layer 
C1T.  08:003 

Turbine  stators  -  Pressure  distribution 
C1T.  08:003 

Turbines  Theoretical  aerodynamics 
CTT.  08:002 
Turbulence 

see  also  Turbulent  flow;  Vortices 

see  also  as  a  subdivision,  e.  g  ,  Fluid  flow  - 

Turbulence 

see  also  the  subdivision  Turbulent  boundary 
layer,  e  g  ,  Airfoils  Turbulent  boundary  layer 
Turbulence  Energy  spectrum 
A1  A.  01:002 

Turbulence  Mathematical  analysis 

MDU.  07:007;  MDU.  12:001;  P1U.  11:084,  085 
Turbulence  Measurement 

MDU.06  006;  MDU.  12:004  .  005;  1*111. 11:010, 

081.  083.  084 

Turbulence  Uptlcal  analysis 
Pill  11:081.  083 


Subject  Index 


Turbulence  -  Theoretical  mechanics 
AIA.  01:002  ,  004  ,  006  ,  010 
Turbulence  -  Theory 
MDU.  10:001 

Turbulent  boundary  layer 

see  also  as  a  subdivision,  e.  g.  ,  Airfoils  - 
Turbulent  boundary  layer 
Turbulent  boundary  layer  -  Analysis 
JHU.  03:001;  PIB.  05:003 
Turbulent  boundary  layer  -  Heat  transfer 

JHU.  01:001;  JHU.  03:002,  003;  MIN.  07:005,  007; 
NAA.  01:003;  PRI.  11:135 

Turbulent  boundary  layer  -  Mathematical  analysis 
COR.  09:028;  NAA.  01:001,  003 
Turbulent  boundary  layer  -  Measurement 
JHU.  03:003;  MIN.  09:008 

Turbulent  boundary  layer  -  Pressure  distribution 
PRI.  03:001;  PRI.  04:004,  005,  011 
Turbulent  boundary  layer  -  Separation 

JHU.  01:001,  003;  PRI.  02:004;  PRI.  03:003-006; 
PRI.  04:008,  009 

Turbulent  boundary  layer  -  Skin  friction  coefficients 
MIN.  09:008;  PIB.  05:003 

Turbulent  boundary  layer  -  Supersonic  characteristics 
JHU.  04:002;  MIN.  07:005,  007;  MIN.  09:002; 

Pill.  03:003,  006,  010;  PRI.  04:003  ,  004  ,  009,  015 
Turbulent  combustion  -  Mechanisms 
ARD.  01:004 

Turbulent  flames  -  Analysis 

BMP.  01:001,  002;  BMP.  03:001,  002;  PRI.  11:007, 
Oil,  072,  075,  077 
Turbulent  flames  -  Electronic  probe 
BMP.  03:001 

Turbulent  flames  -  Propagation 

BMP.  02:001;  PRI.  11:001,  002,  010 
Turbulent  flow 

sec.  ilaa  Turbulence;  Turbulent  boundary  layer 
see  also  the  subdivision  Turbulent  boundary 
layer,  e.  g.  ,  Airfoils  -  Turbulent  boundary  layer 
Turbulent  flow  -  Mathematical  analysis 

MDU.  07.006  ,  008:  MDU.  10:003;  P1U.  11:087,  091 
Turbulent  flow  -  Photographic  analysis 
CIT.  11:002;  PRI.  11:086 
Turbulent  flow  -  Physical  effects 
CIT.  11:001,  002 
Turbulent  [low  -  Production 
MDU.  10:006 

Turbulent  flow  ■  Stability 
MDU.  07:006,  008 
Turouli.nl  flow  -  Viscosity 
PRI.  11:091 


Ultra  energy  fuels 
AEil.  05:002 

Ultra-energy  fuels  -  Production 
A  EH.  05:001 

Ultra  high  frequency  antennas  -  Electrical  properties 
HAR.  02:042 

Ultra  high  frequency  antennas  -  Equipment 
tlAH.  02:056 

Ultra  high  frequency  antennas  -  Testing  equipment 
11.411.02:042 

Ultrasonic  engineering  -  Book  review 
MIT.  12:103 
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Ultrasonic  factors 

see  as  a  subdivision  under  things  affected  by 
ultrasonic  radiation,  e.  g. ,  Nicotine  -  Ultrasonic 
factors 

Ultrasonic  radiation  -  Attenuation 
MIT.  11:022;  MIT.  12:015 
Ultrasonic  radiation  -  Chemical  effects 

see  also  Cyclic  compounds  -  Ring  cleavage 
see  also  specific  cyclic  compounds,  e.  g. , 
Pyrldlnes  -  Ring  cleavage 
Ultrasonic  radiation  -  Chemical  effects 
CIT.  04:001,  002 

Ultrasonic  radiation  -  Propagation 
CIT.  12:003 

Ultrasonics  -  Research 
CIT. 12:003 
Ultraviolet  spectra 

see  also  as  a  subdivision  under  substances 
exhibiting  Ultraviolet  spectra,  e.  g. ,  Nllro 
compounds  (Organic)  -  Ultraviolet  speclra 
Ultraviolet  spectra  -  Analysis 

PUR.  05:021;  TEX.  04:022,  025  ,  037 
Ultraviolet  spectra  -  Pressure  effects 
TEX.  04:022,  025,  037 
Underwater  ordnance 
CIT.  03:003 

Unsteady  flow  -  Aerodynamic  characteristics 
CLA.  03:001 

Unsteady  flow  -  Mathematical  analysis 
CLA.  03:001 

Unsteady  laminar  boundary  layer 

see  laminar  boundary  layer  ■  Oscillation 
Uranium  -  Bombardment 

NBS.  17:001,  002;  ST  A.  07:007,  010 
Uranium  -  Nuclear  photoeffects 
PEN.  06:004 

Uranium  -  Scattering  effects 
NBS.  17:001,  002 

Uranium  borohydrlde  -  Prepa-atlon 
PUR.  05:001 

Uranium  fluorides  Microwave  speclra 
DUK.  03:024 

Uranium  fluorides  -  Paramagnetic  resonance 
DUK.  03:024 

USSR  -  Nuclear  physics 
BOS.  02:005 


V- particles  -  Decay 
ROC.  03:022 

V  particles  -  Energy 
ROC.  03:022 

V- particles  -  Photographic  analysis 
ROC.  03:022 

V-partlcles  •  Theory 
PUR.  03:002 

Vacuum  apparatus  -  Design 
HAH.02.0U7 

Vacuum  apparatus  -  Equipment 
COU.  17:002 

Vacuum  apparatus  •  Test  methods 
H  Ut  .  02:087 

Vacuum  devices  -  Manual 
MIT. 12:082 


Vacuum  furnaces 

see  also  Laboratory  furnaces 
Vacuum  furnaces  -  Design 
PUR.  05:009 

Vacuum  operated  valves  -  Design 
MIT.  10:094 

Vacuum  polarization  -  Mathematical  analysis 
COU.  01:026;  COU.  02:019 
Valence  bonds  -  Mathematical  analysis 
WAU.  01:015,  017 

Valveless  pulsejel  engines  -  Performance 
PRI.  11:042 

Valves  -  Control  systems 
NBS.  21:005 
Valves  -  Design 

NBS.  21:005 

Vanadium  -  Bombardment 
ST  A.  07:010 

Vanadium  -  Nuclear  photoeffects 
PEN.  06:004 

Vanadium  Ions  -  Magnetic  resonance  spectra 
WAS.  04:009 

Vanadium  Ions  -  Paramagnetic  resonance 
WAS.  04:009 
Vaporization 

see  as  a  subdivision  under  substances  capable 
of  being  vaporized,  e.  g. ,  Ammonium  chloride  - 
Vaporization 

Vapors 

see  also  Aniline  vapor;  Boron  hydride  vapor; 
Hydrazine  vapor;  Mercury  vapor;  Organic  vapors; 
Water  vapor 
Vapors  -  Diffusion 
SOC.  04:002 
Vapors  -  Nucleatlon 
SOC.  04:003 

Vapors  -  Optical  properties 
MIT. 12:016 

Veloclmeters  -  Performance 
NBS.  14:002 
Velocity 

see  Flame  velocities 

g££  as  a  subdivision,  e.  g. ,  Fluid  flow  -  Velocity 
Vertebrates  -  Regeneration 
NRC.  01:002 

Very  high  frequency  receivers  -  Frequency  shift 
MIT.  10:130 

Very  low  frequency  communication  systems  -  Frequency 
shift 

HAR.  02.072 

Vibrating  systems  -  Structural  dynamics 
CAR.  05.001,  004 

Vibrating  systems  ■  Theoretical  mechanics 
CAR.  05:004 
Vibration 

see  also  Oscillation 

see  also  as  a  subdivision  under  things  subject  to 
vibration,  e.  g. ,  Beams  -  Vibrattoo 
see  also  the  subdivision  Flutter,  c.  g.  ,  Compressor 
blades  -  Flutter 

Vibration  •  Hydrodynamic  effects 
BltO.  02:001 
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Vlbratton  -  Mathematical  analysis 

CIT.  01:001,  002;  C1T.06:001;  CAR.  05:001-004; 
MDU.  09:001,  046;  NBS.  11:001,  003;  NBS.  15:001 ; 
PRI.  09:022;  RRI.  01:001,  002,  005;  RPI.  07:003; 
SYR.  08:001 ;  WAS.  02:001 
Vlbratton  -  Measuremei.t 

NBS.  12:002;  NBS.  21:001,  NBS.  25:025 
Vibration  -  Theoretical  mechanics 

CIT.  01:001 ,  002;  CIT.  00  001 ;  CAR.  05:002,  003 
Vibration  -  Theory 
MDU.  13:002 

Video  amplifiers  -  Clrcutts 
ST  A.  05:018 

Video  amplifiers  -  Design 
ST  A.  05:004 

Video  amplifiers  -  Synthesis 
ST  A.  05:040 

Video  networks  -  Mathematical  analysis 
MIT.  10:001 
Video  stgnals  -  Coding 
MIT.  12:028 

Video  signals  -  Interference 
MIT.  10:147 

Video  signals  -  Statistical  analysis 
MIT.  12:028 

Video  signals  Transmission 
MIT.  10:051 

Vinyl  compounds  -  Polymertzatlon 

see  aluo  Styrene  (Polymerized) 

Vinyl  compounds  -  Polymerization 
P1B.  08:001-003 
Viscometers 

ate  Viscosimeters 
Viscosimeters  -  Design 

BRO.  05:009;  MIT.  12:054:  NBS.  1 2:001 ;  T1H.  01 :003 
Viscosimeters  -  Mathematical  theory 
DUO.  0G:001 

Viscosimeters  -  Theoretical  corrections 
BRO.  05:006 

Viscosimeters  -  Theory 

BRO.  05:001,  003;  DRO.  06:001 
Viscosimeters  USSR 
BRO.  05:003 
Viscosity 

see  also  Viscosimeters;  Viscosity 

see  also  as  a  subdivision,  e.  g.  ,  Fluid  flow  ■ 

V'scostty 

Viscosity  Mathematical  analysts 
11110.05:002,  008,  009 
Viscosity  Measurement 

BRO.  05:001-003,  006,  007,  009;  MIT.  12:054 
Viscosity  •  Physical  factors 
11110.05:001,  007 

Viscous  flow  Mathematical  analysis 
CAL  05:002:  COH.  09:023 
Viscous  flow  t  heoretical  aerodynamics 
('All.  02  001;  COH.  09:023 
Viscous  flow  Theory 

CAl.  06:001;  PtU.  02:005 
Visibility 

act:  as  a  sutxlivlslon.  e.  g  ,  Gas  flow  Visibility 

Vision 

acc  also  Color  vision 
Vision  Physiological  factors 

1ST.  01:004  ,  006  .  007.  Oil,  013 


Vision  -  Test  methods 
1ST.  01:007 

Visual  acuity  -  Phystcal  factors 
1ST.  01:007 

Visual  acutty  -  Test  methods 
1ST.  01:002,  010 

Visual  perception  -  Measurement 
1ST.  01:004  ,  005  ,  010,  012 
Visual  perception  -  Physical  (actors 

1ST.  01:001,  005,  008,  009,  011 
Visual  perception  -  Substitutes 
INN.  02:001 

Visual  perception  -  Theory 
1ST.  01:004 

Visual  stgnals  -  Detectton 
MIT.  12:076 

Visual  thresholds  -  Determination 
1ST.  01:003 

Visual  thresholds  -  Physical  factors 
1ST.  01:003,  007 
Vltamtns  -  Effects  of  radtatlon 
DUK.  03:066 

Vitamins  -  Electron- sptn  resonance 
DUK.  03:066 

Vltamtns  -  Microwave  spectra 
DUK.  02:066 
Voltage  -  Measurement 

see  also  Electrometers 
Voltage  -  Measurement 

ILL.  11:004;  POL.0P.002,  005,  Oil,  012,  014 
Voltage  regulators  -  Sensitivity 
NBS.  21:007 
Volumetric  analysts 

see  Titrating  agents 

see  as  a  subdivision,  e.  g. ,  Metal  Ions  - 
Volumetric  analysis 
Vortices  -  Analysis 

MDU.  10:002;  PRI.  11:099 
Vortices  -  Cores 

COH.  09:030;  MDU.  10:003.  004,  006 
Vortices  -  Mathematical  analysis 

BRO.  04:001;  CIT.  .18:006;  COR.  09:012,  020; 
FRO.  01:001;  MDU.  07:002;  MDU.  10:003; 

SRI.  01:001;  Till. 02:002 
Vortices  -  Optical  analysis 
RPI.  02:001 

Vortices  -  Production 

PRI.  11:091;  RPI.  02:001 
Vortices  Stability 

HER.  02.001,  003 

Vortices  •  Theoretical  aerodynamics 
COR.  09:012 
Vortices  -  Viscosity 

SHI. 01-001;  T1H. 01:001-004,  006 


see  also  Ground  water;  Ice 
Water  Inf  rare'’,  absorption 
LAV.  01  009 

Water  Infrarec  spectrum 
l.AV.  01:013 

Water  •  Microwave  spectrum 

MIT.  10:138.  140.  MIT.  11:029 
Water  •  Hadloactlvatton  analysts 

CHI.  09:002;  Clll.  10:001  003 
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Water  (libeled)  -  Applications 
CHI.  10:005 
Water -4 

see  Heavy  water 
V  *er-d2 

see  Heavy  water 
Water  tunnels  -  Applications 

C1T.  10:001;  C1T.  11:001,  002 
Water  vapor  -  Microwave  spectrum 
DUK.  03:010,  013,  021 
Water  vapor  -  Molecular  structure 
DUK.  03:013,  021 
Water  vapor  -  Pressure 
NUS.  21:014 

Water  vapor  -  Spectrographtc  analysis 
LAV.  01:004  ,  015 
Wave  analysis 

MIT  12:022;  NDS.  12:003;  PRI.  11:159 
Wave  analyzers  -  Applications 
MIT.  11:007 

Wave  engines  and  pulse  jets  -  Sympostum 
PRI.  11:177 

Wave  functions  -  Analysts 
PEN.  01:001-003 

Wave  functions  -  Mathematical  analysis 
HAR.  02:092;  MIT.  12:022 
Wave  mechanics 

ATE.  01:008 

Wave  mechanics  -  Mathematical  analysis 

11AR.  03:003;  MIT.  11:041;  MIT.  12:022; 

STL.  01:001-005 

Wave  mecha.ilcs  -  Orbital  functions 

CAT.  01:005,  007,  010;  CAT.02:001;  C1U.  15:005; 
COU.  01:031;  FLA.  01:004;  MIT.  11:028; 

WAU.  01:005,  006 
Wave  mechanics  -  Theory 
CHI.  15.005 

Wave  mechanics  Wave  lunctlons 
11  AH.  02:092 

Waveguide  bends  -  Impedance 
11AR.  02:064 

Waveguide  couplers  -  Design 

Ml T.  11:048;  NDS.  27:001 
Waveguide  trtses  -  Mathematical  analysis 
HAR.  02:021 

Waveguide  junctions  -  Electromagnetic  properties 
HAR.  02:023  ,  026  ,  047;  MIT.  10:025 
Waveguide  junctions  Mathematical  analysis 
HAR.  02:023 

Waveguide  slotB  Configuration 
HAR.  02:039 

Waveguide  slots  -  Electromagnetic  properties 
11AR.  03:007 

Waveguide  slots  Radiation 
IIaK.  02:028 

Waveguide  slots  Wave  transmission 
I1AR.02:6:.3 
Waveguides  De  dgn 
SYR.  07:001 

Waveguides  Electromagnetic  properties 
li.Mt.  02:021:  MIT.  10:125 
Waveguides  Electromagnetic  theory 
11AK.  02:017,  028.  039 
Waveguides  Impedance 
HAR.  02:047 


Waveguides  -  Joints 
NDS.  23:002 

Waveguides  -  Mathematical  analysts 

HAR.  02:084;  MIT.  12:002;  NYU.  06:015;  SYR.  07:001 
Waveguides  -  Wave  transmission 
HAR.  02:047;  SYR.  07:001 
Wedges  -  Hypersonic  characteristics 
CIT.  07:015;  MDU.  11:002 
Wedges  -  Pressure  distribution 
VPI. 02:001,  003-009 
Wedges  -  Reflective  effects 
PRI.  11:112 

Wedges  -  Shock  wave  diffraction 
COR.  09:020;  COR.  12:005 
Wedges  -  Transonic  cnaractertsttcs 
VPI.  02:002,  005,  006 
Welssenberg  effect 

T1H.  01:001,  003  ,  005 
Welding  -  Equipment 
PRI.  11:066 
Wind  -  Velocity 

ST  A.  05:014 

Wind  tunnel  compressors  -  Design 
FltD.  01:002;  TOL  01:001 
Wind  tunnel  drive  systems  -  Design 
FRD.  01:002;  TOL  01:001 
Wind  tunnel  models  -  Aerodynamic  heating 
MIN.  11:002,  003 

Wind  tunnel  models  Boundary  layer 
DRO.  C4:011 

Wind  tunnel  models  -  Construction 
AltN.  01:001 

Wind  tunnel  models  -  Interference 
PRI.  04:006 

Wind  tunnel  models  -  Materials 
MIN.  11:003 

Wind  tunnel  models  -  Pressure  distribution 
BRO.  04:011 

Wind  tunnel  models  -  Structural  analysis 
MIN.  11:003 

Wind  tunnel  models  -  Theoretical  corrections 

DUO.  04:001,  006  ,  008  .  011;  DRO.  07:005 
Wind  tunnel  models  -  Transonic  characteristics 
BRO.  07:003 

Wind  tunnel  nozzles  Construction 
PRI.  04:012 
Wind  tunnels 

see  also  Hypersonic  wind  tunnels;  Low- density 
wind  tunnels:  Supersonic  wind  tunnels;  Transontc 
wtnd  tunnels 

Wind  tunnels  ■  Aerodynamic  characteristics 
DRO.  04:006,  011 
Wind  tunnels  -  Boundary  layer 
BRO.  04:011;  DRO.  07:008 
Wind  tunnels  -  Design 

MDU.  07:003;  NDS.  13:004:  NEl.  01:001 
Wind  tunnels  -  Instrumentation 

AHN.  01:001;  CAL  06:022.  027,  MIN.  09:008 
Wind  tunnels  Recording  devices 
CIT.  07:025;  FRD.  01:003 
Wind  tunnels  -  Test  methods 
NEL  01:001 

Wind  tunnels  ■  Test  results 
AltN.  01:001 


•  1140 


AIR  FORCE  SCIENTIFIC  RESEARCH 


Subject  Index 


Wind  tunnels  -  Theoretical  corrections 
MIN.  11:002 

Wine  -  Radioactive  dating 
CHI.  10:004 

Wings 

spe  also  Swept-back  wings;  Swept  wings; 

Triangular  wings 

Wings  -  Aerodynamic  characteristics 
BRO.  04:003 
Wings  -  Aspect  ratio 
BRO.  04:009 

Wings  -  Boundary  layer 

MIT.  07:001;  MIC.  01:002 
Wings  -  Deformation 
COR.  10:002 
Wings  -  Drag 

P1B.  05:004,  006 
Wings  -  Flutter 

MIT. 06:012 
Wings  -  Interference 

MIC.  01:002-004;  P1B.  04:003,  004 
Wings  -  Uft 

JHU.  02:006 

Wings  -  Mathematical  analysis 
ROM.  02:001 
Wings  -  Oscillation 

KUE.  01:001;  KUE.  02:001;  MIT.  06:011, 

007  009,  011 

Wings  -  Pressure  distribution 
PIB.  04:003 

Wings  -  Structural  analysis 

MDU.  08:001,  003;  ROM.  02:001 
Wings  -  Supersonic  characteristics 

C IjA.  03:001 ;  COR.  09:004;  MIT.06:004  ,  007; 

MIC.  01:002-004;  ROM. 02:001;  TEX-01:003,  006 
Wings  -  Theory 

COR. 09:011;  KUE. 01:001;  KUE. 02:001; 

MIT.  0G:OOS;  TEX.  01:001 
Wings  -  Transonic  characteristics 

BRO.  04:002  ,  003  .  009;  MIT.  06:008  ,  011; 

ROM.  02:001 
Work  (unctions 

figejllso  Electronic  work  (unctions 
see  also  under  subdivision  of  specific  metals, 
e.  g  .  Thallium  bromide  crystals  Work  (unctions 
Work  (unctions  ■  Temperature  lactors 
HAK.  02:096 

Woutsl  healing  and  (Issue  repair  Symposium 
NUC.  01:010 
Wounds  Bibliography 
NKC.  01:010 
Wounds  Healing 
NKC.  O'.-OIO 

Wurster’s  blue  Molecular  structure 
W/.U.  01:011 

W  irster's  blue  Spectrum 
WAl'.  01.011 


\  irradiation 

■  ■■»  X  rays  Physical  effects 

tlir  subdivision  Effects  of  radiation,  r  g  . 
Alkali  halide  crystals  Effects  of  radiation 
X  ray  absorption  anal)  sis  Applications 
NUN.  18  005.  008 


,1-ray  analysis 

see  as  a  subdivision,  e.  g  ,  Crystal  structure  - 
X-ray  analysis 
X-ray  beams  -  Power 
NBS.  25:024 

X-ray  diffraction  analysis  -  Applications 

COR.  07:004;  MIT.  08:007  ,  039,  049; 

POM.  01:001,  002;  PRI.  11:189 
X- ray  diffraction  analysis  -  Equipment 
MUO.  01:001;  WIS.  04:001 
X- ray  diffraction  analysis  -  Nomographs 
COR.  07:007 

X  ray  diffraction  analysis  -  Physical  factors 
WIS.  04:003 

X-ray  diffraction  analysis  -  Temperature  factors 
WIS.  04:002 

X  ray  diffraction  analysis  -  Theoretical  corrections 
MIT.  08:015;  PSU.  07:001 
X-ray  diffraction  cameras  -  Shielding 
MIT.  08:012 

X-ray  photography  -  Applications 

ANT.  02:003;  NBS.  26:002,  003 
X-ray  spectra  -  Analysis 
YAL.  04:006  ,  008 

X-ray  spectra  -  Mathematical  analysis 
COR.  07:002,  013:  PEN.  01:005 
X-rav  spectra  -  Theory 
COR.  07:011 

X-ray  spectra  -  Thickness  effect 
COR.  07:011 

X-ray  spectroscopy  -  Applications 

COR.  07:001,  014.  015;  NBS.  18:006 
X-ray  spectrum  analyzers  -  Applications 

NBS.  16:001;  NBS.  17:001;  NBS.  18:006  ,  008, 

013,  016;  NBS.  20:001 
X-ray  spectrum  analyzers  -  Calibration 
NBS.  18:011 

X  ray  spectrum  analyzers  -  Development 
NBS.  18:006 

X  ray  spectrum  analyzers  -  Equipment 
1IT.  04:001,  002 

X  ray  spectrum  analyzers  -  Operation 
NBS.  18:007 

X  ray  spectrum  analyzers  -  Performance 
NBS.  18:009,  012,  014 
X  rays  -  Absorption 

NBS.  18:005,  008;  POM.  01:003 
X  rays  Biochemical  effects 
Dl'K.  03-048  .  049  ,  061 
X  rays  Diffraction 

IIT.04.001;  MIT. 08:024:  POM. 01:001,  002 
X  rays  Intensity 

11T.  04:001 ,  004 
X  rays  Optical  analysis 
COR.  07:002 

X  rays  Itiyslral  effects 

see  also  the  subdivision  Effects  of  radiation  e.  g.  , 
.Sodium  chloride  crystals  Eff-cts  of  ra  li  >tl  >n 
X  rays  Physical  effects 

PEN,  08:004-007;  ROC.  0U.OO2,  YA1.03  002. 

003.  005 

\  rays  •  Scattering 

COR.  07  002;  NBS.  18:008 
Xenon  lamilnescence 
MIC.  06:001  IXC 
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Xenon-carbon  black 

see  Carbon  black-xenon 

Yaw 

see.  as  a  subdivision,  e.  g  ,  Airfoils  -  Yaw 
Yawed  wings  -  Laminar  boundary  layer 
COR.  09:008 
Yeasts  -  Enzymes 

HAR.  07:020,  021,  023,  028,  039,  047 
Yttrtum89  -  Dombardment 
PEN.  06:018 

Yttrium®9  -  Neutron  cross  sections 
PEN.  06:018,  021 
Yttrium89  -  Nuclear  photoeffects 
PEN.  06:018,  021 

QQ 

Yttrium  -  Nuclear  reactions 
PEN.  36:018  ,  021 
Yttrium  isotopes  -  Bombardment 
PEN.  06:018 

Yttrtum  Isotopes  -  Neutron  cross  sections 
PEN.  06:019,  021 

Yttrium  isotopes  -  Nuclear  photoeffects 
PEN.  06:018,  021 

Yttrium  Isotopes  -  Nuclear  reactions 
PEN.  06:018,  321 


Zinc  -  Biochemical  effects 

HAR.  07:010-012,  020,  021,  023,  025,  026,  029, 
039,  040,  042-044  ,  046,  052,  053 
Zinc  -  Crystal  structure 

FRA.  04:002  ,  008;  POL  01:012 
Zinc  -  Diffusion 

PUR.  06:002 

Zinc  -  Electrochemistry 
POL  01:012 
Zinc  -  Fracture 

COU.  14:001 
Zinc  -  Metabolism 

HAR.  07:049,  052 
Zinc  -  Polarographlc  analysis 
COR.  01:001,  003  " 

Zinc  -  Spectrographlc  analysis 
HAR.  07:005 

Zinc  compounds  (Organic)  Spectrographlc  analysis 
HAR.  07:007 


Zinc  crystals  -  Fracture 
COU.  14:002,  003 
Zinc  crystals  -  Growth 
CIT.  03:001 

Zinc  crystals  -  Mechanical  properties 
COU.  14:003 

Zinc  crystals  -  Stresses 

CIT.  03:002;  COU.  14:002 
Zinc  crystals  -  Structural  analysis 
FRA.  04:002 

Zinc  isotopes  -  Mass  spectra 
MMU.  01:008 
Zinc  isotopes  -  Masses 
MMU.  01:008 

Zinc  oxides  -  Bombardment 
TEX.  05:009 

Zinc  sulfides  -  Luminescence 
MMU.  01:011 
Zirconium  -  Purification 
FRA.  05:001 

Zirconium99  -  Bombardment 
PEN.  06:014,  015 

Zirconium"  -  Nuclear  photoeffects 
PEN.  06:014  ,  015  ,  021 
Ztrcontum"  -  Nuclear  reactions 
PEN.  06:014,  015,  021 
Zirconium91  -  Bombardment 
PEN.  06:014,  015 

Zirconium91  -  Nuclear  pliotoeffects 
PEN  06:014  ,  015,  021 
Zirconium91  -  Nuclear  reactions 
PEN.  06:014,  015,  021 
Zirconium"  -  Bombardment 
PEN.  06:018 

Zirconium92  -  Nuclear  photoeffects 
PEN.  06:018  ,  021 
Zirconium92  -  Nuclear  reaettons 
PEN.  0C:0i8,  021 

Zirconium  '.jotopes  -  Neutron  cross  sections 
PEN.  06:014,  015,  018,  021 
Zlrcontum- molybdenum  alloys 

acil  Molybdenum- xircontum  alloys 
Zirconium  oxide  -  Vacuum  sublimation  rates 
AER.  01:005 
Zone -refining 

see  the  subdivision  Purification,  e.  g  . 
Metals  Purification 
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ALGEBRA 

Algebras: 

Associative  algebras 
CHI.  07:001 
Lie  algebras 

NYU.  06:003,  010-012 
Non-assoclallve  algebras 
DUT.  01:001;  CHI.  05:003 
Combinatorial  Analysis 
NHS.  09:015 
Fields,  Rings: 

Fields 

OSU.  01:002 
Finite  fields 

COL  03.006 
Rings 

H'lC.  02:001,  002 
Groups  and  Generalizations: 

Abelian  groups 
WAS.  02:002 
Ftntte  groups 

IAS.  03:002;  NHS.  09:009 
General 

WAS.  01:002,  003;  WAS.  02:003,  005,  016 
Group  theoretic  constructions,  free  grouos, 
extensions 
CHI.  08:002 

Matrix  groups,  representation,  characters 
N11S.  09:009 

Nllpotenl  and  solvable  groups 

IAS. 03:001,  004  ,  005;  WAS.01:001 
Semigroups 

ST  A.  01:005 
Homological  algebra: 

CU1. 08:001,  0J3;  COU.  05:001-004; 

COU.  07:001 -003.  005,  one;  HAR.  07:033 
Linear  algebra: 

Eigenvalues  and  eigenvectors 

N11S.  09:011,  018,  022,  025.  039; 

NCU.  03:001,  002;  NCU.  04:015 
Forms  and  transformations 
CAR.  04:002;  STA.  01:004 
Inequalities  for  matrices 

11CU.  02:001;  NDS.  09:040 

Linear  equations,  matrtc  Inversion,  determinants 
IAS.  09:004:  NDS.  09:037;  NCU.  04:021 
Matrices 

NOS.  09:034.  036,  041;  NYU.  06.008; 

Plt F.  02:003;  STA.  01:005 
Partial  Order,  Lattices: 

lloolean  rings  and  algebras 
NOS.  09:002 
Polynomials: 

Algebraic  equations,  roots 
N11S.  25:007;  WAS.  01:004 


FOtNUAIiON^  TUEWY  Of  SETS.  LOGIC 

Syntax,  semanttes,  formal  methods  tn  general, 
recursive  functions 
Mil .  0t:00t  003 


GEOMETRY 
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Algebraic  Geomelry: 

General  theory  of  varieties,  surfaces 
IAS.  05:012 

Group  varieties.  Abelian,  equivalence  theories 
NOR.  02:001,  002 

Special  varieties,  curves,  surfaces 
MIN.  04:001 

Convex  Domains,  Distance  Geometries: 

Convex  regions,  Brunn- Minkowski  theory 

NBS.  09:012,  021;  NDS.  10:001;  STA.  01:004 
Distance  geometries 
NBS.  09:002 

Exiremum  properties  and  geometric  Inequalities 
MDU.  09:005,  038,  051,  052;  NBS.  09:032 
Differential  Geomelry: 

Differential  geometry  In  the  large 

JHU.  09:003;  MDU.  09:045;  PR1. 06:004 
Geometries,  Euclidean  and  Other: 

n-dlmensional  and  hypercomplex  geometries 
STA.  01:007 

Non- Euclidean  geomelry 
STA.  01:007 
Projective  geomelry 
STA.  01:007 
Triangles,  ictrahedra 
NBS.  09:006 

Manifolds,  Connec lions: 
lilemannlan  geometry 

MIT.  01:001,  002;  MIT.  02:001 


Approximations  and  Expansions: 

PEN.  04:005 

Approximations  and  Expansions,  general  theory 
COR.  05:004;  HAR.  02:102;  HAR.  04:001, 

006  ,  007;  NBS.  09:019 
Asymptotic  approximations  and  expansions 
BCU. 01:001,  002;  CAL  01:001  003; 

NHS.  09:043;  NYU.  06:009;  R1C.  01:002 
Degree  of  approximation,  best  approximation 
HAR.  04:002,  010,  011,  014 ;  NBS.  09:026; 
PEN.  04:004 

Interpolation:  general  theory 
NBS.  09.003 

Orthogonal  systems,  expansions 
WAS.  02:020 
Calculus  of  Variations: 

Applications 

MDU.  09:011;  MIS.  01:004 
General  theory 

IAS.  05:004;  WAS.  02:019,  021; 

WAY.  02:004  ,  007 

Theory  In  the  large,  topological  methods 
CAR.  04:012 

Difference  Equations,  Functional  Equations: 

Ftntte  differences  and  difference  equations 
SCU.  01:001 

Differential  Equations:  Ordinary 
MDU.  14:001 

Approximation  ot  solutions 
It  Alt.  0t:001 
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MATHEMATICAL  ANALYSIS  (cont’d) 

Asymptotic  behavior  of  solutions 

MIS.  01:005  ,  006  ,  008;  WIS.  02:001,  002,  004 
Boundary  value  problems,  speclra,  expansions 

in  eigenfunctions 

BCU. 01:003;  MDU.  09:001;  NYU. 06:004; 

NCU.  02:002,  003;  PRI.  06:003;  YAL  02:005 
Unear  equations:  other  ihan  second  order 

CAR.  04:007;  NYU.  06:011,  013;  WIS.  02:003 
Unear  equations:  second  order 

CAR.  04:011;  NYU.  06:019;  WAS.  02:004 
Periodicity,  oscillations 

IAS.  05:013;  JHU.  07:001-004;  WAS.  01:002; 
WAS.  02:015,  023;  YAL.  02:004 
Special  types 

JHU. 09:001;  MIN.02:003;  MIS.01:006; 

NYU.  06:001 
Stability  of  solutions 

NEB.  01:001 -004 

Systems  of  linear  equations,  matrix  differential 
equations 

IAS.  05:003;  JHU.  09:002;  NYU.  06:003  ,  010, 
012;  NCU.  02:001,  002 
Differential  Equations:  Partial 

DUK. 02:002;  MDU.  14:001;  MIN.  06:002 
Analytic  and  algebraic  theory  of  systems  of 
equations 

CAL.  02:005;  CHI.  05:004;  OKU.  01:001,  003; 
PRI.  06:005 
Approximate  methods 

CAL.  02:003;  HAM. 01:001;  HAM.  02:001-004; 
NCU.  02:004;  OKU.  01:002;  NDS.  09:017 
Classification,  characteristics 
NOT.  01:003 

Eigenvalues,  eigenfunctions 

MDU.  09:015  ,  017,  020,  033  .  038  ,  046  ,  047, 
051-053;  PRI.  06:003 

Elliptic  equations,  boundary  value  problems 

CAR.  04:003;  DUK.  02:001,  003;  MDU.  09:003. 
011,  012,  019,  021,  024,  026,  037; 

NYU.  06:002,  005.  015;  SCL  01:001; 

WAY.  02:002 
First  order  equations 
CHI.  05:002 
General  theory 

MIT.  10:057;  NYU.  06:014;  WAY.  02:003 
Hyperbolic  equations,  Cauchy  problem 

CAL.  02:007;  DUK.  02:002;  MDU.  09:003, 

007.  009,  013,  014,  016,  021,  024,  026. 

028  ,  029.  035,  037.  04  2  044  ,  048-050; 

TEN.  01:002;  WAY.  02:007 
Mixed  equations 

CAL  02:001.  004;  CHI.  05:001;  MDU.  09.021; 
WAY.  02:006 
Parabolic  equations 

MDU.  09:003;  MIN.  06:00t ,  003;  YAL  02:006 
Functions  of  Complex  Variables: 

COlt.  06:001,  002 

Complex  lnterpotatlon  and  approximation 
HAR.  04:004,  009  01 1;  NBS.  09.019,  026; 

R1C.  01.001 

Conformal  mapping,  general 

IHCO.  01:001 ;  CAR.  04:004  ,  009;  t! Alt.  04 :003, 
005 


Functions  of  Complex  Variables:  (conl’d) 

Continued  fractions 

WAS.  01:002,  009,  017 
Entire  functions 

BRO.  01:001;  COR.  05:038,  052;  RIC.  01:002 
Func  lions  of  several  complex  variables 
IAS.  05:006;  NBS.  09:007 
Generalizations 
IAS.  04:001 

Meromorphlc  functions 

COR.  05:051;  RIC.  01:002 
Quasl-conformal  functions 
CAL  02:002 

Rlemann  surfaces  and  functions  on  them 
HAR.  05:001 
Singularities 
CAR.  04:010 

Unlvatenl  and  p- valent  functions 

CAR.  04:013;  WAS. 02:001,  008  ,  010 
Zeros 

COL  03:005;  HAR.  04:008  ,  012,  013; 

WAS.  01:004 

Functions  of  Real  Variables: 

Calculus,  mean-value  theorems,  Inequalities 
COR.  13:002;  NBS.  09:031 
Differentiation  and  tangents 
ST  A.  01:002 
One  real  variable 

CIN.  03:005;  MDU.  09:023;  PEN.Cl:003 
Several  variables 
MIS.  01:002,  009 

Harmonic  Functions,  Convex  Functions: 

COR.  06:001 ,  002;  MDU.  14:001 
Blharmonlc  and  potyharmonlc  functions 
MDU. 09:006  ,  032  ,  040,  041 
Convex  functions 
CAL  02:006 

Generalized  potentials,  capacity 
MDU.  09:030,  036 
Harmonic  forms  and  Integrals 
IAS.  05:007;  IAS.  06:001-004 
Harmonic  functions,  potential  theory 
COR.  05:001;  KAN.  01:001-007; 

MDU.  09:006  ,  035  ,  040 
Subharmonic  functions 

MDU.  09:018  ,  031,  045  ,  049 
Integral  and  lntegrodlfferentlat  Equations: 

MIN.  06:002 

Linear  Integral  equations 

CAR.  04:001;  NYU.  06:017,  022;  WAS.  02:01 2 
Non-  linear  integral  equations 
MIN.  06:001 

Singular  integral  equations 
COR.  05:058;  TEX.  01:002 
Special  integral  equations 
lOW.  01:003 
Integral  Transforms: 

COR.  06:001,  002 

Inversion  formulas,  self  reciprocal  functions 
COR.  05.030,  034,  053 
l^iplace  and  Fourier  transforms 

CLA.  02:001;  CON.  01:001;  COR.  05:002  ,  042; 
WIS.  01:001,  004 

Other  transforms,  Hilbert,  Mettln.  ttankel 
Ctll.  06:004;  COR.  05.019.  029 
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Measure,  Integration: 

Area,  length 

PRF.  01:001-006 
Measure  theory 
IAS.  05:008 

Sequences,  Series,  Summabtltly: 

Convergence  and  summability 

CIN.  03:002-004  ,  006-008;  COR.  05:031, 

032,  043,  044,  046,  047 
Operations  on  series  and  sequences 
CAL.  01:004;  COR.  05:008,  033; 

WUR.  01:001;  WUIt.  03:001 
Power  and  factorial  series 
CIN.  03:001 

Special  sequences  and  series,  moments 

COL.  03:003;  PEN.  04:001,  002;  TRI.  01:001, 
002;  WAS.  02:022;  WUR.  01:001;  WUR.  03:001 
Tauberlan  theorems 
CIN. 03:009 
Special  Functions: 

Functions  defined  by  definite  Integrals, 

differential  and  Integral  equations,  Infinite 
series 

MIT.  10:072;  NYU.  06:020 
Hypergeometrlc  functions  and  generalizations 
HAR.  02:003 

Legendre  functions,  spherical  harmonics 
WAS.  02:018;  WUR.  02:001 
Polynomials  as  functions,  orthogonal  polynomials 
WAS.  02:025 

Trigonometric  Series  and  Integrals: 

COR.  06:001,  002 
Convergence,  summability 
CHI.  06:007,  006 
Fourier  Integrals 

COR.  05:010,  057;  IAS.  07:002;  NYU.  06:008 
Trigonometric  polynomials,  Fourier  series 
RUT.  01:001,  002;  WAS.  02:006 


NUMERICAL  ANALYSIS 

Computing  Machines: 

Analogue  computers 
CIT.  01:003,  004 

Digital  computers:  coding  and  programming 
IAS.  08:001;  IAS.  09:002;  NDS.  09:010,  027 

Digital  computers:  logic  and  design 

IAS.  08:001;  IAS.  09:001;  MIC.  13:001 

Results  of  computation  by  machine 
11AR. 01:001 
Numerical  Methods: 

PEN.  04:005 

Computation  of  -pedal  functions,  series.  Integrals 
HAR.  02:030 

Eigenvalues,  eigenvectors,  Rayleigh- ltltz  method 
MDU.  09:015  ,  033  ,  047;  NHS.  09:033; 

NCU.  03:002 

Interpolation,  smoothing,  least  squares,  curve 
fitting,  approximation  of  functions 
NHS.  09:023 

linear  equations,  determinants,  matrices 
NHS.  09:001,  020 


Numerical  Methods  (cont'd) 

Linear  Inequalities,  linear  programming 
NBS. 09:005,  008,  012-014,  020,  024, 

035,  038 

Monle  Carlo  methods 

HAR.  02:001;  NDS.  18:001 
Numerical  differentiation  and  Integration, 
mechanical  quadrature 
MIT.  10:002;  WIS.  01:002 
Partial  differential  equations 

HAM.  01:001;  HAM.  02:001-004;  MDU.  09:015, 
033;  NCU.  02:004 

Roots  of  algebraic  and  transcendental  equations 
NDS.  25:007;  NOT.  01:002 
Tables 

MIT. 10:078 


OTHER  APPLICATIONS  OF  MATHEMATICS 

Control  Systems: 

PRI.  05:001 
Servomechanisms 
PRI.  05:001-004 
Switching  theory,  relays 
IAS.  09:005,  006 

Economics,  Management  Science: 

Management  science,  operations  research 
MDU.  13:005;  NDS.  09:038 
Information  and  Communication  Theory: 

Information  theory 
WAS.  02:024 

Programming,  Resource  Allocation,  Games: 

Games 

IAS.  05:001;  NDS.  09:014 

linear  and  non- linear  programming,  scheduling 
CAR.  04:008;  1AS.  05.002; 

NDS.  09:024,  028-030,  038 


Elasticity,  Plasticity: 

CAR.  01:001 
Deams  and  rods 

CIT.  01:004;  CAR.  04:008;  WAS.  02:011 
Foundations  of  mechanics  of  deformable  solids 
CAR.  04:006;  WAS.  02:014 
Plane  stress  and  strain 

CAR.  04:005;  MDU.  09:039 
Plates,  shells,  membranes 

GIT. 02:001;  IOW. 01:001,  002;  MDU.09:034 
Three  dimensional  problems 
MDU.  09:002;  WAS.  02:014 
Torsion  and  bending 

MDU.  09:004  ,  010  ,  025  .  027 
Vibrations,  structural  dynamics 
CIT. 01:001 -003 
Fluid  Mechanics,  Acoustics: 

Doundary  layer  theory 
Fltil.  02:001 

Compressible  fluids:  general  theory 

IAS. 09:003;  SCI. 01:002;  WAY. 02:001,  005 
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PHYSICAL  APPLICATIONS  OF  MATHEMATICS  (cont’d) 

Compressible  fluids:  supersonic  and  hypersonic 
flow 

IOW. 01:003;  TEX. 01:001,  003-006 
Compressible  fluids:  transonic  flow 
MDU.  09:008,  035 

Free  surface  flows,  water  waves,  jets,  wakes 
ST  A.  01:003 

Incompressible  fluids:  general  theory 
BRO.  03:002;  ST  A.  01:008 
Incompressible  fluids  with  special  boundaries 
MDU.  09:004 
Shock  waves 
BRO.  03:001 
Geophysics: 

Meteorology 
IAS.  08:001 

Mechanics  of  Particles  and  Systems: 

Foundations 

LEH.  01:001,  002 

Optics,  Electromagnetic  Theory,  Circuits: 
Diffraction,  scattering 
NYU.  06:021,  022 
Electromagnetic  theory 
NYU.  06:017 
Electron  optics 
NOT.  01:001 
Technical  applications 
NYU.  06:007 

Statistical  Thermodynamics  and  Mechanics: 

COlt.  05:039,  045;  1AS.  06:003 
Gases 

COlt.  05:013,  017 
Liquids 

1  AS.  06:003 


MIN.  06:002 
Applications 
COlt.  05:001 
Distributions 

COlt. 05:014,  010,  018,  020,  048; 

MIN.  02:001;  NCU.  05:001,  002 
Elementary  theory 

COU.  06:015;  NCU.  05:013 
limit  theorems 

COU. 06:010,  Oil,  017,  018;  COlt. 04:001 ; 

COlt.  05:005,  009,  012,  024,  025,  041,  050 
SYR.  01:014 
Markov  processes 

COL'.  06:001,  002  ,  004  ,  020;  COlt.  03:001; 

COlt.  04:002  ,  003;  COlt.  05:023,  035.  055; 

SYlt.  01:001  003  ,  005  ,  006  ,  010,  012,  013. 

016 

Special  process,  random  walks 

ILK  06:001;  MDU.  13:006;  NCU.  05:020; 

SYlt.  01:007,  008,  015 
Stationary  processes 

COL.  06:005;  Pltl.  06:001 
Stochastic  processes:  general  theory 

COU.  06  007-009  ,  012;  COU.  07:007,  008; 

COlt.  05:028  ,  040,  059;  NCU.  05:014;  SYlt.  01:009 


STATISTICS 

Decision  theory 

COR.  05:018,  021;  NCU.  04:002  ,  014  ,  028, 
NCU.  05:012,  015-018 
Design  and  analysis  of  experiments 

CHI.  01:002;  COU.  08:014;  NCU.  04:001, 

004  ,  005  ,  007  ,  012,  018  ,  022  ,  023  ,  025, 

02G,  031;  NCU. 05:007,  008,  019 
Distributions  of  statistical  functions 

COU.  06:033;  COR.  05:027;  COR.  13:001, 

004;  NCU.  05:004  ,  014;  SYR.  01:004 
Elemenlary  descriptive  statistics 
MIT.  10:065 

Estimation  theory  (parametric  case) 

COU.  06:013;  COlt.  05:003,  018; 

MIS.  01:001,  007;  NCU.  04:006  ,  009  ,  016, 
019,  020,  039;  NCU.  05:003,  013 
Mulllstage  decision  procedures,  sequential 
analysis 

CHI.  01:003;  COU.  06:021,  022;  COlt.  13:003, 
005-012;  NCU. 04:008,  010,  011,  013; 

NCU.  05:010,  011 

Non-parametrlc  methods  and  order  statistics 
COU.  06:019;  COR. 05:022,  026;  NCU.  04:027, 
030;  NCU.  05:009;  SYR.  01:004 
Testing  of  hypotheses  (parametric  case) 

BOS.  01:001,  002;  CHI.  01:001;  COU.  06:006, 
016;  COR.  05:007,  037;  NCU.04  003  ,  017, 
024,  032;  NCU.  05:005,  006,  021 


liLEQKYJlE  MIMDERS. 

Algebraic  Numbers: 

OSU.  01:002 
Class  fields 
OSU.  01:001 

Geometry  of  Numbers,  Dlophantlne  Approximation: 
Geometry  of  numbers 
COK  03:008-010 
Theory  of  Numbers:  Analytic 

Additive  number  theory,  partitions 
COlt.  05:011 

Analytic  tools  (xeta-functlon,  L  functions, 
Dirlchlet  series) 

COK  03:004,  007;  IAS.  07:001 ,  002 
Theory  of  Numbers:  General 
Forms 

COK  03:001 

Number- theoretical  functions 
COK  03:002;  IAS.  01:001 


TOPOLOGICAL  ALGEBRAIC  STRUCTURES 

lie  Groups  and  Algebras: 
lie  algebras,  lie  rings 

EMO.  01:001;  IAS.  03:003 
lie  groups 

IAS.  05:005 
Representations 
COR.  05:010 
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3 PO LOGICAL  ALCEDRAIC  STRUCTURES  (cont’d) 

Topological  Groups: 

General 

IAS.  05:009 

Semigroups  and  other  generalizations 
COR.  05:054;  LSU.  01:001 
Topological  Vector  Spaces,  Functional  Analysis: 
Applications  of  functional  analysis;  analysis 
of  differential  and  Integral  operators 
CHI.  06:003;  COR.  05:049;  NYU.  06:006, 

013,  014;  TEN.  01:001;  YAL.  02:001,  002 
Banach  spaces 

CHI.  06:002  ,  006;  NDS.  09:042;  YAL.  02:002, 
003 

Distributions 

COR.  05:006,  054,  059 
Function  spaces:  general 
NUS.  09.004;  WIS.  01:005 
Groups  and  semi  groups  of  linear  operators 
SOC.  01:001;  YAL  01:001,  002 
Hilbert  spaces 

0111.06:005;  COU.  07:004;  P1U.  06:001,  002 
Linear  operators 

NYU.  C6:018;  PIU.  06:002:  PRF.  02:001,  002; 
PUR.  02:001,  ST  A.  01:001;  SYR.01:011 
Non- linear  operators 
IAS.  05:006 

Rings  of  operators,  group  algebras,  abstract 

topological  algebras  and  their  representations 
COR.  05:015,  036.  056 


Topological  Vector  Spaces,  Functional 
Analysis:  (cont’d) 

Special  function  spaces 

WAS. 02:007,  013;  WIS.0U.003 


TOPOLOGY 

Topology:  Algebraic 

Complexes  and  polyhedra 
IAS.  09:005,  006 
Fixed  point  theorems 

ILL.  04:001;  ILL.  05:001-003;  MUF.  01:001, 
002,  004-006 

Homology  and  cohomology 
ST  A.  01:006 

Transformations  and  special  mappings 
IAS.  02:001;  IAS.  05:010 
Topology:  General 

Covering  theorems 
JHU.  08:001 
Fixed  point  properties 
NDS.  09:016 

Metric  and  uniform  spaces 
MDU.  01:001;  MIS.  01:003 
Topological  dynamics 

IAS.  02:002;  PEN.  03:001,  002 
Topology  of  point  sets,  curves,  contlnua 
I  AS.  05:011;  MUF.  01:003 
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tSG  Illinois  State  Geological  Survey,  Urbana 

1ST  Istitulo  Nazlonale  dl  Olilca,  Florence  (Italy) 

JHU  Johns  Hopkins  U. ,  Baltimore,  Md. 

KAN  Kansas  U. ,  Lawrence 

KAR  Karollnska  tnst. ,  Stockholm  (Sweden) 

KOF  Koftnk,  W.,  Karlsruhe  (Germany) 

KUE  Kues.nner,  H.  G. ,  Gottingen  (Germany) 

1.AV  Laval  U.  ,  Quebec  (Canada) 

LEH  Lehigh  U. ,  Bethlehem,  Pa. 

LEY  Leyden  U.  (Netherlands) 

LIE  LlSge  U. ,  Brussels  (Belgium) 

LtT  Lltlon  Industries,  Beverly  Hills,  Calif. 

LOC  Lockheed  Alrcrafl  Corp. ,  Palo  Alto,  Calif. 

LOU  Louvain  U.  (Belgium) 

LSU  Louisiana  Stale  U. ,  Baton  Rouge 

MAR  Marseille  U.  (France) 

MAS  Massachusetts  U. ,  Amhersl 

MAU  Maudstey  Hospital,  London  (Great  Britain) 

MDU  Maryland  U. ,  College  Park 

MED  Medllerranfcn  de  Recherches  Thermodynamlques, 
Nice  (F'rance) 

MET  Metalectro  Corp. ,  Btadensburg,  Md. 

MtC  Michigan  U. ,  Ann  Arbor 

MtN  Minnesota  U. ,  Minneapolis 

MtS  Missouri  U. ,  Columbia 

MIT  Massachusetts  tnst.  of  Tech. ,  Cambridge 

MML  McMillan  Lab. ,  tnc.,  tpswlch,  Mass. 

MMU  Me  Masters  U.  Hamilton  Coll. ,  Ont.  (Canada) 
Mt’P  Max -Planck- tnslllul  fur  Physlk  der  Slralosphure, 
Hechlngen  (Germany) 

MI’S  Max- Planck-tnsillut  fur  Slromungsforschung, 
Gottingen  (Germany) 

MUF  Miami  U. ,  Coral  Gables,  Fla. 

MUO  Miami  U. .  Oxford,  Ohio 

NAA  North  American  Aviation,  tnc.,  Downey,  Calif 
NUS  National  Bureau  of  Standards,  Washington,  D.  C. 
NCU  North  Carolina  U. ,  Chapel  Hill 
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NEB  Nebraska  U. ,  Lincoln 

NEL  Nelson,  W.  C. ,  Ann  Arbor,  Mich. 

NHU  New  Hampshire  U. ,  Durham 

NOL  Naval  Ordnance  Lab. ,  Corona,  Calif. 

NOR  Northwestern  U. ,  Evanston,  III. 

NOT  Notre  Dame  U. ,  South  Bend,  Ind. 

NRC  National  Research  Council,  Washington,  D.  C. 
NYU  New  York  U.,  N.  Y. 

ODI  Odin  Associates,  Pasadena,  Calif. 

OKA  Oklahoma  A.  4i  M.  Coll.,  Stillwater 

OKU  Oklahoma  U. ,  Norman 

ORL  Orlando  Research,  Inc.,  Fla. 

OSU  Ohio  State  U.  Research  Foundation,  Columbus 
OXF  Oxford  U.  (Great  Britain) 

PEN  Pennsylvania  U. ,  Philadelphia 

PIB  Polytechnic  Inst,  of  Brooklyn,  N.  Y. 

PIO  Pioneer  Industries,  Inc.,  Reno,  Nev. 

PIS  Pisa  U.  (Italy) 

PIT  Pittsburgh  U. ,  Pa. 

POL  Polltecnlco  dl  Milano  (Italy) 

POM  Pomona  Coll. ,  Claremont,  Calif. 

PRF  Purdue  Research  Foundation,  Lafayette,  Ind. 

PRI  Princeton  U. ,  N.  J. 

PRO  Propulsion  Research  Corp. ,  Santa  Monica,  Calif. 
PSM  Pennsylvania  Salt  Mfg.  Co. ,  Philadelphia 
PSU  Pennsylvania  State  U. ,  University  Park 
PUR  Purdue  U. ,  Lafayette,  Ind. 

RCA  Radio  Corp.  of  America,  Princeton,  N.  J. 

RIC  Rice  Inst. ,  Houston,  Tex. 

ROC  Rochester  U. ,  N.  Y. 

ROM  Rome  U.  (Italy) 

ROS  Ross,  Chandler  C. ,  West  Covina,  Calif. 

ROY  Royal  Inst,  of  Tech. ,  Stockholm  (Sweden) 

RPI  Rensselaer  Polytechnic  Inst. ,  Troy,  N.  Y. 

RRI  Reed  Research,  Inc.,  Washington,  D.  C. 

RUT  Rutgers  U. ,  New  Brunswick,  N.  J. 

SAN  Sandberg-Serrell  Corp. ,  Pasadena.  Calif. 

SCL  Santa  Clara  U. ,  Calif. 

SCU  South  Carolina  U. ,  Columbia 

SOC  Southern  California  U. ,  Los  Angeles 


SOU  Soundrtve  Engine  Co. ,  Los  Angeles,  Calif. 

SRI  Southwest  Research  Inst. ,  San  Antonio,  Tex. 

STA  Stanford  U. ,  Calif. 

STL  St.  Louis  U. ,  Mo. 

SIR  Stanford  Research  Inst. ,  Menlo  Park,  Calif. 

SYR  Syracuse  U. ,  N.  Y. 

TAI  Tennessee  Agricultural  and  Industrial  State  U. , 
Nashville 

TAM  Texas  A.  and  M.  Coll. ,  College  Station 
TEM  Temple  U. ,  Philadelphia,  Pa. 

TEN  Tennessee  U. ,  Knoxville 
TEX  Texas  U. ,  Austin 

THB  Technische  Hochschule,  Braunschweig  (Germany) 

TIH  Technion  -  Israel  Inst,  of  Tech. ,  Haifa 

TOI  Technical  Operations,  Inc.,  Arlington,  Mass. 

TOL  Toledo  U.  Research  Foundation,  Ohio 
TOR  Toronto  U.  Inst,  of  Aerophyslcs  (Canada) 

TRG  Technical  Research  Group,  New  York 
TRI  Trinity  Coll. ,  Hartford,  Conn. 

TUS  ruskegee  Inst.  George  Washington  Carver 
Foundation,  Ala. 

UTA  Utah  U. ,  Salt  Lake  City 

VIS  Virginia  Inst,  for  Scientific  Research,  Richmond 
VIT  Vitro  Corp.  of  America,  West  Orange,  N.  J. 

VPI  Virginia  Polytechnic  Inst. ,  Blacksburg 

WAL  Walz,  A.,  Emmendlngen  (Germany) 

WAR  Warner  and  Swasey  Research  Corp. ,  New  York 
WAS  Washington  U. ,  St.  Louis,  Mo. 

WAU  Washington  U. ,  Seattle 
WAY  Wayne  State  U. ,  Detroit,  Mich. 

WES  Wesleyan  U. ,  Middletown,  Conn. 

WHE  Westlnghouse  Electric  Corp. ,  East  Pittsburg,  Pa. 
WIS  Wisconsin  U. ,  Madison 
WSC  Washington  Stale  Coll. ,  Pullman 
WUR  Wurzburg  U.  (Germany) 

YAL  YaleU.,  New  Haven,  Conn. 

ZUR  Zurich  U.  (Switzerland) 

ZWI  Zwlcky,  F.,  Pasadena,  Calif. 
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